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Abstract  
 

The world is moving nowadays towards renewable, clear, and inoffensive sources of 

energy. The implementation of those resources is not something easy, a number of studies 

should be done before the start of any project.  

The first step is eventually the study of the area potential in term of its resources. 

For this capstone project: The Prediction of the PV AC-DC Output Using Measured Solar 

Irradiance, the focus will be on the potential of the solar energy in Ifrane. The aim is to calculate 

the solar irradiation using three types of collectors : one without a tracking unit, and another 

with a single or  two axis tracking units. Gathering this data, will enable to see Ifrane’s potential 

in terms of the solar irradiance, and the performance difference between the three collectors. 

Those calculations will be done with two different software: EXCEL and PVGIS.  This is done 

in order to see the accuracy of the data gathered.  

Key words: Solar irradiation, Solar potential, Prediction. 
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1. Introduction  
 

The sun is one of the most important constituent of our planet, either directly or indirectly. 

It is used in order to produce energy sources  that  are not harmful for us nor for the future 

generations. 

This is why a lot of countries are investing a lot of money in order to progress in that domain. 

Morocco with its great potential is one of those countries. 2009 was the start towards the 

orientation to the green resources with the national energy strategy that brings a number of 

projects aiming to give more value to the renewable resources [1]. This strategy is essential 

for the country as the energy consumption is growing very fast due principally to the 

development of the economical or  the industrial sectors. A goal was fixed at that time:  In 

2020,  42% of the total power concerning the electricity consumption should be filled by 

renewable energy sources [1].  

The two major sources of sustainable resources for Morocco are: Wind and Solar. The 

majority of the wind farms are planted in the North ( near the Atlantic Coast ) and in the 

South of the Country.  

For the solar energy, Morocco has a number of projects that will enable the country to 

achieve approximatively 2000 MW of power [1]. All of the projects that have been  

implemented or that are under construction are giving the opportunity to the country to be 

the leader in this sector in the MENA region [1].   

This capstone is an opportunity to study the potential of the solar energy in the city of 

Ifrane. Even if the city is located in the middle of the Atlas mountain, it has a great solar 

potential that should be taken into consideration in order to make the greatest advantages  

of it.  
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1. STEEPLE analysis 

1.1  Societal 

 

Measuring the solar irradiance of a region will be an opportunity to know the potential 

energy that can be produced if PV or thermal systems are installed. It will enable to compare 

the power eventually produced and the power needed to meet the society needs. This, will create 

the opportunity of decreasing the consumption of fossil fuels, and responding to people 

requirements regarding energy uses. In addition, it can create job opportunities if the decision 

of making PV system projects in the region is taken.  

1.2 Technological 

 

The technology sector in Morocco is not that advanced. It is still in progress as the 

source of the majority of the technological devices is from foreign countries. In order to be 

independent, and try to  increase our use of green energies, it is important to invest more and 

encourage Moroccan’s to bring new ideas to be able to put better tools and technologies in the 

market. Being sure that the potential solar energy of the city of Ifrane is high will push to do 

more investments. And, why not encourage young people to develop new ideas instead of 

importing already manufactured technologies.  

1.3 Economical 

 

In term of its economic sector, Morocco is investing colossal sums in order to move 

towards the dependency on green and ecofriendly sources of energy. The prediction of PV 

output can be a push for a green project that will create new jobs. 

In addition to that, the rely on the renewable sources will have a positive impact on the economy 

of the country as the importation of the fossils fuels, the nowadays source of the energy, will 

decrease.  
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1.4 Environmental 

 

This project is emphasizing on the importance of the solar energy. It is a study to see if 

there is the possibility of  starting massively the installation of PV systems in the region of 

Ifrane. What will preserve the  charm and  the natural resources of the city.  

1.5 Political 

 

The prediction of solar irradiance does not have an impact on the Moroccan political 

aspect. 

1.6 Legal 

 

Related to the environmental aspect, the project should take into consideration all the 

laws that oblige the respect of the environmental reservoirs. In addition, it should emphasize on 

the safety standards to insure a secure environment. In order to encourage the input of Moroccan 

in the economic sector, the government should make easier the procedures and laws concerning 

the implementation of new ideas in the sector.  

1.7  Ethical 

 

The Ethical aspect of the project consists on having accurate data concerning the solar 

irradiation measurements. Trying to increase or decrease the data, will on no account add 

something positive to the project. Contrary, it will affect it negatively. Therefore, conducting 

this project should be done in the most ethical manner.  

2. Moroccan Solar Energy Potential  

2.1  Solar Potential  

 

Even if the renewable resources are available during restrict periods of time and are 

depending on weather conditions that constantly change, Morocco has a great potential in that 
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domain. The development of the industrial sector pushed the country to open a new area of 

sources of energies: The renewable ones. The two major resources are the wind and the solar 

energy. The main focus of this project will be on the solar energies. It is known that, the total 

solar irradiance changes depending on a lot of factors such as:  the region studied, the time 

period during the day and the season. It is clear that during noon the peak of the solar irradiance 

is attained. In addition, during the winter season, the solar potential is considerably less 

compared with the Summer season. The geographical diversity of the country lead to a variance 

of measures in the solar irradiance. The annual global horizontal irradiation of Morocco varies 

from 1650 kWh/𝒎𝟐 to 2250 kWh/𝒎𝟐 [1].  

 

Figure 1: Global Solar Irradiance in Morocco [1].   
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2.2 Challenges  

 

Developing those resources is the major objective that Morocco wants to achieve. 

However, a number of obstacles are making this objective more difficult to attain. Following 

are the different types  of challenges that Morocco have to deal with : 

2.2.1  Financial challenges  

 

  Even if  the operating cost of the renewable energy technologies is considerably less 

than the installation cost, the sector has a lot of issues that affect it badly. Untrained 

employees is one of the issues. Each worker need whole training sessions in order to know 

what the renewable energy field requires. In addition, the transportation is affected by the lack 

of infrastructures what makes it very expensive [1]. 

2.2.2 Technical challenges 

 

Renewable energy sources  are not always present. As for the solar energy,  the 

generation of electricity depends on the presence of the sun. When the sunset time comes, no 

solar irradiance is received. Those fluctuations are affecting badly the desire to count only on 

renewable resources [1].   

2.2.3 Political challenges 

 

The major political aspect that Morocco is suffering from is the lack of collaborations 

between the different parties responsible of the power consumption of the country. As an 

example, the distributer operators do not agree on the move toward a total dependency on the 

green resources. For them, the implementation of renewable energy technologies in their 

electric grid will affect considerably their revenues [1]. 
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3. Solar irradiance  

 

 

Among the essential benefice of the sun is the irradiation that are transmitted to the 

earth. Those irradiations are used by humans in order to create energy: either heat or electricity. 

The irradiations that are used are mainly the ones with a wavelength that varies from 0.25 to 3 

𝜇m [2]. Therefore, it is important to know how the calculations are done in order to estimate 

the irradiations. However, using manual calculations with the equations that are presented 

below is a very long process it is important to have an idea about the different instruments and 

software that are used in order to get the solar irradiance immediately.  

3.1 Solar irradiance calculations  

 

The solar irradiance that the Earth is receiving is a combination of three types:  the direct 

beam radiations, the reflected radiations, and finally the diffused radiations [2]. Each has a 

specific percentage in the global solar irradiance. The following is a summary of the 

contribution of each [2]. We can see that 30% of it is reflected either by the atmosphere, the 

surface of the earth, or the clouds. In addition, some of the energy is absorbed by the ocean, 

the clouds or by the atmosphere [2]. 

 
Figure 2: Earth’s Energy Budget [2]. 
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Before reaching the Earth, the solar irradiance is approximatively equal to 1367 W/𝑚2 [2]. 

It is called the solar constant. Throughout its transfer to the Earth, the radiations are confronted 

to a number of particles in the atmosphere that affect it. What makes it decrease considerably 

depending on its path.    

Before knowing how to calculate each type, it is important to know that the position of the earth 

and the sun is indispensable in order to do the calculations, they can be represented  by a number 

of angles. The following represents a description of each angle.  

• Longitude (L) : It  represents the position with respect to the West of Greenwich 

−180° ≤ 𝐿 ≤  180° [2]. 

• Latitude (φ): It  represents the position with respect to the Equator −90° ≤ φ ≤ 90° 

[2]. 

• The solar declination (𝛿) is the angle formed between the position of the sun at noon 

and the plane of the equator [2]. It can be calculated by the following:  

 

• The altitude angle or the slope (βN) is the angular position of the sun and the horizontal  

position where the sun is directed [2]. 

 

The following is a summary of each type of solar radiation.  

3.1.1 Direct Beam Radiation  

 

It is the radiation that goes directly through the atmosphere to reach the earth surface. 

During a clear day, without any elements that can absorb or reflect the radiations emitted by 

the sun such as the clouds : More than 70% of the Extraterrestrial solar radiation is received 

by the earth and is considered as direct beam radiation [2]. 
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The distance that the radiations have to go through plays a major role. It is called the air mass 

ratio m. It can be calculated by the following: 𝑚 =  1
co s  (𝜃𝑍) ⁄  or  𝑚 =  1

sin  (𝛽) ⁄  [2]. 

Where 𝜃𝑍 is the Zenith angle : the angular position between the vertical line and the line that 

comes directly from the sun [2]. The air mass ration can also be calculated by the following 

𝑚 =  √(708 ∗ 𝑠𝑖𝑛 𝛽) + 1417 
2

− 708 × 𝑠𝑖𝑛𝛽 [2]. 

The following is the equation of the direct beam radiation      

 

Where A is the extraterrestrial flux, m is the air mass ratio and  k is the optical depth [2]. 

The optical depth k and the extraterrestrial flux A  can be calculated using the following 

equations:  

 

3.1.2 Diffused Radiation 

 

Getting a prediction about the  diffused radiations is very doubtful. This is mainly due 

to the fact that the diffused radiation depends on the components that can be found in the 

atmosphere [2].  They may change a number of times during the day. However, an equation 

was done in order to approximate the value of the diffused radiation: 

 

Where c is the sky diffuse factor and is equal to:  
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Σ represents the collector tilt angle. 
 When the collector tilt angle is equal to 0°, that means that the collector is flat; therefore it 

receives the radiations horizontally. The equation will therefore be equal to 𝐼𝐷𝐻 = 𝐶 × 𝐼𝐵  [2]. 

However, it is rare to found horizontal collectors. In order to optimize the collector tilt angle to 

collect  the maximum radiation, a lot of researchers have been done. It will be discussed further 

in section 4.1. 

3.1.3 Reflected Radiation 

The surface of the earth is playing a major role in the reflectance of the solar 

radiations. Different components can cause this, such as the water in the surface or  the snow. 

The reflectance increases the solar  irradiance. Therefore, this type of radiation may 

sometimes be considered as a boost [2]. It can be calculated by the following: 

 

Where 𝜌 is the ground reflectance. It ranges from 0.1 to 0.8, depending on the ground 

components [2].  For example, when the snow is still fresh the reflectance is equal to 0.8. 𝜌 

starts to become lower, depending on the freshness of the snow.  

The total clear sky insolation is the sum of the three types of radiation cited above:  

 

3.2 Solar Measurement instruments  

 

In order to calculate the solar irradiance, it is preferable to not base the predictions only  

on the calculations.  However, using measurement instruments instead may be more accurate 

and more time efficient. The Pyrheliometer and the Pyranometer are the two main measurement 

systems that are often used [2]. 
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3.2.1 The Pyrheliometer  

 

The Pyrheliometer is used to measure typical types of solar irradiations. In general, we can 

find in the market pyrheliometer  that  measures the direct beam radiation [2]. The light enters 

the window in the surface of the system, then it goes through a  thermal shield in order to avoid 

any overheating inside the system [3]. The surface of the Pyrheliometer is protected by a sphere 

composed with different materials depending on what the instrument is planning to measure 

[3]. After going through the thermal shield, the light arrive to the detector aperture that has as 

a function the specification of the beam area. The Pyrheliometer has inside it two chambers, 

the hot one which is the absorber and the cold junction [3].  Through those two junctions, the 

thermal energy is transformed to an electrical one [3]. 

 

 
Figure 3: The Pyrheliometer [11]. 

 

 

The measurements can be affected negatively by several factors that increase the uncertainty of 

the measures. The factors are the following:  

• The temperature of the thermopile and the heat sink [3]. 

• The time constant : the time that is spent to go from each step [3].   

• The calibrations [3]. 
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• The errors produced during the solar tracking [3]. 

• The cleanliness of the front window [3]. 

• The linearity as it can change from the morning to the evening [3]. 

• The stability of the system [3]. 

3.2.2 The Pyranometer 

 

The Pyranometer is the most often  used system for solar radiation measurement. Compared 

to the Pyrheliometer, the Pyranometer can measure the total irradiation on horizontal and 

inclined surfaces. The detectors used for collecting the irradiations are usually covered by a 

type of glass in order to protect the system from any outside damages. However the glass should 

be uniform in order to avoid any errors in the measurement and uncertainties in the values 

gathered  [2].  The majority of pyranometer types  can accept radiations from different angles, 

as it is equipped with a 180°  angle of acceptance [2]. Same as the Pyrheliometer, the 

Pyranometer uses thermopile detectors in order to create the voltage. In addition, a 

potentiometer is delivered with the system to calculate and record the data received [2]. 

However, the measures gathered with the pyranometer are not always accurate. For the majority 

of time, they are affected by the instantaneous decrease in the temperature inside the system.  

This problem occurs especially during the winter season as it is the period when the less 

temperatures are registered. To go over this issue, the solution that has been adopted is the 

implementation of ventilators to keep the ambient temperature inside the system constant [4]. 

However, implementing this solutions to  existing systems is costly. Therefore,  to avoid this, 

a number of pyranometers were created starting 2000 using integrated low temperature sensors.  

In addition, same as for the pyrheliometer, it is important to keep the surface of the pyranometer 

clean in order to get high precision data [4].  
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Figure 4: The Pyranometer [11]. 

 

 

3.2.3 Measurement Stations  

 

In general we can find the measurement solar radiation stations in three different types of sites: 

• The first type is the local sites. For personal uses. They are the cheapest ones as they 

have instruments that measure the solar irradiance for a small area. The advantage of 

that type of site is that, the data is gotten instantaneously. However, the measure is not 

very precise [4]. 

• The second type of sites are the one founded by national meteorological institutions. 

This type of cite is called the conventional one. They tend to have sophisticated 

instruments  as the used ones  are recognized by international standards [4].  The purpose 

of that type of sites is to get precise data to use it  for important national projects.  

• The third type is the stations that are developed for research purposes. They have the 

most efficient and precise instruments compared to the local and the conventional sites 

[4]. 

3.2.4 Measurement Uncertainties  

 

Before doing any solar irradiance measure, it is important to keep in mind that the 

measurements that the user may gather are not hundred percent sure. Ignoring this step, may 

affect badly the project that the user is aiming to do using those amounts of solar irradiance. A 
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lot of uncertainties and factors can affect the evaluation. They depend generally on both: the 

instrument used, and the season when the study is done. Some of the factors  have already been 

discussed in the section above. 

As mentioned in section 3.1  , the major types of solar radiations that are discussed in this 

project are the direct beam, the diffused and the reflected radiations.  In term of the accuracy, 

the direct beam measurements  are the most accurate ones comparing with the others [4]. 

The diffused radiations are the most affected by the lack of instruments precision.  This is 

mainly due to the fact that they are based of the reflectance factor that can vary a lot during a 

day. A lot of researches have been done in order to go through this issue.  

In addition to that, gathering data for long period of time is more accurate than shorter periods  

of times, as the errors tend to cancel out between each month. It is also important to keep in 

mind that, the data should be collected by the station every hour to keep the changes saved  

[4]. 

3.3 Measuring the solar radiation through Software 

 

A number of software have been programmed in order to calculate directly the solar 

irradiance in a specific place. This can be very helpful in the predication of the installed  power. 

The majority of software rely on approximatively the same strategy. PVMAPS is one of them. 

It is the software used in order to know the steps followed to get the solar irradiance [5].  The 

ambient temperature of the air, the speed of the wind , the water vapor, in addition to the 

particles  that can be found  in the atmosphere are among  the parameters used in order to do 

the mathematical calculations in the system to get the solar radiation and the PV performance 

[5]. The terrain elevation is also an important measure in order to calculate the clear sky 

radiation of the surface studied.  

It is important to know that the majority of the data used by those software are directly received 

from satellites depending on the region studied. Following is a description of the available 
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databases depending on the region covered and the different output data that they can give to 

the user.  

 

 
Figure 5 : Solar Radiation database. 

 

Sometimes, the satellites send the data with some missing values. They can go up to a week. 

Therefore, in order to go through this issue, the software starts by calculating the average of the 

available data and then try  to calculate daily or monthly averages in order to fill the incomplete 

values [ 4 ]. When all of those data  are gathered, algorithms that uses the same principals as 

the equations in section 3.1 are used in order to get the final solar radiation measure.  

3.3.1 How Satellite measures are done  

 

           The first step that is done in order to measure the solar radiation using satellite is to take 

an overall imagine of the globe to see the intensity of the clouds in the atmosphere as they are 

the ones that affect the most the solar irradiation [6]. A comparison of the pixels of the image 

is done during the same hour each day. The black pixels are the ones that represents regions 

with less clouds [6].  The following is an illustration of a satellite image that shows the 

difference between the black and the white pixels representing the clouds.   
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Figure 6 :  Satellite image ( white and black pixels ) 

 

The second step consists on calculating the solar irradiance for  non and partially cloudy 

regions. It is based on the concept of the cloud albedo [6].  However, sometimes the pixels of 

the satellite image are not well interpreted, as they can represent regions as cloudy ones instead 

of snowy regions. This will for sure decrease the reflected radiations and affect the whole 

process [6].  As said previously, in order to get precise data for instruments such as the 

pyranometer and the pyrheliometer it is preferable to do the study for long periods of time. 

However, this is not the case for satellites. Taking the data for long periods of time will not give 

the opportunity of tracking the short term changes of the small particles found in the atmosphere 

that affect the irradiations [6].   

4. Measure of the Solar Irradiation in Ifrane  

 

The aim of this capstone project is to be able to predict the PV AC-DC output using 

measured solar irradiance. The first step that I used in order to achieve that, is to do the 

calculations  through Excel. This can be done by  the implementation of the equations already 
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mentioned in  section 4.1. The calculations were done on a daily basis and then in order to do 

a comparison between the irradiance capacity of each month we calculated the monthly solar 

irradiance.  

In order to make sure that the results were accurate,  a comparison with the results gathered 

using EXCEL and the PVGIS software was done.  

PVGIS is a software that enables the user to get all the solar irradiation in few minutes without 

having to spend too much time in the implementation of the equations.  

In addition, PVGIS is directly calculating the optimal collector tilt angle. Even, if this  step is 

very advantageous, as the tilt angle is responsible for the optimization of the amount of the solar 

irradiance received by the collector, it will not be used [7]. The comparison will be accurate 

only if the tilt angle is fixed in the PVGIS software to the latitude angle,  as it is the same tilt 

angle used in EXCEL.  

The third step of this project, consists on  calculating, using EXCEL, the total irradiance for 

collectors that have either one axis or two axis tracking system. A comparison between the 

performance of each will be gathered.  

4.1  Excel Software 

 

As mentioned, the calculations were done on a daily basis. Therefore,  the number of 

days n entered was from 1 to 365 considering this distribution:  

Month N 

January 1 - 31 

February 32 - 59 

March 60 - 90 

April 91 - 120 

May 121 - 151 

June 152 - 181 

July 182 - 212 
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August 213 - 243 

September 244 - 273 

October 274 - 304 

November 305 - 334 

December 335 - 365 

Table 1 : Months distribution 

The latitude of Ifrane is equal to 33.52 °.  

The declination  𝜎 , the hour angle H, the altitude Angle 𝛽, the  air mass ratio m, the  

extraterrestrial flux A, the optical depth k, the sky diffuse factor c , and the Solar Azimuth  𝜙 

were implemented  using the equations of section 4.1. For EXCEL, it is important to pay 

attention to the unit of the angles entered from degree to radian and vice versa.  

However, for the collector azimuth, it is preferable to choose 0 ° as the collector is South facing. 

The solar time chosen varies from 6 am  to 12 pm. For the total irradiance of each day, it is 

important to multiply it by two for the following solar times: 6 am, 7 am, 8 am, 9 am, 10 am, 

and 11 am as they are proportional to 6 pm, 5 pm, 4 pm, 3 pm,  2 pm and 1 pm.  The tilt angle 

chosen is equal to the latitude 33.52°, this is done in order to get the approximate optimum 

angle for an optimal irradiance collection. 

The following table is a summary of  the data gathered using Excel:  

Month Monthly  Insolation ( kWh / 𝒎𝟐 ) 

January 193,61 

February 194,637 

March 205,87 

April 234,7 

May 238,4 

June 239,12 

July 236,09 
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August 234,21 

September 219,63 

October 217,73 

November 192,9 

December 182,73 

Total 2559,517 

Table 2 : Monthly Irradiance using Excel 

 

The following is a graph summarizing the monthly irradiance.  

 

Figure 7 : Graph Representing the Monthly  Insolation using Excel 

 

➔ The annual solar irradiance that can be collected using EXCEL  is equal to  2559,517 

kWh/𝒎𝟐. The peak 239,12 kWh/𝒎𝟐 is during June  as it is the period when the Summer starts. 

On the other hand, the minimum solar irradiance calculated is equal to  182,73 kWh/𝒎𝟐 and it 

is during December. This is mainly due to the fact that this month is in the middle of the Winter 

season. It is important to mention that during the snowy months, the reflectance value varies 

from 0.1 to 0.8. Therefore, the irradiance depends approximatively on the freshness of the snow.  
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4.2  PVGIS Software 

 

 It is important to compare the calculations that we have done using EXCEL with another 

software, in order to have an accurate data concerning the PV AV-DC output. One of the 

relevant software that can calculate the global solar irradiance is PVGIS. A free and online 

software. The user first has to enter the location where the study will be, then  enter the  solar 

irradiance database. This choice depends on the place where the study will be conducted. For 

Ifrane, it is the PVGIS-SARAH database as  it contains satellites that gathers the data of the 

African continent  [10]. However, it is important to mention that, the data that are given to the 

user are representing calculations for long period of time. In other words, they are not that 

precise. Whether for the diffused nor for the global total irradiance. The time period that the 

PVGIS is proposing is between 2005 and 2016 [10].  Nevertheless, it is  necessary to keep in 

mind that there is no big difference between the solar irradiance of each year. For this project, 

it does not affect the results too much as it is based on predictions; either using the EXCEL or 

the PVGIS software.  

The calculations can be done on an hourly, daily or monthly basis. In addition to that, the user  

has to enter the time zone of the area.  

The monthly solar irradiations that were collected previously using EXCEL were using 33.52 

° as tilt angle. Therefore, the angle chose using PVGIS for the optimum angle is  also 33.52 °. 

This is done in order to get an accurate comparison.  

The following is a summary of the monthly global solar irradiance using PVGIS 

Month Monthly irradiance ( kWh / 𝒎𝟐 ) 

January 199,7 

February 184,43 

March 221,67 

April 217,07 
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May 216,93 

June 215,9 

July 227,28 

August 225,73 

September 203,05 

October 196,07 

November 166,35 

December 151,61 

Total 2425,79 

Table 3 : Monthly irradiance using PVGIS 

 

The following is a graph summarizing the monthly irradiance.  

 

Figure 8 : Graph Representing the Monthly  Insolation using PVGIS 

 

 

➔ Using PVGIS, the yearly solar irradiance  that can be collected is equal to  2425,79 kWh/𝒎𝟐. 

July is the month where the highest solar irradiance was calculated. It is equal to 227,28 

kWh/𝒎𝟐. This is totally logic as it is the period when the Summer starts. On the other hand, 
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December is the month where the lowest solar irradiance was calculated. It is equal to 151,61 

kWh/𝒎𝟐.  

4.3 Comparison between Excel and PVGIS results  

 

 

Irradiance : Excel 

( kWh / 𝒎𝟐 ) 

Irradiance : PVGIS 

( kWh / 𝒎𝟐 ) 

Percent Error  

( % ) 

193,61 199,7 3,1 

194,637 184,43 5,2 

205,87 221,67 7,7 

234,7 217,07 7,5 

238,4 216,93 9,0 

239,12 215,9 9,7 

205,98 227,28 3,7 

234,21 225,73 3,6 

219,63 203,05 7,5 

217,73 196,07 9,9 

192,9 166,35 13,8 

182,73 151,61 17,0 

TOTAL:   2589, 62              

( kWh / 𝒎𝟐 ) 
TOTAL:   2425,79                

( kWh / 𝒎𝟐 ) 

TOTAL:   6,32 % 

Table 4 : Comparison  between PVGIS and EXCEL results 

 

From the table, we can see that there is a slight difference between the two averages. 

This can be due to a number of factors: 

• The PVGIS software can sometimes not receive the whole data from the 

database, as a consequence the software fall back on doing interpolation and 
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extrapolation calculations. This will probably create slight differences and 

uncertainties in the values.  

• The PVGIS software do consider the changes in the meteorological data. 

Therefore, this will affect the comparison between  the data gathered as the 

EXCEL software cannot proceed with the same manner.  

• The satellites as previously said, can sometimes do not efficiently measure the 

reflectance what will affect the measure especially during the winter season. It 

is clear from the table above that the highest percent error is during the winter 

months. 

However, when adding the total monthly irradiance, we see that there is no big difference 

between the data. The percent error is equal to 6.32 %.  This is due to the fact that the errors 

cancel each others out when the months are summed up.  

5. Solar Trackers 

 

In order to optimize the collection of the solar irradiation,  tracking systems can be added  

to the collector. It is true that they are expensive, but on the other hand they increase the 

collected solar irradiation considerably. The two types of solar tackers that will be presented 

in this project are the following:  

5.1 One axis Solar tracker 

 

It is  a collector that have either the azimuth or the altitude angle 𝛽 fixed. The 

following figure is a representation of the different position that can a one axis solar tracker 

have.  
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Figure 9 : One Axis Solar Tracking System [2]. 

 

In order to calculate the solar irradiance of one axis solar tracking systems, the following 

equations are used.  

𝐼𝐵𝐶  is representing the direct beam insolation, 𝐼𝑅𝐶the reflected insolation, and 𝐼𝐷𝐶 the 

diffused insolation. 

 

5.2  Two axis solar tracker 

 

The most efficient one as it can change both the angular positions of the azimuth  and 

the altitude angle 𝛽 depending on the position of the sun. The following figure is a 

representation of the different positions that can a two axis solar tracker have.  

 
Figure 10 : Two Axis Solar Tracking System [2]. 
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In order to calculate the solar irradiance of the two axis solar tracking systems, the following 

equations are used.  

𝐼𝐵𝐶 is representing the direct beam insolation , 𝐼𝑅𝐶  reflected insolation, and  𝐼𝐷𝐶 the diffused 

insolation.  

 

One of the purposes of this project is to be able to measure the performance of each of those 

tracking systems. Therefore, an implementation of the above equations was done in EXCEL 

to gather the solar irradiance.  

For the one tracking axis system, the monthly irradiance is equal to the following:  

Month Monthly  Irradiance ( kWh / 𝒎𝟐) 

 January 231,103 

 February 243,84 

March 307,15 

 April 319 

 May 334,17 

June 317,66 

July  326,58 

August 321,47 

September  291,5 

October 269,87 

November 223,91 
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December  217,238 

Total 3403,49 ( kWh / 𝒎𝟐 ) 

Table 5 : Summary of the monthly irradiance of one axis tracking system. 

 

For the two tracking axis system, the monthly irradiance is equal to the following:  

Month Monthly  Irradiance ( kWh / 𝒎𝟐 ) 

 January 262,88 

 February 265,72 

March 323,413 

 April 334,26 

 May 357,49 

June 345,57 

July  351,66 

August 338,5 

September  305,38 

October 290,72 

November 252,46 

December  251,28 

Total 3679,33 ( kWh / 𝒎𝟐 ) 

Table 6 : Summary of the monthly irradiance of a  two axis tracking system. 

 

5.3 Comparing the performances: Without, with one axis, with two axis 

tracker 
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Month 

Monthly  

Irradiance without  

a tracker 

( kWh / 𝒎𝟐 ) 

Monthly  

Irradiance with one 

axis tracker 

( kWh / 𝒎𝟐 ) 

Monthly  

Irradiance with two 

axis tracker 

( kWh / 𝒎𝟐 ) 

 January 193,61 231,103 262,88 

 February 194,637 243,84 265,72 

March 205,87 307,15 323,413 

 April 234,7 319 334,26 

 May 238,4 334,17 357,49 

June 239,12 317,66 345,57 

July  236,09 326,58 351,66 

August 234,21 321,47 338,5 

September  219,63 291,5 305,38 

October 217,73 269,87 290,72 

November 192,9 223,91 252,46 

December  182,73 217,238 251,28 

Total 2589,62                     

( kWh / 𝒎𝟐 ) 

3403,49                     

( kWh / 𝒎𝟐 ) 

3679,33                     

( kWh / 𝒎𝟐 ) 

Table 7: Comparison of the three tracking systems. 
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The following graph is representing clearly the difference between the three types of 

collectors.   

 

 
Figure 11 : A Gaph Comparing the three tracking systems. 

 

The above table summarizes the whole project, as we have the monthly solar 

irradiance using the three different systems. The most efficient one, and with no surprise is 

the collector that have a two axis tracking system. Changing both angles is very advantageous 

as it enable the collector to be always directed to the sun.  This system allows to have an 

increase of approximatively 88,76 kWh/𝒎𝟐 in the monthly solar irradiance compared with a 

non-tracking system. The annual solar irradiance of a system without a  tracking system is 

equal to 2589,62 kWh/𝒎𝟐. Then, the comparison between the one axis tracking system and 

the two axis shows that the most performing system is the two tracking as it enables an 

approximatively increase of 23 kWh/𝒎𝟐 of monthly solar irradiance. The total of the monthly 

irradiation with a two axis system is equal to 3679,33 kWh/𝒎𝟐. 

6. Other factors affecting PV DC-AC output 

  

The most important factor that influences the PV output is the solar irradiance. That is 

why the whole project was dedicated to the study of solar irradiance. However, there are some 

secondary factors that can affect considerably the PV output. The temperature of the PV 
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modules and the light spectrum of the radiations are parts of those factors [6]. Not all of the 

light spectrums are received by PV panels. Each type is sensitive to a type of PV panels. The 

study of the area before the installation is an indispensable step to avoid losses . For the effect 

of the PV temperature, it is important to keep the modules temperature low considering the fact 

that the increase in the temperature will decrease significantly the output of the PV system [6].  

The third factor that affects the power output  of the PV system is the age of the module. The 

efficiency decrease approximatively by 0.5% each year [6].  
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Conclusion 
 

 After this study, it is clear that the city of Ifrane has a great solar irradiance potential 

that should be taken into consideration and take the most advantage of it. First of all, the project 

started with an overview of the solar irradiance topic. Then, a study was done using EXCEL to 

calculate the monthly solar irradiance of the city of Ifrane. This step requires the manual entry 

of a number of equations, that are detailed in the report.  The second step, consists on comparing 

the calculations of  the solar irradiance using an online software. This is done in order to be 

sure that the data gathered are accurate. The data that have been proposed are from the online 

software:  PVGIS. The comparison shows that there is a slight difference between the two which 

is completely normal. The instruments used for gathering the solar irradiance can be affected 

by a lot of factors especially during the winter season. The measurement tools can either be 

instruments such as the pyranometer or the pyrheliometer or satellites.   The last step that was 

achieved, is a comparison between the performance of the three types of solar irradiance 

collectors : A  collector without a tracking system , another one with one axis tracking system, 

and finally one with a two axis tracking system. This study, showed us that  in order to get the 

optimal solar irradiance in Ifrane, it is preferable to use the two axis tracking system.  
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APPENDIX A 
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APPENDIX B 
 

 

 

Monthly irradiation data

PVGIS-5 geo-temporal irradiation database

Provided inputs

Latitude/Longitude: 33.520, 5.000

Horizon: Calculated

Database used PVGIS-SARAH

Start year: 2016

End year: 2016

Variables included in this report:

Global horizontal irradiation: No

Direct normal irradiation: No

Global irradiation optimum angle: No

Global Irradiation at  33.52° Yes

Diffuse/global ratio No

Average temperature No

Outline of horizon at chosen location:

Monthly solar irradiation estimates Global at user angle

Month

January

February

March

April

May

June

July

August

September

October

November

December

2016

199.7

184.43

221.67

217.07

216.93

215.9

227.28

225.73

203.05

196.07

166.35

151.61

PVGIS ©European Union, 2001-2020.

Reproduction is authorised, provided the source is acknowledged,
save where otherwise stated.

Report generated on 2020/04/15

The European Commission maintains this website to enhance public access to information about its initiatives and European
Union policies in general. Our goal is to keep this information timely and accurate. If errors are brought to our attention, we will
try to correct them.
However the Commission accepts no responsibility or liability whatsoever with regard to the information on this site.
This information is: i) of a general nature only and is not intended to address the specific circumstances of any particular
individual or entity; ii) not necessarily comprehensive, complete, accurate or up to date; iii) sometimes linked to external sites
over which the Commission services have no control and for which the Commission assumes no responsibility; iv) not
professional or legal advice (if you need specific advice, you should always consult a suitably qualified professional).
Some data or information on this site may have been created or structured in files or formats that are not error-free and we
cannot guarantee that our service will not be interrupted or otherwise affected by such problems. The Commission accepts no
responsability with regard to such problems incurred as a result of using this site or any linked external sites.


