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Abstract: 
 

The object of this capstone is to analyze the assembly of a concentrated photovoltaic (CPV) 

system that has a greatly increased efficiency over the traditional marketed models. This project 

presents a system that would optimize the energy harvesting of solar panels. It focuses of 

lessening the wasted sunrays by improving the efficiency of its absorption. It is a HCPV (highly 

concentrated photovoltaic) that relies on multijunction cells, 2D tracking and optics in order to 

attempt to provide a superior efficiency than other traditionally marketed systems. 

First off, 2D tracking, with the choice of the most optimal angle and sensors, will attempt to 

follow the sunrays all day to be perpendicular to the sun as much as feasible. The absorption 

process, will be improved by optics that will channel the rays into the multijunctioned cells. 

Multijunctioned cells have the ability to benefits from 3 different wavelengths of the sunrays, 

improving the efficiency up to 40% 

Two main challenges other than the three components listed above will be the assembly line and 

the marketing of the system. This system, though incredibly sustainable in the long term, is hard 

to put in place, and the investment attached to it is not easy to fund. For now, a first marketing 

trial would be to seek the help of private and governmental associations who can fund and 

market the system. 

The core of the project will be a managerial perspective that takes into account all different 

variables and parts of the project and estimates its feasibility. In short, this paper presents an 

extended feasibility study on installing an HCPV system. It will take Al Akhawayn as an 

example and attempt to determine whether it will be profitable to build the module inside the 

university. 

  



 

1 
 

Introduction: 
 

HCPVs stands as the consecutive and logical evolution of traditional flat PV panels and thin-film 

panels in Photovoltaic technology. As such, it represents the process of generating electrical 

power by converting sunlight into direct current of electricity with the usage of semiconducting 

materials. The sun rays are gathered via sunscreens that try to stay perpendicular to the sun 

during the most time possible. Throughout decades, this field has known a steady evolution, 

offering today a vast panel of various systems. It is commonly and scientifically estimated that 

throughout each passing year, the maximum recorded efficiency would improve by 1-2% at 

least. Today, whilst most commercialized models offer a 15% efficiency, the record is as high as 

40% in standard conditions and 50% in laboratory conditions, and continues to improve. 

Scientists and engineers in all corners of the world are encouraged to improve on the field as it 

represents one of the most optimistic and realistic hope to replace coil consumption. 

It is universally believed that renewable and sustainable energies will soon become nearly 

essential to our survival as the world’s resources, each passing day, head towards scarcity. As 

such, they represent a great work and innovation field as they are highly encouraged by 

governments basically everywhere, and highly funded in most developed countries.  

There is virtually no limit to how much improvements can be made, and as such, this project 

represents the founding pillar of what can be a lifetime of developing and perfecting a system. 
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PV construction process: 
 

It is important to start with the basics of the system. One of the safest places to start with is to get 

familiar with the traditional PV construction process, and then extrapolate towards the 

differences that HCPV systems represent. 

Construction process starts with sand, which is processed into highly purified silicon. In a 

process called doping, traced amounts of special impurities are added to this purified silicon to 

modulate its properties.  

The most commonly known example is when silicon is "doped" with Boron, the result element is 

called a P type, when it is doped with phosphorous, the result element is called an N type.  

When it is doped with Boron and Phosphor in a balanced enough way, a P-N junction is formed, 

and a permanent electric field in the crystal is formed. This means electrons are able to flow 

within the field. 

Thus, when the P-N junction is established and light strikes its top surface, the nanoconductors 

that are attached to the P and N type sides can form solar cells. 

When sunlight penetrates the solar cells, electrons are ejected from the atoms, and the permanent 

electric field in the junction steers them to the N type side, if a wire is connecting both sides of 

the solar cell, electrical current can flow whenever the sunlight is striking the solar cell. 

The solar cells use the photons from the sun to create electricity, it’s a process that happens in a 

nanoscopic scale level and enables us to produce electricity thanks to the sun photons. 

The top and bottom layers are protective glass with conducting coatings, electricity in the form 

of electrons flows in and out of those conductive coatings while the electrical conduction process 

happens in the middle layers. 

To understand what’s going on in these middle layers, we need to zoom in the molecular levels, 

a photon strikes a DYE molecule absorbed in the surface of the TiO2 (Titanium Dioxide) 

causing an  excited state which releases an electron into the TiO2 that exits through the 

conductive layer, The electron does its work and returns to the bottom of the conductive layer. 
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When a photons hits a crystal at the junction between the two materials, an electrons is freed. 

The photon gives the electron enough energy to leave the crystal. Due to the properties of the 

semi-conducting materials, the electron tend to move to the N-side. This creates a tiny potential 

towards the opposite end of the device and an electric current can be made to flow through an 

external circuit.  

The electron gains a so little amount of energy because most of the energy is lost internally 

within the junction as the electron moves into the N type material. The N type material then 

becomes slightly more negative, and that creates a current from the N type to the P type as a 

result of the imbalance, causing the electrons to be attracted towards the P type, the result of 

these electrons going from N to P then N to P and on and on creates an electrical current. 

As such, due to the small amount of current, a number of cells have to be put in series to sum the 

potentials between them and create a noticeable enough potential. 

According to Moore’s law, the smaller the cell, the more condense the series are, and the more 

usable electrical current we obtain. Also, the smaller the cell, the more efficient it gets. 

With the help of the catalyst layer, the electron enters the electrolyte and interacts with a Tri-

Iodide molecule, along with another electron, this reduces it to an Iodide-Ion. The Iodide-Ion 

makes its way towards the activated DYE molecule and transfers an electron to the DYE. The 

Iodide-Ion reforms back to Tri-Iodide and the DYE molecule reverts back to its previous 

inactivated state. The DYE is now ready for the next photon from the sun. 

This process occurs billions of times per second inside the cell to create an electrical current 

from sunlight. 
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Photovoltaic technology for HCPV concentration 

MJ cells characteristics properties: 
 

Multijunction concentrator cells are essentially  built of what we call III-V semiconductor 

materials. These cells' production depends on a huge amount of factors such as precise control of 

grouping them together under specific set of complex conditions (on example is the metal 

organic chemical vapor to make them hydrophobic). The usage of multiple junctions allow for 

these cells to benefit from different solar wavelengths per junction, thus absorbing a higher part 

of the light spectrum than a single Silicon cell. This absorption allows for more photons 

harnessed that in turn, make for more electrons production. The reactivity of these cells is highly 

complex, and specialized centers, such as Fraunhofer institution, deal with their understanding 

by examining their external quantum efficiency and their temperature dependence. Temperature 

dependence is a never-ending issue in HCPV since overheating generally means a rapidly 

growing loss of efficiency. The generally used formula that allows to predict the generated 

current efficiency is: 
𝑑(𝑞𝑉𝑜𝑐 )

𝑑𝑇
= −

𝐸𝑔𝑎𝑝 −𝑞𝑉𝑜𝑐

𝑇
. q being the charge of  the electron, this equation 

relates to the derivative of the charge multiplied by the voltage, the smaller the derivative is, the 

less efficient we can predict our conversion to be. The higher the voltage desired, the higher we 

need our energy gap to be able to provide the sufficient sunrays that lead to the voltage. Also, it 

comes logically that the temperature T is in the denominator since the higher it gets, the smaller 

the efficiency will get. 
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We can summarize the maximum efficiency of the tandem cells ᶯ by the table below: 

Table 1: Max Theoretical Efficiency [29] 

Concentration ratio  N° of cells in the stack Maximum efficiency 

1 1 31.0 

2 42.9 

3 49.3 

... - 

∞ 68.2 

100 1 35.2 

2 48.4 

3 55.6 

... - 

∞ 76.2 

46,300 1 40.8 

2 55.7 

3 63.9 

... - 

∞ 86.8 

 

Finally, we cannot have these highly efficient cells without the help of lens optics that 

concentrate the sun beams into their center, thing which will be covered later in this paper. 

In short, a MJ cell is a quantum solar converter that uses two or more cells comprised and bound 

with semi-conductor materials with different energy gaps (Egap). Different energy gaps benefit 

and absorb different waves of the solar spectrum, making for each junction delivering the same 

output of a flat plate PV cell. The efficiency limit for a virtually sufficient amount of sub cells 

that would be able to cover the entire light spectrum is bound to be 86.6% when we take into 

account various factors accounting for loss of parts of the sunrays. This is of course the 

theoretical potential of this amazing composition, a potential that has to this day, not being 

achieved in labs. We generally refer to this composition as spectral splitting system or stacked 
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tandem junction. Both styles of junction are accomplished by using various stoichiometric 

semiconductor materials or by varying the composition of semiconductor alloys. Semiconductor 

alloys are used to bound each junction for the upper and lower level of the multijunction.  

The basic goal of these multilayered cells is to increase the solar rays conversion efficiency ᶯ by 

optimizing the solar absorption thanks to the appropriate energy gaps of each sub cell and the 

corresponding narrow wavelength.  

A key condition to the success of MJ III-V cells is their careful manufacture under specific 

technologies. The cells, as semiconductor materials have many types of properties, but the two 

most vital and essential properties are the Lattice Constant and the Energy Gap (Egap).  The 

energy gap corresponds to the energy that is necessary to free a bond electron from one side of 

the junction to another, creating in the process a difference in valence between the two sides of 

the P-N junction. It corresponds to the minimum energy of a photon that would be absorbed. 

Different energy gaps correspond to different wavelengths of the solar spectrum. As such, each 

cell of the MJ needs to have its own Egap different than the others to benefit from a higher part of 

the light's spectrum. The lattice constant is the physical dimension (in angstroms) of the cell in 

the crystal lattice of the semiconductor. It is essential that the cells used have close lattice 

constants, to minimize the efficiency loss due to thermal, electrical and mechanical stress. A MJ 

cell has the same number of p-n junctions made from different materials grouped together one on 

top of the other with specific alloy elements. 

A very safe and stable model amongst many marketed ones refers to the use Indium Gallium 

Arsenide (InGaAs) on the middle layer, Indium Gallium Phosphide (InGaP) on the top layer, and 

Germanium (Ge). They provide a great compromise between a small discrepancy in lattice 

constant and a great difference in eV band gap as shown in the figure below: 
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Figure 1: Cells Band Gaps and Lattice Constant [29] 

We can see how Ge has 0.6 eV for 5.6 LC (Lattice Constant), GaAs has 1.5 ev for nearly the 

same lattice constant, and GaP has 2.3 ev for  5.45 LC. I did not choose Aluminum Phosphorous 

because it has to go together with Aluminum Arsenic yet they share a close band gap. This kind 

of reasoning is what allows to remove the "not-so-efficient" combinations and choose, then test 

the efficiency of the seemingly efficient ones. A close combination to this has been tested in 

Triple-junction concentrator cells in the module of Soitec Industries, a pioneer in the field that 

sold its module to many utilities. Thus, this combination shows a lot of potential. 

As such, the triple junction we will use in this project consists of Indium Gallium Arsenide 

(InGaAs) on the middle layer, Indium Gallium Phosphide (InGaP) on the top layer, and 

Germanium (Ge) over Germanium substrate in the bottom layer, with each layer separated by a 

tunnel junction made with alloys.  

 



8 
 

MJ cells behavioral properties: 
 

The behavior of MJ cells are significantly different to traditional flat plate singe junction cells. 

They respond only to direct light (which will be covered later on in this project) and their high 

sensitivity in addition to their connection in series make them much more sensitive to direct 

irradiance in the thermal and electrical level.  

The external quantum efficiency (EQE) is a function of solar light wavelength is a ration that 

represents the number of electrons that are freed on contact over the number of photons (that will 

free these electrons) absorbed: EQE(λ) = 
𝑛𝑢𝑚𝑏𝑒𝑟  𝑜𝑓  𝑒𝑙𝑒𝑐𝑡𝑟𝑜𝑛𝑠

𝑛𝑢𝑚𝑏𝑒𝑟  𝑜𝑓  𝑝𝑜𝑡𝑜𝑛𝑠  (λ)
  

As mentioned before, different cells have different Egap. they respond to different wavelengths 

and thus have different "solar response" SR(λ). SR represents the total amperes (Amp) generated 

per watt of incident light or direct irradiance: SR(λ) = 
𝑞λ 

𝑐
EQE(λ). q represents the electric charge, 

λ is the solar wavelength, h is the Plank's constant that amounts to 6.62607004 × 10
-34

m
2
kg /s, 

and c is the speed of light 3 × 10
8 

m/s. 

From this relationship we can calculate the short current density Jsc delivered by the cell for a 

particular spectral distribution E(λ)(that will be relative to the Egap) can be calculated as: Jsc =  

 𝑆𝑅(λ)𝐸(𝜆)dλ. As a reference, Jsc is the current for V = 0 and is expressed in terms of mA/cm². 

Since cells are grouped in series, according to Electrical Circuits laws, the current density is 

equal to the cell with the lowest current.  

It is important to keep in mind, as stated above, that temperature has a lot to do with efficiency. 

As such, in order to understand the effect of T on EQE is to take into account how Egap value 

changes with temperature, affecting the value E(λ) in the process. the variation can be explained 

as:  

Egap(T) = Egap(0) -  
αT²

𝑇+ β 
 with Egap(0) being Egap at 0°Kelvin and α and β being the material 

constants (GaAs, GaP, Ge).  We can see how the Egap decreases as the T increases. Thankfully, 

modern technology nowadays can help a lot in reducing the degradation of performance that a 

variance in T causes, a part I will uncover further below in the assembly line part relating to the 

construction process of the cells. 
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The figure below show the different wavelengths that different cells are able to absorb.  

 

Figure 2: Experimental EQE of the top junction (top left), middle junction (top right) and 

bottom junction of of respectively: GaInP, GaInAs, Ge [29] 

 The total spectrum absorbed would be close to what the picture below shows:  

 

Figure 3: Band Gaps and Their Spectrum Wavelength [retrieved from www.bine.info] 
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To get a comparison between a triple junction and a single junction, the image below show the 

difference in the amount of spectrum absorbed. 

 

Figure 4:Triple Junction Cell Production Efficiency [13] 

 

 

The traditional single PN junction Silicon cell absorbs approximately 770nm (nanometers) of 

wavelength. while the Triple PN junction absorbs roughly 1500nm of wavelength: nearly twice 

as much. 
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HCPV system properties: 

The base of the principal of how CPVs work revolves around the usage of optical systems to 

increase the harnessed light that our cells will receive. The concept is simple “in the surface” yet 

“complex in the inner levels” 

We use technological devices that represent a very accessible and cheap technology (lenses and 

mirrors), to concentrate the light into very small and efficient photovoltaic solar cells. The 

ultimate goal being, of course, the drastic reduction of electricity cost and its self-sustained 

production (LCOE, $/kWh) compared to the typically commercialized systems thanks to 

replacing the very expensive cell surface with less expensive and more accessible optical 

devices. 

The concentrating cells, as highly efficient multi-junction cells, have a lab record to this of 

nearly 50%. Triple-junction cells have a recorded height of 38-40% under 1000 suns, and finally, 

optical systems are about 85% to 95% efficient for the latest models.  

Typical concentration models are fabricated with efficiencies closing to 30% and the results of 

measures done in already commercialized CPV systems obtains values showing a doubled 

efficiency from typical non-concentrated systems, which can be traduced into 50% more 

electrical production in regions high solar radiations.  

One of the main competitive advantages of CPV compared to conventional PVs is that the cost 

distribution of CPV has a much wider range as the cost solar cells does not constitute a major 

part in the total cost. As such, a big part of the system cost moves from cells into other more 

varied and accessible technologies. Very different, maybe even diverging, industrial fields get 

together to participate in the realization and investment of these projects. Those industries can 

easily adapt themselves into the fabrication of the system components (plastic, glass, mechanic-

metal industries, etc.). This favors the localization content of the technology.  

Another main characteristic of CPVs is the high obtainable efficiency rates, unobtainable with 

conventional PVs. The multi-junction cells used in these systems, due to their amazing 

efficiency, reduce the space required and cost-of-space required for installing the sunscreens.  

Despite the installing cost still vastly more expensive than that of conventional PVs, the benefits 

in the long term are far superior. HCPV is by far the most promising technology when it comes 
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to long term benefits, especially for region with a solar radiation exceeding 5.5 kWh/m² a day 

equating approximately 2000 kWh/m². 

Another highly considerable advantage of resolving to HCPVs is the “high local content” in 

comparison with classic PVs or thermal-dynamic generators. The “local content” is nothing else 

than the high percentage of components, materials and work that would be developed in the 

installing region. This local content can get as high as 75% of a central. A high local content 

means more employments, less installing cost, or solvability in comparison to other exporting 

countries. 

According to studies realized by consortium enterprises on this type of projects, Morocco 

benefits from human resources, technical resources, industrial resources and other necessary 

services to achieve the implementation of fabrication procedure and installing of HCPV systems. 

In short, this project would allow for the creation of a supply chain of materials and components 

of “high local content” around HCPV technology. This, in turn, shows for a high 

competitiveness of the final product as logistics, commercial and labor cost is relatively lower. In 

order to achieve this objective, it is of necessity to carefully to allocate a considerable amount of 

time and resources in identifying the furnishers, products, materials and services necessary to the 

elaboration of the system to make sure that their products fulfill the necessary conditions and the 

best price quality/price ratio to be integrated to the final HCPV system including the construction 

of the factory and the assembly line activity. 
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Managerial Perspective on the technology potential: 

 

Figure 5: NREL cells efficiency from 1975 to 2015 [19] 

Another value proposition in the interest of CPV compared to flat plate technologies is their high 

efficiencies allowing for significant future modules, system cost, and Levelized Cost Of 

Electricity. The picture above is taken from the National Renewable Energy Laboratory, a 

pioneer organization that can be considered as the ISO9000 of photovoltaic technology. First of 

all, it shows how steadily the multijunction cells has been improving in terms of efficiency 

throughout the last decades, achieving a whopping 46% to this day (with a lab record of 50% as 

of last year). On the other hand, the second contender, Crystalline Si cells achieved a maximum 

of 27.6% while being a much more mature technology. The curve slope for MJ cells is much 

more inclined towards the top than the other curves. It is a relatively younger technology: which 

means it still has a lot of room to improvement, and generally achieve a quicker improvement 

than SJ cells.  

Nowadays, my guess as a management student would be that it becomes increasingly harder for 

traditional PVs to evolve the further we keep pushing the single Si cell to its limit, while the 

possibilities and combinations that we have yet to discover for MJ cells are still being uncovered. 
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Figure 6: NREL Solar Cell Efficiency From 1993 to 2015 [13] 

Another graph from Fraunhofer university's annual report shows the same tendency than the 

report from NREL. Fraunhofer university stands as the most advanced group in the field. They 

just achieved an operational 50% efficiency Quadruple junction this year and stand as one of the 

most reliable sources if not the most reliable one. 

Cost Study Analysis: 

First off we need to calculate the $/Wp costs of the module and where the cost resides. We know 

that the cells represent merely a fraction of the total system cost, with as much cost (nearly 20-

30%) being originating from trackers and optics.  

We have to, afterwards, direct our analysis towards how much these components would be 

reduced in future prospects with the challenges that arise from that. 

The III-V MJ  Cell cost drivers are listed in the picture below (From NREL) as an average of the 

commercialized modules for this year. 
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Figure 7: NREL Cost Analysis [13] 

We can see that the biggest cost drivers are the Ge substrate for 33.86$/Wp, the top and bottom 

metallization because of low material usage in the market (namely Au and Ag) and the base 

layers underneath the bottom PN junction cell.  

All these elements are not rare by nature, nor are they scarcely findable as a resource, but it is 

their manufacture  that is not yet a common industry procedure. As such, the more HCPV 

systems will be manufactured in the future, the lower their manufacture cost will gets with 

arising competition. In our case, it is important to keep in mind that the larger the system is, the 

less costly it gets due the extremely quick learning curve when it comes to metallizations. 

Another interesting option would be the material reuse for degraded or replaced systems. Due to 

the recent nature of this technology, there is no clearly tested method known for reuse of Ge 

substrate for example. Some preliminary tests for substrate reuse have been made, a 50 times 

reuse under lab conditions. The table below shows the NREL first tests to date: 
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Figure 8: NREL Ongoing Cost Analysis of Substrate Reuses [13] 

we can see the diminishing returns after 50 Ge Sub reuses no longer provide a relevant 

difference. since the additional processing steps or layer growth required to achieve a substrate 

reuse at scale is currently unknown, so the estimates of costs with many substrate reuses are 

likely low. 
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Energy payback time: 

 

Figure 9: Microsoft Energy Payback Time of PV and CPV systems [19] 

The figure above from Fraunhofer university shows the payback time of CPVs and other 

systems. At most, after 2 years, the systems end up paying for themselves in most cases. Another 

interesting information to consider is how the cell represents merely a fraction of the overall 

system nowadays. Most the cost stems from Trackers and Inverters: Mechanical pieces that are 

characterized by a certain decline in price for more commercialized models and more production. 

 

HCPV tracker technology: 
In HCPV technology, tracker is an integrant part of the system. To this day, 2D tracking is 

necessary and essential for HCPVs to work and be competitive compared to their PVs 

counterpart. It is the piece of the system that allows for maximizing the photons absorbed by the 

system. The higher the efficiency of the cells, the more accurate our tracking must be. Tracking 

allows for the sunscreens to stay perpendicular to the sun at around 0.2° close for HCPV 

systems. 

That is the reason why, we have to use 2D tracking. To achieve such accuracy, we have to rely 

on electronic controls with the help of complex algorithms, high resolution mechanical 
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transmissions and metallic structures that would be very resistant and resilient to degradation 

under high service conditions, may it be heavy winds, rains or the system’s own weight. 

In general, these are structures with collection surfaces of 25-100m². This is the reason why their 

conception must allow for well-functioning and reliable HCPV system, while not being 

exceedingly costly. As an initial reference, the entire tracking structure is estimated to amount to 

25 to 30% of the overall cost (including the assembly and construction). 

Chronological Tracking: 

A chronological tracker adapts its turning behavior to the earth's rotation relatively to the sun. It 

takes an axis symmetrical to the earth's axis but in the direction opposite to the earth's rotation to 

allow for it to be perpendicular to the sun. These trackers use a simple technique: they turn at a 

constant speed of hourly increments equal to 15°. This allows for the photovoltaic panels to be 

pointed at a few degrees perpendicularly to the sun.  

The equation of time is taken into account so that trackers follow the "real solar time" (ωs). The 

speed of the apparent motion of the sun in the sky varies slightly, depending on the time of the 

year due to the earth being slightly inclined in its orbit and being not completely circular.  

Nowadays, these trackers can take into account the equation of time from formulas developed by 

a largely agreed on consensus and make the trackers move according to real solar time instead of 

day time. Put in simple words, the tracker turn 15° per real solar hour increments instead of 

hours increments. This balances itself since the real solar time is as much higher from time as we 

measure it as it is lower according to various times of the year.  

In addition to following the eat-west trajectory of the sun, the tracker also follows the seasonal 

movement of the sun in the north-east trajectories. The sun moves at 0.4° towards the north or 

the south per day according to the season.  

If we are to graph this movement against time, we would obtain a sinusoidal wave over a one 

year frequency and a peak height of 46.9 degrees which is roughly twice the tilt of the earth axis. 

However, accurate tracking must take into account the fact that the Sun's North-South movement 

is not exactly sinusoidal. The peaks and troughs of its graph are more sharply "pointed" than 

those of a sine wave. A mechanism that contains a cam, rotating once a year and shaped 

according to the correct waveform, provides one way of achieving accurate tracking. 
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Some chronological trackers make use of a GPS receiver to accurately calculate the relative 

position of the sun based on their location, date and time. 

Tracking methodology: 

 

Figure 10: Solar Radiation on a Tilted Surface [22] 

Based on Figure 3, Smodule is the maximum power that the collector can get from the sunlight  

(Sincident). The equation  relating  these  two  important  parameters will be given in the 

conventional method part when dealing with irradiance. 

Smodule = Sincident sin (α + β) 

It can be deduced from equation  13 that the power received  by  the  PV  is  directly  related  to  

the  angle  between the PV and the solar insolation. The sun’s  apparent variation in position with 

time and location will result in varying tilt angle as well. It has been shown that the tilt angle is 

not constant and will keep on changing with time throughout the year. The main solution to 

maximize the energy generated by SEGS is by ensuring that Smodule is equal to Sincident. In order to 

achieve  Smodule=  Sincident,  an  automatic  sun  tracking system need to be designed. The 

automated sun tracking  system  is  used  to  minimize  the  incidence angle  between  the  

incident  solar irradiance and  PV module, so that the amount of power generated will be 

maximized,  as  compared  to  static  PV  modules, inclined at a certain fixed tilt angle. 

https://en.wikipedia.org/wiki/GPS
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Conventional method: 

Some researchers have introduced sun running trajectories, which can be described as follow: Ɵz 

and αs are the zenith angle and the elevation angle of the sun, they can be written in the form of 

the following equation: sin αs = cos Ɵz = sin φ sin δ + cos φ cos  δ cos ωs  

such as: solar declination angle: δ = 23.45 sin 
360°(𝑛+284)

365
 

and: φ = local latitude ; ωs = real solar time 

to calculate the real solar time according to the convention: ωs = t +/- 
𝐿−𝐿𝑠

15
 + 

𝐸

60
*15° 

such as: E = 9.87sin2B - 7.53cosB - 1.5sinB and B = 
360(𝑛−81)

364
 

 

We also need to calculate the sun irradiance of the specific zone we are in. but in order to do so, 

we need the correction value of the sun irradiation at the upper bound of Earth's atmosphere by 

changing distance between Earth and the sun, and the air mass. 

 

Correction value irradiation: γ = 1 + 0.033 cos (
360°𝑛

365
)  

Air mass: m(αs) = [1229 + (614sin(αs))²]
0.5

 - 614sin (αs) 

 

From there on we deduce: In = γIsolarP
m

 

Ib = In cos(Ɵz) = γIsolarP
m

sin(αs) 

 

Id = 0.5γIsolar
(1− Pm)

1−1.4𝑙𝑜𝑔10(𝑃)
 sin(αs) 

 

thus the total solar irradiation from latitude and longitude can be written as: I = Ib + Id 

Adapting the number to the 2D tracker: 

For our system, it is important to adapt the conventional calculations into our trackers. We 

compare the inclination of our tracker with the inclination of the sun for the longitude and 

latitude of our tracker placement. 
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The total irradiance has 3 components: The one-hour direct solar irradiation flux, diffuse solar 

irradiation flux and deflexed solar irradiation flux at the inclined surface of our tracker. 

We have:  IT = ITb + ITd + ITƟ 

such as: ITb = IncosƟT 

and: ITd = Id
1+cos(90°− αs)

2
 

and: ITƟ = Iρ
1− cos(90°− αs)

2
 with ρ being the surface reflectance (provided by the manufacturer) 

 

When the sun running location is predicted using the dual-axis sun tracker, and the solar incident 

angle of the sun tracker can be written as the following equation: (here, ρ is the surface 

reflectance. Sα is the elevation angle of the sun tracker equaling 90°- αs and the azimuth angle Sγ 

being equal to γs: 

cos(ƟT,Dual) = sin(δ)sin(φ)cos(90°- αs) - sin(δ)cos(φ)sin(90°- αs)cos(γs) + cos(δ)cos(φ)sin(90°- 

αs)cos(ωs) + cos(δ)cos(φ)sin(90°- αs) cos(γs) cos(ωs) + cos(δ)sin(90°- αs) sin(γs) sin(ωs) 

Developing a sun tracker  

The system tracks the Sun autonomously in azimuth and elevation angles. The whole working 

algorithms are summed up in the formulas stated above. The sunlight intensity from four 

different directions is measured by the LDR-based sensing circuit. The voltages vE, vW, vS and 

vN are defined as the sensing voltages produced by the east, west, south, and north LDRs 

respectively. In an attempt to draw maximum power from the PV panel, the azimuth and 

elevation tracking processes can simultaneously  proceed until  the  PV  panel  is  aligned  

orthogonally to  the  sunlight.  The  tracker installation is not restricted to the geographical 

location.  
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Figure 11: Mechanical Design For 2-Axis Tracking [22] 

To design the tracking system, we would need to take into account both the electrical side 

and the mechanical side of the system. The mechanical design usually encompasses the 

choice of the right actuator that provide enough mechanical energy to rotate the module 

without consuming much from the system. The structure of the module and how the rotation 

takes places is shown in the figure above. 

The system has to stay perpendicular to the sun rays as much as feasibly possible to harness the 

maximum photons and convert them into current. The electronic system plays a vital part in 

controling and determining the turning stance of the system. Chronological trackers are 

automatically determine that thanks to the input they receive from sensors. These sensors provide 

the necessary input required. A bridge and microcontroller then send an output to control the 

position of the DC Motor (serving as actuator).  

 

Figure 12: Block Diagram of Position Servo-motor [22] 
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The figure below shows the simplified hardware circuit of the 2D tracker. We see two hardware 

circuits, one for each dimension of the tracking, and three modules: The LDR-based sensing 

circuit as a sensor, the comparator as microcontroller, and the Motor driver as the actuator. 

 

 

Figure 13: Hardware Circuit of Sun Tracker[29] 
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Tracking summary: 

 

Figure 14: Tracking Summary [22] 
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The tracking system, presented like that. It seems simple in nature, because it is. Most key values 

are known and agreed on upon consensus in the field, and only the Longitude and Latitude are 

required for the smart tracking to work. 

After calculation of tilt and azimuth angles, and the real solar time, we compare with the local 

time (sunrise moment) while applying time correction. If we get a NULL (Boolean)  value as a 

response, we adjust the system and calculate again until we get a positive respond. Afterwards 

we adjust the panel to the solar time and check again until the real solar time is less than the 

sunset time.  

HCPV simplified tracking design: 

  

 

 

Above are the listed steps of figure 14 in a simpler way.  

Step 1

•Setting up 
longitude, 

•latitude, time

Step 2

•Calculating 
solar 
declination

Step 3

•Calculating  
Azimuth 
angles and 
moment of 
sunrise and 
sunset

Step 4

•Calculating 
real solar 
time

Step 5

•Comparing 
real solar 
time with 
sunrise 
moment

Step 6

•Adjusting 
system
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Tracking Performance: 

PVGIS is a free online tool that allows us to estimate the electricity produced by various PV 

systems. It is connected to a satellite database that calculates the irradiance of Asia, Europe and 

Africa that goes as: PVGIS-CMFAS solar radiation database.  

It calculates the monthly and yearly irradiance value, and allow us to calculate the output current 

obtained after setting the amount of losses we expect and the kWp (kilowatt peak)  of the system. 

I choose to run two models first to estimate the power output of different models, but also to use 

them in the financial analysis within the managerial perspective, which is the core part of this 

project. 

 

We start by a tracking module for 2000kWp then another for 1200kWp for Al Akhawayn 

University for 2-axis trackers with a total estimated loss of 23% for the location 33.31° North 

5.8° West and an elevation of 1657m.  

First model summary: 

 PVGIS estimates of solar electricity generation 

 Location: 33°31'36" North, 5°8'12" West, Elevation: 1657 m a.s.l.  

 Solar radiation database used: PVGIS-CMSAF 

 Nominal power of the PV system: 2000.0 kW (Concentrator) 

 Estimated loss due to temperature: 8% (generic value for areas without temperature 

information or for PV modules Estimated loss due to angular reflectance effects: 2.6% 

 Other losses (cables, inverter etc.): 14.0% 

 Combined PV system losses: 23.0% 

 

Table 2: 2-axis tracking kWh generation for 2000kWp [32] 

2-axis tracking system 

Month  Ed  Em  Hd  Hm  

Jan 8470 263000 5.50 171 

Feb 9770 274000 6.35 178 

Mar 12300 380000 7.98 247 
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Apr 12400 373000 8.09 243 

May 13200 408000 8.56 265 

Jun 15800 473000 10.20 307 

Jul 15500 481000 10.10 312 

Aug 14100 436000 9.13 283 

Sep 12300 369000 7.99 240 

Oct 11100 345000 7.22 224 

Nov 9130 274000 5.93 178 

Dec 8670 269000 5.63 174 

Year 11900 362000 7.73 235 

Yearly 

Total   

434000

0   2820 

 

Ed: Average daily electricity production from the given system (kWh) 

Em: Average monthly electricity production from the given system (kWh) 

Hd: Average daily sum of global irradiation per square meter received by the modules of the 

given system (kWh/m2) 

Hm: Average sum of global irradiation per square meter received by the modules of the given 

system (kWh/m2) 

 

Second model summary: 

 PVGIS estimates of solar electricity generation 

 Location: 33°32'21" North, 5°6'20" West, Elevation: 1658 m a.s.l., 

 Solar radiation database used: PVGIS-CMSAF 

 Nominal power of the PV system: 1200.0 kW (thin film) 

 Estimated losses due to temperature: 8% (generic value for areas without temperature 

information or for PV modules with unknown temperature dependence) 

 Estimated loss due to angular reflectance effects: 2.6% 

 Other losses (cables, inverter etc.): 14.0% 

 Combined PV system losses: 23.0% 
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Table 3: 2-axis tracking kWh generation for 1200kWp [32] 

2-axis tracking system    

Month Ed Em Hd Hm 

Jan 5000 155000 5.41 168 

Feb 5900 165000 6.39 179 

Mar 7380 229000 8.01 248 

Apr 7480 225000 8.11 243 

May 7950 246000 8.62 267 

Jun 9510 285000 10.30 309 

Jul 9300 288000 10.10 312 

Aug 8510 264000 9.20 285 

Sep 7350 221000 7.96 239 

Oct 6680 207000 7.23 224 

Nov 5480 164000 5.93 178 

Dec 5210 161000 5.63 175 

Year 7150 218000 7.74 236 

Total for year  2610000  2830 

 

The two modules above will serve as a key ingredient when getting into the estimation of the 

money saved per year thanks to such systems. It also gives us an idea about how much kWh is 

generated according to various irradiation values.  

Morocco, being a country with naturally high irradiation, allows for great output for 2-axis 

tracking. 4340MWh per year would be enough to cut off more than half Al Akhawayn 

consumption in electricity, as we will see later on, it will be important to balance the investment 

cost and benefits from the first model and the second model, and choose a model that suits us 

best. 
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It is also important to note that there virtually an infinite amount of different models and the two 

models cited above are for example and illustration purposes only. For simplicity and length 

purposes, we cannot cover all the potential investments and models, because that will deserve to 

be a thesis on its own. 

HCPV assembly and quality control procedures: 
 

  

Figure 15: Model Module Design [13] 
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Figure 16: Manufacturing Process Flow [13] 

 

The figures above show the general module of our system with most of its elements.  

The HCPV array contains has 1,000x geometric concentration for a 40% module efficiency, 

Silicone-on-glass (SOG) Fresnel lens primary, Dome secondary lens, 5mm x 5mm 

Ge/Ga(In)As/Ga(In)P cells, 50 cells per module, Rectangular box housing and Passive thermal 

management via an aluminum plate. 

While this model is unquestionably not illustrative of the whole HCPV space, which incorporates 

a wide assortment of outlines and designs, it contains the same central components as most 

business modules use. 

The steps for assembling this model as shown in the pictures above can be summarized as: 

1. Thermal application of silicon over the base of the receiving end to facilitate heat 

conduction towards the back plate and allow for consistent heat conversion outside the 

module 

2. Fixing the receptors on the back plate of the module using special allows (this acts like a 

superglue)  
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3. Cabling and electrically connecting the receptors 

4. Sealing the receptors with the means of hydrophobic silicon 

5. Mounting of concentrated light protection for our receptors 

6. Mounting of the internal reinforced structure (keeping the system and system’s weight in 

place) 

7. Mounting of optic lenses parquet 

8. Fixing and sealing the optic lenses parquet 

9. Inspecting the system 

10. Packing the system 

The quality control various procedures take place during the assembly of the system throughout 

each phase. Throughout this project, the quality control procedures introduced will allow for 

viable assembly, and will prove to be more than enough to assure the localized fabrication of the 

system and minimize the investment cost right after the first start-up of assembly line. 

A good way to verify the relevance of our quality control procedures is to immerse under water 

the receptors once they are sealed in the back plate. The expected outcome is those receptors not 

losing electrical isolation between the two ends of the electrical ends (from N type to P type and 

vice-versa). As such, quality control procedure will include equipment that will allow water 

immersion and measure of the strength of the sealing. 

After the system is assembled, the logical fundamental step that follows is to determine the 

power of the modules once assembled under various “standard” weather conditions. Ideally, one 

would use a solar simulator, but due to high cost (2 to 4 M DH) and our will to lower the risk as 

much as possible, a first production volume hardly justifies such endeavor. As it stands, the 

preliminary tests will be realized in a plain field using our trackers. When our tests prove to be 

reasonably positive, we can easily (and with a low cost) send our system to be tested in 

specialized foreign companies that have a solar simulator, and would give expert feedback on the 

overall quality of our design. Once our production gets relevant enough and a business and 

financing plan captures investors’ interests, the cost of our own solar emulator might become 

affordable. 

We can safely assume that the HCPV configuration demonstrate  profits with generation 

volumes ≥ 100 MW/year, yet might likewise be cost aggressive at much lower generation 
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volumes. The Technology learning curve is excluded in this examination and could add up in 

lessening expenses. 

There is critical space for cell cost decreases, especially if assembling yields and substrate reuses 

can be enhanced in a scaled process  

Module proficiency enhancements and cell cost diminishments speak to critical open doors for 

future HCPV module cost decreases  

Cell and module expenses are an imperative beginning stage for examining HCPV, yet no 

convincing articulations about the intensity of HCPV can be drawn based on these numbers 

alone  

A broad examination of framework expenses, vitality creation, and LCOE in a given area is 

required so as to determine the issue 

HCPV assembly line tasks: 
Assembling components using human workforce would certainly prove to be tedious and much 

more expensive in the long term than investing in machinery and factories. As it stands, there is 

no way such project would be financially lucrative without an assembly line that would permit a 

chain production of our system with near to no cost besides maintenance once the initial 

investment is performed. 

Our assembly line can be installed in specific locals with specific conditions. In addition to the 

basic building tasks, these conditions include installing a network of compressed air, air 

conditioning, air duct for lighting and a system to extract heavy gazes and drain waters.  

Our assembly line would be composed of two floors: a main floor and an upper floor. The first 

floor includes a room built specifically to handle machines that harden silicon cells and a room 

that serves as storage for components. The second floor will be dedicated to exclusively to 

technical maneuvers required, locker rooms for employees and a room used as a warehouse. We 

estimate each floor to be a 200m² area and be practical enough. 

The assembly line is estimated to have a capacity to produce under optimistic circumstances 

around 2 MW/year for an average of 27 employees divided in three time-periods. 
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The assembly line would be semi-manual, as relying on no machines is detrimental on the long 

term and replacing most workforce with machinery requires too much of an investment.   

The manual structures are designed to optimize work and avoid fatigue, but also to reduce the 

time required for mounting the components. Thus, the modules progress from one position to 

another by chains of rollers, and handling operations are carried out using pneumatic systems. 

This line also includes some automated assembly operations by robots such as two axes example 

in the case of receptor-sealing silicone. 

 

The assembly line tasks are as follows: 

1. Preparation of the receptors 

2. Installation of the receivers 

3. Welding of interconnected cables, control voltage and insulation 

4. Sealing and isolation of verification 

5. Remove mussels and Repair 

6. Immersion Test 

7. Drying after immersion 

8. Mounting protectors 

9. Installation of walls and indoor bars 

10. Cleaning the inside of the module 

11. Fitting the lenses to the parquet 

12. Sealing module with a robot 

13. Lens parquet preparation 

14. Module packaging 

Assembly line summary:  
All in all, the assembly will start from the bottom layers, then slowly move to the top layers, 

while building the middle layers. Below is a table that summarizes the assembly line, with steps 

relating to the quality of the module, and tasks relating to more basic building process. 
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Table 4: Assembly line summary 

Steps  Tasks  

Thermal application of cell  Preparing and installing receptors  

Fixing receptors  
Welding of interconnected cables, control voltage 

and insulation  

Connecting receptors  Sealing and isolation of verification  

Sealing receptors  Remove mussels and Repair  

Mounting concentrated light protection  Immersion Test  

Mounting the internal reinforced 

structure  
Installation of walls and indoor bars  

Mounting, Fixing and sealing Optical 

lens parquet  
Fitting the lenses to the parquet  

Inspecting the system  Sealing module with a robot  

Packing the system  Module packaging  
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Managerial Perspective: 

Variable analysis: 

 

As managers, it is important to take into account the most important variables for the design of 

the system.  

The values of our dependent variables will depend on varying independent variables and fixed 

constant variables. 

Tax rates:  

Has to be included in all calculations within an analysis, and will have a net weight of 24% (tax 

on business + tax on import). Tax rates will be represented as a negative discount value instead 

of a fixed value. 

Legal Framework: 

Determines the rules and ethics revolving around the project we are studying, are fixed by the 

state and have to be taken into account in any study. 

Discount rate: 

Has to be included in all calculations within our analysis and will have a fixed weight according 

to the year. Represents a positive value to be added as percentage. 

Constant Variables

•Tax rates

• Legal Framework

•Discount rate

•Degradation

•Depreciation

Independent 
Variables

• Irradiance value

•Cell energy gap

•Cell cost

•Assembly line 
elements

• System cost

•Tracking

•Material used

Dependent Variables

• LCOE

•$/W

• System cost

•Tracking cost

•O&M

•Assembly line cost
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Depreciation: 

Has to be included in calculations within an  analysis and will have a fixed weight according to 

the year that varies according to the strait line method. Represents a negative value to be 

deducted as percentage. 

Cost of capital: 

Has to be included in calculations within our analysis and will amount to 20%, to be explained 

further below in this paper. 

Country: 

Has to be included in all calculations within the analysis and will determine other variables like 

tax rate, CoC, etc...  

Share of renewable:  

Has to included in quantitative calculations 

Share of oil/gas: 

Has to included in quantitative calculations 

Share of biomass: 

Has to included in quantitative calculations 

Superficy: 

Can be used as a indicator to determine or forecast variables such as loan payment and tax on 

land ownership. 

Population: 

Can be used as indicator to determine or forecast variables such as offer and demand. 

Impact of renewables: 

Has to included in quantitative calculations, in steeple analysis, SWOT analysis, etc... Is the 

dependant variable which value we are trying to prove. 

NPV: 

Has to be included in all calculations and concluded from calculations. Determines and compares 

the economical impact of renewable and traditional energy. 

System cost: 

Will be used to determine to NPV and Impact of renewables. Is related to all calculations and is a 

dependent variable 
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Steeple Analysis: 

Implications: 

Societal: 

In developing countries such as Morocco, renewable energies are to this day, vastly seen as a 

luxury infrastructure affordable only by rich people. Few people actually know that in the long 

term, renewable energy infrastructures usually end up costing less that typical lighting and 

heating methods. Projects like these will eventually show people that renewable energies will 

soon be an integrant part of society. 

Technical: 

The technical implications are complex to estimate at this stage. It would depend on the 

assembly line cost and human workforce cost. In short, the less human workforce needed, the 

more expensive the assembly line would end up being.  

Environmental: 

Renewable energies by themselves are the embodiment of environmental servitude. It is quite 

probably the field which advancements have the most positive impact on environment as by its 

nature, it is a field created to positively impact the environment. 

Ethical: 

Ethical considerations will also depend on the assembly line. We would need to be careful on 

how to renew and reuse residuals from the building of the sunscreens. Also, we would need to be 

careful on workforce risk ensured, which can represent an added variable on the funding needed.  

Political: 

Politically speaking, renewable energies’ systems are vastly encouraged by governments and for 

diverse and excellent reasons. They save the state’s GDP considerable amounts of costs and 

represent no drawback to it. 

Legal: 

There is no legal constraints to installing systems like ours. Much like the ethical implications, 

the only risk would be illegal workforce or human resource managing.   

Economic:  

Economic implications resemble political implications. Such system is expensive to create and 

market, but proves to be greatly sustainable and economically viable in the long run.  
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HCPV trend so far: 

PVs is a fast growing market. The compound annual growth rate was 44% between 2000 and 

2014. The system performances have also vastly improved: from 70% in 2000 to 90% as of 

today. 

In laboratory conditions, MJ cells perform up to 46%, while concentrator systems reach 40% 

(progressively fewer efficiency losses) 

Cost of PV:  

PV is a full grown, demonstrated innovation that is quickly drawing nearer matrix equality. It is a 

renewable, secure vitality source with high plant dependability and is not presented to any fuel 

value unpredictability. PV has made momentous advancement in decreasing expenses, as of not 

long ago lattice equality still appeared to be extremely far away. It was just a couple quite a 

while back that PV power was four to five times more costly than fossil fuels. On the other hand, 

with expansions in fossil fuel costs and proceeding with expense diminishments in PV modules, 

lattice equality could happen as ahead of schedule as 2012 to 2013 in sunny districts of USA, 

Japan and Southern Europe. Different districts with lower power generation expenses and/or 

more direct sun powered assets might accomplish matrix equality as right on time as 2020 

(Breyer and Gerlach, 2011). That is without considering that PV is frequently officially focused 

for top force creation, for era in matrix obliged zones, what's more, for some off-matrix 

applications. 

 The expense of the power produced by a PV framework is controlled by the capital cost, the 

rebate rate, the variable expenses, the level of sun based light and the proficiency of the sun 

powered cells. Of these parameters, the capital cost, the expense of fund and proficiency are the 

most basic and changes in these parameters give the biggest chance to taken a toll 

diminishments.  

The capital expense of a PV framework is made out of the PV module expense and the Balance 

of framework expense. The PV module is the unified exhibit of PV cells and its expense is 

controlled by crude material expenses, prominently silicon costs, cell preparing, assembling and 

module get together expenses. The Balance Of System expense incorporates things, for example, 

the expense of the basic framework, the electrical framework costs and the battery or other 

stockpiling framework cost on account of off grid applications. 
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SWOT analysis: 

Strengths:  

· This renewable energy generate and secure the energy supply to Al Akhawayn University.  

· This renewable energy will facilitate access to capital to overcome high up-front cost of 

electricity.  

Weaknesses:  

· The efficiency of this technology might drop down easily. The technology is limited to the 

supply of energy and could not maximize it with no further investments.  

· Long process of implementing, testing, and replacing the old technology.  

Opportunities:  

· Al Akhawayn University can replace its current energy system with a less costly one. 

 · No dependency on the electricity market;  

· Governement funding and enlarged assignation by public entities.  

Threats: 

 · Compound agreements might harm casing entire project cycle. 

 · There are distinct investment and active resources from the main mission of Al Akhawayn 

University. 
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The IFE Matrix: 

By definition the Internal Factor Evaluation (IFE) Matrix “is a strategy tool used to evaluate 

firm’s internal environment and to reveal its strengths as well as weaknesses.” 

(strategicmanagementinsight) 

Table 5: IFE Matrix Evaluation 

IFE Matrix: 

   

Strenghts Weight Rating 

Weighted 

Score 

Self supply of energy. 45% 4 1.8 

Easy access to capital due the cost reduction. 15% 4 0.6 

Weaknesses:       

Efficiency might drop down and harm the materials. 20% 2 0.4 

Long process until final instalment. 20% 1 0.2 

Total Weighted Score 100%   3.00 

To conclude from the IFE matrix that the project is internally good, the weighted score should be 

above 2. According to the results applied on this project, we can imply that the plan is internally 

strong and have higher chances to flourish. 

 

The EFE Matrix: 

By definition the External Factor Evaluation (EFE) Matrix “is a strategy tool used to examine 

company’s external environment and to identify the available opportunities and threats.” 

(strategicmanagementinsight) 
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Table 6: EFE Matrix Evaluation 

EFE Matrix: 

   

Opportunities: Weight Rating 

Weighted 

Score 

Replacing the old technology with a cost reduction one. 35% 4 1.4 

No more dependency on the electricity. 25% 4 1 

Government funding. 5% 3 0.15 

Threats:       

Complex agreement and contract might harm  the entire 

project. 15% 1 0.15 

Independent investment from Al Akhawayn University's 

mission. 20% 3 0.6 

Total Weighted Score 100%   3.3 

Normally, and in order to conclude that a certain project is considered to be potential, the total 

weighted score should be more than 2, which is our case. Our result shows 3.3 as a score, which 

means that our project is considered to have high chances to succeed. 

Financial Analysis: 

The Estimated Cost: 

For simplicity and time constraint purposes, given the tricky nature of LCOE (levelized cost of 

electricity) We use NREL report and copy their coefficient. The coefficient we copied is used for 

a model similar to ours, and takes into account everything from O&M, labor, tax on land, 

material cost, etc... 

We will use the 2000kWp model listed in the tracking part, and discount nearly 40% of it as 

O&M, tax, etc... We include a margin of error of 10%, a system depreciation.  

The "Energy Saved per Year (worst case)" takes the performances of the second model in the 

tracking part and discounts it just like the first one. We will assume a worst case scenario and 

establish a pessimistic analysis to further reduce the risk of failure in case the managerial 

analysis output a "green light". It is a choice of managerial analysis amongst many others, but 

given the nature of these systems being recent and still receiving a lot of skepticism from 



42 
 

potential investors, I am assuming it is better to get a positive feedback from a worst case 

scenario output. Also, managerial mistakes  from worst case scenario analysis are much more 

forgiving than a realistic or optimistic analysis.  

 

Table 7: Financial Analysis: Estimation of Costs 

Money Saved Per Year for 100% efficiency 3,820,605 DH 

Margin of error  10% 

System Depreciation 

20 to 25 years from 100% to 0% 

efficiency 

  Estimated MWh for university 8783 MWh 

Estimated MWh per person 3.5132 MWh 

Estimated MWh consumed per hour 2MW each hour = 2000KW/h 

Module Assembly Cost (including labor) as LCOE 

(based on NREL standardized costs): 

 Estimated Cost Of System (realistically) 0.68*2M = 1.36 M Dollars 

Estimated Cost Of System (worst case) 0.77*2M = 1.54 M Dollars 

  Individual Cell Capacity 0.1 MW/yr 

Total Cells Needed for Full Peak Capacity 87830 

  KWh price in morocco 1.45 - 1.49 

Total Price for 1 year W consumption (Lower 

Range) 8783*1000*1.45 = 12,735,530 MAD 

Total Price for 1 year W consumption (Upper 

Range) 8783*1000*1.49 = 13,086,670 MAD 

  Energy Saved per Year (worst case) 143,272,687 

  System Cost Min 13,600,000 MAD 

System Cost Max 15,400,000 MAD 
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The project is assumed to have as a total cost in worst case scenario of 15,400,000MAD. The 

cost of capital of our project is assumed to be 20%, normally in capital venture, the cost of 

capital is higher than this rate, but since Al Akhawayn University is a trusted entity, it is 

considered to be lower. The loan is expected to take a period of 10 years, or 120 months. 

Here is the amortization schedule: 

Table 8: Amortization Schedule 

Cost of capital (yearly) 20% 

Cost of capital (monthly) 1.67% 

Years 10 

Number of monthly 

periods 120 

Monthly payment 297,613.74 

The full amortization schedule will be included in the annex at the end of the paper as monthly 

increments.   

Table 9: Amortiation Schedule Per Year 

Amortization Schedule  

Beginning   Interest  Principal  Ending Balance  

Year1:MAD 15,400,000.00  MAD 256,666.67  MAD 40,947.07  MAD 15,359,052.93  

Year2:MAD 14,860,994.63  MAD 247,683.24  MAD 49,930.50  MAD 14,811,064.13  

Year3:MAD 14,203,736.29  MAD 236,728.94  MAD 60,884.80  MAD 14,142,851.48  

Year4:MAD 13,402,281.32  MAD 223,371.36  MAD 74,242.38  MAD 13,328,038.94  

Year5:MAD 12,424,994.28  MAD 207,083.24  MAD 90,530.50  MAD 12,334,463.78  

Year6:MAD 11,233,299.18  MAD 187,221.65  MAD 110,392.09  MAD 11,122,907.09  

Year7:MAD 9,780,156.80  MAD 163,002.61  MAD 134,611.13  MAD 9,645,545.67  

Year8:MAD 8,008,207.93  MAD 133,470.13  MAD 164,143.61  MAD 7,844,064.32  

Year9:MAD 5,847,509.28  MAD 97,458.49  MAD 200,155.25  MAD 5,647,354.02  

Year10:MAD 3,212,772.60  MAD 53,546.21  MAD 244,067.53  MAD 2,968,705.07  

End of Year: 

MAD 4,878.88 MAD 292,734.86 MAD 0.00 MAD 292,733.05  
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The function of the financial system (financial statement): 

The purpose from the report is to reduce the cost of the electricity for Al Akhawayn University, 

and the different models and technologies cannot be done without going through a financial 

system that will allow raisin capital. The purpose from introducing the financial system is to 

make use of a financial intermediary that will help introducing the project and putting it into 

work.  

The project is categorized as a startup company since it is new to the market, it uses a variety of 

technology that was never used before, and also because the funds are not available. For this 

reason, I will introduce the concept of the private equity fund in order to acquaint with the 

process to raise capital. By definition, the private equity funds are: “Private equity funds 

generally invest in companies (either start-up or established) that are not listed on a public 

exchange, or in public companies with the intent to take them private.” (CFA level 1 volume 5, 

page 64).  

Within the private equity funds, the category of this project will be more precisely a capital 

venture. This type of financial intermediary ranges from the inauguration of an idea for any 

company until this company goes for an initial public offering if its intention is to generate 

revenue, or until this company is acquired by its strategic designer, which is the case for this 

project. The stages of our venture capital can be summarized in three main ones.  

Since the project is assumed to be entirely or approximately fully designed, we can start with the 

formative stage that represents that first step to initiate raising capital. This stage requires an 

angel investing that is by definition: “An investor who provides financial backing for small 

startups or entrepreneurs.” (Investopedia). For Al Akhawayn University, this stage does not 

represent an issue since it can afford investing up to 10% of the total project, or 1,360,000 MAD. 

After this investment is done, the process can continue to the seed stage financing, which is still 

within the formative stage. The seed stages, only require the product development by installing 

the machines and checking their effectiveness. This stage normally requires investing in a 

marketing strategy, but as it was mentioned before, the company’s aim from this project is to 

reduce its electricity cost. The last phase of the formative stage is to go for an early stage 

financing.  
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According to Entrepreneurs’ Access to Venture Capital in Moroccan’s Technology-Based 

Ventures: An Exploratory Study of the Role of Social Capital: “The Moroccan private equity 

industry is one of the predominant players among North African countries. The venture capital 

firms have become the largest private equity industry in Morocco in recent years despite the 

tremendous regulatory of hurdles and institutional uncertainties that venture capital firms face… 

Between 1993 and 1999, private equity firms raised $40 million in funds, a steep increase to 

$100 million in mid-2000 and $800 million in the end of 2011. During this period, $330 million 

were invested in more 100 SMEs.” (BrahimBouzahir and Ahmed Chakir, Volume 4 No. 8 Page 

144). 

Table 10: Private Equity Firms in Morocco [10] 

 

 

The later stage concerns the production, which is in our case considered as the cost reduction.  

Concerning the mezzanine stage financing, it is considered in our case, the project fully acquired 

by Al Akhawayn University. 

 

The list of the potential capital venture of our project: 

 Maroc Numeric Fund –invests in all stages in the technology sectors up to $3.1 million. 

 Capital Invest (BMCE Capital) –invests in the late stages in all sectors from $2 million 

up to $5 million.  

 CDG Capital Private Equity –invests in the expansion stage in all sectors from $1 million 

up to $6 million.  

 Upline investment –invests in the angel/seed stages in all sectors from $2 million up to 

$12 million.  
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The Legal Form: 

 The endeavor of amalgamation have to be drawn up by “a notarial deed or under private 

seal”;  

 Partners are fully responsible for their shares within the company; 

 The salaries should not be lower that the Index linked minimum wage or the “SMIG”, 

which is 7.98MAD/h 

Why investing in this project? 

Calculating the Net Present Value: 

In order to calculate the Net Present value, we took into consideration that our efficiency is going 

to depreciate over the next 20 years by using the straight line method. 

Table 11: NPV Input Data 

Initial investment 

MAD 

15,400,000.00 

Useful life 20 

Salvage value MAD 0.00 

Efficiency depreciation (using Straight method per 

year) 5% 

Cost Ot Capital 20% 
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Table 12: NPV in Function of Discounted Value 

Years Cost saved per year Efficiency Discounted value 

0 MAD 3,820,605.00 100% MAD 3,820,605.00 

1 MAD 3,629,574.75 95% MAD 3,024,645.63 

2 MAD 3,438,544.50 90% MAD 2,387,878.13 

3 MAD 3,247,514.25 85% MAD 1,879,348.52 

4 MAD 3,056,484.00 80% MAD 1,473,998.84 

5 MAD 2,865,453.75 75% MAD 1,151,561.60 

6 MAD 2,674,423.50 70% MAD 895,659.02 

7 MAD 2,483,393.25 65% MAD 693,069.48 

8 MAD 2,292,363.00 60% MAD 533,130.37 

9 MAD 2,101,332.75 55% MAD 407,252.36 

10 MAD 1,910,302.50 50% MAD 308,524.52 

11 MAD 1,719,272.25 45% MAD 231,393.39 

12 MAD 1,528,242.00 40% MAD 171,402.51 

13 MAD 1,337,211.75 35% MAD 124,981.00 

14 MAD 1,146,181.50 30% MAD 89,272.14 

15 MAD 955,151.25 25% MAD 61,994.54 

16 MAD 764,121.00 20% MAD 41,329.69 

17 MAD 573,090.75 15% MAD 25,831.06 

18 MAD 382,060.50 10% MAD 14,350.59 

19 MAD 191,030.25 5% MAD 5,979.41 

        

  NPV   MAD 1,942,207.80 

 

Since our Net present Value is positive, it means that the project is beneficial for Al Akhawayn 

assuming that all the cost reductions are inflows. 

In order to make the decision clearer, I will introduce the concept of the internal rate of return of 

what is so called IRR. The internal rate of return is the rate at with the net present value is equal 
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to zera, or the rate at which the inflows and the outflows breakeven. As a result, the IRR for this 

serie of inputs equals 24.79%. This rate should be compared to the cost of capital, which equals 

in our case 20%. Since the IRR is higher than the cost of capital by 4.79%, we can conclude that 

this rate is profitable for our entity. 

The payback period ratio: 

 This concept introduce the real number of years in which the company has already generated its 

initial investment. The payback period combines both the amortization table as well as the table 

of the forcasted inflows. The formula is given as follow: Payback Period = Cost of project / 

Annual cash inflows Our resulting value is 5.201 years. This result means that the company will 

break even or generate its initial investment in approximately 5 first years and 3 months 

The internal rate of return:  

The internal rate of return by definition is: “A metric used in capital budgeting measuring the 

profitability of potential investments. Internal rate of return is a discount rate that makes the net 

present value (NPV) of all cash flows from a particular project equal to zero. IRR calculations 

rely on the same formula as NPV does.” (Investopedia) the IRR is a good measure that we rely 

on before investing on a project. The IRR as a measure itself does not serve to make the decision. 

For this reason, the IRR should be compared to the weighted average cost of return. 

 According to the assumptions that we have made before, our cost of capital is 20% and this will 

be our WACC. Our resulting IRR based on the forecasts made is 24.79%. Since our IRR is 

higher than our cost of capital, we should invest on this project. We can also interpret this result 

such as the project is earning 4.79% Profit from the operation after deducting the interest 

expenses that the company is required to pay. 
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Managerial Perspective: Quantitative analysis: 
This part is taken from my Quantitative analysis project. 

We set:  

H0: µ1 < µ2  ==> Renewable energy does not net an income ratio in comparison to the discount 

costs  

H1: µ1 >> µ2 ==> renewable energy nets a positive income ratio in comparison to the discount 

costs  

 

We use a WACC (weighted average cost of capital) to be the same as CoC (cost of capital) for 

simplicity purposes, we estimate it to be 20% and deduct it from the cost saved per year. 

We further deduct  the cost saved by applying a depreciation of 5% per year in increments as a 

worst case scenario using strait line method. We determine the salvage value to be 0 to stay in 

the worst case scenario. This case scenario has a near zero occurrence in real life prospects, but 

positive results (in NPV: net present value) would mean that the impact is consequential. 

We also use the amortization schedule as our next regression analysis will have it as Y  and have 

the discounted values of the first 10 years as X. By this, we analyze the relationship between 

discounted value and ending balance. 

NPV (net present value) is simply the total discounted value of income over the maximum 

system cost.  

A positive net present value means that our renewable system has a positive economical impact. 

Regression and ANOVA results: 
 

Table 13: Regression Statistics and ANOVA summary 

Regression Statistics 

Multiple R 0,87217508 

R Square 0,76068937 

Adjusted R Square 0,730775541 

Standard Error 2151785,615 

Observations 10 
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ANOVA 

       df SS MS F Significance F 

Regression 1 1,1774E+14 1,1774E+14 25,429355 0,0009982 

Residual 8 3,7041E+13 4,6302E+12 
  Total 9 1,5478E+14       

 

Table 14: Coefficients Analysis 

  Coefficients Standard Error t Stat P-value Lower 95% Upper 95% 

Intercept 5570713,148 1227143,25 4,53957852 0,00190025 2740915,73 8400510,564 

Discounted Value 3,165700651 0,62777234 5,04275272 0,0009982 1,71805505 4,613346252 

 
Table 15: Residual Output 

RESIDUAL 
OUTPUT 

  

   Observation Predicted Ending Balance  Residuals 

1 17665604,88 
-

2306552,88 

2 15145833,79 
-

334769,794 

3 13130020,09 1012830,91 

4 11520166,34 1807871,66 

5 10236949,58 2097513,42 

6 9216210,556 1906696,44 

7 8406101,428 1239443,57 

8 7764762,133 79301,8673 

9 7258443,136 
-

1611089,14 

10 6859951,07 
-

3891246,07 

 

Interpretation: 

Since our r² is above 85%, this means that we can justify 87% of variations in the ending balance 

can be explained by the discounted value of our system. This means that the economical perks of 

such system are in great part due to the discounted income that it grants us.  

Our F statistic being 25,42 is higher that the F critical value (5,53), which means that our model 

is highly significant. 
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Our t statistic is far greater than 2, which means that there is a strong relationship between X and 

Y. 

Our P value being way smaller than our alpha, we reject H0 meaning there is a significant impact 

of renewable systems over traditional systems. 
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Conclusion: 
 

Elon Musk, the creator of Tesla and one of the most prominent figures nowadays in renewable 

energies, in his last statement "Our dependency on oil was the *least worthy* experiment of the 

last century" emphasized how renewable systems are becoming a necessity more than an 

innovation. 

Thanks to nowadays technological advancement in the HCPV field, getting help from experts is 

becoming increasingly available. Organizations like Fraunhofer Institute and National 

Renewable Energy Laboratory serve as an amazing tool  to help out startups and young 

enterprises. They can also be addressed for consulting and feedback. 

Previous models like the Greenvolt or Soitec model can serve as a great reference for 

establishing a local system, thanks to vital elements like cells, trackers and optics being 

developed in highly efficient ways. 

We attempted a worst case scenario and still obtained positive outcomes. The financial analysis 

showed nearly a 2 million MAD future present value, a positive financial impact, and a smooth 

payment rate.  

If this project can serve as a feasibility study of HCPV systems, then they showed great 

prospects for eventual implementation. 
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Recommendations: 
 

Due to the tedious nature of manufacturing MJ cells, and how relatively easier it is to 

manufacture the other components (like the metalized structure). Due to the cost it would have to 

have a total assembly line, in my opinion, we will have to import the cells and Fresnel lenses. 

Though in the long run, importing proves to be costly, but the initial investment cost may be far 

too steep to afford building the cells locally. Spain would be a good place to consider importing 

from due to the rush of such systems prior to 2009 and the change in their Feed In Tariff laws 

and tax laws post 2009 that made a lot of manufacturers unhappy.  

Morocco being a region with naturally high irradiance, and upcoming national projects like 

"Solar Maroc" also signal optimistic prospects for HCPV systems in Morocco. 

Given the managerial perspective outcome shown in this paper, my opinion is that such system 

will blossom in the near future, as Morocco is hoping to become the first African country in 

HCPV, and as these systems end up being greatly profitable after merely 5 years in a worst case 

scenario. 
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Annex: Amortization Schedule: 
 

Amortization Schedule 

Beginning Interest principal Ending balance 

MAD 15,400,000.00 MAD 256,666.67 MAD 40,947.07 MAD 15,359,052.93 

MAD 15,359,052.93 MAD 255,984.22 MAD 41,629.52 MAD 15,317,423.40 

MAD 15,317,423.40 MAD 255,290.39 MAD 42,323.35 MAD 15,275,100.05 

MAD 15,275,100.05 MAD 254,585.00 MAD 43,028.74 MAD 15,232,071.31 

MAD 15,232,071.31 MAD 253,867.86 MAD 43,745.88 MAD 15,188,325.43 

MAD 15,188,325.43 MAD 253,138.76 MAD 44,474.98 MAD 15,143,850.45 

MAD 15,143,850.45 MAD 252,397.51 MAD 45,216.23 MAD 15,098,634.21 

MAD 15,098,634.21 MAD 251,643.90 MAD 45,969.84 MAD 15,052,664.38 

MAD 15,052,664.38 MAD 250,877.74 MAD 46,736.00 MAD 15,005,928.38 

MAD 15,005,928.38 MAD 250,098.81 MAD 47,514.93 MAD 14,958,413.44 

MAD 14,958,413.44 MAD 249,306.89 MAD 48,306.85 MAD 14,910,106.59 

MAD 14,910,106.59 MAD 248,501.78 MAD 49,111.96 MAD 14,860,994.63 

MAD 14,860,994.63 MAD 247,683.24 MAD 49,930.50 MAD 14,811,064.13 

MAD 14,811,064.13 MAD 246,851.07 MAD 50,762.67 MAD 14,760,301.46 

MAD 14,760,301.46 MAD 246,005.02 MAD 51,608.72 MAD 14,708,692.75 

MAD 14,708,692.75 MAD 245,144.88 MAD 52,468.86 MAD 14,656,223.89 

MAD 14,656,223.89 MAD 244,270.40 MAD 53,343.34 MAD 14,602,880.54 

MAD 14,602,880.54 MAD 243,381.34 MAD 54,232.40 MAD 14,548,648.15 

MAD 14,548,648.15 MAD 242,477.47 MAD 55,136.27 MAD 14,493,511.88 

MAD 14,493,511.88 MAD 241,558.53 MAD 56,055.21 MAD 14,437,456.67 

MAD 14,437,456.67 MAD 240,624.28 MAD 56,989.46 MAD 14,380,467.20 

MAD 14,380,467.20 MAD 239,674.45 MAD 57,939.29 MAD 14,322,527.92 

MAD 14,322,527.92 MAD 238,708.80 MAD 58,904.94 MAD 14,263,622.98 

MAD 14,263,622.98 MAD 237,727.05 MAD 59,886.69 MAD 14,203,736.29 

MAD 14,203,736.29 MAD 236,728.94 MAD 60,884.80 MAD 14,142,851.48 

MAD 14,142,851.48 MAD 235,714.19 MAD 61,899.55 MAD 14,080,951.94 

MAD 14,080,951.94 MAD 234,682.53 MAD 62,931.21 MAD 14,018,020.73 

MAD 14,018,020.73 MAD 233,633.68 MAD 63,980.06 MAD 13,954,040.67 

MAD 13,954,040.67 MAD 232,567.34 MAD 65,046.40 MAD 13,888,994.27 

MAD 13,888,994.27 MAD 231,483.24 MAD 66,130.50 MAD 13,822,863.77 

MAD 13,822,863.77 MAD 230,381.06 MAD 67,232.68 MAD 13,755,631.09 

MAD 13,755,631.09 MAD 229,260.52 MAD 68,353.22 MAD 13,687,277.87 

MAD 13,687,277.87 MAD 228,121.30 MAD 69,492.44 MAD 13,617,785.43 

MAD 13,617,785.43 MAD 226,963.09 MAD 70,650.65 MAD 13,547,134.78 

MAD 13,547,134.78 MAD 225,785.58 MAD 71,828.16 MAD 13,475,306.62 

MAD 13,475,306.62 MAD 224,588.44 MAD 73,025.30 MAD 13,402,281.32 

MAD 13,402,281.32 MAD 223,371.36 MAD 74,242.38 MAD 13,328,038.94 



58 
 

MAD 13,328,038.94 MAD 222,133.98 MAD 75,479.76 MAD 13,252,559.18 

MAD 13,252,559.18 MAD 220,875.99 MAD 76,737.75 MAD 13,175,821.43 

MAD 13,175,821.43 MAD 219,597.02 MAD 78,016.72 MAD 13,097,804.71 

MAD 13,097,804.71 MAD 218,296.75 MAD 79,316.99 MAD 13,018,487.71 

MAD 13,018,487.71 MAD 216,974.80 MAD 80,638.94 MAD 12,937,848.77 

MAD 12,937,848.77 MAD 215,630.81 MAD 81,982.93 MAD 12,855,865.84 

MAD 12,855,865.84 MAD 214,264.43 MAD 83,349.31 MAD 12,772,516.53 

MAD 12,772,516.53 MAD 212,875.28 MAD 84,738.46 MAD 12,687,778.07 

MAD 12,687,778.07 MAD 211,462.97 MAD 86,150.77 MAD 12,601,627.30 

MAD 12,601,627.30 MAD 210,027.12 MAD 87,586.62 MAD 12,514,040.68 

MAD 12,514,040.68 MAD 208,567.34 MAD 89,046.40 MAD 12,424,994.28 

MAD 12,424,994.28 MAD 207,083.24 MAD 90,530.50 MAD 12,334,463.78 

MAD 12,334,463.78 MAD 205,574.40 MAD 92,039.34 MAD 12,242,424.44 

MAD 12,242,424.44 MAD 204,040.41 MAD 93,573.33 MAD 12,148,851.10 

MAD 12,148,851.10 MAD 202,480.85 MAD 95,132.89 MAD 12,053,718.22 

MAD 12,053,718.22 MAD 200,895.30 MAD 96,718.44 MAD 11,956,999.78 

MAD 11,956,999.78 MAD 199,283.33 MAD 98,330.41 MAD 11,858,669.37 

MAD 11,858,669.37 MAD 197,644.49 MAD 99,969.25 MAD 11,758,700.12 

MAD 11,758,700.12 MAD 195,978.34 MAD 101,635.40 MAD 11,657,064.71 

MAD 11,657,064.71 MAD 194,284.41 MAD 103,329.33 MAD 11,553,735.39 

MAD 11,553,735.39 MAD 192,562.26 MAD 105,051.48 MAD 11,448,683.90 

MAD 11,448,683.90 MAD 190,811.40 MAD 106,802.34 MAD 11,341,881.56 

MAD 11,341,881.56 MAD 189,031.36 MAD 108,582.38 MAD 11,233,299.18 

MAD 11,233,299.18 MAD 187,221.65 MAD 110,392.09 MAD 11,122,907.09 

MAD 11,122,907.09 MAD 185,381.78 MAD 112,231.96 MAD 11,010,675.14 

MAD 11,010,675.14 MAD 183,511.25 MAD 114,102.49 MAD 10,896,572.65 

MAD 10,896,572.65 MAD 181,609.54 MAD 116,004.20 MAD 10,780,568.45 

MAD 10,780,568.45 MAD 179,676.14 MAD 117,937.60 MAD 10,662,630.86 

MAD 10,662,630.86 MAD 177,710.51 MAD 119,903.23 MAD 10,542,727.63 

MAD 10,542,727.63 MAD 175,712.13 MAD 121,901.61 MAD 10,420,826.02 

MAD 10,420,826.02 MAD 173,680.43 MAD 123,933.31 MAD 10,296,892.71 

MAD 10,296,892.71 MAD 171,614.88 MAD 125,998.86 MAD 10,170,893.85 

MAD 10,170,893.85 MAD 169,514.90 MAD 128,098.84 MAD 10,042,795.01 

MAD 10,042,795.01 MAD 167,379.92 MAD 130,233.82 MAD 9,912,561.18 

MAD 9,912,561.18 MAD 165,209.35 MAD 132,404.39 MAD 9,780,156.80 

MAD 9,780,156.80 MAD 163,002.61 MAD 134,611.13 MAD 9,645,545.67 

MAD 9,645,545.67 MAD 160,759.09 MAD 136,854.65 MAD 9,508,691.02 

MAD 9,508,691.02 MAD 158,478.18 MAD 139,135.56 MAD 9,369,555.47 

MAD 9,369,555.47 MAD 156,159.26 MAD 141,454.48 MAD 9,228,100.99 

MAD 9,228,100.99 MAD 153,801.68 MAD 143,812.06 MAD 9,084,288.93 

MAD 9,084,288.93 MAD 151,404.82 MAD 146,208.92 MAD 8,938,080.00 
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MAD 8,938,080.00 MAD 148,968.00 MAD 148,645.74 MAD 8,789,434.26 

MAD 8,789,434.26 MAD 146,490.57 MAD 151,123.17 MAD 8,638,311.10 

MAD 8,638,311.10 MAD 143,971.85 MAD 153,641.89 MAD 8,484,669.21 

MAD 8,484,669.21 MAD 141,411.15 MAD 156,202.59 MAD 8,328,466.62 

MAD 8,328,466.62 MAD 138,807.78 MAD 158,805.96 MAD 8,169,660.66 

MAD 8,169,660.66 MAD 136,161.01 MAD 161,452.73 MAD 8,008,207.93 

MAD 8,008,207.93 MAD 133,470.13 MAD 164,143.61 MAD 7,844,064.32 

MAD 7,844,064.32 MAD 130,734.41 MAD 166,879.33 MAD 7,677,184.99 

MAD 7,677,184.99 MAD 127,953.08 MAD 169,660.66 MAD 7,507,524.33 

MAD 7,507,524.33 MAD 125,125.41 MAD 172,488.33 MAD 7,335,035.99 

MAD 7,335,035.99 MAD 122,250.60 MAD 175,363.14 MAD 7,159,672.85 

MAD 7,159,672.85 MAD 119,327.88 MAD 178,285.86 MAD 6,981,386.99 

MAD 6,981,386.99 MAD 116,356.45 MAD 181,257.29 MAD 6,800,129.70 

MAD 6,800,129.70 MAD 113,335.50 MAD 184,278.24 MAD 6,615,851.46 

MAD 6,615,851.46 MAD 110,264.19 MAD 187,349.55 MAD 6,428,501.91 

MAD 6,428,501.91 MAD 107,141.70 MAD 190,472.04 MAD 6,238,029.87 

MAD 6,238,029.87 MAD 103,967.16 MAD 193,646.58 MAD 6,044,383.29 

MAD 6,044,383.29 MAD 100,739.72 MAD 196,874.02 MAD 5,847,509.28 

MAD 5,847,509.28 MAD 97,458.49 MAD 200,155.25 MAD 5,647,354.02 

MAD 5,647,354.02 MAD 94,122.57 MAD 203,491.17 MAD 5,443,862.85 

MAD 5,443,862.85 MAD 90,731.05 MAD 206,882.69 MAD 5,236,980.16 

MAD 5,236,980.16 MAD 87,283.00 MAD 210,330.74 MAD 5,026,649.42 

MAD 5,026,649.42 MAD 83,777.49 MAD 213,836.25 MAD 4,812,813.17 

MAD 4,812,813.17 MAD 80,213.55 MAD 217,400.19 MAD 4,595,412.98 

MAD 4,595,412.98 MAD 76,590.22 MAD 221,023.52 MAD 4,374,389.46 

MAD 4,374,389.46 MAD 72,906.49 MAD 224,707.25 MAD 4,149,682.21 

MAD 4,149,682.21 MAD 69,161.37 MAD 228,452.37 MAD 3,921,229.84 

MAD 3,921,229.84 MAD 65,353.83 MAD 232,259.91 MAD 3,688,969.93 

MAD 3,688,969.93 MAD 61,482.83 MAD 236,130.91 MAD 3,452,839.02 

MAD 3,452,839.02 MAD 57,547.32 MAD 240,066.42 MAD 3,212,772.60 

MAD 3,212,772.60 MAD 53,546.21 MAD 244,067.53 MAD 2,968,705.07 

MAD 2,968,705.07 MAD 49,478.42 MAD 248,135.32 MAD 2,720,569.75 

MAD 2,720,569.75 MAD 45,342.83 MAD 252,270.91 MAD 2,468,298.84 

MAD 2,468,298.84 MAD 41,138.31 MAD 256,475.43 MAD 2,211,823.41 

MAD 2,211,823.41 MAD 36,863.72 MAD 260,750.02 MAD 1,951,073.40 

MAD 1,951,073.40 MAD 32,517.89 MAD 265,095.85 MAD 1,685,977.55 

MAD 1,685,977.55 MAD 28,099.63 MAD 269,514.11 MAD 1,416,463.43 

MAD 1,416,463.43 MAD 23,607.72 MAD 274,006.02 MAD 1,142,457.42 

MAD 1,142,457.42 MAD 19,040.96 MAD 278,572.78 MAD 863,884.63 

MAD 863,884.63 MAD 14,398.08 MAD 283,215.66 MAD 580,668.97 

MAD 580,668.97 MAD 9,677.82 MAD 287,935.92 MAD 292,733.05 
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MAD 292,733.05 MAD 4,878.88 MAD 292,734.86 MAD 0.00 

 

 


