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Nomenclature 
  

 

AUI: Al Akhawayn University in Ifrane  

Excl. Taxes: Excluding Taxes or “Hors Taxes” in French 

IDA: International Dark-Sky Association 

Incl. Taxes: Including Taxes or “Tout Taxes Comprises” in French  

kWh: KiloWatt hours  

LED: Light Emitting Diode  

Lm: Lumens 

MAD: Moroccan Dirhams  

STEEPLE Analysis: Social Technological Economical Environmental Political Legal Ethical  

Analysis 

W: Watts 
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Abstract 

 
The objective of this capstone is to perform an engineering study on how to make Ifrane a 

dark sky’s city labeled. A dark sky’s label is given to a city or a reserve that is working to 

preserve the dark night skies and to minimize the impact of artificial light at night. The first 

phase of the project will consist of two parts; the first will be a literature review and the second 

will be a field study of Ifrane. In fact, the current situation of the city will be evaluated, including 

the lighting system of the city, the number of lighting fixtures, their different types used and their 

luminescence. Also, an energy audit will be conducted. In fact, the energy consumption and the 

cost of the regular lighting system of the city will be calculated. 

Then will come the design part of the project. In fact, different solutions will be 

suggested to improve the lighting system, to save more energy, and therefore more money. Also, 

a simulation of the energy consumption and the cost of the new lighting system of the city will 

be done, either with Microsoft Excel, or using a dedicated software. Therefore, enough 

information will be given for the implementation of the project. A cost study comparison will 

also be done in order to calculate the potential energy savings due to the changes in the lighting 

systems.  

Finally, in the last part, a special attention will be given to the economic and 

environmental benefits of implementing this project in Ifrane.  



 
 

Introduction 
 

 

I. General Context  

 
Contemplating the stars has always been an inspiring and thrilling experience. It 

makes humans feel that mysterious link that connects them to the universe. With this 

feeling of infinity and eternity, the spectacle of the night sky connects us to our most 

distant ancestors. Although it seems to have an unchanging appearance, this invaluable 

cultural heritage is threatened with extinction as many people live in city centers without 

ever having had the chance to see the beauty of the Milky Way or the flickering of 

thousands of stars in a night without the Moon. 

This is mainly caused by light pollution, which is a nightly excess of light output 

in an open environment, resulting in degrading the perception of the environment. 

Outdoor lighting fixtures are so numerous and pervasive that they harm the normal and 

desirable darkness of the night causing sky glow. Hence, the goal of my final project is to 

perform an engineering study on how to face the light pollution in Ifrane by replacing its 

current lighting system with an energy efficient and economically friendly one. In doing 

so, Ifrane would become the first dark sky community in Morocco.  

Different solutions and actions will be suggested during my project.  These 

solutions include raising awareness among Ifrane’s community about this dark sky 

project, as well as replacing of the old lighting fixtures with the new ones that respect the 

environment and reduce the sky pollution. A very detailed presentation of this movement 

will be given, including its history, mission, and goals. Also, a simulation of the energy 

consumption and the cost of the new lighting system of the city will be done, either with 



 
 

Microsoft Excel, or using a dedicated software. Taking all these steps into account will 

help for the implementation of this project, and contribute to its development and 

success. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

II. Steeple Analysis  
 
 

Social  

• The aim of this project is to raise awareness among the community of Ifrane 
about light pollution and encourage their actions to fight this issue.  

Technological 

 

• This project is aimed to improve the lighting system of Ifrane by taking 
advantages of all the new lighting technologies.  

Environmental 

• The implementation of the proposed new lighting system will be environment 
friendly.  The new luminaries will protect  the night skies.  

Economic 

• This project will contribute to the development of Ifrane’s economy as it will 
reduce considerably its electricity consumption. It will also attract more tourists 
who would like to contemplate the stars, which will grow the economy.  

Political & Legal  

• As one of my project's goals is to increase the energy efficiency of Ifrane, this 
project's purpose is in agreement with the 47-09 Law that encourages any 
initiative related to energy efficiency.  

Ethical 

• Through my project, I would like to contribute to protect Ifrane's environment 
and sky, by trying to implement an environmentally and dark sky friendly 
lighting system.  



 
 

 

III. SWOT Analysis  
 



 
 

 

Literature Review  
 

 

I. Street Lighting  
 

 Public lighting or street lighting is the set of lighting fixtures used in public spaces, 

inside and outside cities, generally along the roads and squares. Public lighting must first allow 

road users to drive at night with as much safety and comfort as possible. In fact, it helps drivers 

to perceive and distinguish curbs and any obstacle on the road and it also allows pedestrians to 

perceive sidewalks, vehicles and obstacles. Hence street lighting is generally used to improve 

visibility and to avoid traffic accidents and robberies. On the other hand, public lighting can also 

be used to decorate and enhance architectural and historical monuments [1].  

 

Fig.1. Example of street lighting in Ramonville, France [2] 



 
 

  

Fig. 2. Example of monument’s lightinh: Tour Eiffel [3] 

 

1. Components of Public Lighting 

 

 According to the Guide Pratique de L’éclairage Public, the main components of public 

lighting are:  

 Light bulbs: They are usually incandescent or belongs to mercury vapor type’s sources. 

These types of light bulbs are polluting, they have very low energy efficiency and a high 

toxicity toward the environment.  

 Luminaires: These are devices composed of light bulbs and placed on the top of a light 

pole that are used to illuminate specific areas: such as roadways, sidewalks, parks, 

garden, and tunnels.  



 
 

 Supports: Luminaires are placed on supports that can be arranged in the desired position. 

These supports have to be strong enough to resist some external factors such as wind, 

rain, and erosion.  

 The network of electric distribution: it is basically made of the different cables and 

trenches that are used to operate the luminaire [4].  

In order to be considered high quality equipment, luminaires should match specific technical 

characteristics. First, it should have a good efficiency and luminescence. It also needs to protect 

the light bulbs from the dust and rain, in order to preserve their efficiency. Finally, luminaires 

should distribute light only in the areas needed to be illuminated, as illustrated in the figure 

below.  

 

Fig. 3. What are the main sources of light pollution? [5] 

 However, the usual types of luminaires found on the roadways do not respect all of 

these characteristics. Usually, luminaires do not lighten efficiently the areas needed because an 

important part of this light is directed upward and therefore wasted, as illustrated in figure 4, 

which causes light pollution.  



 
 

 

 

Fig. 4. Example of Sky Glow due to excess of lights in the streets [6] 

II. Light Pollution 
 

In the past, night lighting was ensured only by the full moon, torches and small lanterns. 

Since the initiation of gas and electricity, permanent night lighting is preferred, causing gradually 

light pollution. According to the Lighting Research Center, “Light pollution is an unwanted 

consequence of outdoor lighting and includes such effects as sky glow, light trespass, and glare.” 

[7] Light pollution is a form of pollution rarely mentioned because it is not as harmful as more 

conventional forms of pollution, but nevertheless, it is important to know the different causes and 

consequences of this phenomenon.  

1. Factors causing light pollution:  

According to Dr. Rasna Rajkhowa, this form of pollution is directly related to several 

factors: 

 The first factor is the over illumination, which is to the presence of more lighting spots 

than needed in a specific area.  

http://www.lrc.rpi.edu/programs/nlpip/lightinganswers/lightpollution/lightPollution.asp
http://www.lrc.rpi.edu/programs/nlpip/lightinganswers/lightpollution/lightPollution.asp
http://www.lrc.rpi.edu/programs/nlpip/lightinganswers/lightpollution/lightPollution.asp


 
 

 Secondly, some luminaires do not focus light onto the area to be illuminated, so the 

radiation is not redirected to the ground. This results in a direct loss of energy, whose 

deplorable performance also gives rise to poor lighting quality and causes the glare of 

pedestrians or drivers.  

 The operation time is higher than the actual needs. Depending on the location, the 

lighting time should be adapted to the real needs of citizens [8].  

These factors are very frequent due to many reasons such as the citizens’ need to feel in 

security, as well as for esthetic reasons and advertising. 

As stated previously, light pollution is probably the least known type of pollution, but its 

effects are numerous. Reducing light pollution would not only have an impact on sky glow, 

but also on the environment, the economy and even health. 

2. Consequences of Light Pollution  

 

Today, men and women live and work night and day, and it has become essential 

to illuminate cities. However, good lighting practices have never really been promoted or 

implemented. Lighting has become so important to the point where there is almost no 

limit between day and night. This light abuse is justified by the fact that lighting satisfies 

the need of security, commercial promotion or enhancement of the architectural and 

natural heritage.  Nevertheless, it is a real waste of energy and money, and it has many 

negative impacts on the human, the environment, as well as the fauna and flora, as Dr 

Rasna Rajkhowa presented in her article and as illustrated in the figure below. 

 

 



 
 

 

Fig.5. Ecological light pollution is caused by lights at night. Ros, 2007. Web. 23 November 2016 [9] 

 First, it becomes harder for both population and astronomers to observe the stars because 

a sky glow is created due to the excess of light reflected in the sky, as illustrated in the picture 

below.  

    

Fig. 6. Example of Sky Glow. [10] 

 

 

 



 
 

Concerning animals and insects, light pollution can affect their biological rhythms 

and nocturnal activities or migration since they tend to mistake light with the moon, 

which leads to their disorientation. In fact, migratory birds, which have no access to the 

night sky because of brightness excess and which use to orient themselves by the stars or 

the moon, get disoriented during their migration. Artificial lights such as towers kill 

millions of birds annually, either by collision, exhaustion or predation [11]. 

This is why most of insects are very attracted to artificial light, as illustrated in the 

following picture. 

 

Fig.7. Flying Insects attracted to light [12]. 

On the other hand, this form of pollution has significant impacts on both human 

health and ecosystem. In fact, according to Ron Chepesiuk, melatonin, also called "sleep 

hormone" is a hormone produced by the pineal gland in the brain during the night. This 

hormone adjusts sleep cycles and has antioxidant properties. Melatonin rates are very 

high before bed time, but they decrease significantly at a regular exposure to artificial 



 
 

light. A low rate of melatonin causes an increase in estrogen production, which can cause 

breast cancer (Environ Health Perspect, p.117, 2009) [13].  

          

Fig. 8. Melatonin Production during dark night versus day and light at night [14] 

Light pollution is also a source of disruption for plants’ lifecycles: germination, 

growth, and flowering may be affected. Artificial lighting extends the photosynthesis of 

plants and can cause an imbalance in their life cycle. In fact, Deda et al. stated that:  

Trees provide entire ecosystems to numerous animal species. They are harmfully 

affected by light pollution. Trees have to adjust to seasonal alterations, and 

artificial light hinders them from doing so: various trees are kept from losing their 

leaves by light pollution [15]. 

Light pollution is a growing problem that is explained by the low cost energy, lack of 

clearly defined practices, and a misunderstanding of its negative effects.  However, just 

like light pollution effects are very numerous, so are the solutions to reduce this nuisance. 

The fight against light pollution is part of sustainable development as it has a multitude of 

benefits, such as backup of the starry sky and energy savings.  It leads also to an 

enjoyable and safe nighttime environment. The idea of reducing light pollution is often 

interpreted as a need to stop lighting by night, which is actually not the case: reducing 



 
 

light pollution is simply illuminating in a better way.  

3. How to Fight Against Light Pollution?  

 

There are different ways to fight against light pollution. The first step is to raise 

awareness among the communities regarding light pollution, its causes and effects. Also, 

the government could implement new rules and regulations about the installation of 

adequate luminaires. In fact, a new intelligent lighting system aimed to reduce the light 

intensity, adjust the luminaries’ orientation, control time, and limit the blue light should 

be implemented in the whole community. All these actions would decrease light pollution 

and allow the community to discover the natural beauty of the sky. Although light 

pollution is not a much known form of pollution, there exist more and more organizations 

and movements that work to fight against this phenomenon and protect the night dark 

skies. All these actions and initiatives are part of the dark sky concept. 

 

III. Introduction to the Dark Sky Concept   
 

The Dark Sky concept is a movement created by the International Dark Sky 

Association, which is a nonprofit organization created in 1998 in United States. This 

campaign intends to reduce light pollution and therefore to preserve the beauty of night 

skies. The International Dark Sky Association encourages all the initiatives that are 

undertaken by communities that are working to preserve their dark skies. Any city, 

community or reserve that provides with a lighting system that respect the dark sky 

norms will get a Dark Sky certification. In fact, according to the IDA: 

A dark sky community is a town, city, municipality or other legally organized 

community that has shown exceptional dedication to the preservation of the night 

sky through the implementation and enforcement of a quality outdoor lighting 



 
 

ordinance, dark sky education and citizen support of dark skies. Dark Sky 

Communities excel in their efforts to promote responsible lighting and dark sky 

stewardship, and set good examples for surrounding communities [16].  

1. Dark sky designation’s criteria:  

According to their official website, to receive the Dark Sky designation, a 

company should have all the following criteria: 

- All the luminaires should contain LED light bulbs with a temperature lower or equal 

to 3000 K. 

- The light emitted by the luminaire should be directed along the horizontal, meaning 

that no light should be diffused in the sky.  

- Light should be tested in labs to meet all the dark sky and safety standards.  

This Dark Sky Designation is an added value to the community because it would 

attract more tourists, who will be interested in contemplating the beauty of a starry 

sky. It will also help at an economic level as the new lighting equipment would be 

ecofriendly and energy efficient.  

Accordingly, as part of my capstone, I would like to perform an engineering study 

on how to make Ifrane a Dark Sky Community and an energy efficient city. Ifrane is a 

small city located at an elevation of 1700 meters in the Middle Atlas region of Morocco. 

It is considered one of the cleanest cities in Morocco. However, like every other city, 

Ifrane suffers from light pollution. In fact, for security reasons, a lighting system is 

implemented when the sun goes down. However, much of this energy is wasted, going 

upwards and causing sky pollution, instead of down where it is needed.  

The picture below shows the actual diffusion of light through a luminaire in Ifrane.  



 
 

 

Fig. 9: Example of luminaire found in Ifrane 

2. Case study: Flagstaff, the First Dark Sky City in the World.  

 

There are currently several dark sky labelled cities, especially in USA, Canada, 

and Scotland. Flagstaff and Sedona in Arizona are the most popular Dark Sky Cities 

because of the beauty of their starry skies. The figure below illustrates the observable 

milky way of the San Francisco’s peak, in Flagstaff, Arizona.  



 
 

 

Fig. 10: Flagstaff’s sky full of stars [17]. 

Steve Owens, in his journal called the Dark Sky Diary told the story of Flagstaff 

dark sky’s designation.  

In 1958, Flagstaff’s government decided to set lighting standards for the city’s 

inhabitants. In fact, luminaires with incandescent light bulbs or any light type that would 

diffuse light into the sky were strictly forbidden in the whole city, and any person who 

would violate these rules would have to pay a $300 fees and would risk up to 90 days of 

jail. Steve Owens affirms that he could notice gradual differences in the sky over the 

years. In 2001, Flagstaff was designed the first Dark Sky City in the world. The author 

argues that today, Flagstaff is not only special with its clear and starry sky, but also with 

its community that is devoted to maintain its environmental wealth [18].  

This story shows that getting a dark sky designation is possible when efforts are done by 

both the city’s leader and citizens.  

Hence, through my capstone project, I would like to perform an engineering study on 

how to make Ifrane a dark sky’s approved city. 



 
 

IV. Feasibility Study of the Project 

The feasibility of my project will cover two areas. The first one is the technical 

feasibility. In fact, this part mainly deals with the new technological improvement in the 

lighting market. Therefore, a special focus should be dedicated to this part as it is the 

basis of our study. A strategic research should be done in order to find the ideal lighting 

products, technologies, and software to implement efficiently this project.  

The second area of the project is the economic feasibility and it is aimed to 

consider the feasibility, cost, and benefits associated with the project before getting any 

financial resources. In fact, getting a Dark Sky Label requires the implementation of a 

new lighting system that respects the environment, which costs a lot of money but save 

energy at the same time. Therefore, an economic study of the project will be done in 

order to calculate the costs, the savings and the payback period for this project. This 

economic analysis will be performed using Microsoft Excel or any other dedicated 

software. 

 

 

 

 

 

 

 

 



 
 

Design of the Project  
 

  

I. Current Lighting System 
 

1. Description:  
 

Before starting the implementation of my project, a field study of the city is 

necessary. It consists on collecting detailed information about the lighting system of 

Ifrane, such as the power, the type and the price of the luminaries. These data are the 

basis of our calculations and comparisons.  

To collect accurate information, I contacted Mr Hammo, chief of the technical division in 

the Province of Ifrane in order to get the information about Ifrane’s lighting system. The 

information I managed to collect is illustrated in the table below:  

 

According to the information given by Mr. Hammo, the type of lamps used in Ifrane is 

mercury vapor lamps. These lamps are composed of mercury and argon and are mainly 

used in street lighting. Three different lamps’ powers are found in Ifrane: 250W, 125W 

and 70W, emitting respectively 12700, 6200, and 3600 lumens.  

 

CURRENT LIGHTING 
SYSTEM 

Power  250 W 125 W 70 W 

Luminescence 12700 lm 6200 lm 3600 lm 

Quantity  1200 400 350 

Price / Luminaire (MAD) 4000 4000 2000 

Price Excl.Taxes (MAD) 4 800  000 1,600,000 700,000 

Price Incl.Taxes (MAD) 5,760,000 1,920,000 840,000 

TOTAL PRICE (MAD) 8,520,000 

     



 
 

Around 1200 luminaires of 250W are used to illuminate the large boulevards of the city.  

Also, around 400 lamps of 125W are used to illuminate the streets of the city, while 350 

lamps of 70W are used to light the city’s gardens. Note that the 70W luminaires used in 

Ifrane’s gardens meet the sky’s quality standards because light is directed on the floor, 

and not reflected in the sky. However, as the goal of this project is also to increase the 

energy efficiency of the city, economical lamp types will be suggested to replace the old 

ones.  

2. Economic study:  

 

a. Cost of implementation  
 

 Before suggesting a new lighting system for the city, it is necessary to 

calculate the cost of the current system in order to get an idea about how 

profitable the proposed system should be.  

The 1200 luminaires used to light the large avenues cost around 4000 MAD per 

unit, so we have:  

                                                                     

                

The 400 luminaires used to illuminate the streets cost also around 4000 MAD per 

unit, so we have:  

                                                                              

Finally, the 350 luminaires used in the gardens of the city cost around 2000 MAD 

per unit, so it gives: 

                                                                          

The total cost is then:  

                                                              

               

 



 
 

Therefore, the current lighting system of the city costs around 8,520,000 MAD, 

and the installation prices are included.  

b. Annual electricity bill  

 On another hand, an estimation of the cost of the total annual electricity 

consumption is necessary for our cost study comparison.  

For that, I basically used an Excel lighting tool that estimates the lighting hours of 

a city based on its location. Lighting was set to start one hour before sunset and 

end one hour after sunrise for security reasons. As I am mainly interested to 

estimate the electricity consumption within a year, I took the number of lighting 

hours from January to December 2015 as a reference for my calculations, and I 

got the following information:  

 

 

 

 

 

 

 

 

 

 

 

 

 

     
Exclude day FALSE 

 



 
 

 

According to the result found above and based on last year’s calculations, we can 

conclude that on average, the city is illuminated around 5045 hours per year or 421 

hours per month. 

 
 

 
 
Options 

   

Summary 
Results 

  

 
 

Location 

   

Sum of Lighting Hours 
/day 

 
 

 
Geo location Ifrane 

  
Date to use Total 

 

 
Location matched: Ifrane, Morocco 

  
01/01/15 489.27 

 
 

Latitude: 33.5228062 
  

01/02/15 420.39 
 

 
Longitude: -5.1109552 

  
01/03/15 434.71 

 
 

Time Zone Found 0.00 
  

01/04/15 389.50 
 

  
Morocco 

  
01/05/15 375.29 

 
   

01/06/15 349.85 
 

    
01/07/15 368.04 

 
   

01/08/15 391.52 
 

    
01/09/15 408.59 

  

 
 

    
01/10/15 454.23 

 

 

Lighting Pattern   
  

01/11/15 466.65 
 

 
Hrs after Sunset (decimal): 1.0 

  
01/12/15 496.75 

 

 

Hrs before Sunrise 
(decimal): 1.0 

  
Grand Total 5044.78 

 

 
Exclude Specific Days:   

     

 

Use Summer Time or 
Daylight Savings: No 

     

 
Summer Time Starts: 0 

     

 
Summer Time Ends: 0 

     
        
        

 
 

       

 
Output   

     

 

Initial Date and format for 
output 01/01/15 

     

 
Frequency: 

Monthly (first day of 
month) 

     

 

Weekly data begins/ends on 
a: Monday 

     

 
Length of Data: 1 Year 

     

 
1 365 

     



 
 

Therefore, the electricity bill calculation will be done using a fixed rate of 1.3101
1
 

MAD/kWh. 

- Annual energy consumption cost for the 250W luminaires:  

                
                

    
                

                    

- Annual energy consumption cost for the 125 W luminaires:  

               
                

    
                

                   

- Annual energy consumption cost for the 70W luminaires:  

              
               

    
                

                  

 Therefore, the total cost of the annual energy consumption is:  

                                         

 

 

 

As shown above, the cost of annual electricity consumption of the current lighting system 

is around 2,475,240.715 MAD. 

 

 

                                                           
1
 This information was found in ONEE’s official website  

                                               

                   

 



 
 

A lamp emits a certain amount of light, but a part of it is lost either through the 

lighting fixture with the heat or towards the sky. So the choice of the luminaire’s design 

is very important since it optimizes the light generated by the lamp.  Lighting beyond the 

areas needed often causes increases the amount of light reflected to the sky.  Therefore, in 

this part of the project, the implementation of a dark sky friendly and energy efficient 

new lighting system for Ifrane will be simulated.  

II. Proposed lighting system 

1. Description 

For this proposed lighting system, I chose to replace the current luminaires with 

new ones with a different design such that the light emitted is directed only towards the 

necessary areas. Also, the regular light bulbs will be replaced with LEDs.  

LED is the acronym for light-emitting diode, and it is an electronic device that converts 

electricity into light. Its applications are very numerous, as it can be used for mobile 

electronics, automobiles, signaling and lighting, and it has a lot of advantages compared 

to the conventional light bulbs.  

2. Comparison: Conventional Light bulbs versus LED  

According to LED Head Lights Pro website, there are several advantages to LED 

lighting as illustrated in Table 1. 



 
 

           

Table 1. Comparison between High Intensity Discharge bulbs versus LED bulbs [19] 

 LED bulbs have a much longer life span than discharge light bulbs. It is also more energy 

efficient as it consumes less energy and it has a better luminescence than discharge 

lamps.  

 LED bulbs operate in very low voltage, which makes their operation very safe. On the 

opposite, high intensity discharge lamps function under higher voltages and temperatures.  

 Finally, LED bulbs are environmentally friendly because they are not made of mercury 

and are recyclable as harmless wastes on the opposite of the discharge lamps [20]. 

 Another important point to consider is the effect of LED on fauna and flora. According 

to Philips website, LED bulbs do not contain UV rays, so they don’t attract insects, which 

reduces the risk of disorientation and even collision.   

Concerning flora, studies have shown that the colors emitted by LED bulbs influence the 

development of the plant [21].  



 
 

A plant needs red light to bloom and blue light to grow, as illustrated in the graph below.  

Fig. 11. Effects of light on Plant’s development [22] 

This clearly shows that LED bulbs do not have the same harmful effects on fauna and flora 

as high intensity discharge lamps.   

3. Implementation 

Before performing the economic study of my project, I contacted several lighting 

companies and I asked them for an estimation of the cost of the lighting system I propose. 

These new luminaires should have a lower power and therefore consume less energy, but 

they should have an almost equal luminescence. This new lighting system I am seeking 

consists of:  

 1200 luminaires with a power less than 250 W and a luminescence greater or equal to 

12700 Lm. 

 400 luminaires with a power less than 125 W and a luminescence greater or equal to 

6200 lm.  



 
 

 350 LED light bulbs with a power less than 70 W and a luminescence greater or equal 

to 3600 lm.  

Following my call for tender, I managed to gather an estimate from two companies 

specialized in lighting in Casablanca, respectively Green Light Engineering and Electro 

Koutoubia as shown in the appendix. Based on a performance to price ratio, the estimate 

of Electro Koutoubia was the most interesting and profitable one. The system proposed 

by the company would consist of: 

 1200 LED luminaires with a power of 125 W and a luminescence of 13356 lm. 

 400 LED luminaires with a power of 60 W and a luminescence of 6840 lm. 

 350 LED light bulbs with a power of 45 W and a luminescence of 5400 lm.  

The detailed estimation prepared by Electro Koutoubia is shown in Figure 1 of the 

appendix, and the new luminaire it proposed is illustrated in the figure below. The 

luminaires that will be used for large boulevards and small streets will have the same 

design, but their power and luminescence will be different. 



 
 

 

Fig. 12: New Luminaire suggested by Electro Koutoubia Lighting Company [23] 

4. Other Alternatives proposed 
 

The lighting system I currently propose for this project is not the only one 

available in the market. There are many other luminaires with different design, power and 

luminescence that could fit into this project. My choice was based on a quality to price 

ratio, as this project should be profitable for Ifrane, but also on modernity of the design, 

and on the high efficiency of the device. Hence, another type of luminaire I would 

suggest is the ALL IN ONE SOLAR STREET LED LIGHT. According to PoweritSolar 

Company’s website, it is a device composed of a LED, a Lithium battery and a 

Photovoltaic Solar panel. It basically produces electricity by absorbing the sun, and it 



 
 

contains a motion sensor as it reduces its lighting power by 30 % when no motion is 

detected.  

This lighting equipment is very easy to install, as no cables are needed, it is also 

environmentally friendly because it uses the sun to produce electricity [24]. However, 

according to Electro Koutoubia Lighting Company, at a power of 60W, this device costs 

around 7000 MAD, which is more expensive than the other alternatives. Also, in case of 

technical problems, the maintenance can only be done by the manufacturing company, so 

it would take time to solve any technical issue, which would affect the public safety. 

Below is a picture of the three in one luminaires that could be used for this project.  

  

Fig. 13. All In One Solar Panel [25] 

  

 



 
 

5. Economic study: 
 

a. Cost of implementation 

 

 The 1200 luminaires used to light the large avenues will cost around 3500 

MAD per unit, so we have:  

                                                        

                 

The 400 luminaires used for the smaller streets cost also around 2000 MAD per unit, so 

we have:  

                                                             

Finally, the 350 luminaires used in the gardens of the city don’t need to be changed, 

only the regular light bulbs will be replaced by LED bulbs, which will cost around:  

                                                            

The installation of this new system will cost 195,000 MAD, so the total cost of this 

project would be:  

                                                                        

              

CURRENT LIGHTING 
SYSTEM  

Power 120 W 60 W 45 W 

Luminescence 13356 lm 6840 lm 5400 lm 

Quantity 1200 400 350 

Price / Luminaire (MAD) 3500.00 2000.00 400.00 

Price  Excl.Taxes  (MAD) 4,200,000 800,000 140,000 

Price Incl.Taxes (MAD) 5,040,000 960,000 168,000 

TOTAL PRICE  Incl.Taxe 
(MAD) 

6,168,000  



 
 

Therefore, the implementation of the current lighting system of the city cost around 

6,363,000 MAD. 

b. Annual electricity bill    

  

Annual energy consumption cost for the 120W LED luminaires:  

                     
    

    
                        

Annual energy consumption cost for the 60W LED luminaires:  

                   
    

    
                      

Annual energy consumption cost for the 45W LED luminaires:  

                  
    

    
                      

Therefore, the total cost of the annual energy consumption is:  

                                           

             = 1,214,487.45 MAD  

Although calculations have been done for the cost of annual energy consumption, it is 

necessary to get an idea on how the monthly electricity consumption would differ from 

the current lighting system to the proposed one. Hence, below is the graph representing 

the monthly electricity consumption of Ifrane using the current and the proposed 

lighting system. It is clearly noticeable that this consumption will be reduced by almost 

half if the proposed system is implemented.  



 
 

  

Fig. 14. Electricity consumption: Current versus Proposed lighting system 

 

III. Cost Study Comparison:  
 

  The implementation of this dark sky friendly system will cost 6,363,000 

MAD, which means that the proposed system is less expensive than the current one that 

costs 8,520,000 MAD. Hence, for our cost study comparison, we will calculate the 

percentage difference between the cost of the current lighting system and the proposed 

one, and we will estimate the number of years needed to make this investment profitable. 

 We have:  

 Percentage difference = 
                     

         
          

The lighting system proposed in my project is 25.3 % less expensive than the current 

one.  

Now, to calculate the return on investment, we need to estimate the cash savings from 

the new system. 
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Cash savings =                                                                                  

 Cash savings =                    1,214,487.45 MAD = 1,260,753.26 MAD   

Therefore, if this project is implemented, the annual lighting electricity bill will be 

reduced by 1,260,753.26 MAD; therefore, the return on investment will be calculated 

as follow:   

Return on Investment =  
                   

                  
  

Return on Investment = 
          

            
                 

Based on my calculations, this project would be profitable for the city of Ifrane in 

almost five years. This shows again that the implementation will not only be profitable 

environmentally, but also economically.  

 

 

 

 

 

 

 

 

 

 

 



 
 

Assessment part:  
 

I. Environmental and economic impacts of this project 
 

1. Economic effects:  

 

Ifrane will benefit from the dark sky label in several ways. First of all, as stated in the 

economic study, replacing the current lighting system of Ifrane by the new one I proposed 

previously would reduce the electricity bill of the city by almost 50%, and this investment would 

be profitable after 5 years. Also, the Dark Sky Label would bring more tourists to Ifrane, which 

is already known to be very touristic in Morocco. This would contribute considerably to the 

economic growth of the city as well as its development. 

2. Environmental effects:  

Environmentally speaking, if the proposed lighting system is implemented, the new 

luminaires installed will illuminate the necessary area only, which means that light will not be 

diffused in the sky, and this will reduce sky glow. Therefore, light pollution will be reduced 

considerably, and inhabitants of the city will be able to explore the beauty of a starry sky, as 

illustrated in Figure 15.  



 
 

 

Fig. 15: Change in lighting system and its effect on the sky [26]. 

Finally, one of the environmental benefits of this project is a reduction in the CO2 

emission. In fact, as the proposed system is energy efficient, the consumption of kWh will 

decrease, which means that the emission of CO2 will decline as well. According to Brander et. 

Al, 0.731211458 kg of CO2 is generated per kWh of electricity produced [27]. Based on the total 

number of lighting hours per year we have:  

a.  Current Lighting System:  

 

The amount of CO2 carbon produced in one year =  

Electricity factor in  
        

   
  *  

       

     
  

       

     
  

      

     
    

=              
             

    
  

            

    
 

           

    
                       

 



 
 

b. Proposed Lighting System:  

The amount of CO2 carbon produced in one year = 

Electricity factor in  
        

   
  *  

       

     
  

      

     
  

      

     
    

= (             
             

    
  

           

    
 

           

    
   

= 677,846 kg of CO2  

The percentage change in CO2 emission = 
                   

         
 * 100 = 51 % 

Hence, calculations show that the implementation of a new dark sky friendly system will not 

only reduce light pollution, but it will also reduce the CO2 emissions per year in the city, which 

is actually one of the biggest environmental concerns of the country.  

Below is a comparison between the CO2 per month using the current and the proposed lighting 

systems. Again, it is clear that the monthly CO2 emission is reduced by half every month from 

the current system to the proposed one, which shows again that this project is environmentally 

friendly.  
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II. Limitations and risks of this project  
 

 A project consists on carrying out a set of actions to fulfill a defined objective, within 

the framework of a specific mission. Managing a project consists of organizing and monitoring 

each project action in order to meet the deadlines, costs and quality required, and it is generally 

the role of the project manager.  

 Risk is an integral part of project management. Any change or innovation generates 

uncertainties. Hence, the potential risks must be adequately controlled in order to achieve the 

objectives set. The project proposed in this capstone will benefit Ifrane considerably, both 

economically and environmentally; however, as for every project, there are some risks that could 

be encountered prior to its implementation. In fact, these risks are related to: 

 The cost of the project: even though this project will help the city save 50 % of its 

annual electricity bill, the city’s government may not have the necessary budget 

or may have other ongoing projects to invest on.  

 Lack of interest: the town’s leaders may not be enthusiastic about the idea behind 

the project. 

All these factors could slow down the implementation of this project, which is why it is 

important to consider these unforeseen conditions.  

 

 

 

 

 



 
 

Conclusion 
 

 The work presented in this capstone report is the result of a semester of work and 

motivation. After four years of Bachelor in Engineering, I had to perform an engineering study 

on how to increase the energy efficiency of Ifrane, and how to make it a Dark Sky city. 

Basically, the goal of my project was to suggest a new lighting system for Ifrane that would be 

environmentally friendly as well as cost effective. The study of this project was divided into 

many steps, respectively; literature review and analysis, research, study of the existing situation 

and finally study of the alternative solutions.  It was not an easy task but I had all the necessary 

tools to solve the problem that was issued in my project. This was an opportunity for me to 

consolidate my achievements in engineering as well as management classes. The development of 

this project allowed me, on one hand, to deepen the knowledge I acquired in Al Akhawayn 

Univiersity, but also to get a more concrete idea about the engineer’s roles during a project. From 

a personal point of view, this project has been very rewarding for me as I had the opportunity to 

work on a project related to the city where I studied and lived during four years. I do hope that 

my work was satisfactory and that it will benefit Ifrane in a near future. 

 

 

 

 

 

 

 



 
 

Appendix 
 

 

Electro Koutoubia’s estimate of the price of the proposed lighting system 

 



 
 

 

Green Light Engineering’s estimate of the proposed lighting system’s cost 
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