
 
 

 

SCHOOL OF SCIENCE AND ENGINEERING 

 

 

THE PHOTOVOLTAIC ENERGY POTENTIAL OF 

ROOFS IN ZAOUIAT SIDI-ABDESLAM 

 

 

Widad Yossri 

 

 

May 2018 

 

 

 

 

 

 

 

 

 



ii 
 

THE PHOTOVOLTAIC ENERGY POTENTIAL OF ROOFS IN ZAOUIAT SIDI-ABDESLAM 

 

Capstone Report 

Student Statement:        

I sincerely confirm that the entire work progress of this capstone project as well as the final result 

went in line with the applied ethics of the design process. And that, I held the safety of the public 

to be paramount and addressed it in the presented design wherever may be applicable. 

 

 

_____________________________________________________ 

Widad Yossri 

 

 

Approved by the Supervisor: 

 

 

_____________________________________________________ 

Asmae Khaldoun 

 

  



iii 
 

ACKNOWLEDGEMENTS 
 

  The completion of this project could not have been possible without the support of my 

professors, family and friends to whom I owe a million thanks.  

 A dept of gratitude is also owed to my supervisor Dr. Asmae Khaldoun for her 

enlightening guidance throughout the project and Mr. Mitouilli Ezzaki for his immense help. 

  Any errors found herein are my very own. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



iv 
 

Table of Contents                                                                                        

                                                                                                                                                                                              

ACKNOWLEDGEMENTS ......................................................................................................................... iii 

List of Figures ............................................................................................................................................. vii 

List of Tables .............................................................................................................................................. viii 

ABSTRACT ................................................................................................................................................. ix 

PRÉAMBULE ............................................................................................................................................... x 

1 INTRODUCTION ...................................................................................................................................... 1 

1.1 CONTEXT .......................................................................................................................................... 1 

1.2 METHODOLOGY AND OBJECTIVES ............................................................................................ 2 

1.3 MOTIVATION ................................................................................................................................... 3 

2. STEEPLE ANALYSIS .............................................................................................................................. 4 

2.1 STEEPLE OVERVIEW ...................................................................................................................... 4 

2.2 STEEPLE IMPLEMENTATION ........................................................................................................ 6 

2.3 STEEPLE SMART CHART ............................................................................................................... 9 

3. PHOTOVOLTAICS OVERVIEW & LOCAL CONTEXT PROJECTION ........................................... 11 

3.1 PHOTOVOLTAICS OVERVIEW .................................................................................................... 11 

3.1.1 Photovoltaic Installations ........................................................................................................... 11 

3.1.2 Photovoltaic Potential ................................................................................................................. 12 

3.1.3 Potential Analysis Variables ....................................................................................................... 13 

3.2 SOLAR ENERGY IN THE MOROCCAN CONTEXT ................................................................... 13 

3.2.1 Solar Potential in Morocco ......................................................................................................... 13 

3.2.2 The Moroccan Jurisprudence vis-à-vis Energy Efficiency and Electricity Generation .............. 14 

3.2.4 Existing Grid-tied Photovoltaic Installations in Morocco .......................................................... 16 

4. DOUAR ZAOUIAT SIDI-ABDESLAM: A CLOSE UP ....................................................................... 18 

4.1 SOCIOECONOMIC STATUS OF THE REGION ........................................................................... 18 

4.2 FIELD INVESTIGATION ................................................................................................................ 19 

4.3 LOCAL INTERVIEWS .................................................................................................................... 20 

5. THE SOLAR ENERGY POTENTIAL OF THE PROJECT SITE ROOF ............................................. 26 

5.1 METEOROLOGICAL DATA .......................................................................................................... 26 

5.2 PHOTOVOLTAIC SYSTEM ........................................................................................................... 27 

5.3 SHADING SCENE ........................................................................................................................... 28 

5.4 SYSTEM YIELD AND LOSSES ANALYSIS ................................................................................ 29 

6. SOLAR ROOFS: A TECHNOLOGY WORTH INVESTIGATING ..................................................... 31 



v 
 

6.1 SOLAR SHINGLES OVERVIEW ................................................................................................... 31 

6.2 TECHNICAL DESCRIPTION ......................................................................................................... 32 

6.3 YIELD AND EFFICIENCY ............................................................................................................. 32 

6.4 DRAWBACKS ................................................................................................................................. 33 

6.5 ADVANTAGES ................................................................................................................................ 34 

7. PHOTOVOLTAIC TILES PHYSICAL PROPERTIES AND TESTED PERFORMANCE ................. 36 

7.1 TEMPERED GLASS PV TILES CHARACTERISTICS ................................................................. 36 

7.2 ELECTRICAL PROPERTIES OF A PV TILE MODULE .............................................................. 36 

7.3 OPTICAL PROPERTIES OF A PV TILE MODULE ...................................................................... 37 

7.4 THERMAL PROPERTIES OF A PV TILE MODULE ................................................................... 37 

7.5 WIND RESISTANCE TEST ............................................................................................................ 38 

8. TESLA PHOTOVOLTAIC ROOF ......................................................................................................... 39 

8.1 TESLA ROOF PRODUCTS ............................................................................................................. 39 

8.2 TEMPERED GLASS SHIELDING .................................................................................................. 40 

8.3 TESLA Solar Tile Efficiency ............................................................................................................ 41 

9. PHOTOVOLTAIC TILE: STATE-OF-THE-ART ................................................................................. 43 

9.1 TESLA’S DIY PHOTOVOLTAIC TILE: GENERAL DESCRIPTION .......................................... 43 

9.2 TEMPERED GLASS MAXIMUM LOAD ....................................................................................... 45 

9.3 HYDROGRAPHIC COATING ........................................................................................................ 45 

9.3.1 Process Overview ....................................................................................................................... 46 

9.3.2 Privacy Filter DIY Substitution .................................................................................................. 46 

9.4 PHOTOVOLTAIC CIRCUIT ........................................................................................................... 47 

9.4.1 Technology Characteristics ........................................................................................................ 47 

9.4.2 PV Connections Justification ..................................................................................................... 49 

9.4.2 PV Circuit Theoretical Output per Surface ................................................................................ 53 

9.4.3 PV Circuit Measured Output per Surface ................................................................................... 54 

9.4.4 DIY PV Tile Efficiency Computation ........................................................................................ 56 

9.5 THERMAL TESTING ...................................................................................................................... 57 

9.6 ROOF EFFICIENCY OPTIMIZATION POTENTIAL .................................................................... 58 

9.6.1 Overcoming System Overheating by Water Heating/Cooling ....................................................... 58 

9.6.2 Reducing the Wiring Losses ........................................................................................................... 59 

9.6.3 The Use of Dummy Shingles ......................................................................................................... 59 

9.6.4 The Smart Solar and Dummy Shingles Placement ......................................................................... 60 

10. FINANCIAL ANALYSIS ..................................................................................................................... 61 

10.1 PROTOTYPING COSTS ................................................................................................................ 61 



vi 
 

10.2 COST COMPARITION AND JUSTIFICATION .......................................................................... 61 

10. 3 POTENTIAL COST OPTIMIZATIONS ....................................................................................... 62 

10.4 POTENTIAL COOPERATIONS AND PARTNERSHIPS POSSIBILITIES ................................ 63 

11. WRAPPING UP .................................................................................................................................... 65 

11.1 CONCLUSIONS ............................................................................................................................. 65 

11.2 THE PROJECT’S MULTIDISCIPLINARITY ............................................................................... 66 

11.3 FUTURE WORK ............................................................................................................................ 67 

12. REFERENCES ...................................................................................................................................... 68 

Appendix A:  PROJECT SITE ARCHITECTURAL PLANS .................................................................... 70 

Appendix B:  PVSYST SIMULATION DETAILED RESULTS ............................................................... 71 

Appendix C:  TILE MAXIMUM LOAD CAPACITY ............................................................................... 73 

Appendix D:  TERMAL TESTING RESULTS .......................................................................................... 74 

Appendix E:  PROJECT INITIAL SPECIFICATIONS ............................................................................. 77 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



vii 
 

List of Figures 
 

 

Figure 1. Solar Irradiance in Morocco ........................................................................................................ 14 

Figure 2. Aerial Picture of Douar Zaouiat Sidi-Abdeslam .......................................................................... 19 

Figure 3. Project Site Pictures ..................................................................................................................... 20 

Figure 4. Sample Gender Distribution......................................................................................................... 21 

Figure 5. Sample Age Distribution .............................................................................................................. 22 

Figure 6. House Construction Current State ................................................................................................ 22 

Figure 7. Electricity Availability ................................................................................................................. 23 

Figure 8. Electricity Cost ............................................................................................................................. 23 

Figure 9. Wood Consumption ..................................................................................................................... 24 

Figure 10. Sample Level of Interest in the Project ...................................................................................... 24 

Figure 11. PVGIS Location Determination ................................................................................................. 26 

Figure 12. PV System .................................................................................................................................. 28 

Figure 13. Shading Scene from Four Different Perspectives ...................................................................... 29 

Figure 14. Losses Diagram .......................................................................................................................... 30 

Figure 15. Nominal Factors of the System Yield and Losses ..................................................................... 30 

Figure 16. Photovoltaic Tiles ...................................................................................................................... 32 

Figure 17. Ambient Temperatures and Recorded Sample Temperatures .................................................... 38 

Figure 18. Initial Designs of TESLA’s PV tiles .......................................................................................... 39 

Figure 19. TESLA Solar Tiles Durability Test ........................................................................................... 41 

Figure 20. TESLA Solar Roof ..................................................................................................................... 42 

Figure 21. The Anatomy of TESLA Solar Tile ........................................................................................... 43 

Figure 22. Tempered Glass Upper and Bottom Tile Layers ........................................................................ 45 

Figure 23. The Working Principle of a Micro-Louver Film for Screen Privacy Filters .............................. 47 

Figure 24. 6V 170mA 1W 107*61*3mm Solar Elements........................................................................... 48 

Figure 25. Self-made Solar Tile Prototype .................................................................................................. 49 

Figure 26. Schematic of the PV Element .................................................................................................... 49 

Figure 27. Solar Elements in Series Schematic ........................................................................................... 51 

Figure 28. I versus V graph of 3 Solar Elements in Series .......................................................................... 51 

Figure 29. Solar Elements in Parallel Schematic ........................................................................................ 52 

Figure 30. I versus V graph of 3 Solar Elements in Parallel ....................................................................... 52 

Figure 31. The Chosen Connection of the DIY Solar Tile .......................................................................... 53 

Figure 32. Illustration of the Measurement Circuit ..................................................................................... 55 

Figure 33. Thermal Imaging of the PV tile ................................................................................................. 57 

Figure 34. Coil Heating System within the PV Roof .................................................................................. 58 

Figure 35. Natural Ventilation through in Integration of Dummy Shingles ................................................ 59 
 

 

 

 

file:///C:/Users/Asus/Desktop/LAST%20SEMESTER/CAPSTONE/Built%20up/BEFORE%20LAST%20CAPSTONE.docx%23_Toc513100781


viii 
 

List of Tables 
 

Table 1. Project Site Monthly Solar Irradiations ......................................................................................... 27 

Table 2. The Results of the Glass Laminated PV Tile’s Electrical Test ..................................................... 36 

Table 3. Optical Properties of the Tested PV tile ........................................................................................ 37 

Table 4. The Results of the Glass Laminated PV Tile’s Wind Test ............................................................ 38 

Table 5. Circuit Measurements Day Weather Characteristics ..................................................................... 54 

Table 6. Tile Current and Voltage Tested Measurements ........................................................................... 55 

Table 7. Thermal Testing Day Weather Characteristics.............................................................................. 57 

Table 8. Prototyping Costs .......................................................................................................................... 61 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



ix 
 

ABSTRACT 

 

 This project is about evaluating the energy potential of the roof of a typical modest village 

house of 77m² in Zaouiat Sidi-Abdeslam and compute its approximative electrical energy 

generation per year potential, on while taking into account different variables that might affect the 

end photovoltaic system output, for instance shading scene, wiring losses, system losses etc. using 

PVSYST software. The simulation resulted in a total of 9666 kWh/year produced by a 

conventional polycrystalline photovoltaic panels system. 

 The photovoltaic roofing technology was also evaluated, especially TESLA’s innovative 

technology of solar shingles. A solar tile has been made using tempered glass as the encapsulating 

material, and the process of material selection is made clear as the project unfolds. After the 

prototype has been developed and assembled, it was subject to different tests.  

 The Mechanical test using a load calculator has showed that the maximum load capacity 

that the tile can stand is 543.3 kg. The electrical test of the photovoltaic tile resulted in a measured 

efficiency of 9.75% while the theoretical one can reach up to 15.63%. While the thermal test 

revealed that the tile can heat up to 30°C in a day in which the ambient temperature does not exceed 

16°C.  

 

Keywords: Photovoltaic roofing, Solar tile, TESLA, Efficiency, Electrical test, Thermal test 
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PRÉAMBULE 
 

 Ce projet consiste à évaluer le potentiel énergétique annuel du toit d'une maison rurale 

modeste typique de 77m² à Zaouiat Sidi-Abdeslam, en tenant compte de différentes variables 

pouvant affecter ce dernier potentiel. Notamment  l’ombrage , les pertes du câblage, les pertes de 

système, etc. en utilisant le logiciel PVSYST. La simulation a abouti à un total de 9666 kWh / an 

produit par un système de panneaux photovoltaïques polycristallins conventionnels. 

 La technologie des toitures photovoltaïques a également été évaluée, en particulier la 

technologie innovante des tuiles solaires de TESLA. Une tuile solaire a été construite en utilisant 

du verre trempé, et le processus de sélection des matériaux est rendu clair au fur et à mesure que le 

projet s’accomplisse. Après avoir développé et assemblé le prototype de tuile solaire, ce dernier a 

été soumis à différents tests. 

 Le test mécanique a été effectué à l'aide d'un calculateur de charge et a montré que la 

capacité de charge maximale que la tuile peut supporter est de 543,3 kg. Le test électrique de la 

dalle photovoltaïque a permis d'obtenir un rendement mesuré de 9,75% alors que son rendement 

théorique peut atteindre 15,63%. Le test thermique a révélé que la dalle peut chauffer jusqu'à           

30 ° C dans un jour où la température ambiante ne dépasse pas 16 ° C. 

 

Mots-clés: Toiture solaire photovoltaïque, TESLA, Efficacité, Test électrique, Test thermique



 
 

1 INTRODUCTION  
 

1.1 CONTEXT 

 

 The predicted grave danger that the planet earth will face/is facing due to global warming 

has led to think about solutions to limit the emissions of greenhouse gases. The use of renewable 

energies, instead of or in parallel with fossil fuels, seems to be, until now, the most promising 

solution for reducing CO2 emissions. Once renewable energy production is in place and 

investments are made, the cost of energy is forecasted to be cheaper than the current cost of fossil 

fuels, simply because of the fact that the renewable energy sources are ubiquitous and free.  

 Of all the renewable energies, the photovoltaic kWh is currently by far the most widespread 

and the one that is far from being the most expensive. Consequently, If the future is to be predicted, 

we expect a rise in the price of fossil and nuclear electricity (fuel price rises due to the combination 

of the peak production, carbon tax, new requirements of nuclear safety...) and a drop in the price 

of photovoltaic energy (technical progress, economies of scale following the increase in volumes 

etc.).  

 Today more than before, the mass production of electricity from photovoltaics seems within 

one's grasp. Yet, further reducing the production costs of several photovoltaic technologies and 

making them even more easy to integrate in one’s property, no matter how big or small this latter’s 

size is, remains one of the major areas of improvement when it comes to this specific renewable 

energy technology.   

 The Moroccan recent progress clearly shows that the political will is the basis for the launch 

of public clean energy and energy efficiency, and the achievement of its various stages. The shift 

towards the use of these clean energies according to the programs adopted, will enable Morocco to 

improve its commitment to reducing its greenhouse gas emissions, and improving the overall 

country’s energy efficiency in numerous sectors of the economy.  

 Hence, research should be focused on developing more sophisticated new and innovative 

photovoltaic technologies that are characterized with not only a better performance but also an even 

easier integration and accessibility to the wider public.  
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1.2 METHODOLOGY AND OBJECTIVES 

 

  The main objective of this project is to study the energy potential of the roof of a typical 

modest village house of 77m² and compute it approximative electrical energy generation per year 

potential, on while taking into account different variables that might affect the end photovoltaic 

system output, for instance shading scene, wiring losses, system losses etc. In order to do so, a 

systematic approach was followed throughout the semester period where methodical and learnable 

planning through a step by step procedure has been adopted. The previously stated aim was attained 

through the incorporation of field observations, population study by conducting local interviews, 

and selected system performance and photovoltaic output computation using the PVSYST 

software.  

 In the realm of photovoltaic technologies improvement, reverse engineering approach was 

followed in order to study TESLA’s new photovoltaic roof and deduce its most pertinent 

characteristics that make it one of the most unique and promising inventions in the sphere of 

photovoltaics. Then, a prototyping attempt to fabricate a solar tile with the same optical, electrical 

and mechanical characteristics was conducted.  

 After the realization of the self-made photovoltaic tile, this latter’s performance was put to 

the test. First thing first, the maximum load that the tile can bear in calculated thanks to an online 

max load calculator. This load was computed in accordance with the encapsulant tempered glass’s 

characteristics like the width, length thickness etc. Then, an electrical test was conducted to test 

the power output of this latter in a normal Ifrane day. During this test, both the voltage and current 

produced by the tile are measured with a multimeter and the power generated was accordingly 

computed, the thing that allowed to eventually compute the measured self-made tile’s efficiency 

and compare it to the theoretical one.   

 In order to detect the performance improvement areas, a thermal test has also been 

conducted on the tile, during which this latter was left a day facing the sun for its temperature to 

be recorded using a professional thermal camera and be compared to the ambient one.  

 Finally, a brief prototyping financial assessment was conducted in order to evaluate the 

overall price of the self-made tile and suggest potential ways of cost optimization either via smart 

purchasing strategies and/or the integration of cheaper engineering processes.  



3 
 

1.3 MOTIVATION  

 

 After the industrial era, us humans, we have been abusing our planet and the creatures living 

in it. The industrialization, the development of big populated cities, the plundering of the resources 

of the developing countries, the water resources pollution, and above all the overexploitation of 

our planet’s non-renewable energy sources have been contributing factors for the emergence of the 

notion of Sustainable Development. Consequently, and due to the steeply increasing population 

growth rate, living in the same planet might turn out to be a future challenge.  

 It is to avert such future that extensive research ought to be focused on providing ways to 

meet the increasing human needs on while considering the protection of the environmental aspects 

of our planet.  

 This project aims at evaluating a new photovoltaic technology and suggesting means to 

increase its overall performance on while making it more affordable to the population, which might 

encourage the shift towards solar energy as a renewable energy source for a more vigorous and 

gracious forthcoming.  
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2. STEEPLE ANALYSIS  
 

2.1 STEEPLE OVERVIEW 

 

 The STEEPLE Analysis is a crucial strategic planning tool that helps in successfully 

reaching a smart project positioning. This latter planning tool is more detailed than the SWOT 

analysis since it deals with various macro-environmental aspect linked to the situation in question 

and/or realm of study. It is an acronym that stands for Social, Technological, Economic, 

Environmental, Political, Legal and Ethical aspects. Consequently, a complete and successful 

STEEPLE analysis should meticulously take into account all the previously mentioned measures. 

In other words, every single letter in the word STEEPLE stands for a unique external ingredient 

that needs to be separately investigated, studied and then judged: 

▪ S Stands for Social 

 This step puts an emphasis on different trends and patterns that govern the socio-cultural 

aspect of the research and/or business. It is in this step of the analysis that the market research is 

usually done, in order to analyze the future impact that the research will have on the peripheral 

community and vice versa. In this step different criteria are studied including for example: the 

concerned population’s attitudes and lifestyle changes vis-à-vis the project/research to be realized. 

[1]. 

▪ T Stands for Technological 

 The daily increasing dependence on technology in every discipline has made taking the 

technological criteria into account a crucial thing to ensure a successful pre-action analysis. 

Changes in technologies can offer a huge potential for improvement and numerous opportunities 

for even better outcomes. Therefore, to improve the profit margin of the eventual aim of the 

study/research and/or business, one must take time to evaluate the advancement of technology and 

accurately predict its impact on the study and select potential ways that can be eased through 

automation and hi-tech means. [1]. 

▪ E Stands for Economic 

 The study of economy and all its various implications and related fields is important since 

it offers valuable knowledge that helps in generating smart and statistically based arguments and 
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well-informed assumptions about the future results of a certain study/business. The economic 

variables are in constant change and this life-long variation must be taken into account so as for 

the strategic planning to be carried out better. [1]. 

▪ E Stands for Environmental 

 Any project no matter how big or small it may be, impacts the environment either positively 

or negatively. And just like how the type of impact might vary between positive and negative, the 

extent varies as well. Ensuring that a certain project is environmentally friendly in addition to being 

morally sound, will enable an optimum use of resources and a successful planning of long-term 

business strategy which will eventually contribute into aiding the decision-making process and 

coming up with smart and witty decisions.  

▪  P Stands for Political 

 Political factors are directly connected to the economic, legal and social implications. 

Political ingredients are major players and can consequently be the key factors contributing to 

either success or failure of an entire project idea. Additionally, it is very important to be aware of 

the fact that the variations of political ingredients can be described as random for instance tax 

inflation is not subject to any steady rule. Taxes can be increased for some businesses while be 

reduced to others. [1]. 

▪ L Stands for Legal 

 It is of major importance to make sure that implementation of any project and/or business 

idea is going in line with the legal statuses, limits and regulations of the country that encloses it. 

Additionally, and since such regulations are also under constant change and improvement, 

continual updating and checking on the new legal requirements is very important to ensure 

compliance. [1]. 

▪ E Stands for Ethical 

 The range of ethical and social values is what mainly shapes the project/business’s 

behavior. It is in this part where the line separating the right and wrong is to be drawn. Unlike other 

STEEPLE ingredients, the ethical factors and ideologies of a certain country are not susceptible to 

change promptly overnight. However, that doesn’t mean that minuscule modifications and 

adjustments in morality will not occur as the days go by. [1]. 
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2.2 STEEPLE IMPLEMENTATION 

 

 After being somewhat familiar with the STEEPLE analysis through the previous 

explanation of each of its components, it is crucial to start a realistic implementation enclosing all 

different aspects and players of the to-be-implemented project, as well as generating as many links 

as possible that these aspects have on one another.  

 The way that is chosen to conduct this analysis is by first fully understanding the Social, 

Technological, Economic, Political, Legal and Ethical aspects and where they specifically lie 

within the project of study, the thing that will enable an eventual generation of a precise smart 

STEEPLE chart that is clear and color coded.  

 Since the project’s idea is to turn the houses of the village of Zaouiat Sidi-Abdeslam into 

very efficient ones in term of energy, so as to decrease the expenses dedicated to heating as well 

as allowing the possibility for domestic electricity generation, it is clear that in order to implement 

such a project many aspects should be meticulously studied and analyzed, and their possible 

implications should also be accurately measured so as to get the best outcomes. Consequently, as 

is stated before the implication of each of the STEEPLE aspects is analyzed individually in the 

following paragraphs and then a STEEPLE grid of facts is to be generated. 

▪ Social Implications: 

 Since the project’s main aim is helping the population of a poor village by decreasing their 

expenses dedicated to heating through taking advantage of the energy potential of the roofs of 

Zaouiat Sidi-Abdeslam, it seems clear that the purpose of the project itself is social par excellence. 

The social aspect of the project strikes the moment its aim is understood. Making the region’s 

houses more energy efficient will not only make the houses more comfortable to live in, but it will 

as well positively impact the financial lives of the village’s population by decreasing their heating 

expenses and hence providing them with a better and more economical lifestyle.  

 Another social aspect to take into account is to what extent the people will be open to the 

realization of the project in their village. Therefore, research should be conducted about the region 

so as to make the project more appealing and the idea more convincing to the targeted population.  

▪ Technological Implications: 



7 
 

 In order to implement any project related to energy efficiency, the use of technology is 

crucial because not only does it generate the simulation results, calculations and analysis very 

easily, but it also makes them more accurate and capable of taking into account and managing a 

larger set of variables. Additionally, the use of performant technologies will also ease the lifestyle 

especially in matters that are linked to the realm of energy efficiency within the residential 

buildings.  

 In addition to allowing more accuracy in simulations and calculations, the technological 

aspect plays a huge part as this project unfolds, especially when it comes to the part dealing with 

the technology behind the photovoltaic shingles. Generating a successful state-of-the-art requires 

a full understanding of the already existing technologies, and for that a strong scientific and 

technological background is required. 

▪ Economic Implications: 

 This project’s long-run aim is not only making Zaouiat Sidi-Abdeslam’s population able to 

generate its electricity domestically, but it also aims at generating new local job opportunities for 

the youth that are directly related to renewable energies and maintaining the well-being of the 

region’s houses. Additionally, if the region’s population is satisfied with the houses’ conditions, 

this will lead them to invest more in their local area the thing that will eventually contribute in the 

local economic enhancement. This latter includes agriculture, handcrafting, local cooperatives etc.  

▪ Environmental Implications: 

 Many environmental benefits are automatically shipped with the shift towards renewable 

energies. Using renewable energy means prevents from overloading the atmosphere with carbon 

dioxide and other prevalent harmful greenhouse gases as well as numerous dangerous pollutants 

such as Nitrogen Dioxide, Sulfur Dioxide, Methane, Carbon Monoxide etc.  

 In addition, a clean environment contributes majorly in improving the public health. 

Pollutants in the air are directly linked to breathing problems, cancer, neurological damage, 

premature deaths etc. Hence many nowadays ‘s widely spread out diseases are a direct cause of air 

pollutants that those new renewable energy technologies do not produce.  

▪ Political Implications: 
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 It is very important to always meticulously analyze the political implications that a project 

may later on have in order to ensure that this latter goes in line with the jurisprudence of the country 

it shall take place in. When it comes to the implementation of the project concerned with building 

a concrete model of energy efficient houses in the village of Zaouiat Sidi-Abdeslam, there are many 

aspects to analyze. One of which is the set of Moroccan laws and regulations vis-à-vis the domestic 

electricity generation, as well as those concerning the grid injection and adopting a grid tied system 

that allows feeding the excess power generated back to the local mains electrical grid in exchange 

of a determined monthly amount.  

▪ Legal Implications: 

 The legal aspect of the analysis goes in line with the political aspect, in a sense that in this 

step of the analysis, one needs to similarity take into account the juridical and legal propriety of 

the project and ensures that every operation as this latter unfolds does not by any means disrupt its 

legal alignment. This is not only ensured by evaluating the end product and seeing if this latter 

abide by the rules of the country, but also by making sure that each and every step as the production 

unfolds is indeed legally admissible. This latter goal involves making sure that the privacy of the 

village’s population is not invaded by any step of the project’s concretization.  

 Many researches have been done especially in the Moroccan “Bulletin Officiel” to know 

more about the Moroccan regulations vis-à-vis the electricity generation in one’s home. The two 

Laws: Lois 13-09 and Lois 47-09 of the Dahir are explored in details and their implications over 

our project are also analyzed so as to ensure that the project is juridically proper as it unfolds.  

▪ Ethical Implications: 

 There are many ethical lines that need to be respected on while concretizing a certain 

project. Crossing those lines can negatively impact the entire ethical framework of this latter. Since 

ethics are the heart of any project, and the moral principles thanks to which one ensures satisfying 

basic human needs, in our context, aiming to improve the life of a socially modest population, 

uniting people through working hand in hand with the village’s population and doubling the efforts 

towards the same common goal, attaining long term gain by not only successfully reach the wanted 

end product but also being impactful in the long-run by creating job opportunities to the youth in 

the village and contributing into the long-term development of the region. All the proceedings shall 

eventually contribute in securing the village and its inhabitants. 
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2.3 STEEPLE SMART CHART 

 

 For practicality purposes a smart STEEPLE chart is developed so as to sum most of the 

pertinent social, technological, economic, environmental, political and ethical aspects of the 

project.  The following smart STEEPLE chart is color coded and includes the most important points 

of each of the six aspects of the analysis. The color code is as follows:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Social 

Technological 

Economic 

Political 

Environmental 

Legal 

Ethical 
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Providing the 

youth with job 

opportunities. 

Improving 

the lifestyle 

of the village 

population. 

Increasing the 

ease in the 

village’s house. 

Decreasing 

the costs of 

electricity and 

heating. 

Putting an end to the cold 

nights struggle in the rural 

areas. 

Analyzing the PV 

potential of the 

region.  

State-of-art of 

the most 

adequate solar 

shingle for 

energy efficient 

roofing.  

Studying the 

already existing 

technologies & 

innovations.   

Creating job 

opportunities. 

Enhancing 

economic 

growth in rural 

areas. 

Improving living 

standards for 

rural 

communities. 

Improving 

agriculture 

systems by 

raising the rural 

prosperity. 

 Ensuring the 

legal alinement 

with the 

Moroccan 

Jurisprudence.  

Investigating the 

Law 13-09 of the 

Moroccan Dahir 

concerning the 

domestic 

electricity 

generation.  

Investigating the 

Law 47-09 

concerning 

renewable 

energies in 

Morocco.  

Ensuring the 

safety of the 

village’s 

population as 

the project 

unfolds.  

Improving the 

Fès-Meknes 

Region.  

Participating in 

the National 

development of 

rural areas.  
Lowering the 

unemployment 

rate.  

Decreasing the 

likelihood & 

risks of the rural 

exodus.  

Participating to 

the development 

of agriculture 

sector.  

Increasing energy 

efficiency in the 

region.  

Reducing CO2 

Emissions.  

Improving public 

health by keeping 

the environment 

clean.  

Aiming at 

positively 

impact the 

village’s 

population life. 

Ensuring the 

ethical 

propriety of all 

the stages of 

the project 

concretization. 

Considering the 

well-being of 

the population 

as the number 

one motive. 

Improving the Energy 

Potential of the roofs               

in Zaouiat                             

SIDI-ABDESLAM 
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3. PHOTOVOLTAICS OVERVIEW & LOCAL CONTEXT 

PROJECTION 
 

3.1 PHOTOVOLTAICS OVERVIEW 

 

3.1.1 Photovoltaic Installations 

 

 The basic unit of a photovoltaic installation is the solar module to which a set of solar cells 

are electrically connected. Many modules are connected to a solar generator. It is necessary to 

differentiate in principle between the isolated installations (autonomous) as opposed to the 

installations connected to the network (grid-connected). Installations that are isolated keep the 

current in batteries (accumulators), as opposed to the grid connected facilities that inject the 

electricity produced in a distribution network. [2]. 

 When it comes to the grid-connected photovoltaic installations, the direct current produced 

by the solar cells is transformed by an inverter into an alternating current that is then injected into 

the power distribution network through one (or two) meter (s). There are two variants of coupling, 

which have economic consequences for the investor (be it an individual, a company or a project 

developer): 

▪ According to a system of "guaranteed feed-in tariff" (with increased tariffs, fixed by the 

State), such in more than 40 countries, all the electricity produced by the installation 

photovoltaic is injected into the network. The quantity injected is measured by an "Injection 

meter" to determine the amount of electricity to pay. The producer is paid by the electricity 

grid operator at a higher rate, and finances through this investment. The quantity consumed 

by the consumer is evaluated by another "supply meter" and the customer pays his 

consumption according to the usual pricing conditions.  

▪ In the case of the net billing system, the installation is connected to the internal network of 

the consumer and the electricity produced covers above all his own personal needs. [2]. 

If the production of the photovoltaic system exceeds the needs of the consumer, the excess is 

injected into the network. However, if it is lower, the consumer draws electricity in the network. 
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For the realization of this system, a simple counter in needed, but it is important for this latter to 

be able measure the flow of electricity in both directions. [2]. 

3.1.2 Photovoltaic Potential 

 

 Most photovoltaic potential studies in the field of solar energy are based on the 

determination of the surface potential, since solar radiation meets the surface of the earth with 

varying intensity depending on the places, therefore different radiation potentials can be listed 

according to orders of magnitude related to the characteristics of the surface. Even the technical 

conversion systems are, with their power indicators, directly related to the receiving surface. Based 

on surfaces and the technical parameters of each solar technology, we can determine the diverse 

kinds of potentials. 

▪ Theoretical Potential: describes the physically exploitable energy supply of a region, 

geographical structures that exclude the use of energy sources. In terms of technical, 

ecological, structural and administrative restrictions, this potential can never be totally 

exhausted. [3]. 

▪ Technical potential: describes the part of the theoretical potential that can be reached 

according to the state current technology and based on total exploitation of the available 

area. Different structural and ecological restrictions are to be considered here. [3]. 

▪ Economic potential: describes the achievable potential according to a usual business 

scenario. It is based on a lower cost approach that compares several technologies to 

different costs to find the cheapest solution. According to this principle, solar power plants 

are installed as soon as they are economically competitive. The economic potential can be 

considered the lower limit of the exploitable potential. [3]. 

▪ The “achievable" potential: lies between the technical and economic potentials. It 

considers various factors that influence the development of regenerative energies and 

accelerate or delay the exhaustion of the technical potential. Structural factors, legislative, 

economic, social and psychological aspects, as well as the comparison with conventional 

modes of energy supply and forecasting price developments for each technology, and all 

forms of financial incentives. [3]. 
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 The "achievable" potentials are limited by different barriers but can also be increased by 

different aspects; assumptions about these factors can therefore strongly influence any project 

evaluation. It is very important to consider these elements, because the "feasible" potentials no 

longer correspond to fixed data, but instead on the variable one heavily depending on the potential 

political incentives, the development of research, the evolution of markets and costs etc. [3].  

3.1.3 Potential Analysis Variables 

 

 The potential analysis is often based on a three-dimensional modeling of the studied 

building, its environment and the local radiation potential. In order to achieve a satisfactory 

photovoltaic potential analysis, four factors are taken into account: 

▪ Roof surface area and orientation 

▪ Slope of the roof surfaces 

▪ Shading surrounding buildings on roof surfaces 

▪ The average, location-specific radiation of solar radiation on a flat surface. [4]. 

 

3.2 SOLAR ENERGY IN THE MOROCCAN CONTEXT 

 

3.2.1 Solar Potential in Morocco  

 In average, 4.42 kWh/m2/day (kilowatt hours per square meter per day) is approximately 

the monthly solar radiation level in Morocco. This latter is 18% greater than the average level in a 

city characterized with low noted levels historically WA (3.73 kWh/m2/day) and is 33% 

approximately less than the average level of a city characterized with low noted levels historically 

NV (6.6 kWh/m2/day). [5]. 

 With 3000 hours of sunshine a year and an average irradiation of more than 5 KWh / m², 

Morocco has a considerable solar potential. Consequently, the country intends to massively exploit 

this clean and inexhaustible energy in the next ten years. The stated objective of the Kingdom is to 

decrease its energy dependence on the outside world, from 95% to 85% by 2020. The country has 

set itself the goal of producing 14% of its electricity needs via solar energy. [6]. Figure 1 illustrates 

the radiation potential in Morocco and the followings are some information regarding the solar 

energy in Morocco: 
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▪ There are two types of solar energy produced in Morocco: solar thermal and solar 

photovoltaic.  

▪ The integrated solar power generation project launched in 2009 foresees the installation, 

between 2015 and 2020, with a capacity of 2,000 MW at an estimated cost of 6.2 billion 

Euros. 

▪ The production costs of solar energy are 2 to 3 times higher than those of the so-called 

classical electrical energy. 

▪ Inaugurated in 2010, the Ain Beni Mathar thermo-solar power station located 86 km south 

of Oujda has a total power of 472 MW, including 20 MW from the solar component. She 

permits an annual fuel economy of 12,000 tons. 

▪ With the NOOR project, providing the creation of a thermodynamic solar park with a 

capacity of 560 MW in Ouarzazate, Morocco is pursuing its ambitious development plan. 

The first phase of complex, NOOR I, was inaugurated in August 2015. [6]. 

              

Figure 1. Solar Irradiance in Morocco [7] 

 

3.2.2 The Moroccan Jurisprudence vis-à-vis Energy Efficiency and Electricity Generation  

 In this section we will discuss two laws of the Moroccan Dahir: Law No. 47-09 and Law 

No. 13-09 both related to renewable energies.  
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 The Moroccan “Bulletin Officiel” Law No. 47-09 is related primarily to energy efficiency 

in buildings. This law of 9 May 2012 on energy efficiency aims to increase energy efficiency in 

the use of energy sources, avoid waste, reduce the burden of energy costs on the national economy 

and contribute to sustainable development. Its implementation is mainly based on the principles of 

energy performance, energy efficiency requirements, energy impact studies, mandatory energy 

audit and technical control. [8]. 

 The Moroccan “Bulletin Officiel” Law No. 13-09 is about to renewable energies use 

authorization, declaration and free regime states that for any installation, modification or 

exploitation of a renewable electric capacity, the regulatory regimes apply according to the installed 

capacity: 

▪ Production of electrical energy:  

- Installed power <20 kW: Free electricity generation. 

- 20 kW ≤ installed capacity <2 mW:  Electric Reporting regime.  

- Installed power ≥ 2 mW: Electric authorization request needed.  

▪ Production of thermal energy:  

- Installed power <8 mW: Thermal free regime. 

- Installed power ≥ 8 mW: Thermal reporting regime.  

 Moroccan law provides the possibility of electricity self-production within the limit of an 

installed capacity of 50 MW, subject to authorization by the Ministry of Energy. Thus, under the 

provisions of Art.2.2 of the Dahir of 1963: 

 

 

 

 The excess of electricity production must be sold exclusively to ONEE without a legal or 

regulatory text specifying the redemption price by ONEE. These provisions do not provide a 

convention for the transport of electricity produced from the production site to the consumption 

« […] Des personnes publiques ou privées peuvent, sur leur demande, être autorisées à produire de 

l’énergie électrique à condition [notamment] que cette production n’excède pas 50 MW et qu’elle 

soit destinée à l’usage exclusif du producteur […] » 
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one. At most, the auto producer can conclude a connection agreement with ONEE to inject the 

surplus bought over by ONEE into the national grid. [8]. 

 The energy produced by these producers is intended primarily for their own use and the 

surplus is transferred exclusively to ONEE. The related “Bulletin Officiel” article states that the 

electric concession concluded with the ONEE will have to include a number of terms such as the 

commercial and transport conditions, along with various urban, technical and environmental 

conditions of the project that need to respect the operating parameters of the network:  

 

 

 

 Renewable energy production is currently mainly carried out by ONEE and the Moroccan 

Agency for Solar Energy (MASEN) established by Law No. 57-09 of the Dahir to promote the 

production of electricity from solar energy: 

 

 

 

 Article 2 (6) of the 1963 Dahir succinctly specifies the conditions under which this 

production may be carried out: it is intended exclusively for the satisfaction of the needs of 

ONEE and the economic equilibrium conditions provided in the convention must be maintained 

throughout the duration of the said agreement. [8]. 

3.2.4 Existing Grid-tied Photovoltaic Installations in Morocco 

 Since there aren’t enough unified regulations regarding the excess power injection to the 

grid, Morocco lacks on such installations that enable feeding the excess capacity to the mains local 

electrical grid, and hence making it possible for a house owner for instance, to make profit out of 

the excess power generated by the photovoltaic installation by selling it to the local state-owned 

Office National de l’électricité (ONE). This latter possibility will eventually make owning a PV 

system less economically demanding since the batteries i.e. ones of the most expensive components 

« […] [qu’] à l’expiration de la convention de concession, la propriété des ouvrages ainsi que les 

droits afférents au site sont transférés gratuitement à l’ONEE selon les modalités fixées dans la 

convention […] » 

« […] habilité à passer, après appel à la concurrence, des conventions avec des personnes morales 

de droit privé, pour la production par ces dernières de l’énergie électrique d’une puissance 

supérieure à 50 MW. » 
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of a PV system, that have not only a very steep cost but also characterized by a very short life-span 

of 5-7 years on average not a mandatory part for the functioning of the system. Hence, the system’s 

owner will no longer be compelled to repurchase the batteries approximately 5 times during the 

entire life-span of his/her photovoltaic installation. [9]. 

 The lack of financial or fiscal subsidy framework to produce renewable energy (notably in 

the form of purchase prices), as well as the non-specified rights of access to the national network 

contributed majorly in the lag in adopting such technology orientation. However, despite the very 

few regulations in the matter some operations have been carried out, sometimes with ONEE. The 

most important one is located in Mohammed V airport in Casablanca where a generator of 150 

kWp which has been installed in the roof. It is in fact connected to the internal network of the 

airport and thus does not inject on the ONEE's LV network. [10]. 

 Other operations have been realized including: 50 kWp power plant was connected in 2007 

to Tit Mellil on buildings of the ONE, an installation of 14,5Kwc at the new headquarters of the 

ADEREE, and another one of 2 KW at the National School of the Mineral Industry connected to 

the network along with one kW for isolated sites. All these small establishments are meant to be 

used for the training of engineers, trainers, technicians and installers of photovoltaic systems. [9]. 
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4. DOUAR ZAOUIAT SIDI-ABDESLAM: A CLOSE UP  

4.1 SOCIOECONOMIC STATUS OF THE REGION 

 

 The socio-economic data will allow us to throw a light on the main characteristics of the 

target population as well as its living conditions and the different constraints it has to deal with, so 

as to make the necessary arrangements to start implementing various actions intended to improve 

the living conditions of the region’s citizens and adequately meet their basic needs. These data will 

also make it possible to identify the areas of intervention to prioritize, given the needs of the 

population of the region. The total number of the population studied is 894, of whom 51% female, 

divided between 185 households with an average size of 4.8 persons per household. This number 

deviates a little from that of the municipality, which is of the order of 6.5 per household and is 

closer to 4.7 i.e. that of the urban areas. The proportion of the population under the age of five is 

6.49%, with children over six years old accounting for 1.23% of the total village giving an idea 

about the flow of schooling. The proportion of people under 15 is 23.83%. The population aged 15 

to 60 constitutes 62.64% of the total while people over 60 represent 13.53%. Married people 

constitute the predominant group, which reaches 51.32% against 59.18% in the whole commune. 

Single people represent 37.13% of the total of the zone studied. Whereas the divorced and widowed 

respectively represent 5,12 and 6,29%. [10]. 

 According to the level of education recorded, the distribution of the out-of-school 

population aged 10 and over reveals that a wide number, approximately 45.18%, do not possess 

any recognized official academic level higher than primary school certificate. The relative share of 

women with no level is higher than that of men. The proportion of individuals with just the level 

of primary, secondary and college education has the same advantage for men against women. [10]. 

 The employment rate has as well a very large gap between the two sexes. It reaches 59.72% 

for men and only 14.67% for women. Almost two-thirds of these employed people reported having 

a permanent job, especially among men. The large part of this busy working population is working 

in the Zaouia itself. [10]. 
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4.2 FIELD INVESTIGATION 

 

 The predominant type of housing in Zaouia Sidi Abdeslam is the concrete houses. The 

majority of households in the village are owned or co-owned. While tenants represent only a little 

minority. 

 Regarding housing facilities in the area, it is noted that the large majority of the houses have 

electricity, drinkable water and are connected to the liquid sanitation network. 

 The majority of houses in the Zaouia have two to three floors maximum. Many of the 

village’s population have two floors and the third one under suspended construction due to financial 

issues. The owners of such houses do intend to fully finish the construction of the remaining floors 

any time soon, this reveals the difficult conditions of the households in Zaouiat Sidi Abdeslam. 

 The houses’ agglomerations in the region are mostly congregated and the village is located 

near Ifrane’s most dense and luxuriant forest areas. The area is characterized by harsh winters, 

which makes heating necessary. However, the source commonly used for the latter purpose is 

mostly wood. 

 

Figure 2. Aerial Picture of Douar Zaouiat Sidi-Abdeslam [11] 

 

 The project site is a very modest house in Zaouiat Sidi Abdeslam. The house as many others 

is roofless due to the owners’ current financial limitations. The house’s surface is approximately 

77m². Appendix A contains the house’s architectural plan, and Figure 3 shows pictures taken from 

the project site. 
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Figure 3. Project Site Pictures 

4.3 LOCAL INTERVIEWS   

 

 Local interviews have been conducted as per the honors requirement of the capstone, so as 

to evaluate the current situation of the village’s local population vis-à-vis the electricity and heating 

costs and get their inputs about different matters in line with the project’s main topic. Interviews 

were conducted instead of surveys because, as the previous statistical study shows, up to 45.18% 

of the village population do not possess any recognized official academic level higher than primary 

school certificate. Hence, opting for surveys as a social research method might lead to restricting 

the freedom of expression of the studied sample and could therefore alter the output of their 

responses.  

 To get started, various aspects need to be taken into account including the academic level 

of the village’s majority residents, this is the main reason why the interview questions were 

prepared in Arabic to make sure that they will be answered with ease and spontaneity by every 

person surveyed. Additionally, the questions are designed to be simple and easy to understand by 
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village’s inhabitants on while making sure that they will not derive misleading and/or blurred 

results that are hard to be interpreted. Hence, scale questions are used whenever possible, and every 

question’s relevancy to the respondents is justified, since these latter are more susceptible to take 

the survey seriously if they see something of positive value for them in it. Consequently, while 

interviewing the village’s residents, every question is made specific to them, the purpose behind 

every question is made clear for them and any request for sensitive information (for instance the 

monthly electricity cost, the annual wood needed for the heating purposes) is being justified. Each 

interview was no more than 6 questions and lasted about 10 minutes maximum.  

 Overall 23 people were interviewed, and below are some of the results concluded from the 

interviews: 

▪ Sample Gender Distribution:  

 

 Figure 4. Sample Gender Distribution 

 

The sample interviewed is of 15 males and 8 females. Both genders were extremely 

approachable and very open to share any information that might be useful to the advancement of 

the project.  

▪ Sample Age Distribution: 
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          Figure 5. Sample Age Distribution 

 

Most of the responders were males in their thirties or older. It so happened that this category 

is the one that knows the most about the household wood and electricity consumptions, mainly 

because usually they are the ones responsible for providing such necessities to the family.  

 

▪ Current state of the house construction: 

           Figure 6. House Construction Current State 

  

 The construction of most houses in the Zaouia in on hold. The village’s inhabitants start by 

building the ground and first floor which happen to be enough for them to settle. Many of the 

village’s inhabitants find no need to rush into completing the construction of their houses as long 

as they are sheltered and protected from the outdoors’ hard conditions. 

▪ Electricity availability: 
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           Figure 7. Electricity Availability 

 

 All the responders’ houses already have electricity in their homes. This shows the 

effectiveness of the latest Moroccan electrification of rural areas policy. With the current 

availability of electricity, children now find it less difficult to study once the sun had set, small 

businesses are now able to include modern tools and machines in their production and farmers are 

no longer struggling to irrigate their fields.  

 

▪ Electricity cost: 

                                                                  Figure 8. Electricity Cost 

 

 It is quite normal for the electricity bill to be lower in rural areas than urban ones, since the 

electricity consumption in the rural areas in much less and is used mainly to subsist to the primary 
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needs of the rural residents, unlike in urban areas where the electricity demand is much higher and 

is used in almost every activity of the household.  

▪ Wood consumption for heating: 

              Figure 9. Wood Consumption 

 

 According to the survey conducted in the area each household consumes on average 

approximately 7 tonnes of wood per year for heating purposes. The massive nature of this use 

poses both a very steep cost for the population itself and a considerable danger to the forest. 

▪ Sample Interest: 

        Figure 10. Sample Level of Interest in the Project 

  

 The fact that the majority of the village’s inhabitants still didn’t finish the construction of 

their houses (mainly roofing) contributed in increasing their interest in this project that aims at 
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creating a technology that is able to both: act like a very robust, reliable and aesthetically pleasing 

construction material, on while being able to generate electricity/heat water according the 

household needs. 
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5. THE SOLAR ENERGY POTENTIAL OF THE PROJECT SITE 

ROOF 
 

5.1 METEOROLOGICAL DATA 

 

 In order to estimate the energy potential of the site roof PVSYST software was used. Since 

Ifrane location’s solar data is not available within the database of the software, PVGIS website is 

used to retrieve every necessary solar information about the site. First thing first, for PVGIS to be 

able to calculate the solar irradiance useful for the to-be-installed photovoltaic roof, both the 

latitude and the longitude of the site location must be provided to the software for it to recognize 

the exact location of which it shall calculate the monthly solar radiation crucial for the simulation. 

Ifrane’s geographic coordinates are: 33° 32′ N, 5° 06′ W. Figure 11 shows the PVGIS step in which 

the location is determined for the data about the solar irradiance to be retrieved.  

 

Figure 11. PVGIS Location Determination 

 

  Once the location is successfully determined, PVGIS generates a table of solar irradiation 

corresponding to the location is question. Table 1 shows the irradiation on different plane 

inclinations within the wanted localization.  
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Table 1. Project Site Monthly Solar Irradiations 

 

 Once the monthly irradiation values are computed and the average monthly temperatures 

are entered in the system, the next step will be to define the photovoltaic system.  

5.2 PHOTOVOLTAIC SYSTEM 

 

 The PVSYST simulation allow you to either determine a system in line with a limited 

surface area or set the desired output with no area limitation. For the following project we have an 

area limitation as shown in the project site architectural plans available in Appendix A. The overall 

surface area of the site is 77m². The selected photovoltaic system characteristics are selected to be 

similar to the self-made photovoltaic tile discussed later in the report (See Section 8).  
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 The photovoltaic system’s surface is 41 m² of a Polycrystalline PV technology, with one 

5.0 kW single inverter. Figure 12 shows the technical characteristics of the selected system. 

 

Figure 12. PV System  

5.3 SHADING SCENE  

 

 One of the important factors to take into account while doing a PV installation is the near 

surrounding shadings that might affect the overall output of the photovoltaic installation. Consequently, for 

the simulation outcomes to be more accurate, a basic shading scene has been creating using the “shading 

scene” feature available within the PVSYST software. Figure 13 shows the approximative constructed 

shading scene from four different angles. 
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Figure 13. Shading Scene from Four Different Perspectives 

  

 The reason why the houses in the shading scene seem roofless is because it is their state 

currently. Hence, it is important to mention that the shading scene is subject to change according 

the time-evolution of the neighboring houses’ construction.  

5.4 SYSTEM YIELD AND LOSSES ANALYSIS   

 

 The simulation run shows that the PV system in question is able to generate up to 9666 

kWh/year accounting for all the losses (Shading, inverter, wiring etc.) Figure 14 shows the 

system’s losses diagram whine Figure 15 represents the normalized factors of both the production 

and losses. Appendix B encapsulates more details about the PV system. 
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Figure 15. Nominal Factors of the System Yield and Losses 

Figure 14. Losses Diagram 
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6. SOLAR ROOFS: A TECHNOLOGY WORTH 

INVESTIGATING 
 

6.1 SOLAR SHINGLES OVERVIEW 

 

 Sunlight based shingles, likewise called photovoltaic shingles, are sun-based relatively 

smaller panels intended to look like and work as regular roofing materials on while simultaneously 

delivering power. Photovoltaic shingles form one of the photovoltaic arrangement solutions. 

Hence, they are included in the family of building-integrated photovoltaics (BIPV). [12]. 

 There are a few assortments of PV shingles, including shingle-sized strong, solid and 

resistant small panels that replace various customary shingles in a strip, semi-inflexible outlines 

containing a few silicon solar cells that are designed to have similar dimensions as the ordinary 

shingles, in addition to newly designed shingles that are built using different thin-film solar cell 

innovations that make them able to match traditional shingles both in size and flexibility. There 

exist additionally items utilizing a more conventional number of silicon solar cells per board 

coming to as much as 100 watts DC rating for each shingle. [12]. 

Solar tiles also known as solar shingles are fabricated by a few companies. Yet the two fundamental 

makers of sun-based rooftop shingles are SolarCity and CertainTeed. Other dynamic organizations 

in the US incorporate SunTegra Solar Roof Systems, and Atlantis Energy Systems. 

 Consisting of photovoltaic cells and a protective tempered glass, photovoltaic tiles is a real 

roofing material that: 

▪ Ensures the tightness of the roof. 

▪ Converts solar energy into electricity. 

 Sun based shingles became accessible in 2005. In 2009, a representative for the Dow 

Chemical Company evaluated that their entrance into that their entry into the solar shingle market 

could generate $10 billion in income by 2020. In late October 2016, Tesla has entered the market 

of solar shingles in a cooperation with SolarCity, and the two latter became the main marketers for 

solar roofing technologies and especially solar tiles. Figure 16 shows a picture of a tiles with 

encapsulated photovoltaic cells for power generation. [12]. 
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Figure 16. Photovoltaic Tiles [13] 

6.2 TECHNICAL DESCRIPTION 

 

 PV shingles are simply a form of basic photovoltaic modules, whose main function is 

similarly catching daylight and turning it into a selected form of energy. Most sun solar shingles 

are of dimensions 12 in × 86 in (300 mm × 2,180 mm) and can be stapled straightforwardly to any 

material conventionally used for roofing. At the point when connected they have a 5 in × 86 in 

(130 mm × 2,180 mm) piece of uncovered surface. Distinctive models of shingles may have some 

other mounting prerequisites. Some can be connected specifically onto material felt intermixed 

with standard black-top shingles while others may require exceptional installation and mounting 

processes. [14]. 

 Most sun-powered shingled rooftops have a profound, dim, purplish-blue or dark shading, 

and consequently appear to be like any rooftops much of the time. Tesla Solar has created shingles 

in various styles to ensure a better matching of the widely used conventional roofs’ styles. 

Homeowners may incline toward sunlight-based shingles since they abstain from having expensive 

boards on their roofs. [15]. 

6.3 YIELD AND EFFICIENCY  

 

 On average, 1 m² of photovoltaic tiles produces about 100 kWh per year. A photovoltaic 

analysis can determine with accuracy the number of tiles, their dimensions and the type of sensors 

to be adapted in order to produce the quantity of electricity necessary to respond to a certain need. 

Since solar roofing using photovoltaic tiles/shingles is a new technology not many detailed 
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information is available regarding the energy potential of these newly used techniques. Except from 

the fact that solar roofing has earned without a doubt the title of the most aesthetically pleasing 

among all the building-integrated photovoltaics (BIPV). There is no question about the fact that 

there still is a serious dearth of information about cost and performance of the latter. [14]. 

 After studying Tesla’s photovoltaic tiles, since the latter company is the leading one in the 

business industry of solar roofing, some educated conclusions can be made. Commonly, one 

photovoltaic shingle encapsulates a single 6-inch solar cell; with the assumption that the 

encapsulated solar cell is of a high efficiency, one can generate about 6 watts per shingle as a 

maximal value. [14]. 

6.4 DRAWBACKS  

 

▪ The overheating problem 

 Contrary to what one might think, the hot weather is not always linked to the increase of 

efficiency for solar panels. The high brightness in hot weather is certainly favorable to photovoltaic 

production, since the yield depends on the intensity of solar radiation (the yield of a solar panel 

drops 90% when it rains). But the increase of the temperature of the cells causes conversely a fall 

of the yield of the panels. [16]. 

 This decrease in performance is explained by the increase in cell temperature which causes 

a proportional decrease in voltage. The overall effect is that the power of the panel decreases when 

the working temperature of the latter increases. 

 A photovoltaic panel with a surface temperature exceeding 25 degrees loses half a percent 

of efficiency per degree above 25 degrees. So, for example, a panel that would have a surface 

temperature of 85 degrees, so I'm saying the surface temperature of the panel, would have a 30% 

yield loss. By a temperature like we have for the moment, because the photovoltaic panels remain 

very hot, do not really cool, the yield decreases. It is therefore recommended, as far as possible, to 

install the solar panels, in a ventilated place, in order to avoid overheating. 

 Since solar roofing is a new emerging technology, PV shingles are subject to continuing 

improvements to mainly improve their efficiency and make them a strong competitor to the 
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conventional solar panels. One of the main disadvantages of solar tiles is their tendency to run hot, 

since unlike conventional solar panels, there is minimal ventilation behind the cell. [16]. 

▪ The mounting complexity 

 The implementation of this technology can be challenging when it comes to the mounting 

as well, since this process hugely differs than the mounting of usual photovoltaic panels. A 6-

kilowatt system generally encapsulates one thousand shingles, which is about the average size for 

residential purposes. However, every shingle needs a + and a – wire connector, this means that for 

1000 shingles a number of 2,000 connectors will be needed. Consequently, it is quite obvious that 

this latter installation will generate many points of failure, on while being difficult to mount 

manually due to the huge number of shingles that form the entire photovoltaic system. [16]. 

▪ The steep cost 

 The cost of photovoltaic roofing might be steep because of the fact that it groups the cost 

of a simple roof in addition to the electricity generation technology. Hence it is quite clear that the 

cost of a solar domestic roofing will surpass that of a simple PV panel system since the first one 

ensures both: a roof tightness and a photovoltaic reliability. According to studies done by the solar 

expert Barry Cinnamon, the CEO of Cinnamon Solar and previous founder of 

Akeena/Westinghouse Solar:  while the payback period of simple panel photovoltaic installation 

reaches on average 7 years, the payback period of a solar roof can reach up to 11 years i.e. up to 4 

years of difference. [16]. 

6.5 ADVANTAGES 

 

 Solar shingles is an innovative technology that combines the goods of solar energy with the 

reliability of traditional roofing using shingles. Solar shingles are a durable roofing material that 

ensures equal protection from the environment as that of regular roofing shingles. Consequently, 

the use of solar tiles for roofing is a smart and unequaled choice that will allow the power 

generation on while being aesthetically pleasing. Thanks to its reliability, this technology is being 

implemented instead of solar panels in numerous residential properties. [16]. 

 The use of solar shingle as the main roofing material is common, and for that no other 

layering material is needed for a typical roofing other than the shingle itself. Since these latter are 
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waterproof, preventing water from entering the customer’s property, and at the same time, they act 

as a primary power source for the residential building. Thanks to their solid properties, the roof 

penetrations and wind uplift concerns are not matters to worry about. These tiles can be installed 

over an already built roof, but it is preferable for them to be installed as part of a new roof. [16]. 

 Solar tiles can generate electricity which can be used in either grid-tied or off-grid systems. 

Grid-tied systems oftentimes provide electricity to buildings and powerhouses; this kind of 

arrangement’s purpose is mainly selling the power that is not consumed to the electricity 

distribution company. Off-grid systems are generally used as a backup. It is in this type of 

arrangements that the batteries play a big role in the system. That of energy storage for later future 

use. This latter system is more expensive than the one previously mentioned since battery backed-

up equipment tends to be more financially steep than grid-tied systems. [16]. 

 After the current generation at the level of solar shingles, this latter is then transferred to a 

power inverter of which the main role is to convert the direct current (DC) into an alternating one 

(AC) for home use. 

 Although the cost of solar shingles installation might appear high at first, modern designs 

can be installed in half of the time that is needed to mount traditional solar panels. Hence, the 

installation cost is consequently reduced. It is also worth to mention that the shingles commonly 

pay for themselves 13 years before the end of their 30-year lifespan. [16]. 
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7. PHOTOVOLTAIC TILES PHYSICAL PROPERTIES AND 

TESTED PERFORMANCE 
 

7.1 TEMPERED GLASS PV TILES CHARACTERISTICS 

 

 In accordance with the scientific research done by the department of electrical and 

mechatronics engineering in the national Cheng Kung university, mainly the professor Dr. Shin-

Ku Lee and -at that time- Ph.D. student Sun Yat-Sen in order to best know the characteristics of a 

tile made through laminating a photovoltaic solar cell between layers of tempered glass. This latter 

tile has been developed in order to be used in buildings’ façade. Hence, in order for this innovative 

technology to be successful it needs to prove its durability and capability to resist the harsh weather 

conditions of outdoors. Consequently, a wind-resistance test has been done, along with a humidity-

freeze test. Additionally, the electrical, optical and thermal properties of this type of photovoltaic 

tiles are evaluated to best understand their potential.  

 7.2 ELECTRICAL PROPERTIES OF A PV TILE MODULE 

 

 An electrical test has been conducted under standard conditions in order to have an 

informed idea about the electrical characteristics of glass laminated solar shingles. The conditions 

correspond to a 1000 W/m² at an average cell temperature corresponding to 25°C with an error 

range of ± 2°C, in an air mass 𝐴𝑀1.5 of solar spectral irradiance. Through this test the electrical 

characteristics including 𝑉𝑜𝑐 (the open circuit voltage), 𝐼𝑠𝑐 (the short circuit current), FF (the fill 

factor), and 𝑃𝑚𝑎𝑥 (the maximum power determination) are determined. Table 1 shows the results 

concluded from the test. [17]. 

Table 2. The Results of the Glass Laminated PV Tile’s Electrical Test [17] 
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7.3 OPTICAL PROPERTIES OF A PV TILE MODULE 

 

 Additional measurements regarding the glass laminated photovoltaic tile have been 

conducted to reveal properties that these tiles are characterized with. The optical properties of the 

PV solar shingle namely the UV-Vis transmittance and reflectance spectra, have been recorded 

thanks to a Lambda 900 UV-Vis-NIR spectrophotometer that enables having the optical 

information of the sample tiles tested, in the wavelength interval of 300 nm to 2500 nm, which 

corresponds to the range of solar radiation. Additionally, the property of emissivity is determined 

through an average of 25 scans using a FTIR spectrophotometer with resolution of 4 𝑐𝑚−1 in an 

interval lying between 400 𝑐𝑚−1 to 4000 𝑐𝑚−1 . [17]. Table 3 corresponds to the resulting 

measurements showing the optical characteristics of the PV solar tiles.  

Table 3. Optical Properties of the Tested PV tile [17] 

 

 

7.4 THERMAL PROPERTIES OF A PV TILE MODULE 

 

 In order to evaluate the thermal performance of a sola PV tile module, a thermal test was 

conducted using a hot-box of a small size with an encapsulated solar simulator lamp. A Xenon Arc 

lamp of power reaching 1000W is used as a solar simulator to generate the radiant incident energy. 

The position of the simulating lamp was calculated so that this latter is able to generate a 

homogenous distribution of the radiant intensity over the entire surface area of the sample. Six 

thermocouples of type K are used to compute the surface ambient temperature on both the interior 

and exterior sides. Figure 17 shows the temperature measurements recorded in the two sides of the 

sample as well as the ambient temperatures. [17]. 
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Figure 17. Ambient Temperatures and Recorded Sample Temperatures [17] 

7.5 WIND RESISTANCE TEST 

 

 Since the photovoltaic solar shingles technology is destined to be place in the roofs, it should prove 

its ability to resist the harsh environmental conditions one of which is the wind. Consequently, a wind-

resistance test has been conducted in an independent accredited testing laboratory. The wind testing 

spectrum was in the form of a successive pressure cycles that are variating between positive and negative 

pressures representing with accuracy the effects that the wind has on buildings. Wind pressures that lie in 

the range 2400Pa to 6400 Pa was applied on the sample system. Eventually, a visual inspection was 

conducted. This latter was based on the criteria within the IEC-61215 standard to spot any cracking, 

deformation, bending or any sort of damage that occurred on the sample. These damages can encapsulate a 

variety of anomalies that the sample system could have been subject to, whether they were with regards to 

the solar cell itself, or the connecting junctions, the frames, to even the vibratory looseness of the whole 

sample. Table 4 shows the wind-resistance test results in a sum of 10 intervals.  [17]. 

Table 4. The Results of the Glass Laminated PV Tile’s Wind Test [17] 
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8. TESLA PHOTOVOLTAIC ROOF  
 

8.1 TESLA ROOF PRODUCTS  

 Tesla recently began manufacturing its innovative solar roof tiles that are as solid as the 

normal shingles but enable the generation of energy through the absorbed light. The solar shingles 

tesla suggested are mostly made of tempered glass. 

 Tesla’s recent solar shingles are meant to appear just like a traditional normal roof as 

opposed to the bulky conventional solar panels that stand out and look not quite appealing to the 

eye on top of one’s roof. The new invented shingles come in four initial styles. Figure 18 shows all 

the four designs of TESLA’s photovoltaic tiles: 

▪ The Tuscan Glass 

▪ The Slate Glass 

▪ The Textured Glass 

▪ The Smooth Glass 

 

 

       Figure 18. Initial Designs of TESLA’s PV tiles [18] 

 

 According to Elon Musk, despite being 2-3 times more expensive than a normal concrete 

roof, the savings of energy from the solar power roof will eventually make it cheaper than opting 

for a new normal roof plus photovoltaic panels installation alternative, especially because of the 

fact that these shingles are going to last the life-span of a normal roof. [18]. 
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 Until recently, modules are made by combining multiple cells in them. Tesla suggested 

using a single cell in a shingle, offering a beautiful solution to the problem that are shipped with 

conventional solar panels. The company also stated that the price of a single solar shingle will be 

way cheaper than a normal tile if the amount of electricity produced thanks to it is also taken into 

account. [18].  

8.2 TEMPERED GLASS SHIELDING  

 Tempered glass, named also safety glass or toughened glass, is a glass material that is 

characterized by being much stronger than a normal plate glass. This latter is constructed by means 

that are mostly thermal and/or chemical. Tempered glass is made mainly by disciplined thermo-

chemical treatments that are meant to increase its strength. This process goes from firstly heating 

the glass plate, then quickly cooling it down using blowers. Consequently, one of the two surfaces 

gets cooled way more faster thus becoming subject to high compression as opposed to the other 

surface which is subject to tension. This latter difference is the one responsible for making the 

tempered glass 5 up to 10 times stronger and more lasting than how it was before. Recently, most 

Photovoltaic panels are using tempered glass and have proven their endurance by making it through 

very tough conditions without breaking and on while remaining in perfect state. Additionally, 

thanks to its stability, even when the tempered glass does break, it only shatters into small pieces 

rather than generating those long and razor-sharp shards. [19]. 

 Using glass as the main roofing material might sound a little bit strange and one might think 

that it is not durable enough to resist the harsh weather and environmental conditions of outdoors. 

However, Tesla’s shingles have proved their strength and durability through a test in which heavy 

weights are dropped on four types of roof tiles, one of which was Testa’s photovoltaic shingles. 

The test was between Terra-Cota, clay, state and tesla tile. The sample Tesla roof tile took a hit 

from a weight dropped from above. Although the shingle certainly cracks but it does not shatter 

into shards compared to the other conventional roofing tiles in the test. Figure 19 shows the 

durability test performed by TESLA to assess the strength of its tiles and compare it to other 

conventional construction materials. [19]. 
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Figure 19. TESLA Solar Tiles Durability Test [19] 

 In addition to being a very enduring material, tempered glass has many advantages for our 

purpose i.e. electricity generation from sun light, for instance: 

▪ Transmission: glass brings a good transmission efficiency.  

▪ Hermeticity: glass is an excellent preventer from humidity (liquids and gases). 

▪ Economy: Little energy input into materials for encapsulation. 

▪ Efficiency: glass ensures a high solar radiance transmittance. Able to transmit a 

good amount of sunlight into the module. Hence, a high transmissivity glass has a 

major positive effect on the overall performance of the solar PV tile. 

8.3 TESLA Solar Tile Efficiency  

 The Tesla website has no specific information about the power efficiency of its roof tiles 

specifically about how much power is generated per square foot. However, in the tesla website 

there is the “Tesla Calculator” which can be used to reverse engineer the output of the PV roof by 

using the information available within the website about the recommended tiles coverage area 

which happens to be 70%. [20]. 

 A 4400 ft² home with garden included, is estimated to have approximately a 2686 ft² 

roofing. Hence, 70% of 2686 ft² yields 1880 ft² of solar roofing. With the assumption that the local 

cost of electricity in the US is approximately 12cents/kWh and that the average monthly cost of 

electricity reaches 180$/month. With these assumptions we have 6$/12 cents per kWh which is 

estimated to equal 50 kWh per day. For a 50-kWh power generation per day, system it is suggested 

to use a 10k watt system. Hence, this latter capacity comes out to 5.319 watts/ft² (10 x 103W/1880 
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ft²). Figure 20 shows the surface for a normal TESLA solar roof installation. The TESLA car can 

be used as a scaling reference. [20]. 

 

Figure 20. TESLA Solar Roof [20] 
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9. PHOTOVOLTAIC TILE: STATE-OF-THE-ART 
 

9.1 TESLA’S DIY PHOTOVOLTAIC TILE: GENERAL DESCRIPTION  

 The main purpose of this section is to attempt building a preliminary sample of Tesla roof 

shingles using materials that are cheap and widely available on while keeping as much 

characteristics of the original Tesla’s solar shingle as possible. The information about the new 

photovoltaic technology of solar Tesla roof shingles is almost unavailable. However, using the 

simple anatomy of the Tesla solar shingle accessible in the web, an approximative simple DIY 

model can be made.  

 

Figure 21. The Anatomy of TESLA Solar Tile [21] 

 

 The original Tesla sola shingle is a 6 by 6 inches photovoltaic cell protected by a layer of 

solid tempered glass. Consequently, as a fascinating innovative YouTube channel called Aries RC 

suggested, solar wafers can be purchased and soldered together to eventually make one 6 by 6-inch 

solar cell. The wafers used were four in total and are rated 0.56 V each with a value of 8 current 

amps. Using a voltage converter, those wafers are soldered together to form a single solar cell with 

an overall value of 3.7 volts. [21]. 

 The product constructed so far is characterized by a very high brittleness. Hence, it seems 

only logical for the next step to be ensuring the durability of the soral shingle by protecting the cell, 

so it can support the harsh weather conditions of the outdoors. In order to ensure the protection of 
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the very fragile solar cell, a layer of tempered glass is needed. This latter must be characterized by 

some very specific physical and optical properties, in a sense that it maintains the transparency of 

glass to minimize the losses of solar radiation received by the solar cell on while being able to hide 

the encapsulated solar cell and merge perfectly into the aesthetic structure of the roof. [21]. 

 As a solution, a totally transparent tempered glass is used for protection, this latter was 

trimmed to fit the size of a normal solar shingle and a gasket has been designed using the solid 

works software in order to be handy in gathering all the shingle elements and protect the whole. 

Additionally, four foam spacers were used so as to create a tiny space between the glass and the 

solar photovoltaic cell to prevent possible hardware failures and add an additional layer of shock 

absorption.  

 In order to perfectly appear like a normal shingle on while offering the photovoltaic 

technology, Tesla uses a special glass that has been created using hydrographic coating. In other 

words, Tesla’s solar shingles are dipped in special kinds of paintings to make them seem real on 

while enabling a maximum solar rays absorption by the integrated cell which is equivalent to its 

yield minus 2 % due to the coating. The special thing about these kind of tiles is their capability to 

hide the encapsulated solar cell from the ground eye perspective while being perfectly visible from 

the air.  

 Since we do not have any detailed technical properties that will allow us to create the same 

hydrographically coated glass as that used by Tesla, and because of the fact that the manufacturing 

process of this special glass type is characterized by a very steep cost, it is wiser to opt for another 

more feasible alternative that is both: able to satisfy similar optical and physical properties as 

Tesla’s solar glass, and is cheaper to use in comparison with the hydrographic coating technology 

used in the latter.  

 The physical properties that enable Tesla’s solar tiles to be invisible to the human eyes on 

while receiving the maximum of the solar rays are mainly thanks to the louver coating. Tesla’s 

tempered glass is covered with a micro louver film that is able to act like a group of microscopic 

lines only allowing the sun light to pass through when it is facing the cell at an optimum angle. 

[21]. 
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 A great alternative to the louver coating would be using privacy screens of computers, these 

latter allow the computer monitor to be viewable only at a narrow field of view.  

 Adding some roof heating to the tile is a clever idea to prevent any potential snow buildup, 

which will make the solar shingle suitable to be installed even in places characterized by very low 

degrees of temperature. For this purpose, two small heat pads shall be added to the constructed 

photovoltaic shingle before everything is assembled together by the sealed two layers of tempered 

glass.  

9.2 TEMPERED GLASS MAXIMUM LOAD 

 

 For shielding purposes, a clear tempered glass is used. Two glasses of dimensions 

250mm×230m×0.008m each encapsulate the photovoltaic circuit for the all to for a layered 

“sandwich” protected by the tempered glass in both sides. Figure 22 is an illustration of the two 

shielding tempered glass upper and bottom tile layers.  

 

Figure 22. Tempered Glass Upper and Bottom Tile Layers 

 Thanks to an online maximum glass weight load calculator, the strength of such material is 

found by calculating the maximum load of the tile depending on various criteria such as the length, 

width and thickness as well as the distance between supports. The result that the calculator yielded 

is approximately 1197.78 lbs which is equivalent to 543.3kg. Which happens to be a very 

satisfactory load bearing capacity for a roof tile. Appendix C contains a screenshot of the calculator 

output. 

9.3 HYDROGRAPHIC COATING  
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9.3.1 Process Overview 

 

 The main attribute of Tesla’s solar shingle if the fact that it is able to blend in perfectly and 

merge within the roof without being invisible to the eye. For this purpose, Tesla company has opted 

for a hydrographic coating. Hydrographic coating is the method of applying additional surfaces on 

three dimensional objects. This latter process can be applied on several objects such as metals, 

plastics, woods, glasses etc. Although the hydrographic coating is mostly used for aesthetic 

purposes, i.e. to decorate surfaces, this process can be useful in adding other physical characteristics 

to a certain object for instance reducing the oxidation rate of metals by adding a protective layer 

through coating. [22]. 

 The process goes first through surface preparation, priming, painting all the way to clear 

coating. The object that is going to be subject to hydrographic coating is processed right after the 

painting phase but before the clear coating step. A polyvinyl alcohol hydrographic layer, oftentimes 

called film, being previously gravure-printed using the selected image/visual characteristics that 

are to be transferred to the three-dimensional surface of the object in question, is meticulously 

placed on the surface of the water in which the object is to be dipped in. This latter film is water-

soluble. Hence, it dissolves once an activating solution is applied and poured into the water tank. 

Using water is very favorable because its surface tension permits to the pattern to curve around any 

type of shapes. Additionally, the object’s surface remains clean since any remaining residue can be 

easily rinsed off without the layer ink being washed off since this latter has already adhered. [21]. 

 This adhesion is established by the means of some chemical components. The use of those 

chemical components is mainly forming a sort of activator that softens the surface treated and 

ensuring its bond with the ink layer. Consequently, applying the most adequate amount of activator 

is crucial for a successful hydrographic coating, and failure to do so (either by applying too much 

or too little of it) might result in a failing adhesion between the object’s surface and the layering 

material. [22]. 

9.3.2 Privacy Filter DIY Substitution 

 

 The privacy filter works on restricting the viewing angles to the range where one has to be 

looking normally i.e. right in the front of the screen to be able to see it. This technology has been 
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used in a variety of fields especially for data protection purposes. For instance, one might notice in 

the ATM machines, the visual range is solely restricted to the one performing the account operation, 

while anyone wanting to have a peek at the account balance will see nothing but a black or white 

screen.  

 The working principle of those privacy filter is quite similar to that of the windows with 

vertical blinds. Whenever the blinds are turned so that they are fairly open, the other side of the 

window can be thoroughly seen easily. But if one stands off to the side, he/she will see nothing but 

the surface area of the blind that will obscure the entire window so that the observer can see nothing 

through them.   

 The privacy filters work very similarly to the vertical blinds windows. Yet, on a 

microscopic scale. This technology is oftentimes referred to by manufacturers as the micro-louver. 

Each privacy filter is characterized by the thinness of its blinds. The thinner the blinds the greater 

the amount of light that can pass through. One typical filter contains thousands of microscopic 

blinds that block out whatever is seen in the screen once someone is looking at the screen from an 

angle that surpasses 30 degrees. Figure 23 is an illustration that shows the working principle of the 

micro louver film in the screen privacy filters.  

 

Figure 23. The Working Principle of a Micro-Louver Film for Screen Privacy Filters [23] 

 

9.4 PHOTOVOLTAIC CIRCUIT 

 

9.4.1 Technology Characteristics  
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  To have an approximately similar output as TESLA’s photovoltaic roofing installation 

i.e.5.3W/ft² which is equivalent to 57W/m², 6V 170mA 1W 107*61*3mm high efficiency 

conversion mini solar systems are used. [23]. Figure 24 is an illustration how the solar elements 

look like. The characteristics of the used solar system are as follows: 

▪ Standout Features: 

- Vey good conversion rate 

- High output efficiency  

- Weak light effect  

▪ Electrical and Mechanical Specifications: 

-Product dimensions: 107*61*3mm 

- Material: Polycrystalline Silicon 

- Voltage generated: 6V 

- Current generated: 170mA 

- Power generated: 1W  

▪ Applications: 

- For home lighting 

- Suitable for solar powered water pump, solar power system, etc. [24]. 

 

 

Figure 24. 6V 170mA 1W 107*61*3mm Solar Elements 
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 The eventual solar tile prototype is as illustrated in Figure 25. The main components of 

this latter are the tempered glass for shielding and protection, the privacy screen filter, two heat 

pad to heat dissipation, encapsulated solar PV elements and wires. 

 

Figure 25. Self-made Solar Tile Prototype 

9.4.2 PV Connections Justification 

 

 For the purpose of designing a DIY solar tile the power output per surface should ideally 

approximately reach 57W/m². The aim of this section is to select a system that will abide by the 

surface restrictions of a conventional solar tile on while being able to generate approximately the 

same power per surface output as the TESLA solar shingle. As previously stated the system 

selected is individually rated 6V voltage and 170 mA current. Let’s start by evaluating the possible 

solar panels connections and what are the major differences vis-à-vis both the voltage and current 

outputs. The two general simple layouts of solar panels are series and parallels. For this section’s 

purposes it is best if the solar panel is represented by the following schematic presented in Figure 

26 for simplicity.  

 

Figure 26. Schematic of the PV Element 
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 The plus and minus signs of the schematic mean that the charge on the plus side wire has 

more electrostatic potential energy than the charge on the minus wire. This latter difference is what 

leads to energy flow since the energy wants to move from the plus side into the minus side as the 

convention states. This process is mainly how solar panels give us energy.  

 The previous section gives us an idea about the main electrical characteristics of the used 

mini solar panels which are the maximum voltage, current and thus power. Those latter are found 

by connecting the previous element Figure 26 to a resistor. This latter resistor can be a simple 

resistance as it can be a light bulb, a fan or any other thing that needs to be charged which can also 

be referred to as an energy sink, i.e. a place where the energy goes. This connection will enable the 

current to flow and hence the energy to be released, it is through this simple circuit that the main 

characteristics (Imax, Vmax and Pmax) of the mini solar board are determined through a simple 

current and voltage measurement using an Amperemeter and Voltmeter.  

 Now that the characteristics of the solar board are determined, let us evaluate the different 

possible connections and the outputs and differences of each one. The two layouts evaluated are 

series and parallel connections. To build a solar tile, similar solar boards with the identical 

properties are used. Hence the change in voltage, current and power is done through altering the 

connection type.  

▪ Series Connections: 

 The series connection is having the solar boards lined and connected to each other using 

wires, where the plus of a board is linked to the minus of the other solar board. Figure 27 shows 

the general layout of such connections, assuming our system has n mini identical solar panels that 

have the same voltage and current outputs. 
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Figure 27. Solar Elements in Series Schematic 

 The equivalent voltage of n boards connected in series is nothing but the sum of all the 

individual voltages, while the equivalent current has the exact same value as the individual 

current of a single solar element. Figure 28 shows the I versus V curve of such layout.  

 

Figure 28. I versus V graph of 3 Solar Elements in Series 

▪ Parallel Connections: 

 The Parallel connection is having the solar boards lined and connected to each other using 

wires, where all the plus sides are connected together, and all the minus sides are joined together 

via wires. Figure 29 shows the general layout of such connections, assuming that, similarity to the 

previous section, our system has n mini identical solar panels that have the same voltage and current 

outputs. 
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Figure 29. Solar Elements in Parallel Schematic 

 The equivalent current of n boards connected in parallel is nothing but the sum of all the 

individual currents, while the equivalent voltage has the exact same value as that of an 

individual solar element. Figure 30 shows the I versus V curve of such layout.  

 

 

Figure 30. I versus V graph of 3 Solar Elements in Parallel 

  

 Hence, for an output of 57W/m². Three of the solar elements with the previous 

specifications are required and are to be connected in parallel. Let’s evaluate the theoretical output 

of such connection of which the schematic lies in Figure 31. 
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Figure 31. The Chosen Connection of the DIY Solar Tile 

 

 It is important to mention that the series layout also yields similar power output. Hence, 

the selection of the parallel layout over the series was just a matter of choice. 

𝑃𝑝𝑎𝑟𝑎𝑙𝑙𝑒𝑙 = 𝑉𝑒𝑞  ×  𝐼𝑒𝑞 = 6𝑉 × (0.17 + 0.17 + 0.17)𝐴 = 6𝑉 × 0.51 𝐴 = 3.06 𝑊 

𝑃𝑆𝑒𝑟𝑖𝑒𝑠 = 𝑉𝑒𝑞  ×  𝐼𝑒𝑞 = (6 + 6 + 6)𝑉 × 0.17𝐴 = 18𝑉 × 0.17 𝐴 = 3.06 𝑊 

9.4.2 PV Circuit Theoretical Output per Surface 

 

 The theoretical output per surface of the solar elements only will obviously surpass the 

output of the entire solar tile since both the system encapsulated inside the tile and the whole tile 

are supposed to produce the same power output while the tile occupies a larger surface.  

▪ The theoretical output per surface of the encapsulated system: 

𝑃𝑜𝑤𝑒𝑟 𝑂𝑢𝑡𝑝𝑢𝑡 𝑝𝑒𝑟 𝑆𝑢𝑟𝑓𝑎𝑐𝑒     =  
𝑃𝑜𝑤𝑒𝑟 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑 𝑏𝑦 𝑡ℎ𝑒 𝑒𝑛𝑐𝑎𝑝𝑠𝑢𝑙𝑎𝑡𝑒𝑑 𝑠𝑦𝑠𝑡𝑒𝑚

𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑒𝑛𝑐𝑎𝑝𝑠𝑢𝑙𝑎𝑡𝑒𝑑 𝑠𝑦𝑠𝑡𝑒𝑚
 

                             =  
3.06 𝑊

3 × 0.107 𝑚 × 0.061 𝑚
 

       =  
3.06 𝑊

0.019581 𝑚²
 

   = 156 𝑊/𝑚² 

 

▪ The theoretical output per surface of the PV tile: 
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𝑃𝑜𝑤𝑒𝑟 𝑂𝑢𝑡𝑝𝑢𝑡 𝑝𝑒𝑟 𝑆𝑢𝑟𝑓𝑎𝑐𝑒     =  
𝑇ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝑃𝑜𝑤𝑒𝑟 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑 𝑏𝑦 𝑡ℎ𝑒 𝑡𝑖𝑙𝑒

𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑡𝑖𝑙𝑒
 

               =  
3.06 𝑊

0.23 𝑚 × 0.25 𝑚
 

 =  
3.06 𝑊

0.0575 𝑚²
 

     = 53.22 𝑊/𝑚² 

 

 The output per surface hence is 53.22 W/m² which is near to the output per surface of the 

TESLA solar shingle 57W/m². The drop in the output per surface from 156W/m² (output of the 

system within the tile) to 53.22 W/m² (output per surface of the solar tile) is evident since the same 

output is generated by two different surfaces of which that of the tile is bigger.  

9.4.3 PV Circuit Measured Output per Surface 

 

 The output of the PV tile was measured 5 times during the same day. The current and 

voltage generated by the solar tile is being recorded every 2 hours the tile was taken out to face the 

sun at 8 a.m. The day in which the measurements were held was quite sunny, with a clear sky so 

as to ensure a bigger solar irradiance. Table 5 shows the overall weather characteristics of the 

circuit output testing day.  

Table 5. Circuit Measurements Day Weather Characteristics 

Maximum Temperature 28°C 

Minimum Temperature 12°C 

Average Temperature 20°C 

Precipitations 0.0mm 

Max. Wind Speed 17km/h 

Avg. Wind Speed 8km/h 

Pressure at sea-level 1014.33 hPa  

 

 For this purpose, a multimeter that is able to act like an Amperemeter whenever the current 

needs to be measured and like a Voltmeter whenever the voltage needs to be measured. Figure 32 

shows an illustration of the measurement circuit. 
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Figure 32. Illustration of the Measurement Circuit 

 

 The measurements were taken at 10 a.m., 12a.m., 2p.m., 4p.m. and 6p.m. Table 6 shows 

the output of the 6 measurements.  

Table 6. Tile Current and Voltage Tested Measurements  

Time of the Day Currents Measured Voltages Measured Power Computed 

10 a.m. 0.39 A 4.02 V 1.57 W 

12 p.m. 0.48 A 5.27 V 2.53 W 

2 p.m. 0.49 A 5.51 V 2.70 W 

4 p.m. 0.42 A 4.49 V 1.89 W 

6 p.m. 0.29 A 3.73 V 1.08 W 

Averages 0.414 A 4.604 V 1.91 W 

 

 Hence according to the values obtained, the measured power output per surface of the solar 

tile is as follows: 

𝑃𝑜𝑤𝑒𝑟 𝑂𝑢𝑡𝑝𝑢𝑡 𝑝𝑒𝑟 𝑆𝑢𝑟𝑓𝑎𝑐𝑒    =  
𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝑃𝑜𝑤𝑒𝑟 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑 𝑏𝑦 𝑡ℎ𝑒 𝑡𝑖𝑙𝑒

𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑡𝑖𝑙𝑒
 

               =  
1.91 𝑊

0.23 𝑚 × 0.25 𝑚
 

 =  
1.91 𝑊

0.0575 𝑚²
 

     = 33.22 𝑊/𝑚² 
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9.4.4 DIY PV Tile Efficiency Computation 

 

 In order to compute the efficiency of the photovoltaic tile, the relation below is to be used: 

𝜂 =  
𝐺𝑒𝑛𝑒𝑟𝑎𝑡𝑒𝑑 𝑃𝑜𝑤𝑒𝑟

𝑃𝑜𝑤𝑒𝑟 𝐼𝑛𝑝𝑢𝑡
 

 Both the useful theoretical and measured powers are already computed/measured. Hence, 

in order to compute the efficiency, we need first to calculate the power in, which is basically the 

power coming from the sun into the solar tile.  

 The power of the sun is already measured to be about 1000W/m². Consequently, the 

power input of the PV tile is calculated as follows: 

                                      𝑃𝑜𝑤𝑒𝑟 𝐼𝑛𝑝𝑢𝑡 = 1000 𝑊/𝑚2 × 𝑃ℎ𝑜𝑡𝑜𝑣𝑜𝑙𝑡𝑎𝑖𝑐 𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝐴𝑟𝑒𝑎 

                                                     = 1000 𝑊/𝑚2 × ( 0.107 𝑚 × 0.183 𝑚) 

                                       = 19.58 𝑊                                         

 Consequently, both the theoretical and measured efficiencies of the DIY solar tiles are as 

follows: 

                              𝜂𝑡ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 =  
𝑇ℎ𝑒𝑜𝑟𝑒𝑡𝑖𝑐𝑎𝑙 𝐺𝑒𝑛𝑒𝑟𝑎𝑡𝑒𝑑 𝑃𝑜𝑤𝑒𝑟

𝑃𝑜𝑤𝑒𝑟 𝐼𝑛𝑝𝑢𝑡
          

                           =  
3.06 𝑊

19.58 𝑊
 × 100%           

                           = 15. 63 %                              

                           𝜂𝑚𝑒𝑎𝑠𝑢𝑟𝑒𝑑 =  
𝑀𝑒𝑎𝑠𝑢𝑟𝑒𝑑 𝐺𝑒𝑛𝑒𝑟𝑎𝑡𝑒𝑑 𝑃𝑜𝑤𝑒𝑟

𝑃𝑜𝑤𝑒𝑟 𝐼𝑛𝑝𝑢𝑡
        

                           =  
1.91 𝑊

19.58 𝑊
 × 100%           

                             = 9.75 %                                   

 The 6% efficiency drop can be due to various factors including for instance the wiring 

losses, heat losses, power input decrease due to the louver film (privacy filter), tempered glass 

thickness etc.  
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9.5 THERMAL TESTING 

 

 A thermal testing has also been conducted on the PV self-made solar tile in order to evaluate 

its thermal behavior in a typical Ifrane day. Table 7 shows the characteristics of the day of the 

thermal testing. 

Table 7. Thermal Testing Day Weather Characteristics 

Maximum Temperature 22°C 

Minimum Temperature 8°C 

Average Temperature 15°C 

Precipitations 0.0mm 

Max. Wind Speed 39 km/h 

Avg. Wind Speed 22km/h 

Pressure at sea-level 1012.69 hPa 

 

 The tile was left on the ground directly facing the sun with no shadings from 10 a.m. to 2 

p.m. for a max temperature recording, then pictures of the self-made tile were then taken by a 

thermal camera. Figure 33 shows the photovoltaic tile’s recorded temperatures.  

 

Figure 33. Thermal Imaging of the PV tile 

 

 The highest recorded temperature of the PV tile reached up to 30 °C while the ambient 

temperature was approximately 15°C. Using the FLIR software more detailed thermal information 
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can be retrieved. Appendix D contains the overall results of the tile thermal testing, along with the 

reference point which is the wall upon which the tile was lying that was subject to equal hours of 

solar irradiation.  

9.6 ROOF EFFICIENCY OPTIMIZATION POTENTIAL 

 

9.6.1 Overcoming System Overheating by Water Heating/Cooling 

 

 As shown in the thermal testing, the photovoltaic tile heats up to reach temperature way 

higher than the ambient ones. One way to make the system more efficient would be to take 

advantage of the system’s high temperature and use it to meet other needs of the household. The 

most pertinent problem that the families in the village face is the heating issues. Whether it is water 

heating or heating the house as a whole, one of the solutions would be to install a roof coil heating 

system right beneath the photovoltaic roof. The entire system will act like a heat exchanger 

enabling the cold water to be heated by the thermal energy provided by the photovoltaic roofing 

system on while this latter works on cooling the photovoltaic tile preventing them from overheating 

and hence contributing into increasing their efficiency. Figure 34 shows an illustration of such 

system.  

 

Figure 34. Coil Heating System within the PV Roof  

Adopting this suggested installation will simultaneously: 

▪ Cool down the solar roof which will improve its efficiency 

▪ Heat up the water using the thermal energy emanating from the solar roof 
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▪ Use the heated water circulation to heat up other walls  

9.6.2 Reducing the Wiring Losses 

 

 Since unlike the PV panel installations where the wiring is not that significant, the solar 

roof is made by connecting each tile to the other via wires. Consequently, accounting for the wiring 

losses is quite important in this case.  

 Most people do not consider the wiring as an energy-consuming element for such system 

installations. Yet, it is of a major importance to realize that since wires do have resistance, therefore 

they consume energy. Therefore, smartly sizing the wiring and successfully selecting the most 

suitable diameter for each wire depending on its function is important so as to achieve further 

energy savings. 

9.6.3 The Use of Dummy Shingles  

 

 A dummy shingle is basically a tile that looks identical to the solar tile (the one containing 

an encapsulated solar cell), except that the dummy shingle does not contain within any solar cell. 

This kind of tiles is design to be discreetly integrated to the solar roof. The need for dummy shingles 

has emerged because of the fact that having an entire roof of solar shingle might be more expensive. 

However, the usefulness of the dummy shingles does not just include making the solar roofing 

installation more affordable. This latter component also plays a major role in keeping the solar roof 

cooled down and increasing its efficiency by increasing the natural ventilation. Figure 35 shows 

the process of natural ventilation through the dummy shingles.  

 

Figure 35. Natural Ventilation through in Integration of Dummy Shingles [25] 
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 Thanks to the natural ventilation on the roof, the dummy shingles solution allows a low 

temperature rise tiles and therefore photovoltaic performance optimization. A smart integration of 

the dummy shingles could enable the temperature of the solar roof to be approximately the same 

as the ambient temperature or just up to a few degrees Celsius higher.  

9.6.4 The Smart Solar and Dummy Shingles Placement 

 

 In case there is too much shading that is blocking the sunlight from penetrating into the 

solar tiles, the energy production of the photovoltaic system will be low. Since the bigger is the 

shaded surface, the more the energy output reduces, and the more this latter reduces the longer it 

will take to recoup the return on the initial investment. Hence, it is crucial before installing the 

solar roof to localize the roof points with the highest irradiation potential and accordingly less 

shading effect and dedicate them to the solar shingle while leaving the most shaded roof points to 

the dummy shingles that way the system will benefit from the maximum solar irradiation.  

 In addition to the shading factor, the orientation also hugely affects the output of a solar 

installation. Hence, just like the less shaded areas, it seems only logical for the rate of Solar 

Shingles Number/Surface area to be higher in the roof surfaces characterized with higher solar 

irradiation potential.  
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10. FINANCIAL ANALYSIS  
 

10.1 PROTOTYPING COSTS 

 

 The purpose of this section is to study the cost of the self-made tile prototype. Table 8 

shows the tangible costs of the prototyping by illustrating the material purchased, where it is 

purchased, the quantity purchased, along with the price of every item constituting the self-made 

photovoltaic tile.  

Table 8. Prototyping Costs 

Tile Component Quantity Purchasing Place  Purchasing Price 

Tempered Glass (23cm 

x 25 cm x 9.5 mm) 

2 Traditional Glass 

Seller - Agadir 

20 MAD 

PV cells   3 Garaj Allal - 

Casablanca 

40 MAD/ unit 

Heat Pads 2 Derb Ghallef - 

Casablanca 

7 MAD/unit 

Privacy Screen Filter 

14’’ 

1 Amazon (Purchasing + 

shipping)  

300 MAD 

Electrical Wires 1 roll Marjane - Agadir  8 MAD  

Total Prototyping Cost 462 MAD 

 

 Hence as shows the unit price of the entire prototype is 462 MAD. Which is with no 

doubt a very high price for a single roof tile. 

10.2 COST COMPARITION AND JUSTIFICATION 

 

 Since the photovoltaic tiles are a new immerging technology, comparing their cost and 

efficiency with the cost and efficiency of a normal roofing plus a normal photovoltaic installation 

using panels, is not the fairest way to proceed a financial analysis, simply because there are other 

major variables in the equation that need to be considered. For instance, the PV panels are a 

relatively older solar technology, hence they were present in the market long enough for them to 
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be subject to a lot of technological improvements that tremendously affected their cost and 

efficiency over time. Consequently, the cost comparison analysis and potential price optimization 

study will be conducted with regards to TESLA’s already existing roofing technology.   

 The cost of TESLA’s solar roofing, according to the company’s official website, is 

approximately $21.85/ft² which can be converted approximately to 2156MAD/m² for an average 

American house, making it very competitive with the conventional roofs made with standard, metal 

or slate tiles. In accordance with Musk, covering 40% of an average-sized American home could 

potentially generate 10% to 20% more electricity than the amount that would be generated by a 

standard solar system. 

 For the designed tile, the cost of the prototype is calculated to be 462 MAD/575cm². If this 

cost is to me directly converted to the m². It would be approximately 8000 MAD/m². Which is 

approximately 4 times more expensive than a TESLA PV roof. However, this analysis also lacks 

some points that need to be accounted for: 

▪ The selection of the prototyping components was done mainly based on the proximity 

factor. Hence, the purchase decision of a certain item type was not meticulously assessed 

based on the cost optimization beforehand.  

▪ The retail price is usually more than the wholesale price (Ex. Tempered glass price per 

surface). 

▪ Sometimes the international shipping can cost more than the goods purchased themselves 

(Ex. Privacy Screen filter).  

▪ The price of the items that are not locally manufactured i.e. manufactured in Morocco, can 

encapsulate both the manufacturing price plus the transportation price even if bought 

nationally (Ex. Heating pads).   

▪ The items of which availability is restrained in very few and specific cities may cost more 

than their actual price due to their scarcity (Ex. Solar cells).  

10. 3 POTENTIAL COST OPTIMIZATIONS  

 

 The prototype price can be further reduced by both: opting for material and components 

purchasing strategies and adapting technical and engineering improvements that may reduce the 

need for other expensive manufacturing components. 
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▪ Retail pricing versus wholesale pricing: In such context, one must not be conditioned to 

think about prices as is he/she was the end consumers i.e. considering solely the absolute 

cost of the elements to be purchased, rather than having the business owners’ perspective 

and taking into account the relative cost value of the different purchased elements. Amateur 

businesses end up paying retail when they should be looking for opportunities to buy at 

wholesale mainly because this latter purchasing type offers discount opportunities crucial 

to maintain the longevity of any business.  

▪ Sorting the good costs from the bad ones: A good selection of the potential suppliers is 

a crucial step towards successfully making the best buy. While realizing the prototype, no 

price contrasting approach has been adopted. The only factors that were taken into account 

while purchasing the prototype components are the proximity factor and the delivery time 

factor to be able to realize and test the capstone project before the deadline set. 

▪ Glass Coating: In the tile prototyping attempt, the use of the privacy filter was due to the 

fact that this latter offers the best and most similar optical characteristics as the TESLA’s 

hydrographic coating process outcome, enabling a good amount of light to penetrate into 

the solar cell so as be able to benefit from the best sun irradiation load and generate the 

maximum solar power.  However, in the selection of the computer privacy filter, only the 

optical and technical characteristics that it offers are taken into account, while its steep cost 

was neglected. The cost of the privacy filter alone accounts for 65% of the total prototype 

cost. Hence, it is crucial to be open to other alternatives that can substitute for the need of 

the component in particular, one of which is the glass coating process. This latter various 

processes namely the multilayer anti-reflective coatings, the micro-structured coatings 

and/or the atomic layer deposition technique can be used to provide the tempered glass with 

the same optical characteristics as the filter and consequently remove the dependence upon 

the latter expensive item.   

10.4 POTENTIAL COOPERATIONS AND PARTNERSHIPS POSSIBILITIES 

 

 Since the photovoltaic roofing is a new and recently immerging solar invention, efforts 

should be made to improve this promising technology and why not successfully formulate a village 

house that is a model of a typical energy efficient home which is both very comfortable and able 

to contribute to reducing the electricity and heating costs and improving the local agricultural 
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activities in the region. The following are some contributors whose cooperation will bring a worthy 

stone to the edifice of the project. 

▪ AMEE (Agence Marocaine pour l’Efficacité Energétique): The agricultural sector 

accounts for a significant share of national energy consumption, concentrated mainly in 

irrigation equipment, tractors and engines, dryers and livestock buildings (milking blocks, 

air conditioning and heating systems etc.). Consequently, the cooperation of AMEE will be 

beneficial to the project and will bring many experts’ advice crucial for the success of the 

overall emanating idea.  

▪ Credit Agricole: Crédit Agricole du Maroc, leading bank in the support of professionals 

in agriculture and the agri-food sector. Over the last years, this bank showed a great synergy 

with its customers, which are mainly people working the agriculture sector, and gained their 

trust. Hence, any cooperation with this bank will be a huge added value to the realization 

of this project idea. 

▪ MASEN (Moroccan Agency for Solar Energy): MASEN is a Moroccan company, 

created in 2010 to carry the Moroccan solar plan of production of electricity from solar 

energy. The innovative project of photovoltaic tiles can use the expertise of the human 

resources of the MASEN agency. 

▪ IRESEN (Institut de Recherche en Energie Solaire et Energies Nouvelles): Currently, 

there are approximately 540 Researchers supported by IRESEN. Along with 37 innovative 

projects in progress. Consequently, since well-conducted research is very important for the 

success of global energy endeavors, the cooperation of IRESEN will contribute in bringing 

many researchers’ interest into the latter technology.  

▪ Governmental subsidies: Government subsidies will certainly help the evolution of the 

photovoltaic roofing technology mainly by paying a meaningful part of the cost that 

potential consumers would pay to purchase the photovoltaic service. It is by such actions 

that the end customer, especially village farmer inhabitants, will be encouraged to invest in 

in such innovative technologies and incorporate them in their occupation as well. 

 

https://www.investopedia.com/terms/s/subsidy.asp
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11. WRAPPING UP 
 

11.1 CONCLUSIONS 

 

 One of the main objectives of this project is to study to the energy potential of the roof of a 

typical modest village house of 77m² and compute its approximative electrical energy generation 

per year potential, on while taking into account different variables affecting the end photovoltaic 

output of the system. Using PVSYST software a simulation was run of which the input was the 

geographical location of the village along with the meteorological data of its localization. 

According to the simulation, the electricity generation potential of the house can reach up to 9666 

kWh/year. This value takes into account the different energy losses that might occur in the system 

(wiring, unwanted overheating, shading, etc.). 

 Another important point of this project was to evaluate TESLA’s new photovoltaic roofing 

technology and attempt the reverse engineering process to create a self-made state of the art. The 

material that the photovoltaic tile is made of is justified, and once the prototype has been created 

the testing phase took place.  

 The photovoltaic tile’s maximum load was calculated to be 543.3kg. The electrical test of 

the photovoltaic tile shows that its average power output is 1.91 W while its theoretical one in 3.06 

W. Consequently, the theoretical efficiency of the PV tile is 15.63 % while it real measured one is 

9.75%. 

 A thermal test has also been conducted where the self-made tile was put facing the sun from 

10 a.m. to 2 p.m. then the tile temperature was measured using a thermal camera and found to reach 

up to 30°C while the ambient one did not exceed 16 °C. 

 After the performance of the photovoltaic tile has been tested, some areas of improvement 

of the overall photovoltaic roofing system have been suggested.   

 At the end, a brief prototyping financial assessment was conducted in order to evaluate the 

overall price of the self-made tile which was 463MAD. The latter price was high due to many 

factors notably the selection of the prototyping components was done solely based on the proximity 

factor, the components were purchased in the retail price, the very expensive shipping cost etc.  
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11.2 PROJECT MULTIDISCIPLINARITY  

 

 This capstone project meets the honors requirements since it is multidisciplinary par 

excellence because of various reasons: 

▪ Different regulations and articles of the Moroccan “Bulletin Officiel” that are related to the 

topic of energy efficiency and the domestic electrical power production, have been explored 

meticulously in order to ensure the legal alignment of this project with the Moroccan 

jurisprudence (Section 3.2.2).   

▪ The main aim of the project is to study the solar energy potential that the roofs of the houses 

of a cold small village of Zaouiat Sidi-Abdeslam have, for energy efficiency improvement. 

The thing that will reduce the bill dedicated to heating and electricity and optimize the 

energy efficiency of the household, which will potentially lead the village’s population to 

have a more economical and gracious life style. For this purpose, a social study was 

conducted by setting interviews with the local population of the village (Section 4.3).  

▪ A financial/economic aspect has been explored so as to evaluate the overall cost of the self-

made photovoltaic tile. The steep cost of this latter tile has been justified and potential cost 

optimization possibilities have been evaluated in order to come up with the best price of the 

explored innovative photovoltaic technology (Section 10.1).   

▪ Potential cooperation and partnership possibilities have been suggested so as to move 

forward with the new photovoltaic technology of solar roofs by working on increasing its 

efficiency, lowering its costs and encouraging the end customer to invest in such services 

by offering interesting facilities (credits facilities, governmental subsidies etc.). This latter 

is a crucial point that can lead to the wished-for involvement of the agriculture sector 

especially the farmers that can use this technology not only to satisfy their household needs 

but also to integrate it in their agricultural activities instead of the oil dependence (Section 

10.4).  

▪ The technical side of the project is illustrated by the process of computing the roof’s solar 

energy potential using the PVSYST software and the attempt to build a solar tile and test 

its performance and efficiency in different aspects (Chapters 5 and 9).   
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11.3 FUTURE WORK 

  

 The suggested photovoltaic tile is still subject to many improvements. For instance, as 

illustrated in the different conducted computations and experiments, the theoretical yield of the tile 

is way greater than its measured/actual one. This means that there are many energy losses that are 

preventing the tile from reaching its full potential. Consequently, work can be done to identify and 

decrease the energy losses.  

 The photovoltaic tile’s thermal test shows that, in a normal Ifrane day in which the ambient 

temperature was recorded to be approximately 16 °C, the tile’s temperature reached up to 30 °C. 

This overheating contributes majorly in decreasing the efficiency of the encapsulated solar cells. 

Hence, research should be carried out to find potential possibilities to reduce this overheating. 

 The prototyping cost analysis shows that the cost of the self-made photovoltaic tile reached 

up to 462MAD which is very expensive for a single tile. The same analysis also shows that the 

most expensive component of the prototype is the privacy filter that was ordered online. This latter 

allows the tile to have the same optical characteristics as those of TESLA solar tile. i.e. being able 

to blend in perfectly and merge within the roof without being invisible to the eye on while allowing 

the maximum solar irradiation to enter the cells encapsulated within the tile. However, the cost of 

this latter only represents 65% of the cost of the entire prototype (300MAD). The use of glass 

coating is a promising and less expensive substitution to the filter. Hence, exploring what this 

technique has to offer would be very contributive to the photovoltaic roofing technology.  
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Appendix A:  PROJECT SITE ARCHITECTURAL PLANS  

 

 

 



71 
 

Appendix B:  PVSYST SIMULATION DETAILED RESULTS  
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▪ System Power Distribution 

 

▪ System Performance Index 
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Appendix C:  TILE MAXIMUM LOAD CAPACITY 
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Appendix D:  TERMAL TESTING RESULTS 
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Appendix E:  PROJECT INITIAL SPECIFICATIONS 

 

YOSSRI Widad 

GE 

THE PHOTOVOLTAIC ENERGY POTENTIAL OF ROOFS IN ZAOUIAT SIDI-ABDESLAM 

KHALDOUN A 

Spring 2018 

 

The aim of this capstone is to study the energy potential that a house of Zaouiat Sidi-Abdeslam’s 

roof has, in order to reduce the electrical bill dedicated to heating and optimize the energy 

efficiency of these buildings, which will potentially lead their population to have a more 

economical and gracious life style. 

The analysis process is to be composed of two main parts. First thing first, an analysis of the 

possibility of implementing a PV installation in the roofs in order to use the sun as a renewable 

energy source, in addition to responding to the daily heating needs of the village citizens, making 

them able to produce their own electricity  so as to gain energy autonomy and providing them with 

the opportunity to decrease their monthly spendings in electric bills that could otherwise be used 

to improve the quality of life and/or be invested in the enhancement of the local economic 

development. Consequently, this phase will encapsulate laws and regulations search vis-à-vis the 

country’s standards regarding the personal generation of electricity so as to ensure that everything 

goes in line with the Moroccan jurisprudence. In this phase, an elaborate study is also to be 

conducted to assess the potential of Zaouiat Sidi-Abdeslam’s houses to solar power generation. 

This latter is a multi-criteria assessment in which various criteria come into play such as solar 

radiation, pitch inclination, photovoltaic sizing etc. 

The second part deals with adopting the reverse engineering method so as to identify the most 

pertinent characteristics of TESLA’s new photovoltaic roofing technology and try to create a self-

made solar tile with the similar one, then test its efficiency. 

Different simulations will be conducted throughout the capstone search, and various software 

packaging tools will be used to achieve the above-mentioned purpose among which are, PVsyst, 

FLIR etc. A detailed documentation will be proceeded hand in hand as the implementation, testing 

and research unfold for more accuracy and authenticity.  

 


