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ABSTRACT 

The use of renewable energies is considered one of the best alternatives to preserve and protect 

our planet. First of all, it reduces carbon emissions while satisfying our energy needs. And this 

by replacing other types of energy sources; such as fossil energy. Then, it decreases the monthly 

energy bills. Since, solar panels require little maintenance, and extracting energy from the sun 

is totally free. As of today, the price of solar technologies is constantly decreasing due to the 

increase in both the demand and the number of suppliers. Which made it easier for clients to 

purchase the different technologies of solar energy. Without forgetting that, several developed 

countries are offering various incentives to help people purchase solar panels. For example, the 

United states of America are giving away various financial incentives and tax breaks in order 

to make solar energy more accessible to farmers in  rural areas. Throughout my report, an 

overview about PV markets will be given. Then, a summary about the literature review will be 

cited. In addition to that, two case studies that includes a detailed cost analysis about two 

different solar projects in Ifrane will be mentioned. Last, a cost analysis using Ret-screen will 

be conducted. As a final result, the overall analysis concluded that poly-crystalline solar panels 

are the best technology for Ifrane. 
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NOMENCLATURE  

KWh  Kilowatt/hour. 
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MONO            Mono-crystalline solar panel 
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1. INTRODUCTION 

1.1. GENERAL OVERVIEW ABOUT PV MARKETS 

Photovoltaic solar panels are technologies that uses PV solar cells to convert energy 

from the light to electricity under the photovoltaic effect.  Solar cells are combined with each 

other to form PV modules that are used to generate electrical energy for both grid-connected 

(connected to the utility grid) and off –grid solar systems. As the market of solar energy is 

constantly expanding, suppliers are trying to satisfy customers’ needs by reducing the overall 

cost of PV technologies while increasing its efficiency and performance. As a result, in many 

developed countries we can notice that the price of residential solar systems is approximately 

equal to the retail price of electricity [1]. From 1950’s to 2017, the price of PV modules has 

declined from an average of $350 to only $0.4 per watt. With china being the main producer 

and retailer of PV technologies in the word [2].  

As of today, the installed capacity of PV panels is estimated to 300 gigawatts with 

around 70 gigawatts installed in the year of 2016. With the present photovoltaic capacity, solar 

energy production covers approximately 2% of the global energy needs with 370 billion kWh 

produced annually [3]. In terms, of PV capacity installed China, japan and Germany represents 

approximately 48% of overall world capacity [3].  

Figure 1: The installed capacity of PV panels by country[3] 

26%

14%

13%
13%

6.4%

3.8%

3.0%

2.3%

1.9%
16%

China

Japan

Germany

United states

Italy

United kingdom

India

France

Australia

Others



12 
 

1.2. THE MOROCCAN ENERGY MARKET   

1.2.1.  Energy 

The energy supply in Morocco has grown significantly in the last decade reaching 

approximately 202 MWH produced in 2012. Oil is considered as the main source of energy 

generation, reaching approximately 67% of the overall production. Followed by coal with 

approximately 17%. Then, biofuel and natural gas with around 16% of the overall production. 

When it comes to the energy consumption, the transportation sector constitutes 33% of the 

annual energy consumed [4]. The pie chart below represents the consumption of energy by 

sector.  

 

Figure 2: Energy consumption by sector in Morocco [4] 

1.2.2.  Electricity 

In order to satisfy the growing population needs, Morocco’s electricity production 

increased by 7% from the end of 2001 to 2012, reaching a total of installed capacity of around 

8000MW. However, the country still imports a big share of electricity from Algeria and Spain. 

When it comes to electricity consummation, the industry sector consumes about 47% of the 

overall energy demand. The pie chart below represents the consumption of energy by sector 

[4].  
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Figure 3: Electricity consumption by sector in Morocco [4] 

1.2.3.  Challenges 

As of today, they are three main difficulties that Morocco need to overcome in order to 

reach energy stability. 

-  Carbon emissions: As discussed earlier, fossil fuels represent the biggest share when it comes 

to Morocco’s energy production. And with the growing demand of energy, CO2 emissions are 

expected to increase on the long-term [4]. 

-  Price of electricity: The cost of electricity in Morocco does not reflect the real cost of its 

production. Since the Moroccan government is still spending a lot of money in order to make 

it more affordable. Those subsidiaries provided by the government create a burden on the 

Moroccan budget [5].  

-  Stability and energy dependence: In order to reach energy stability, the country need to invest 

in billion dollar projects. Morocco also needs to further invest in maintaining the grid stability 

while introducing those new projects. The imports of energy affects the trade balance of 

Morocco [4].  
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1.2.4.  Energy Strategies 

Among the strategies that Morocco is trying to implement is to reach 52% of installed 

capacity of renewable energies by the end of 2030 [4]. The table below shows clearly the 

repartition of installed capacity of different energy sources. 

 

 
Figure 4: Actual and expected installed energy capacity[4]. 

 

For solar energies; as we can see from the pie chart below; Morocco is planning to increase it 

installed capacity by 18% by the end of 2030 by launching different solar projects [6].  

 

Figure 5: Installed capacity for 2015 to 2030[4]. 

Among the solar projects, NOOR project aims to reach 2000MW of installed capacity of PV 

and CSP by the end 2020 [4]. 
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1.3. STEEPLE ANALYSIS 

The steeple analysis is designed to give the main objective and goal of projects. It is mainly 

accessed according to seven areas that are the following: social, technical, environmental, 

ethical, political, legal and economical. 

Socially 

Concerning the social part, we can state that solar energy can provide energy to low-

income families. In other words, people in need, schools and hospital in both urban and rural 

areas will receive free electricity using PV solar panels. Without forgetting that investing in 

large solar panel plants will create several job opportunities. Since the effectiveness of solar 

plants, depends on the installation and a continuous maintenance of the solar systems.  

Technically 

The project gives a clear idea about the factors and determinants of the cost of three PV 

systems. It will also give a cost analysis about those different types of PV solar cells 

accompanied with several calculations and simulations using Ret-screen software. 

Environmentally 

Solar energy is classified among the best types of clean energy. On these behalf, the 

efficiency of PV systems is between 14 and 28%. PV solar panels emits 30 times less of 

Carbon Dioxide than coal energy [7]. Thus, the establishment of solar projects will preserve 

and protect our environment.  

Ethically 

This project, will help the reader to have a clear idea about the price of PV 

technologies in Morocco. Then, I don’t think there will be any ethical concerns in 

this project. 
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Politically 

As stated within the Moroccan constitution, investing in renewable energies is one 

of the fundamental rights of Moroccan citizens (article 31). In addition to that Morocco is 

considered as one the most ecology-oriented countries in the word. This position can be 

further justified by the establishment of the biggest CSP solar plant (NOOR project) in 

the planet that is intended to produce up to 600MW by 2019 [8]. 

Legally 

Each Moroccan citizen has the right to benefits from solar energy. Thus, being 

aware of the benefits of solar energy will enable future customers to purchase those 

technologies.  

Economically 

The main goal of this project is to give a cost analysis about the PV panels in Morocco. 

Which means that this report will give a cost analysis with the average price of PV 

component’s in the Moroccan market. In addition to that, two case studies will be conducted 

about two different PV projects. 
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2. LITERATURE REVIEW 

Renewable energy is considered the best alternative to secure and afford energy while 

protecting our planet. For this matter, we can distinguish between three types of PV cells 

generations. The first generation is called the silicon based solar cells. This type can be further 

classified into three main categories which are mono-crystalline, poly-crystalline and EFG 

ribbon silicon. The second generation, is called thin-film solar cells. It can be sub classified 

into amorphous silicon and Cadmium telluride. The third generation is still in the pre-

commercial stage and includes the Dye synthesized solar cells, CSP’s and organic solar cells. 

Generally, the cost of PV panels can be measured using different methods, such as, the 

levelized cost of energy (LCOE), payback period, IRR and NPV analysis. In this literature 

review, I will give a general overview about PV solar systems. 

2.1. SOLAR PV INSTALLATION SYSTEMS 

  

There are two types of solar systems that uses either the heat or the light coming from 

the sun to transform it into energy (figure 6). The first one is thermal system that uses the heat 

coming from sunlight and absorb it in order to warm up water. The second one is solar PV 

systems that uses sunlight to produce electricity [8].  

 

 

 

Figure 6: Solar thermal vs. PV systems 
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 Solar PV systems can be classified into two main categories that are grid-connected solar 

panels connected to the utility grid, and off-grid systems that usually have battery backup to 

store the excess of energy [8]. 

- Stand-alone PV system (off-grid): 

PV systems that are not connected to the public power supply system. They are usually installed 

in rural areas in order to supply houses that are far away from the power grid. In order to 

increase its efficiency and store the excess energy for later uses, they are usually accompanied 

with batteries (figure 7). [9].  

 

 

 

 

 

 

 

 

 

Figure 7: Off grid system representation 

- Grid-connected solar systems 

Those type of systems are the ones that are connected to the transmission grid which is the main 

supplier of electricity in a city. The energy provided by the grid-tied system powers the needs 

of the place where it is used. If the energy produced is higher than the demand in that place, the 

surplus of electricity will be pushed to the utility-grid. Else, the energy produced does not 

satisfy the need of the place where it used, the deficit will be powered by the utility grid. Those 

systems can also be installed with batteries, in order to supply homes, businesses or farms with 

electricity at night, or when there is an issue with the transmission grid (figure 8). Grid-

connected solar systems are usually cheaper that off-grid systems [9].  
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Figure 8: On grid system representation 

2.2. SOLAR TECHNOLOGIES  

Generations of solar PV cells and price differences:  

Solar PV cells are the main component of a PV module, since it is the one responsible 

for converting the energy form the light into electricity. It is usually made form a semi-

conductor material. As of today we have three generation of PV solar cells that are categorized 

clearly in the figure below [10].  

 

 

 

 

 

 

 

 

 

 

 

Figure 9: Generations of PV panel 
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1st generation 

This generation includes two main groups of solar cells which are single crystal and multi 

crystal solar cells. This category is the most mature technology since it is the oldest one and the 

most used due to significant efficiencies .They are produced on substrates (wafer).  Each 

substrate is a thin part of a semiconductor material made of silicon.  

- Single crystal solar cell (Mono-crystalline): this type of solar cells is based on wafers 

that constitute one single crystal (figure 10). Its efficiency is higher that multi-crystal 

solar cells, however it usually more expensive due to high costs of manufacturing.  

- Multi crystal solar cell (Poly-crystalline): this type of solar cells is based on multiple 

crystal grains combined with each other (figure 10). It shows less efficiency than mono-

crystalline. Yet, it is considered as its first substitutes since it is cheaper due relatively 

low manufacturing cost. [4] 

 

 

 

 

 

 

  

Figure 10: Mono-crystalline and polycrystalline solar panel  

1- 2nd generation 

This generation includes three main groups of solar cells which are amorphous silicon (a-si 

thin film), Copper indium-Gallium-Diselenide (CIGS) and Cadmium Sulfide/Cadmium 

Telluride (Cd-Te, C-ds) solar cells. This generation shows low efficiencies compared to other 

categories (10 to 15%); however it is categorized by its low price and cost of fabrication due 

the use of less materials [10]. This type of solar panel is frequently used in cars and windows. 
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Figure 11: Amorphous, CIGS, Cd-Te 

2- 3rd generation 

The third generation of solar cells includes solar cells that are under R&D (research and 

development). It is based of organic materials such as polymers. Because of its high price it is 

still in the pre-commercial phase and only few types can be afforded by customers such as CPV. 

It includes several technologies: 

- CPV (Concentrator Photovoltaic) that uses mirrors to redirect light into a focal point in 

order to heat a liquid in a tube. This type is known for its very high efficiency (up to 

44%) (Figure 12).  [11].  

 

 

 

  

 

 

Figure 12: CPV solar panel 

 

- Organic solar cells that are based on organic electronics, it is very flexible and known 

for its very low manufacturing cost and very low efficiencies (approximately 10%) 

(Figure 12). 
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- 

 

 

Figure 13: organic solar cell 

And other solar cells such as: Dye-sensitized solar cells, Perovskite solar cells and quantum dot 

solar cells. 

2.3. LIMITATION AND ADVANTAGES OF DIFFERENT PV CELLS 

GENERATIONS  

In order to make solar energies more attractive, there are two limitations that need to be 

overcome by solar cells producers. The first one is to increase the efficiency of solar cells. Since 

people willing to invest in a solar panels want to reach energy-dependency. The other limitation 

is the price of solar panel [10].  

- 1st generation:   

 Advantages: The first generation of solar cells show high efficiencies 

compared with other technologies.  

 Limitations: High price due to the cost of silicon.  

Complex and expensive fabrication processes. 

- 2nd generation :  

 Advantages: Known for its high absorption coefficient. 

Easy and cheap manufacturing process……………………. 

 Limitations: Harmful to the environment 
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Difficulties in finding raw materials---------------------------- 

Figure  41 : Efficiencies of the 1st and the 2nd generation of solar cells 

- 3rd generation  

 Advantages: abundance of raw materials 

Easy fabrication process compared with the two other generation 

Very high efficiency for some types such as CPV----------- 

 Limitations: some of the 3rd generation solar cells show very low 

efficiencies. 

2.4. COMPONENT OF PV PANELS  

Basic component of solar PV component: 

In order to get familiarized with PV systems, one should know the functionality of its 

component. 

Solar module (figure 15):  

That is considered the main part of every of PV system. It is composed of different solar 

cells combined with each other. It is the one responsible for absorbing the sunlight and 

transform it into energy [12]. 
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Figure 15: Solar module 

Array mounting racks (figure 16):   

It is usually manufactured using anodized aluminum, or reinforced steel. It constitutes 

a support and a frame of our solar panels. 

 

 

 

 

 

Figure 16: Mounting racks 

Combiner box and other electrical component (cables, bolts, and screws) (figure 17):  

The combiner box includes all the miscellaneous installation components such as wires 

and conducts. It basically groups the outputs of different wires used in our system. 
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Figure 17: typical combiner box 

Inverter (figure 18):  

It is one of the main elements of every PV system. Since it is the one responsible for 

converting the DC current produced by the PV system to AC current that can be used to 

generate electricity and to prevent voltage fluctuations. 

 

Figure 18: Typical combiner box 

Disconnects (figure 19):  

That are used to protect our system in case there is a power surge or a malfunction in 

any equipment. It can be either manual or automatic. It can also be considered as a surge 

protection for our system. 
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Figure 19: Disconnects 

Electric meter (figure 20):  

There are two types of meters that can be used for PV systems. The first one is called 

system meter. It is used to measure the performance of our system. And the second one is kWh 

meter that is used to track the amount of electricity coming in out from the grid (For grid-

connected systems). 

 

Figure 20: Electric meter 

And if the system has a battery backup, it will also include a: 

Battery bank (figure 21):   
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It stores the excess of electric energy. Among the types of batteries, there is Lead-acid batteries 

that are the most used in PV systems and alkaline batteries that are known to resist cold 

temperatures. 

 

Figure 21: Battery 

Charge controller (figure 22):  

It is often referred to as the battery charger. It is used to control the battery and protect it from 

overcharging.  

 

Figure 22: Charge controller 
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2.5. FACTOR RESPONSIBLE FOR DETERMINING PV COMPONENTS 

COST 

There are several factors that are considered crucial in determining the component’s cost of a 

PV system such as: 

- Financial incentives:  

This category includes government decision’s to offer several tax exemptions for solar energy 

customers. And governments pressure on suppliers to decrease the cost of solar panels.  

It also consist of giving away several subsidies to companies’ to help them import various PV 

components from other countries [13].  

- The price of raw material:  

When we talk about the price of materials, we automatically think about silicon since it is the 

one used to manufacture solar cells. Then controlling silicon prices will play a huge role in 

determining the cost of PV components.  Controlling the price of aluminum and steel is also 

important to determine the cost of PV components. Thus, we can conclude that any fluctuations 

in the price of those raw materials will lead to a change in the components price [13]. 

- The demand for electricity:  

Electricity plays a major role in our daily life. Thus, the constant demand for energy which is 

considered elastic is highly linked to the price of solar energy [14].  

High demand will lead suppliers to produce more solar PV systems, thus the high level of 

competition between producers will ultimately lead to the decrease in the price of solar 

technologies. 

There are also other drivers that influence the price of PV components such as: Marketing cost, 

distribution cost and labor wages. 
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3. CASE STUDIES 

3.1. CASE 1:  AUI’S SOLAR PLANT  

3.1.1. POPRE.MA Project 

PROPRE.MA project’s aim is to establish photovoltaic productivity maps of various PV panels 

in different Moroccan cities. The map below shows clearly the cities in which the project was 

established (Figure 17). 

 

 

 

 

 

 

 

 

 

 

Figure 23: The twenty sites of the PROPRE.MA project represented as black point. 

 

As we can see from the map above, Ifrane is one of cities in which the project was established. 

The project was installed at Al Akhawayn University under the supervision of Dr.Khalid Loudiyi.  
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3.1.2. System Description: 

 I started my analysis by evaluating the performance and the cost of the solar facility 

that we have at Al Akhawayn University (Figure 24).  

 

 

 

 

 

 

 

 

 

 

Figure 24: Solar facility at AUI 

The solar facility at AUI has two generation of solar PV panels. For, the first 

generation of solar cells, there is poly-crystalline and mono-crystalline based solar cells. For 

second generation, we have thin film solar cells that are based on amorphous silicon. In this 

solar facility we have 28 different solar panel that are connected to the utility grid. The system 

doesn’t have a battery backup.   

PV module: 

 

As described before the PV facility analyzed consists of 3 types of Photovoltaic solar cell (figure 

25). That are mounted at an inclination of 32°. The table below represents the properties of the 

solar panels. 
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Figure 25: PV modules and their electrical characteristics 

Inverter: 

 

The solar facility includes three inverters. The model used in this plant is called SB2000HF. The 

table below shows the specification of the inverters used (figure 26): 

Figure  62 : Inverters characteristics 



32 
 

3.1.3. Economic Evaluation  

Estimation of the cost of the PV panel (2017 cost): 

Before starting the cost analysis, we wanted to estimate the actual price of the PV facility 

.The prices used in this analysis are subjected to change, since the cost of Photovoltaic components 

cannot be determined accurately in Morocco. Simply, because PV systems are imported from 

foreign companies, and are not produced locally. In this analysis, we will evaluate the actual cost 

of the PV facility. 

Those cost were determined according to different prices presented by Moroccan companies. And 

also looking into different Moroccan websites specialized in solar energy (Solo stock, clean energy 

Maroc, Atlas Solaire and Energy Solaire Maroc) [14]. 

For Mono-crystalline solar panels the average cost is 9.5MAD/Wp without tax. 

For Polycrystalline solar panels the average cost is 7.9 Dh/Wp without tax. 

For the Thin-film (amorphous) solar panel the average cost is 8.9 Dh/Wp without tax.  

Average component cost of the solar panels:  

The solar module:  

Formula used: Price = (Number of panels)*(Nominal capacity) * (Price/Wp) 

Table  4 : Cost of PV modules 

Type Number of panels MAD/Wc       Price (MAD) 

Mono-crystalline 

255Wp 

8 9,5 19380 

Poly-crystalline 

255Wp 

8 7, 9 16116 

Amorphous silicon 

155Wp 

12 8,9 16554 

52050 

The total price of solar modules in the plant is: 52050MAD.  Which is equivalent to 8.76 

Mad/Wp. 
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The support Frame:  

In order to estimate the price of the support used for the PV facility .I had to investigate on 

the average price of mounting array structure. The material used for the mounting array is 

galvanized steel. The average price of galvanized steel $0.5/Kg according to Alibaba website.   

Mono-crystalline and Poly-crystalline structures (Figure 27): 

 

Figure 27: support used for Mono & poly-crystalline panels 

The average cost of a single PV steel support is 400 DH in the Moroccan Market (Sysol Maroc) 

For Mono-crystalline and poly-crystalline solar panel we have a total of 16 panels.  

Thus it could be estimated that the support is: 6400MAD that is equivalent to 1.56 MAD/Wp. 
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Amorphous (figure 28): 

Figure 28: Support for Amorphous panels 

For amorphous solar plants, we have a total of 12 panels. We said that the average price of a 

support for a single solar panel is approximately 400Mad. 

Thus the price of the mounting array is 4800DH 

Thus the total price of the support is estimated to be 11200 Mad 

Combiner box:  

The combiner box is also exported and cannot be found within Moroccan companies. The average 

price of a combiner box in Europe is 1400MAD (0.23MAD/Wp). 

The inverter 

The inverter is one the most expensive component in a PV system. In Morocco, the inverter used 

in this analysis has price of 14600 Mad. Three inverters are use in the solar facility. The cost of 

inverters is: 43800MAD equivalent to 6.08MAD/Wp. 

The electric meter:  

The electric meter is not present in Moroccan companies. Thus, the only solution is to import it 

foreign companies. Which will lead us to an average price of 1200MAD. 

Other component: 

Other components include cables, screws bolts, hinges that are necessary to assemble the system. 
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Those components can be found easily in the Moroccan market. We estimated the maximum price 

of those elements to be 1500DH. 

Installation cost: 

The minimum wage in Morocco is estimated to be 13,5Mad/h. the average time to assemble a 

solar plant of 6KW is 5-8 day. We will consider that I was assembled in 8days. Thus, 8*8 = 64h.  

Thus it could be assembled for 64*13, 5=870,5MAD 

Table 2: cost of each item installed 

Component Price (MAD) 

Solar module 52050 

Support Frame  11200 

Combiner BOX 1400 

Inverter 43800 

Electric meter 1200 

Miscellaneous components  1500 

Installation cost 871 

Price before tax 112021 

Tax (10%) 11202.1 

Total cost 123223 

Based on the estimation above, the overall cost of the PV facility of AUI is 123223MAD 

equivalent to 20.7Mad/Wp 
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3.1.4. System Performance 

 The data used in this analysis is accurate and reflect the present production of the solar panels in 

2017. We calculated the energy production by adding the daily energy generation of each 

technology. 

The energy production of the 6KWp photovoltaic installation in 2017 

Monthly production (examples): 

 

Energy production of each technology in January: 

Table 3: January's energy output 

Type of panel Monthly Energy production KWH 

Mono-crystalline  191 

Polycrystalline 190 

Amorphous 160 

Our system produces 541KWH in the month of January. This low production is mainly due to 

bad weather conditions during that month. 

Energy production of each technology in August  

Table 4: August’s energy output  

Type of panel Monthly Energy production KWH 

Mono-crystalline  290 

Polycrystalline 289,5 

Amorphous 258 

Our system produces 837,5KWH in August. We can see that the production of Mono-crystalline 

solar panel and Poly-crystalline solar panel is approximately the same. Whereas the energy 

production of amorphous solar panel is lower due less system efficiency.  

Energy production of each technology in July 

Table 5: July’s energy output 

Type of panel Monthly Energy production KWH 

Mono-crystalline  349,5 

Polycrystalline 345,6 

Amorphous 306,6 

Our system produces 1001.7KWH in the month of July. This month showed the highest energy 

production due to good weather conditions. 



37 
 

Annual Production: 

In order to estimate the annual production, we added the monthly production of each month. For 

November and December, we will assume that the production will 230, 276, and 252 for 

Amorphous, Mono-crystalline and Polycrystalline respectively. 

Month  1 2 3 4 5 6 7 8 9 10 11 12 

Production 

(Amo) 

(KWH) 

160 193 253 280 297 246 306 258 282 226 230 230 

Production 

(Mono) 

(KWH) 

191 235 312 337 354 286 349.5 290.5 338 272 276 276 

Production 

(Poly) 

(KWH) 

190 229,5 300 340 345 264 345.6 289,5 338 248 252 252 

 

Type of solar panel Annual production (KWH) 

Amo 2961 
Mono 3517 
Poly 3394 

8872 

Table 6: Energy production at 2017 

The system is expected to produce by the end of 2017 approximately 8872KWH. 

3.1.5. Financial Analysis  

Cash flow saved in 2017: 

The average price/kwh of electricty in Morocco(figure 29):  

 

Figure 29: Cost of electricity in Morocco [15] 
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In order to start this analysis, we will assume that the solar plant has a lifetime of 25 years. And 

its power generation decreases with approximately 0.5% annually starting from 2015. 

Cash generated over the lifetime of the system and expected power output 

Cash flow saved = Power output (year)*1.59 

Table 7: Cash generated over the lifetime of the system 

Year  Efficiency Power Output(KWH) 

Cash flow saved (MAD) 

(1.59MAD/KWH) 

2015 100.0% 9006.0 14319.5 

2016 99.5% 8961.0 14247.9 

2017 99.0% 8871.4 14105.5 

2018 98.5% 8738.3 13893.9 

2019 98.0% 8563.5 13616.0 

2020 97.5% 8349.4 13275.6 

2021 97.0% 8099.0 12877.3 

2022 96.5% 7815.5 12426.6 

2023 96.0% 7502.9 11929.6 

2024 95.5% 7165.2 11392.7 

2025 95.0% 6807.0 10823.1 

2026 94.5% 6432.6 10227.8 

2027 94.0% 6046.6 9614.2 

2028 93.5% 5653.6 8989.2 

2029 93.0% 5257.9 8360.0 

2030 92.5% 4863.5 7733.0 

2031 92.0% 4474.4 7114.4 

2032 91.5% 4094.1 6509.6 

2033 91.0% 3725.6 5923.8 

2034 90.5% 3371.7 5361.0 

2035 90.0% 3034.5 4824.9 

2036 89.5% 2715.9 4318.3 

2037 89.0% 2417.2 3843.3 

2038 88.5% 2139.2 3401.3 

2039 88.0% 1882.5 2993.1 

2040 87.5% 1647.2 2619.0 

 
 147635.6 234740.7 

From the table above, we can notice that the solar plant is expected to save approximately 

234740Mad by the end of its lifetime. Generating a power of 147635KWh. 
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Payback period (breakeven point): 

 

The payback period gives an initial indication about the number of years it takes to recover 

from a certain investment. . We will express the initial cost of the facility as a negative value since 

it is an outflow [17]. Cumulative cash flows over the lifetime of the PV system were calculated in 

order to find the year where our investment will be equal to zero. 

Initial investment= -123223MAD 

Table 8: Method used to calculate the Payback period 

 

Year 

 

          Cash flow saved (MAD) 

Cumulative cash 

flow(Mad) 

1 14319.5 -108903.5 

2 14247.9 -94655.5 

3 14105.5 -80550.1 

4 13893.9 -66656.2 

5 13616.0 -53040.2 

6 13275.6 -39764.6 

7 12877.3 -26887.2 

8 12426.6 -14460.6 

9 11929.6 -2531.0 

10 11392.7 8861.7 

11 10823.1 19684.8 

12 10227.8 29912.6 

13 9614.2 39526.8 

14 8989.2 48516.0 

15 8360.0 56876.0 

16 7733.0 64609.0 

17 7114.4 71723.3 

18 6509.6 78233.0 

19 5923.8 84156.7 

20 5361.0 89517.7 

21 4824.9 94342.6 

22 4318.3 98660.9 

23 3843.3 102504.2 

24 3401.3 105905.5 

25 2993.1 108898.7 

26 2619.0 111517.7 

234740.7 

As we see from the table above our payback period is between the 9th and the 10th year when the 

cumulative cash flows equals to 0. Thus our payback period is approximately: 9.2 years. 
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IRR analysis  

 

IRR (Internal rate of return) is a method used to measure the profitability of a certain 

investment. In addition to that, it gives you a clear idea about the success of your project. In 

order to get the IRR we should calculate the interest rate for which the net present value of all 

future cash flows is zero as shown in figure 30 [17]. 

 

Figure 30: Method of calculating IRR 

The IRR of the project is: 8%.That means the solar panel plant is projected to generate an 8% 

return through it lifetime. 

NPV (Net present value) analysis: 

 

This analysis is used in order to investigate the profitability of an investment. It is 

calculated by subtracting project inflows from its outflows as shown in figure 31 [18]. 

Here is the formula used in NPV analysis: 

 

Figure 31: NPV formula 
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Before calculating NPV we need to find the interest rate that we will use to discount our cash 

flows. The discount rate that we will use in our analysis is 2.25% that corresponds to the risk free 

rate of any investment in Morocco [19]. 

The NPV that we found is 64170MAD. Then, we can conclude that the project will be profitable 

since our result is positive. 

LCOE analysis  

 

Levelized cost of energy generation (LCOE),) is an estimation about the net present value 

of the unit-cost of electricity of a solar panel facility. It is a general index that measure all the fixed 

and variable cost over the energy production of that facility. The unit is of LCOE is given by 

KW/h[20]: The formula of LCOE is as shown in figure 32. 

 

Figure 32: LCOE formula 

In this analysis, we will also use the risk free rate of Morocco which is 2.25%. We didn’t take in 

consideration the change in inflation. 

Table 9: Inputs for calculating LCOE 

Inputs   

System Size (kW-DC) 6 

Total production (kWh) 147635 

Annual Degradation 0.50% 

O&M cost(MAD) 900 

O&M escalator (%) 1% 
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Table 10: Lifetime expenses of the system 

Year Cash flows O&M        Total expenses  

0 -123223.0   -123223.0 

1 14319.5 900.0 15219.5 

2 14247.9 909.0 15156.9 

3 14105.5 918.1 15023.6 

4 13893.9 927.3 14821.2 

5 13616.0 936.5 14552.5 

6 13275.6 945.9 14221.5 

7 12877.3 955.4 13832.7 

8 12426.6 964.9 13391.6 

9 11929.6 974.6 12904.1 

10 11392.7 984.3 12377.0 

11 10823.1 994.2 11817.3 

12 10227.8 1004.1 11231.9 

13 9614.2 1014.1 10628.3 

14 8989.2 1024.3 10013.5 

15 8360.0 1034.5 9394.5 

16 7733.0 1044.9 8777.9 

17 7114.4 1055.3 8169.7 

18 6509.6 1065.9 7575.5 

19 5923.8 1076.5 7000.3 

20 5361.0 1087.3 6448.3 

21 4824.9 1098.2 5923.1 

22 4318.3 1109.2 5427.4 

23 3843.3 1120.2 4963.5 

24 3401.3 1131.4 4532.7 

25 2993.1 1142.8 4135.9 

26 2619.0 1154.2 3773.2 

Then the computing our LCOE lead us to the value of 0.57MAD/KWH 

Summary of the results  

Table 11: Summary of the cost analysis 

Payback 9.2 years 

IRR 8% 

NPV 64150MAD 

LCOE 0.57MAD/KWH 

We can conclude from the table above that investing in solar energy is profitable. First of 

all, it is a good way to preserve the environment. Then, it is a mean to save money by reducing the 

monthly energy bills of a certain facility. And finally, there is an opportunity to sell the excess 

electricity produced if connected to the utility grid. 

Economic analysis of PV: difference between 2015 and 2017’s price. 
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In this analysis, the price of the different PV technologies will be compared. It will include 

the prices of 2015; the year in which the facility was initially installed; and the actual prices of 

photovoltaic that we mentioned in the economic evaluation of this first case study.  

The price of solar module 

Amorphous solar panel: 

The 2015 price reflects the price for which the plant was originally purchased 

Table 12: Variation in solar module's price (AMO) 

YEAR 2015 2017 

PV modules(Mad) 2000MAD 1380MAD 

Cost (MAD/Wp) 12.9MAD/Wp 8.9MAD/Wp 

 

 

Figure 33: Graph showing the variation of solar module price (AMO) 

As we can see from figure 33, the cost of amorphous solar module decreased from 12.9Mad/kwh 

to 7.8Mad/kwh during the period of two years. This is mainly due to a very high competitive 

market of solar energies.  

 

 



44 
 

Mono-crystalline solar panel:  

Table 13: Variation of the solar module price (MONO) 

YEAR 2015 2017 

PV modules(Mad) 2915 MAD 2400MAD 

Cost(MAD/Wp) 11.4MAD/Wp 9.59MAD/Wp 

 

Figure 34: Graph showing the variation of solar module price (MONO) 

As we can see from figure 34.the cost of Amorphous solar module decreased from 11.4Mad/kwh 

to 9.59Mad/kwh during the period of two years 

Polycrystalline solar panel: 

Table 14: Variation of the solar module price (POLY) 

YEAR 2015 2017 

PV modules(Mad) 2800 MAD 2014MAD 

Cost(MAD/ Wp) 11,9MAD/Wp 7.8MAD/Wp 

 

Figure 35: Graph showing the variation of solar module price (POLY) 
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As we can see from figure 35 the cost of Amorphous solar module decreased from 11.9Mad/kwh 

to 7.8Mad/kwh during the period of two years 

The price of supports: 

Table 15: Variation of the support price 

YEAR 2015 2017 

1-Mono-crystalline(255Wp) 4130 MAD 3200 MAD 

1-Cost(MAD/ Wp) 2 MAD/Wp 1.6 MAD/Wp 

2-Poly-crystalline(255Wp) 4130 MAD 3200 MAD 

2-Cost(MAD/ Wp) 2 MAD/Wp 1.6 MAD/Wp 

3-Amorphous(155Wp) 6215 MAD 4800 MAD 

3-Cost(MAD/ Wp) 3.1MAD/Wp 2.41.6 MAD/Wp 

Total price of the systems:  

Year 2015 2017 

Overall price(MAD) 138420 123223 

Cost( MAD/WH) 23.07 20.53 

 

 

 

 

 

 

 

 

 

Table 16: Change in the system's price 

We can see from our analysis that the price for installing our overall system decreased from 

23.07MAD/WH to 20.53MAD/WH in 2years.  This further shows that the price of solar energy 

systems is constantly decreasing. 
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3.2. CASE 2:  DIAFA RESTAURANT  

             In order to decrease the monthly energy bill of Diafa restaurant in Ifrane. We conducted 

a simple energy audit in a previous project so that to determine the average energy consumption 

of that restaurant. Based on the energy audit, we will propose three different alternatives in order 

to cut down the energy consumption. Then, the best and the most efficient of the three alternative 

will be chosen. 

3.2.1. Summary of The energy Audit  

Equipment, operation hours 

              In order to estimate the power consumption, we searched for the nearest equipment in the 

market that suits for the ones present in Diafa Restaurant. Then, we asked the owner about the 

operating hours of each equipment. 

Consumption of energy 

 Using excel, the daily and the monthly energy consumption of each machine was 

calculated. We divided the equipment into three main categories that are the following.  

Lighting equipment  

We can see from the table above, that LED lamps are used in that restaurant. LED lamps are known 

to be economic compared with normal lamps. The daily energy consumption of those equipment 

is 3.78KWH. The monthly energy consumption is approximately 113.40 KWH. 

Cooking appliance equipment  

The daily energy consumption of those cooking appliances is 39.46KWH. The monthly energy 

consumption is approximately 1183.80 KWH.  

Electronic equipment  

The daily energy consumption of those cooking appliances is 50.9KWH. The monthly energy 

consumption is approximately 952.40KWH.  

Graphs of energy consumption  

In this part, a pie chart showing the percentage of energy consumption of each machine will be 

generated. 
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In order to calculate the percentage of energy consumption of each type of equipment here is the 

formula that I used: 

 Energy consumption (%) = Monthly energy consumption * 100 / Total energy consumed  

Total energy consumed: 2249.6KWh/month     

 

 

 

 

 

Figure 36: Pie chart of the energy consumption in one month by each machine. 

The simple energy audit performed enabled us to have an idea about the monthly energy 

consumption. Then we calculated the average monthly energy bill referring to the cost of electricity 

in Morocco.  

3.2.2. The solution  

As we said before, we will analyze three different solutions in order to decrease the monthly 

energy consumption. This different solutions will include a cost analysis of three different solar 

panel types.  

 Surface area needed: 

Before starting the implementation of our solution we need to check how many solar panels 

can fit in the roof of the restaurant. Generally, it takes about 100 square feet to install a 1KW solar 

system [21]. We will consider in calculating the area needed the dimensions of Mono-crystalline 

and Poly-crystalline solar panels, since they have bigger dimensions compared with the thin-film 

solar system. 

  Dimensions of solar panels (Mono and Poly) [figure 37]: 
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Figure 37: dimensions of the solar panels 

Then, the area for one solar panel is: 1.67m*1m=1.6m2 

If we multiply this number by 10 which the number of solar panel that we will suggest, it will give 

us a surface area of A= 1.6m2*10 = 16 m2. 

The roof of the restaurant has an area of about 35m2, thus the proposed system will fit. 

Case 1: Amorphous solar panels 

In this scenario, we will perform a cost analysis about installing 10 amorphous solar panels.  

- PV module 

Table 17: PV module's cost (AMO) 

Type Number of panels MAD/Wp ( 

Moroccan Price ) 

      Price (MAD) 

Amorphous silicon 

155Wc 

10 panels 8,9 Mad/Wp Cost =13795MAD 
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- Total cost  

Table 18: cost of each item to be installed (AMO 

Component Price (MAD) 

Solar module 13795 

Support Frame  4000 

Combiner BOX 1400 

Inverter 14600 

Electric meter 1200 

Miscellaneous components  1500 

Installation cost 648 

Price before tax 37143 

Tax (10%) 3714 

Total cost 40857 MAD 

Installing 10 amorphous solar panels in the roof of the restaurant will cost approximately 40857 

MAD. 

Case 2: Mono-crystalline solar panels 

For this scenario, we will perform a cost analysis about installing 10 Mono-crystalline solar 

panels.  

We will use the same technology used at AUI in order to simplify our analysis.( Figure 38) 

 

Figure 38: SW 255Wp Mono 
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Cost analysis  

PV module: 

Table 19: PV module's cost (MONO) 

Type Number of panels MAD/Wc ( 

Moroccan Price ) 

      Price (MAD) 

Mono-crystalline 

255Wc 

10  9,5  24425 

The support Frame:  

The average price of galvanized steel supports in Morocco is 400 MAD. We will have 10 solar 

panels. Then the cost is: 400*10 =4000MAD 

Combiner box:  

The average price of 1 combiner box in Morocco is 1400 MAD. 

The inverter: 

Since we are using the same technology as the solar plant at AUI, the price of 1 inverter is 

14600MAD 

The electric meter:  

The average price of an electric meter that calculates the power generation of the solar panel is 

1200MAD 

Other component: 

Those components includes bolts, cable... The average price is 1500MAD 

Installation cost:  

The solar plant we will need up to 48 hours of work to be assembled. Knowing that the minimum 

wage in Morocco is 13.5MAD/h. The installation cost is approximately 648 MAD. 

Cost of land:  

The cost of land will not be included in this analysis since the restaurant has roof with a surface of 

approximately 35m2. 
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Total cost: 

Table 20: Cost of each item to be installed (MONO) 

Component Price (MAD) 

Solar module 24425 

Support Frame  4000 

Combiner BOX 1400 

Inverter 14600 

Electric meter 1200 

Miscellaneous components  1500 

Installation cost 648 

Price before tax 47773 

Tax (10%) 4777 

Total cost 52550 MAD 

Installing 10 Mono-crystalline solar panels in the roof of the restaurant will cost approximately 

52250 MAD. 

Case 3: Poly-crystalline solar panels 

 

Figure 39: SW 255Wp Poly-crystalline 

For the second scenario, we will perform a cost analysis about purchasing 10 Poly -crystalline 

solar panels. (Figure 39) 

PV module: 

Table 21: PV modules cost (POLY) 

Type Number of panels MAD/Wc ( 

Moroccan Price ) 

      Price (MAD) 

Poly-crystalline 10 panels 7, 9Mad/Wc  Cost =20145Mad 
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255Wc 

Total cost: 

Table 22: Cost of each item to be installed (POLY) 

Component Price (MAD) 

Solar module 20145 

Support Frame  4000 

Combiner BOX 1400 

Inverter 14600 

Electric meter 1200 

Miscellaneous components  1500 

Installation cost 648 

Price before tax 43493 

Tax (10%) 4349 

Total cost 47842 MAD 

Installing 10 Poly-crystalline solar panels in the roof of the restaurant will cost approximately 

47842 MAD. 

3.2.3. Estimated Energy Production using excel    

In order to estimate the annual energy production, we will use the data that we got from our first 

case study.  

Amorphous production of 10 panel (KWH) = (10*production of 12panels)/12 

Mono-crystalline production of 10 panel (KWH) = (10*production of 8panels)/8 

Poly-crystalline production of 10 panel (KWH) = (10*production of 12panels)/8 

Amorphous solar panel: 

Table 23: Estimated monthly energy production (AMO) 

Month  1 2 3 4 5 6 7 8 9 10 11 12 

Production 

(Amo) 

(KWH) 

133.5 161 253 233 247.5 205 255 215 235 188.5 192 192 

The total annual production of amorphous solar panel is 2510.5KWH 

Mono-crystalline solar panel: 
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Table 24: Estimated monthly energy production (MONO) 

Month  1 2 3 4 5 6 7 8 9 10 11 12 

Production 

(Mono) 

(KWH) 

239 294 390 421 442 358 437 363 422.5 340 345 345 

The total annual production of mono-crystalline solar panel is 4396KWH 

Poly-crystalline solar panel: 

Table 25: Estimated monthly energy production (POLY) 

Month  1 2 3 4 5 6 7 8 9 10 11 12 

Production 

(Poly) 

(KWH) 

337.5 287 375 425 431 330 432 362 422.5 310 315 315 

The total annual production of poly-crystalline solar panel is 4242KWH. 

3.2.4. Estimated Energy Production using PV-syst  

Pv-syst is a software used by professionals in order to assess and to test the performance 

of photovoltaic solar panels [23]. I will use the software to further investigate the estimated 

power production of each technology. 

Amorphous Solar Panel:  

In addition to the possibility to get the exact solar irradiance of different locations. The software 

has a database of different solar panels and inverters. 

Figure 40 shows clearly the inputs for for amorphous solar panels. 
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Figure 40: Simulation Parameters for AMO 
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Main results for amorphous solar panels:  

Figure 41 shows clearly the simulation that we got for amorphous solar panels. 

 

Figure 41:Simulation results for AMO 

As we can see from the figure above, amorphous solar panels are expected to produce 

2784KWH/year. 
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Poly-crystalline solar panels 

Figure 42 shows clearly the inputs for poly-crystalline solar panels. 

 

Figure 42: Simulation parameters for POLY 
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Main simulation results for Poly-crystalline solar panels:  

Figure 43 shows clearly the simulation that we got for amorphous solar panels. 

 

Figure 43:Simulation results for Poly 
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As we can see from the figure above, amorphous solar panels are expected to produce 

4402KWH/year. 

Mono-crystalline solar panels: 

Figure 42 shows clearly the inputs for poly-crystalline solar panels. 

 

Figure 44: Simulation parameters for MONO 
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Main simulation results for Mono-crystalline solar panels:  

Figure 45 shows clearly the simulation that we got for Mono-crystalline solar panels. 

 

Figure 45:Simulation results for Mono 
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As we can see from the figure above, amorphous solar panels are expected to produce 

4411KWH/year. 

Comparison between simulated and measured results 

 

 

 

Figure 46: Difference in the Measured and the Simulated Monthly energy production for the 

three technologies 

We can see from figure 46 above that the annual energy generation for all technologies for both 

the measured and the simulated analysis is partially identical. Since it presents low percentages 
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difference that ranges from 0.34%, 1.37% and 10% for Mono-crystalline, Polycrystalline and 

Amorphous solar panels respectively. 

3.2.4. 1st Scenario. Amorphous Solar Panel 

In our analysis we will use the measured power production  

Expected power output and cash flow saved per year. 

Assumption made: The power output will diminish by 0.5% each year. 

Table 26: Expected power output and cash flow saved per year. (AMO) 

Year Efficiency Power Output(KWH) 
Cash 

flows(MAD) 

2015 1 2510.5 3991.7 

2016 0.995 2497.9 3971.7 

2017 0.99 2473.0 3932.0 

2018 0.985 2435.9 3873.0 

2019 0.98 2387.2 3795.6 

2020 0.975 2327.5 3700.7 

2021 0.97 2257.7 3589.7 

2022 0.965 2178.6 3464.0 

2023 0.96 2091.5 3325.5 

2024 0.955 1997.4 3175.8 

2025 0.95 1897.5 3017.0 

2026 0.945 1793.1 2851.1 

2027 0.94 1685.6 2680.0 

2028 0.935 1576.0 2505.8 

2029 0.93 1465.7 2330.4 

2030 0.925 1355.7 2155.6 

2031 0.92 1247.3 1983.2 

2032 0.915 1141.3 1814.6 

2033 0.91 1038.6 1651.3 

2034 0.905 939.9 1494.4 

2035 0.9 845.9 1345.0 

2036 0.895 757.1 1203.8 

2037 0.89 673.8 1071.3 

2038 0.885 596.3 948.1 

2039 0.88 524.8 834.4 

2040 0.875 459.2 730.1 

  41154.7 65436.0 

As we can see from the table above, amorphous solar panels are expected to generate 65436 Mad 

by the end of its lifetime. Generating a total power output of approximately 41154.7KWH 



62 
 

Payback period (breakeven point) 

Our initial investment is: -40857MAD 

Table 27: Payback period calculation (AMO) 

Year Cash flows(MAD) Cumulative Cash flows (Mad) 

1 3991.7 -36865.3 

2 3971.7 -32893.56848 

3 
3932.0 -28961.54932 

 

4 
3873.0 -25088.51044 

 

5 
3795.6 -21292.93235 

 

6 
3700.7 -17592.24371 

 

7 
3589.7 -14002.57572 

 

8 
3464.0 -10538.54612 

 

9 
3325.5 -7213.077699 

 

10 
3175.8 -4037.255358 

 

11 
3017.0 -1020.224134 

 

12 
2851.1 1830.870372 

 

13 
2680.0 4510.899208 

 

14 
2505.8 7016.72617 

 

15 
2330.4 9347.145245 

 

16 
2155.6 11502.78289 

 

17 
1983.2 13485.96952 

 

18 
1814.6 15300.58529 

 

19 
1651.3 16951.88564 

 

20 
1494.4 18446.31245 

 

21 
1345.0 19791.29659 

 

22 
1203.8 20995.05739 

 

23 
1071.3 22066.4045 

 

24 
948.1 23014.5467 

 

25 
834.4 23848.91183 

 

26 
730.1 24578.98132 

 

 
65436.0 

  

The payback period is between the 11th and 12th year.  
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The payback period is equal to 11.35year. Which means that it takes 11.35years to recover the 

initial investment.  

IRR analysis: 

Calculating the IRR will enable us to choose the most profitable project. The IRR of this scenario 

is IRR= 5% 

NPV analysis: 

Discount rate: 2.25% 

Initial investment = 40857MAD 

Calculating the NPV give us the value of 11523MAD. Since our NPV is positive, we can conclude 

that our project will be profitable. 

LCOE analysis: 

Table 28: Payback period calculation (AMO) 

Inputs   

System Size (kW-DC) 1.55 

Total estimated production 

(kWh) 
41154 

Annual Degradation 0.50% 

O&M cost(MAD) 900 

O&M escalator (%) 1% 

 

 

 

 

 

 

The excel sheet: 
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Table 29: LCOE excel sheet (AMO) 

Year Cash flows O&M Total expenses 

0 -40857.00  -40857.00 

1 3991.70 900.0 4891.70 

2 3971.74 909.0 4880.74 

3 3932.02 918.1 4850.11 

4 3873.04 927.3 4800.31 

5 3795.58 936.5 4732.12 

6 3700.69 945.9 4646.60 

7 3589.67 955.4 4545.04 

8 3464.03 964.9 4428.95 

9 3325.47 974.6 4300.04 

10 3175.82 984.3 4160.14 

11 3017.03 994.2 4011.19 

12 2851.09 1004.1 3855.20 

13 2680.03 1014.1 3694.17 

14 2505.83 1024.3 3530.11 

15 2330.42 1034.5 3364.95 

16 2155.64 1044.9 3200.51 

17 1983.19 1055.3 3038.51 

18 1814.62 1065.9 2880.49 

19 1651.30 1076.5 2727.83 

20 1494.43 1087.3 2581.72 

21 1344.98 1098.2 2443.16 

22 1203.76 1109.2 2312.91 

23 1071.35 1120.2 2191.59 

24 948.14 1131.4 2079.59 

25 834.37 1142.8 1977.13 

26 730.07 1154.2 1884.26 

The LCOE that we got using excel is 0.748MAD/kWh. Which is the average minimum cost that 

the energy produced could be sold in order to breakeven over its lifetime. 

 

 

 

3.2.5. 2nd Scenario. Mono-crystalline Solar Panel 

Expected power output and cash flow saved per year. 
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Assumption made: The power output will diminish by 0.5% each year. 

Table 30: Expected power output and cash flow saved per year. (MONO) 

Year Efficiency 

Power 

Output(KWH) 

Cash flows saved 

(MAD) 

2015 1 4396 6989.64 

2016 0.995 4374.02 6954.6918 

2017 0.99 4330.2798 6885.144882 

2018 0.985 4265.325603 6781.867709 

2019 0.98 4180.019091 6646.230355 

2020 0.975 4075.518614 6480.074596 

2021 0.97 3953.253055 6285.672358 

2022 0.965 3814.889198 6065.673825 

2023 0.96 3662.29363 5823.046872 

2024 0.955 3497.490417 5561.009763 

2025 0.95 3322.615896 5282.959275 

2026 0.945 3139.872022 4992.396515 

2027 0.94 2951.479701 4692.852724 

2028 0.935 2759.63352 4387.817297 

2029 0.93 2566.459174 4080.670086 

2030 0.925 2373.974736 3774.61983 

2031 0.92 2184.056757 3472.650243 

2032 0.915 1998.411932 3177.474973 

2033 0.91 1818.554859 2891.502225 

2034 0.905 1645.792147 2616.809514 

2035 0.9 1481.212932 2355.128562 

2036 0.895 1325.685574 2107.840063 

2037 0.89 1179.860161 1875.977656 

2038 0.885 1044.176243 1660.240226 

2039 0.88 918.8750935 1461.011399 

2040 0.875 804.0157068 1278.384974 

  72063.76 114581.38 

As we can see from the table above, Mono-crystalline solar panels are expected to produce 114581 

Mad by the end of its lifetime. Generating a total power output of approximately 72064kWh. 

Payback period (breakeven point) 

Our initial investment is: 52550 Mad 

 

 

Table 31: Payback period calculation (MONO) 

Cash flows saved (MAD) Cumulative cash flow(Mad) 
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1 6989.64 -45560.36 

2 6954.6918 -38605.6682  

3 6885.144882 -31720.52332  

4 6781.867709 -24938.65561  

5 6646.230355 -18292.42525  

6 6480.074596 -11812.35066  

7 6285.672358 -5526.678301  

8 6065.673825 538.9955243  

9 5823.046872 6362.042397  

10 5561.009763 11923.05216  

11 5282.959275 17206.01143  

12 4992.396515 22198.40795  

13 4692.852724 26891.26067  

14 4387.817297 31279.07797  

15 4080.670086 35359.74806  

16 3774.61983 39134.36789  

17 3472.650243 42607.01813  

18 3177.474973 45784.4931  

19 2891.502225 48675.99533  

20 2616.809514 51292.80484  

21 2355.128562 53647.9334  

22 2107.840063 55755.77347  

23 1875.977656 57631.75112  

24 1660.240226 59291.99135  

25 1461.011399 60753.00275  

26 1278.384974 62031.38772  

114581.3877   

The payback period is between the 7th and 8h year.  

The payback period is equal to 7.9year. Which means that it takes 7.9years to recover from the 

initial investment. 

IRR analysis 

Using excel, we could get that the IRR generated from investing in the project is: 

IRR= 10%. 

NPV analysis 

Discount rate: 2.25% 

Initial investment: 55250MAD 

NPV of our investment is: 39046 MAD. Then, investing in the project will be profitable 
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LCOE analysis 

Table 32: Inputs for calculating LCOE (MONO) 

Inputs   

System Size (kW-DC) 2.55 

Total estimated 

production (kWh) 
72063 

Annual Degradation 0.50% 

O&M cost(MAD) 900 

O&M escalator (%) 1% 

Excel sheet. 

Table 33: LCOE excel sheet (MONO) 

Year Cash flows O&M Total expenses 

0 -52250.0  -52250.0 

1 6989.6 900.0 7889.6 

2 6954.7 909.0 7863.7 

3 6885.1 918.1 7803.2 

4 6781.9 927.3 7709.1 

5 6646.2 936.5 7582.8 

6 6480.1 945.9 7426.0 

7 6285.7 955.4 7241.0 

8 6065.7 964.9 7030.6 

9 5823.0 974.6 6797.6 

10 5561.0 984.3 6545.3 

11 5283.0 994.2 6277.1 

12 4992.4 1004.1 5996.5 

13 4692.9 1014.1 5707.0 

14 4387.8 1024.3 5412.1 

15 4080.7 1034.5 5115.2 

16 3774.6 1044.9 4819.5 

17 3472.7 1055.3 4528.0 

18 3177.5 1065.9 4243.3 

19 2891.5 1076.5 3968.0 

20 2616.8 1087.3 3704.1 

21 2355.1 1098.2 3453.3 

22 2107.8 1109.2 3217.0 

23 1876.0 1120.2 2996.2 

24 1660.2 1131.4 2791.7 

25 1461.0 1142.8 2603.8 

26 1278.4 1154.2 2432.6 

The LCOE that we got using excel is 0.809MAD/KWH 
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3.2.6. 3rd Scenario. Poly-crystalline Solar Panel 

Expected power output and cash flow saved per year. 

Table 34: Expected power output and cash flow saved per year. (POLY) 

Year Efficiency Power Output(KWH) Cash flows saved 

2015 1 4242 6744.78 

2016 0.995 4220.79 6711.0561 

2017 0.99 4178.5821 6643.945539 

2018 0.985 4115.903369 6544.286356 

2019 0.98 4033.585301 6413.400629 

2020 0.975 3932.745669 6253.065613 

2021 0.97 3814.763299 6065.473645 

2022 0.965 3681.246583 5853.182067 

2023 0.96 3533.99672 5619.054784 

2024 0.955 3374.966867 5366.197319 

2025 0.95 3206.218524 5097.887453 

2026 0.945 3029.876505 4817.503643 

2027 0.94 2848.083915 4528.453425 

2028 0.935 2662.95846 4234.103952 

2029 0.93 2476.551368 3937.716675 

2030 0.925 2290.810016 3642.387925 

2031 0.92 2107.545214 3350.996891 

2032 0.915 1928.403871 3066.162155 

2033 0.91 1754.847523 2790.207561 

2034 0.905 1588.137008 2525.137843 

2035 0.9 1429.323307 2272.624059 

2036 0.895 1279.24436 2033.998532 

2037 0.89 1138.52748 1810.258694 

2038 0.885 1007.59682 1602.078944 

2039 0.88 886.6852017 1409.829471 

2040 0.875 775.8495515 1233.600787 

  69539.23903 110567.3901 

As we can see from the table above, Poly-crystalline solar panels are expected to produce 

110567Mad by the end of its lifetime. Generating a total power output of approximately 

69539kWh. 

Payback period (breakeven point) 

Our initial investment is: 47842MAD 
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Table 35: Payback period calculation (POLY) 

Year Cash flows saved Cumulative cash flow(Mad) 

1 6744.78 -41097.2 

2 6711.0561 -34386.1 

3 6643.945539 -27742.2 

4 6544.286356 -21197.9 

5 6413.400629 -14784.5 

6 6253.065613 -8531.4 

7 6065.473645 -2465 

8 5853.182067 3387 

9 5619.054784 9006.2 

10 5366.197319 14372.4 

11 5097.887453 19470.3 

12 4817.503643 24287.8 

13 4528.453425 28816.2 

14 4234.103952 33050.39053 

15 3937.716675 36988.1072 

16 3642.387925 40630.49513 

17 3350.996891 43981.49202 

18 3066.162155 47047.65417 

19 2790.207561 49837.86173 

20 2525.137843 52362.99958 

21 2272.624059 54635.62363 

22 2033.998532 56669.62217 

23 1810.258694 58479.88086 

24 1602.078944 60081.9598 

25 1409.829471 61491.78927 

26 1233.600787 62725.39006 

110567.3901  

The payback period is between the 7th and 8h year.  

The payback period is equal to 7.42year. Which means that it takes 7.42years to recover from the 

initial investment. 

IRR analysis 

Using excel, we could get that the IRR generated from investing in the project is: 

IRR= 11%. 

NPV analysis: 

Discount rate: 2.25% 

Initial investment: 47842 MAD. 
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The NPV found: 40199MAD 

LCOE analysis 

Table 36: Inputs for calculating LCOE (POLY) 

Inputs   

System Size (kW-DC) 2.55 

Total estimated production 

(kWh) 
69539 

Annual Degradation 0.50% 

O&M cost(MAD) 900 

O&M escalator (%) 1% 

Excel sheet  

Table 37: LCOE excel sheet (POLY) 

Year Cash flows O&M Total expenses 

0 -47842.0  -47842.0 

1 6744.8 900.0 7644.8 

2 6711.1 909.0 7620.1 

3 6643.9 918.1 7562.0 

4 6544.3 927.3 7471.6 

5 6413.4 936.5 7349.9 

6 6253.1 945.9 7199.0 

7 6065.5 955.4 7020.8 

8 5853.2 964.9 6818.1 

9 5619.1 974.6 6593.6 

10 5366.2 984.3 6350.5 

11 5097.9 994.2 6092.0 

12 4817.5 1004.1 5821.6 

13 4528.5 1014.1 5542.6 

14 4234.1 1024.3 5258.4 

15 3937.7 1034.5 4972.2 

16 3642.4 1044.9 4687.3 

17 3351.0 1055.3 4406.3 

18 3066.2 1065.9 4132.0 

19 2790.2 1076.5 3866.7 

20 2525.1 1087.3 3612.4 

21 2272.6 1098.2 3370.8 

22 2034.0 1109.2 3143.2 

23 1810.3 1120.2 2930.5 

24 1602.1 1131.4 2733.5 

25 1409.8 1142.8 2552.6 

26 1233.6 1154.2 2387.8 

The LCOE that we got using excel is 0.855MAD/KWH. 
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3.2.7. Results and Comparison 

The table below represents the summary of the cost analysis. 

Table 38: Summary of the cost analysis 

Type of 

panel 

Payback 

period(Years) 

IRR 

(%) 

NPV(MAD) LCOE(MAD/KWH) Initial 

investment(MAD)  

MONO 7.9 10 39040 0.809 52550 

POLY 7.4 11 40199 0.855 47842 

AMO 11.35 5 11523 0.748 40857 

We can conclude from the table above that the first scenario that concerns amorphous solar panels 

should be discarded. Since it has a high payback period, its IRR is small compared to other 

technologies and it has a very low NPV.  

Before choosing whether to choose the 2nd or the 3rd scenario, we need to show how much our 

proposed systems will cover in terms of energy. We will calculate the energy coverage of 

introducing the system in the first 5 years of the project. 

Our restaurant as described earlier consume approximately 2249.6KWh/month. Which is 

equivalent to 27000KWh/year. 

Amorphous solar panel 

Table 39:Annual energy coverage (AMO) 

Year Efficiency 
Power 

Output(KWH) 

Energy 

coverage (%) 

2015 1 2510.5 9.30 

2016 0.995 2497.9 9.25 

2017 0.99 2473 9.16 

2018 0.985 2435.9 9.02 

2019 0.98 2387.2 8.84 

Amorphous solar panels will cover an average of 9.1% of the overall energy consumption of the 

restaurant during the first 5 years of installing the project. 

 

 

Mono-crystalline solar panel 
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Table 40:Annual energy coverage (MONO) 

Year Efficiency 
Power 

Output(KWH) 

Energy 

coverage (%) 

2015 1 4396 16.28 

2016 0.995 4374 16.20 

2017 0.99 4330 16.04 

2018 0.985 4265 15.80 

2019 0.98 4180 15.48 

Mono-crystalline solar panels will cover an average of 15.9% of the overall energy consumption 

of the restaurant during the first 5 years of installing the project. 

Poly-crystalline solar panel  

Table 41:Annual energy coverage (POLY) 

Year Efficiency 
Power 

Output(KWH) 

Energy 

coverage (%) 

2015 1 4242.0 15.71 

2016 0.995 4220.8 15.63 

2017 0.99 4178.6 15.48 

2018 0.985 4115.9 15.24 

2019 0.98 4033.6 14.94 

Poly-crystalline solar panels will cover an average of 15.4% of the overall energy consumption of 

the restaurant during the first 5 years of installing the project. 

Based on the analysis conducted, we can conclude that Poly-crystalline solar panels will be the 

best. It has a lower payback period compared with Mono-crystalline solar panels. Both IRR and 

NPV are higher and shows that the project will be profitable. And finally, it has lower initial 

investment compared with Mono-crystalline. 

4. COST ANALYSIS USING RETSCREEN. 

Retscreen is a software used to assess both the financial and technical aspects of renewable 

energy projects. It is used by decision makers to test the feasibility of clean energy projects, and 

to choose between the best alternatives [22]. 
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The software will be used in order to further investigate on the decision that we made in our 2nd 

case study. We will discard the 1st scenario that concerns amorphous solar panel, since those panels 

are less efficient compared to mono-crystalline and poly-crystalline solar panels. In addition to 

that, the analysis conducted in the first part showed that there are a lot of similarities between 

mono-crystalline and poly-crystalline solar panels. So, we will further investigate which 

alternative is better. 

4.1. CHOOSING THE PLACE OF YOUR PROJECT ON RETSCREEN  

In order to be more efficient and precise, Ret-screen has a database implemented by NASA in 

order to investigate on the climate conditions of several locations. Figure 47 shows clearly the 

place of the project which is Ifrane, and figure 48 displays the climate conditions of that place. 

Figure 47: Place of the project 
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Figure 48:Graph of the daily solar radiance and air temperature in Ifrane 

4.2. PLUGGING THE DATA OF YOUR PROJECT 

In this step, we will need to plug all the necessary data that the software will use to generate 

graphs of cumulated cash flows, the payback period and the simple IRR of the project.  

4.2.1. Mono-crystalline Solar Panels: 

Facility information:  
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Figure 49:Facility information of our second scenario 

Product information: 

 

Figure 50: Information about Mono-crystalline solar panels 
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Financial analysis   

 

 

 

 

 

 

 

 

 

Figure 51:Financial analysis conducted by the software for Mono 

Assuming that the interest rate used 2.25% as used in previous case studies, the IRR of the 

project is 11% and the project’s payback is 8.4years as shown in figure 51. 

Results and comparison  

The software generates also a graph that shows the cumulative cash flows over the lifetime of the 

project. The cash flows generated are shown in Figure 52. 
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Figure 52: Graph generated by RETscreen for MONO 

If we compare it with the graph that we got from the analysis done on the 2nd case study, we can see that 

the results are pretty much similar. 

 

Figure 53: Graph generated from our 2nd case study 

Table 42: Results comparison( MONO) 

 Payback 

period(Years) 

IRR 

(%) 

3rd case study 7.9 10 

RETSCREEN  8.4 11.1 
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%Difference 6.1 10 

We can see that the results that we got from both analysis are pretty much similar, since we found 

a 10% difference when comparing both IRR’s and a 6.1% difference of both payback periods as 

shown in table 42. 

4.2.2. Poly-crystalline Solar Panels: 

Facility information  

 

 

 

 

 

 

Figure 54: Facility information for our third scenario 

Product information  
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Figure 55:Information about Poly-crystalline solar panels 

Financial analysis   

 

Figure 56: Financial analysis conducted by the software for Poly 

Assuming that the interest rate used 2.25% as used in previous case studies, the IRR of the project is 12.4% 

and the project’s payback is 7.6years as shown in figure 56. 
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Results and comparison  

The software generates also a graph that shows the cumulative cash flows over the lifetime of the project   

as shown in figure 57. 

 

 

 

 

Figure 57: Graph generated by RETscreen for POLY 

If we compare it with the graph that we got from the analysis done on the 2nd case study, we can see that 

the results are pretty much similar. 

 

Figure 58:Graph generated from our 3rd case study (MAD) 

Table 43: Result comparison (POLY) 

 Payback 

period(Years) 

IRR 

(%) 

3rd case study 7.4 11 

RETSCREEN  7.6 12.4 
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%Difference 2.6 11 

We can see that the results that we got from both analysis are pretty much similar, since we found 

a %11 difference when comparing both IRR’s and a 2.6% difference of both payback periods. 

After conducting the cost analysis using Ret-screen, we can further conclude that amorphous solar 

panel is the best scenario to reduce the power consumption of the restaurant. Since, investing in 

the project will lead to a low payback period, and the IRR for installing Poly-crystalline solar 

panels is higher. 
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CONCLUSION  

Throughout this capstone project, a detailed cost analysis about two photovoltaic projects was 

conducted. The first case study was mainly about conducting an economic assessment of a PV 

facility at Al Akhawayn University. In this analysis, several financial parameters were calculated 

to investigate whether the project was profitable or not. Since the project was estimated according 

to actual prices of electricity in Morocco knowing that the project was initially installed in 2015, 

a comparison analysis was further done in order to show that the cost of PV panels is constantly 

decreasing. The second case study, was about performing a feasibility analysis on installing three 

different PV. The aim of the analysis was to find the best technology in terms of cost and 

performance. It was found lately that the best alternative was Poly-crystalline solar panel. 

During this capstone project, I had the chance to apply my business knowledge in order to assess 

and solve an engineering problem. The project also enabled me to discover several concepts about 

renewable energies, since the area of renewable energy requires a lot of research.  

To sum up, this analysis allowed me to see clearly what I need to further improve in the near 

future and motivated me to discover new career opportunities related to the area of consulting in 

renewable energies.  
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