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Abstract        

 

The environment is deteriorating all over the world. Over time, non-renewable 

resources declined considerably. In addition, due to climate change, the water resources 

are regressing, and the overall temperature is rising. In order to ensure a great future to 

our descendants, we have to find some solutions to solve the current energy and water 

issues. This is why we chose to make Ifrane a Green Smart City, which implies that the 

city will become sustainable and self sufficient on the long run.  For efficient electrical 

energy consumption in the public lighting, we will be using LEDs, dimming, and 

twilight switch technologies. These latest technologies will help us make no less than 

79% of cost savings compared to what the city of Ifrane is actually paying. Thus, the 

city will be able to make almost 2.7Million MAD of savings over the 3.4Million MAD 

paid originally. Also, on what concerns the water use in green spaces, we will introduce 

some solutions, such as the solar photovoltaic water pumps which will reduce the cost 

for watering. In addition, we will establish the optimal watering and smart watering 

systems in order to decrease the water consumption of the city by approximately 36% 

and to suppress the water pumping cost. Other initiatives can also be implemented to 

further render Ifrane a green city such as a linear economy for waste management; 

however, time did not allow us to look into them in details. 
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I- Introduction  

In the last years, we heard about and saw many environmental friendly movements whose 

missions are to protect the environment, which was destroyed by humans. In addition, we have 

seen the development of this new green smart cities trend around the world. While, the green 

cities are sustainable and are known for their energy efficiency, renewable based technologies, 

and their low waste.  The smart cities distinguish themselves by the use of the internet of things 

and information and communication technologies to secure and ensure the city management in 

general and the energy consumption management in particular. 

On one hand, Morocco is working on an energy efficiency strategy for 2030 in order to 

decrease the energy consumption of the country by 25%.  On the other hand, Ifrane is the cleanest 

city in Morocco; since, few years ago, it was rated the second cleanest city in the world. In 

addition to that, Ifrane is one of the favorite touristic destinations in the country. For these three 

main reasons, we thought of redesigning the city of Ifrane to make it become the first Green and 

Smart City in Morocco. To do so, we will focus on three aspects of the city, which: are the public 

lighting, the water use in green spaces, and the solid waste management.  

The aim of the project is to suggest a restructure model of the aspects of the city cited 

above to make it the first Moroccan Green Smart City. In order to do so, we will follow three 

steps.  First, we will analyze the electrical energy consumption of the city by studying the types 

of uses and by computing the losses, in order to propose the latest technologies to generate 

electrical energy and cost savings. Next, we will study the use of water in green public spaces and 

evaluate the costs and the type of water used, before introducing some automatic savings 

mechanisms. Last, we will propose the most adequate solution for an efficient solid waste 

management.    

II- Review Literature 

1. Green Smart city 

In the recent years, we have witnessed a tremendous change towards greener solutions. These 

solutions come as responses to issues of climate change, pollution, and environmental 
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sustainability. As humans, we have realized that our sustainability as a specie is intrinsically 

linked to our planet. Our biological and environmental impact as individuals is so significant that 

green solutions for households do not suffice anymore. In fact, greener homes are not enough to 

tackle our current environmental challenges; therefore, a new tendency around the world has 

emerged Green Smart Cities. Because people are increasingly aware of the dangers of pollution, 

sustainable and smart cities are starting to appear like the Holy Grail for environmental and 

energy experts. While it is better known among experts, people are become more and more aware 

of the implications of these environmental complications. 

2. Green Cities 

A green city is a city, which can offer to its people a clean and healthy environment insofar as 

they can benefit from pure and non-polluted air. Furthermore, solid waste is handled, treated, and 

processed efficiently so that the environmental imprint of the city is cut down significantly. An 

individual residing in a green city will do so because the city is green and sustainable: it features 

vast, spacious and luxuriant green areas and makes use of land very efficient. In terms of 

energetic expenditures, the green city must be energy efficient and sufficient, meaning that the 

city’s usage of energy should be efficient as well as self-sufficient: the city must produce its own 

energy [1]. The green cities’ main objective is to develop and maintain sustainability in all the 

major domains such as education, health, science, and businesses that represent the future of the 

societies. Developing Green cities will not only help improve the societies’ living conditions, but 

will also help develop the cities in their regional context. “Therefore, the focus of the green city is 

not just solely on energy supply and efficiency, future-viable transport services, targeted 

economic development, aspects of environmental protection and the preservation of recreational 

areas and natural spaces are recognized as important and necessary components” [2].  

During the last few years, the demand for energy had increased considerably. That is mainly 

due to the increase of the global population and of needs, such as lighting, transportation, heating 

and others. Because of this relentless increase, there needs to be an equal response in terms of 

supply, especially regarding energy. However, since the “societal development continues to 

depend on access to energy, three issues surrounding it have changed the way we think about it 

and use it. These are  (i) security of supply, (ii) price, and (iii) the carbon intensity of our 

development trajectory” [3]. These latter concerns have risen as a response to environmental 
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changes and fluctuations, which in turn tells us that our perceptions of energy usage and energy 

efficiency need to be reexamined. According to Figure 1, there are different issues and 

considerations that will affect the different aspects of the energy use.  

 

Figure 1: The Issues and the Considerations for Different Aspects of Energy Use 

 Supply of Energy issues 

Due to a lack of resources, most of the cities around the world are very dependent on 

external energy suppliers – electricity, coal, and oil supply. In fact, the “global demand for energy 

is increasing rapidly and is forecasted to grow by 1.2% annually between 2010 and 2035” [3]. 

However, most energy sources nowadays are non-renewable and consist mainly of fossil fuels, 

thus, they are of a finite nature. When considering energetic supply security, the main concerns 

are as shown in Figure 1 and “include (a) the type(s) of fuel to be used and their source(s) of 

supply, (b) the degree of diversification of the energy supply by fuel type that is desired, and (c) 

the geopolitical context and changes in it that impact the supply of energy” [3].  

 Price issues 

Due to the continuous development around the world, the demand for the different types 

of energies have been increasing considerably on a continuous rate, which make it harder for 

users to take cheap, efficient and green decisions. Consequently, the prices of the different 

energies appreciated. The security of supply and the price issues is inherently linked; however, 

the conventional pricing methods for energy have rendered renewable energies much more 
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expensive than fossil fuels (Figure 1). This makes the transition from fossil fuels to renewable 

energies harder for developing countries. [3]. 

 The carbon intensity  

The abovementioned low carbon intensity framework as understood through the factors of 

security-of-supply, price-issue and climate change pollution issue can be assessed with the 

following components:  

“(a) choices regarding renewable energy technology, 

(b) The degree of support given to the latter,  

(c) The means of integrating renewable energy technology into the existing energy supply,  

(d) Development of technologies that further enable reductions in carbon-intensive, energy-

use patterns” [3] 

 Energy Strategy 

The energy strategy would implement an efficient use of the current energies: improve 

public transportation to decrease the number of private cars, decrease the consumption of 

electricity…. Furthermore, it would also focus on renewable energies insofar as cities should 

invest more in order to create their own energy and in return decrease their dependency towards 

fossil fuels and external sources of energy.  

2.1. Transportation in green cities 

The quick expansion of cities makes it so that transportation is paramount in urban 

infrastructures. Transportation is one of the most necessary needs for humans in order to work, to 

access public services ( hospitals, schools,..), to travel, to transport goods….To better the living 

conditions of people in the developing cities and to turn the cities green, it is essential to convince 

people to renounce their private cars and use public transportation. As shown in Table 1, the non-

sustainable transportations have many bad impacts on the living space, the energy security, the 

climate, and others. This is why alternative solutions should be developed such as green private 

cars and secure and comfortable green public means of transportation. Sustainable transport 

presents different kinds of options for users such as “a complementary package of public 
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transport, quality footpaths and cycle ways, vehicle-restriction measures, clean fuels, safety 

programs, and high standards” [3]. 

Table 1: The impacts of the Non-Sustainable Transportation on Different Aspects 

 

2.2. Water issues 

Another consequence of the increase of the world population and climatic change is the 

decrease of water availability. Water, until recently, has been always been seen as an abundant, 

available and renewable. Because water is a prized commodity, threats to its availability represent 

a global concern. At the regional scale, threats to the availability of water are mainly concentrated 

around riverbeds and cities [3]. Because water is used for various purposes such as domestic, 

industrial and public, threats to its abundance constitute threats to the functioning of society 

itself. However, the activities that consume the most water are agriculture and public green 

spaces watering. For these two types of uses, the water is usually misused and wasted.  

2.3. Solid Waste Management  

As the world’s population grows rampantly, so does the solid waste produced by the 

population. It is a serious concern for the environment. Most of the cities around the world either 

incinerate the waste or just stack them in open dumpsites, which induce water and air pollution. 

“The methods currently employed for managing the bulk of the waste generated in Asian cities 

will not be sufficient to manage the projected volume of waste that will be generated as a result 

of rapid rates of population growth and economic development”. Therefore, to solve the current 
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problems of waste management, many solutions have been implemented such as the circular 

economy which is based the on the 3R (reduce, reuse and recycle) principle and which creates 

biogas for energy production and as a substitute for fuel [3]. 

3. Smart city 

The Smart cities are developing over time. They generally represent cities around the world 

that use the IoT (internet of things) and the ICT (information communication technologies). The 

IoT and the ICT are communication tools that replace the traditional telecommunication wires. 

These communication tools can be used to manage every aspect of the city.   

3.1. Smart City Concept 

“According to Caragliu, the city becomes smart, when investments in human and social 

capital and traditional and modern Information and Communication Technology (ICT) fuel 

sustainable economic growth and a high quality of  life, with a wise management of natural 

resources, through participatory governance. Mohanty considers Smart City as a place where 

traditional networks and services are made more flexible, efficient, and sustainable with the use 

of information, digital and telecommunication technologies, to improve its operations for the 

benefit of its inhabitants” [4].  

3.2. Systems for a Smart City  

A smart city is an intricate web of connections, infrastructures and systems to improve the 

efficiency of a city in multiple areas of life. These different systems are a way of managing the 

different facets of the city. For instance, according to Reddy and Crutzenb, here is a short 

classification of the different systems needed to be maintained and managed in a smart city: 

  “Smart Transport, Energy, Technology, Living, Environment, Citizens and Education, 

Economy, Government, and Safe City [4]. 

3.2.1. Aspects of the Smart City 

“The BlueSCities Project was designed to bridge the gap between those stakeholders 

involved in the Water and Waste sectors on the one hand and their counterparts in the ICT, 

Transport and Energy sectors on the other.” Previous transversal and collaborative approaches 

between the two sectors proved to be inefficient and difficult. “The creation of a BlueSCities 
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package consisting of the City Blueprint, the City Amberprint and the BlueSCities Self-

Assessment Software offers a practical mechanism which will permit the integration of water and 

waste within long-term Smart City policies” [5]. Smart cities are not only the cities that include 

programmed technological management of all areas of life, since they merge environmental 

efficiency and technology. 

 City Blueprint Framework 

The City Blueprint Framework is comprised of “25 performance-oriented indicators” 

classified in seven groups, which describe the water cycle in urban settings. The total score is 

named the Blue City Index and is derived by calculating the geometric mean of the 25 indicators 

[5].  Table 2 shows the seven different categories of the City Blueprint framework and some of the 

indicators for each category.  

Table 2: The Seven Groups of the Blueprint Framework and examples of the Indicators 

 

From this table above, we notice that all the aspects of the city are gathered in the City Blueprint 

Framework for the assessment of the water cycle. 

 City Amberprint Framework  

“The 22 indicators have been developed in three categories: energy, transport and ICT. Each of 

the indicators has a score between 0 (there is a concern) to 10 (no concern). The quantitative 

indicators were “normalized” on a scale from 0 to 10, where 10 points were assigned to cities that 
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met or exceeded certain criteria on environmental sustainability. The overall score of 

sustainability is expressed as Amber City Index .The ACI is the geometric mean of the 22 

indicators for energy, transport and ICT and is calculated similarly to BCI” [5]. 

3.3. Smart cities around the world 

Smart cities are pervading the world. As a recent trend, smart cities are an attractive 

concept, which could mean, if it yielded positive results, that a lot could be saved in terms of 

energetic expenses. The Republic of Singapore has launched a program in 2014 to become the 

first smart country. There were many investments in captors and sensors to track the activity on 

the island, from monitoring littering to smoking violations [5].  

In Europe, the city of Barcelona uses a set of sensors to watch and supervise the traffic; in 

order to reduce the vehicles flow by 25%. Also, in the context of smart city, Barcelona 

established the smart lighting, and the smart noise management. Moreover, Spain is now 

realizing the possible uses for smart technologies, with possible applications to smart lighting 

systems, networks, air quality control… 

Finally, the city of Copenhagen, considered to be one of the most ecologically oriented 

cities, has committed to becoming carbon neutral by 2025. Countries like Denmark have invested 

in super cycle highways, bike tracks and massively in public transportation. There are systems to 

manage traffic and decongest roads and waste is used to fuel the city’s heating system [5]. 

III- Context of the Project 

1. Introduction to the city of Ifrane 

Ifrane, or the Moroccan Switzerland, is a Moroccan city situated in the middle atlas region. 

The city of Ifrane is one of the most desired cities for domestic tourism, and it is mostly known 

for its natural forests and weather.  

1.1. Population 

Ifrane city is a very small city, which population is increasing over the years. According 

to the High Commission for planning report, the total numbers of citizens living in Ifrane’s 

province are about 155,221 citizens. Among those citizens, 54.1% are living in the urban area 



   
 

9 
 

while 45.9% are living in the rural area. Also, 52.09% of Ifrane’s population is less than 30 years. 

However, the municipality of Ifrane counted only 13,380 citizens in 2014 [6]. 

1.2. Climate 

Ifrane is located in the middle atlas region at an altitude of 1,665m above the sea level. 

Due to its location, Ifrane’s climate shift from a warm climate in summer to a cold climate in 

winter, and it is known as the Mediterranean climate.  

Table 3: Ifrane's Temperature and Precipitation per Month 

 Average 

Temp 

(°C) 

Min 

Temp 

(°C) 

Max 

Temp 

(°C) 

Precipitation(mm) 

January 2.7 -4 9.4 85 

February 4.3 -2.5 11.1 98 

March 6.6 -0.1 13.3 101 

April 9.9 3.5 16.3 96 

May 11.6 5 18.2 62 

June 16.9 9.5 24.4 31 

July 21.8 12.5 31.1 8 

August 21.4 12.5 30.3 10 

September 17.1 8.9 25.3 33 

October 12 5.7 18.4 88 

November  7.6 1.3 14 109 

December 3.7 -1.9 9.4 122 

 

The annual average temperature for the city of Ifrane is approximately 19.1°C (table 3), 

which is quite lower than the annual average temperature in Morocco 29°C. While the average 

precipitation rate is 70.25mm higher than Moroccan average, 40.6mm (table 3). 
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Graph 1: The Temperature Variation in Ifrane per Month 

From Table 3 and Graph 1, we clearly see that the city of Ifrane have a large range of 

temperatures. It can be very cold in winter with a minimum of -4°C, as it can be very hot in 

summer with a maximum of 31.1°C. Also, from the Graph 1, we clearly see that the 5 months 

January, February, March, November, and December are the coolest months of the year with a 

maximum temperature of 14°C. 

 

Graph 2: The Rate of Precipitation in Ifrane per Month 

In what concerns the precipitation in Ifrane, we notice from Graph 2 that the rates of 

precipitation are above the 80mm for all the months except the period from May to September, 

which represents the hottest period.   
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1.3. Green Parks 

The area of Ifrane’s region is approximately 3573 km². However, only 3200 hectare is part of 

urban area. Within the urban area, approximately 78.20 hectares represents green Parks and 

gardens; this is why Ifrane is called the Garden city [7].  Table 4 shows in details the different 

types of green spaces that exist in Ifrane with their areas.  

Table 4: The Different types of Green Spaces and their Areas 

Type  Name  Area (HA)  

Parcs  

Mohamed V 4.00 

Al Qods 6.70 

Hebri 6.00 

Gardens  

Conference room 1.00 

Place du Lion 0.50 

20-août 1.50 

Essalam  1.50 

Atlas 2.20 

Transformateur  1.50 

La terrasse 1.90 

Province 2.00 

New garden  2.50 

Municipality 0.50 

Linear Green 

Space  

Bd. Med V 12.30 

Bd. Hassan II 13.50 

Bd. Rocade 1.70 

Bd. Med VI 2.20 

Route Fes 1.50 

 
Streets  3.20 

Prairie Prairie 12.00 

Total   78.20 
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 Knowing that the total population of Ifrane is 13 380 citizens, we can say that for each citizen 

there is approximately 70m² of green spaces, which is way above the average of 10m² per citizen  

Figure 1 shows the repartition of the green spaces (in green) in the city of Ifrane, and we can 

clearly say that the green spaces are present around the city and in every neighborhood.  

1.4. Water Availability 

The area of the Urban Commune of Ifrane is approximately 3201 hectare and the average of 

annual precipitation can reach 850 mm, 95% of the population is supplied by drinking water, and 

a sewerage network estimated at 96% [7]. 

1.4.1. Surface water 

-  Valleys: 

The main valley is the Mekes valley. Its annual water intake is about 50 million m³ and a basin of 

1010 km ². 

- Lakes: 

The city of Ifrane includes few lakes. However, the only lake that can be used as a water source is 

the Zarouqa Lake. 

Figure 2: Layout Plan of Ifrane City 
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1.4.2. Groundwater: 

 In the Urban Commune of Ifrane, 39% of the area is part of the underground water layer 

of the Middle Atlas, limestone and clay exists only in certain limited winding geological areas. 

1.4.3. Dams 

There are two dams in the city of Ifrane. One is located in Tizguit, which is a region near 

Ifrane, and the other is located in the city. Both dams were built in the 1990’s in order to protect 

the city from flood. Table 5 presents some information about the two dams of the city like the 

name, the location, the capacity, the year of the realization, and the purpose.  

 

Table 5: The Presentation of the Dams in the City of Ifrane 

 

2. Ifrane a Potential Green Smart City 

2.1. The National Energy Efficiency Strategy for 2030 

According to the synthesis report of the ADEREE on the public lighting strategy for 2030, the 

actual electrical consumption per habitant in Morocco is lower than in other countries (0.4tep/hab 

in 2011), but it is increasing rapidly with a growth rate of 3.5%. In general, the rate of 

consumption of electricity is related to the development of the country and to the wealth growth 

rate. However, few developed countries such as South Africa or France are working on 

decreasing the rate of consumption per habitant by applying some energy efficiency principles. 

The region of Meknes- Tafilalet is the fifth region for the public lighting energy consumption 

after the Grand Casablanca (1
st
) and Rabat-Sale (2

nd
) with 3.9ktep in 2011 for 1.34Million 

habitants. Tunisia, France, Germany, and Czech Republic adopted the optimization program few 

years ago; therefore, they consume 35% less than Morocco, which consumes 60kep per 1000 

Name Location Capacity in 

    

Year of 

realization  

Purpose  

High Tizguit Tizguit 440000 1992 Protect Ifrane from flood 

Down Tizguit Ifrane 120000 1990 Protect Ifrane from flood 
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luminous points.  Currently, the public lighting benefits from very low measures in Morocco 

compared to other countries as we can see in Table 6. In Morocco, the only method currently used 

is the change of the current traditional light bulbs with efficient light bulbs [8].  

Table 6: The Changes Made in Different Countries to Become Energy Efficient [8]  

 

By 2030, the country wants to decrease in national energy consumption by 25% with 30% 

reduction in the transport and 20% reduction in the building sector [8].   

2.2. Steeple Analysis 

2.2.1. Social Factor 

The current project will positively affect the society. It will help raise awareness among the 

citizens and the visitors on the importance of sustainable energies. For instance, the results of the 

savings can be shared with the citizens, in the form of advertising signs, so everybody gets  to 

know the benefits of applying the same basic actions in their everyday life. In addition, this 

project will have an educational purpose, since it will serve as an example for young students.  

2.2.2. Technological Factor 

Actually, the city of Ifrane is not equipped with the basic technologies, which have been 

designed to reduce and optimize the energy expenditure. This project propose many latest 

technologies as the LEDs, dimming, solar photovoltaic water pumping systems, sensors and 

others that will certainly facilitate the management of the energy expenditures of the city.  
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2.2.3. Economical Factor 

This project will help the local citizens financially. By making Ifrane a sustainable city, the 

different energy consumptions of the city will consequently become more efficient. Therefore, 

the energy costs will decrease, which imply that the city will have more money to invest in new 

projects that may create new job positions.   

2.2.4. Environmental Factor 

The aim of this project is to make Ifrane a green and smart city, focusing mainly on the use of 

technologies for an efficient use of the electrical energy and the water resources. This implies that 

we will be opting for sustainable technologies that will help protect the environment.   

2.2.5. Political Factor 

For the Political factor, we have the chance to conduct this project in the city of Ifrane. Ifrane 

is known as the rest of Morocco for its political stability. However, the main challenge is to 

convince the right persons about the advantages of conducting this project.  

2.2.6. Legal Factor 

In Moroccan, there are a number of laws, which are dedicated to the energy and climate 

issues. The first law is the law 47-09 from the legislative portfolio, and it concerns the energy 

efficiency. The law 47-09 states that it is mandatory to conduct energy audits for the companies 

responsible for energy distribution and energy impact study for any new project.  The laws 13-09 

and 15-09 concern the renewable energies in Morocco and the Moroccan agency for the 

development of renewable energy and energy efficiency ADEREE [9]. 

2.2.7. Ethical Factor 

The project respects all the ethics. It follows some sustainable and responsible criteria that 

will not compromise any of the current employees or the citizen’s situations from neither the 

social nor the economical aspect. 
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2.3. SWOT Analysis 

2.3.1. The Strength  

The strength of this project is the city of Ifrane itself. It has a good image among the 

Moroccans and the tourists with its high concentration of green spaces and its weather. Ifrane was 

rated few years ago as the second cleanest city in the world. 

The second Strength is the human capital. Most of the people working at the municipality are 

aware of the problems of the city and are very ambitious. However, they do not find the needed 

support.  

2.3.2. The Weaknesses  

For the realization of this project, the major weakness is the low budget of the commune. The 

technologies used in this project are very expensive; therefore, the cost of investment is 

significant. Since the city of Ifrane does not have a huge investment budget, they need to find 

some investors.  

2.3.3. The Opportunities  

Currently, the city does not have any energy management system. If we introduce the green 

smart systems, the city will be able to make significant economies at the economical level and 

will be able to use the energy efficiently.  

Once the project applied, Ifrane will become the first Moroccan Green Smart City, which will 

may attract more tourists and help the economy of the city to develop.  

2.3.4. The Threats 

For this project, we will be using mainly new technologies. One of the threats will be that 

these technologies do not react the expected way. In addition, the budget and the corruption may 

represent some of threats for this project.  
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IV- Public lighting 

1. Current situation 

1.1.The Inventory 

Currently, Ifrane has 43 public lighting control cabinets located in different 

neighborhoods of the city (see Appendix A). Within the existing control cabinets, only 20 are 

equipped since late 2016 with dusk-to-dawn switches, while the 23 other control cabinet are 

equipped with manual-time programmable switches. These last are programmed every two weeks 

by a technician. The manual-time programmable switches generate many energy losses, for 

instance, if the time is not programmed adequately. 

Also, in the late 2016 the city was still equipped with mercury vapor light bulbs which are 

known for their high power and low efficiency, below you will find a detailed table of the light 

bulbs inventory in Ifrane.  

Table 7: Public Light Bulb Inventory in Ifrane (2016) 

Power 250W 150W 125 W 500W 

Quantity 1130 611 680 221 

 

The Table 7 shows that there are four types of light bulbs used in Ifrane. Each of these light bulbs 

is used for a specific purpose. For instance, the 250W light bulbs are used to lighten the 

boulevards, the 150W are used in some streets and avenues, while the 125W light bulbs are used 

in the streets and parks.   

1.2. The Current Electricity bills 

Ifrane consume on average 4.8 million MAD per year of electricity in public lighting and 

water pumping, having a yearly communal budget for the public lighting and water pumping in 

Ifrane of 5 million MAD.  The graph 3  show the electricity bills per trimester (see Appendix B 

for more details): 
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Graph 3: The Electricity Cost per Trimester (2015, 2016, 2017) 

We notice, from Graph 1, that the electricity bills are increasing over the years. For 

instance, if we compare the electricity cost for the 1 trimester, we clearly see the cost increased 

from 1 Million MAD in 2015 to approximately 1.25Million MAD in 2017. However, these bills 

also include the water pumping bills, watering systems, and other adornment expenses.   This 

increase is explained by the fact that the new projects are developed, and the water pumping 

increased in Ifrane. In the Table 8, the fees for water pumping were deducted from 2016 

electricity bills in order to determine exactly how much is paid for the public lighting (see 

APPENDIX B for more details). 

Table 8: Public Lighting Costs per Trimester for 2016 

Trimester Cost paid/ Trimester Other costs Public Lighting Bills 

1
st
 1 275 283.77 MAD 175 586.97 MAD 1 099 696.80 MAD 

2
nd

 1 154 750.59 MAD 307 326.94 MAD 847 423.65 MAD 

3de 1 176 453.13 MAD 404 735.56 MAD 771 717.57 MAD 

4
th

 1 341 599.67 MAD 264 648.16 MAD 1 076 951.51 MAD 

Total 4 948 087.16 MAD 1 152 297.63 MAD 3 795 789.53 MAD 

 

0 

500000 

1000000 

1500000 

1st Trimester 2nd 
Trimester 

3rd Trimester 4Th 
Trimester 

Electricity Cost Per Trimester  

2015 2016 2017 
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After deducting the pumping costs from the electricity bills for each trimester, we observe 

that for 2016, the city of Ifrane paid a total of approximately 3.8Million MAD for the public 

lighting (Table 8). 

2. Technologies for Energy savings 

2.1. LED Technology 

The LED Technology is improving and developing very rapidly, and it is very appropriate 

for the public lighting. LED’s can replace the current lighting bulbs used such as the sodium and 

mercury vapor lamps, since they can attain better objectives while using less power.  

Moreover, LED’s are known for their long life of operation and low maintenance 

frequency.  They are not made of filaments like the sodium lamps, but they work by connecting a 

number of electrons, which produces energy in form of lighting. Therefore, the use of LED will 

not only reduce the energy consumption, it will also, reduce the maintenance costs, which costs 

the city 600 000MAD. 

The LED technology has many characteristics such as:  

- When regrouped in a luminaries every LED  produces a luminous flux between 100 to 

150 lumens  

- LEDs can be regrouped into modules of 20 and more to attain a specific power 

- The LEDs are very small in size and their optic is very accurate, this gives the possibility 

to have a better control over the amplitude and flow of the light 

- LEDs have a modular flux between 10 and 100% 

- A wide range of colors from 2500K to 6500K characterizes LEDs (adjust the color 

temperature to the environment). 

2.2. Lighting control systems 

The lighting control systems affect considerably the lighting energy consumption. 

Currently, Ifrane is using the manual-time control systems that are the sources of many losses. 

For instance, if the public lighting is not controlled effectively it can cause either great energy 
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losses (if the lights are still on during daylight) or security issues (if the lights are off during the 

night). In order to minimize the energy losses and to make some energy and cost savings, it is 

very important to look at the different types of lighting control systems. 

In this project, we are going to look at three types of lighting control systems that may 

help the city make some energy savings, which are the Twilight lighting switch, the optical 

controlling systems and the automatic lighting control systems. 

- Twilight Lighting switch 

The Twilight lighting switches were recently established in some of the electrical control 

cabinets of the city. This type of switches is controlled by satellite; for instance, the lighting 

hours are automatically programmed on a daily basis. The objective of these switches is to turn 

the lights on at dusk and turn them off at drawn. 

- The Optical control system 

The optical control system consists of installing a light sensitive device that will detect the 

sunrise and sundown. However, this system has been subject to many failures due to interference. 

Sometimes the light sensitive device can detect the lights of other light sources [10]. 

- Intelligent Lighting Control system  

The intelligent lighting control system is a flexible and smart system, which help 

revolutionize and control the lighting system using different IoT communication systems. This 

intelligent system gives the opportunity to have a remote control and a real-time monitoring 

system. Using this smart system the lighting system of every street can be scheduled according to 

the needs. 

3. Energy savings 

3.1. Calculation of the cost and losses 

From our interview with the city employee responsible for the public lighting park in the 

city of Ifrane, we knew that the city was still using 100% of manual-time control systems in 

2016, which means that the technicians had to program the lighting hours of the city on a bi-

weekly basis. Using the lighting bulbs inventory and the average lighting hours in 2016, we 
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calculated the approximate cost of public lighting and determined the losses incurred by the 

current control systems [11] (see Appendix C).  

Table 9: The lighting Hours in the City of Ifrane 

Month Days Hours per 

month 

daylight (h) Night length (h) lighting hours 

(h) 

January 31.00 744.00 319.93 424.07 439.07 

February 28.00 672.00 309.07 362.93 377.93 

March 31.00 744.00 370.77 373.23 388.23 

April 30.00 720.00 387.78 332.22 347.22 

May 31.00 744.00 425.85 318.15 333.15 

June  30.00 720.00 424.12 295.88 310.88 

July 31.00 744.00 431.90 312.10 327.10 

August 31.00 744.00 409.95 334.05 349.05 

September  30.00 720.00 369.05 350.95 365.95 

October 31.00 744.00 351.63 392.37 407.37 

November  30.00 720.00 315.33 404.67 419.67 

December 31.00 744.00 312.67 431.33 446.33 

    Average lighting 

hours per month 

376 

    Average Lighting 

hours per year 

4511.95 

 

Before computing the cost of lighting and the cost of energy loss, we calculated the 

average lighting hours per month and per year. The table 9 shows the hours of daylight and that 

served to determine the lighting hours for each month (for more details refer to Appendix C).  

Using the data presented in Table 7, we were able to determine the consumption in kW of the 

whole city of Ifrane with equation (1). 

                                               
                       

    
    (1) 
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Where    is the energy consumption of the city in kW 

   is the power in W of the different sodium lamps 

And     is the number of Bulbs 

Using Equation 1, we determined the lighting consumption of the city to be equal to 

569.65kW/h. Therefore, we were able to calculate the cost of lighting per month and trimester, 

using the assumption that Ifrane is using a low-voltage system with the price of 1.3558 

MAD/kWh [12]. 

Table 10: The Cost of Public Lighting (per month, per trimester, and per year) 

Month Lighting 

hours (h) 

Power 

Consumption 

(kW) 

Power 

Consumption 

(kWh) 

Cost 

(MAD)/month 

Cost / Trimester 

January 439.07 569.65 250116.2255 339 107.58 MAD 930 852.50 MAD 

February 377.94 569.65 215293.521 291 894.96 MAD 

March 388.24 569.65 221160.916 299 849.97 MAD 

April 347.22 569.65 197793.873 268 168.93 MAD 765 589.02 MAD 

May 333.15 569.65 189778.8975 257 302.23 MAD 

June  310.90 569.65 177104.185 240 117.85 MAD 

July 327.10 569.65 186332.515 252 629.62 MAD 804 846.62 MAD 

August 349.05 569.65 198836.3325 269 582.30 MAD 

September  365.95 569.65 208463.4175 282 634.70 MAD 

October 407.37 569.65 232058.3205 314 624.67 MAD 983 471.45 MAD 

November  419.67 569.65 239065.0155 324 124.35 MAD 

December 446.34 569.65 254257.581 344 722.43 MAD 

Total 4512 569.65 2570260.8 3 484 

759.59MAD 

3 484 759.59 

MAD 
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In order to calculate the total lighting cost as shown in Table 10, we multiplied the 

lighting hours of each month by the power consumption of the city (kW) and the price of 1kWh 

in Ifrane (1.3558MAD/kWh). Consequently, the cost for the public lighting is about 3.48Million 

MAD. After making these calculations we noticed that there is a difference between what is paid 

and what is consumed, probably due to some inaccuracies in the control system. 

If we consider the Public Lighting bills paid in each trimester and deduct from them the 

total lighting cost calculated, we will be able to determine the energy losses, which can be 

avoided by using the appropriate solutions. 

Table 11: The Cost losses per Trimester 

Trimester Electricity Bills  Calculated cost Losses 

1
st
 1 099 696.80 MAD 930 852.58 MAD 168 844.22 MAD 

2
nd

 847 423.65 MAD 765 589.02 MAD 81 834.63 MAD 

3
rd

 771 717.57 MAD 804 846.62 MAD -33 129.05 MAD 

4th  1 076 951.51 MAD 983 471.45 MAD 93 480.06 MAD 

Total 3 795 789.53 MAD 3 484 759.67 MAD 311 029.86 MAD 

 

According to the Table 11, the total cost of energy losses is estimated to 311 029.86 MAD per 

year which corresponds to an average of 25 919.16 MAD per month. In addition, this estimated 

cost loss corresponds to an average of one extra lighting hour per day. 

3.2. LED Lighting installation 

According to the European Norms for public lighting EN 13201 [13], we propose to change the 

light bulbs as shown in Table 12  (details in Appendix D):  

Table 12: LED Proposition According to the Use 

Usage  Current Light bulbs  Proposed LED bulbs 

Busy Urban Road ( Road to Meknes, 

Avenue Hassan 2, Road to Fes) 

250 W Mercury 101 W 
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Small Streets 150 W Mercury 74 W 

Sidewalk 125W Mercury 43 W 

Large dark spaces (Parks / 

Roundabouts) 

500W  136W 

 

In order to make the changes proposed in Table 12, we took in consideration many 

parameters such as the color temperature range (between 2700K and 3000K/Warm colors) and 

the luminous intensity of the light bulbs. 

Table 13: The Electrical Consumption in kW after Light Bulb Change 

Power 101W 74W 43W 136W Power Consumption kW 

Quantity 1130 611 680 221 218.64 

 

Once the light bulbs changed, we will end up with a power consumption of 218.64kW 

instead of 569.65kW as shown in Table 13. This change in consumption represents a saving of 

energy of 62% per hour. If we apply these changes to the consumption calculation (Table 14), we 

notice that the cost for lighting will become equal to 1.34Million MAD; therefore, the city will 

start making 2.14 Million MAD of economies. 

Table 14: The Public Lighting Cost after Changes 

Month lighting hours 

(h) 

Consumption 

kW 

Consumption 

(kWh)  

Cost (MAD)/month Cost / Trimester 

January 439.07 218.64 95998.26 130 154.45 MAD 357 274.80 MAD 

February 377.94 218.64 82632.80 112 033.55 MAD 

March 388.24 218.64 84884.79 115 086.80 MAD 

April 347.22 218.64 75916.18 102 927.16 MAD 293 844.26 MAD 

May 333.15 218.64 72839.91 98 756.36 MAD 

June  310.90 218.64 67975.18 92 160.74 MAD 

July 327.10 218.64 71517.14 96 962.94 MAD 308 911.90 MAD 

August 349.05 218.64 76316.29 103 469.63 MAD 
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September  365.95 218.64 80011.31 108 479.33 MAD 

October 407.37 218.64 89067.38 120 757.55 MAD 377 470.72 MAD 

November  419.67 218.64 91756.65 124 403.66 MAD 

December 446.34 218.64 97587.78 132 309.51 MAD 

Total 4512 218.64 986503.68 1 337 501.69 MAD 1 337 501.69 MAD 

 

Even though, the use of the LED technology enables the city to save more than 2.14Million 

MAD from the original lighting bills, we cannot ignore the expensive cost of this technology 

compared to the traditional lamps used.  

3.3.Economic Study 

3.3.1. The implementation cost of the drawn to dusk lighting switches 

From part 3.1, we know that 311,029.86 MAD is lost because of the lack of accuracy in 

programming the lighting hours. Therefore, we propose to equip the current lighting control 

cabinets with the Twilight lighting switches.  

The Programmable modular dimmer switch IP65 is very adequate for this use, and it will 

present the following characteristics: 

- 56 Possible programs on a daily, weekly, monthly or annual basis 

- Integrated hour meter 

- Highly precise clock ±0.1s 

- A range of 3 to 100,000 Lumens 

- Outputs 16A and 350V 

The price for each IP65 is 5,300 MAD. Therefore, the implementation cost for this project will be 

equal to 227,900MAD. The equations 2, 3, and 4 show the steps for the calculations. 

                                                          (2) 

                        (3) 
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                                (4) 

3.3.2. The Implementation Cost of LED technology 

In order to look at the feasibility of the project we should look for the cost of the 

implementation. As discussed in part 3.2, we have to change the existing HPS lamps used in the 

streets into adequate and substitute LEDs. 

- The Costs of the Different Luminaries  

The 101W LED Luminaries costs 4812.00 MAD/luminary; therefore, the implementation cost is:  

                           (5) 

                               (6) 

                             (7) 

The 136W LED Luminaries costs 5,055.11 MAD; thus, the implementation cost is:  

                         (8) 

                               (9) 

                             (10) 

The 74W LED Luminaries costs 4,286.52 MAD; thus, the implementation cost is:  

                          (11) 

                               (12) 

                            (13) 

The 43W LED Luminaries costs 3,500.00 MAD; thus, the implementation cost is:  

                        (14) 

                               (15) 

                          (16) 

The total implementation cost is:                      (17) 

From the equations 7, 10, 13, and 16, 
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 We have                               (18) 

3.3.3. The Return on Investment 

In this part, we will try to calculate the return on investment period. In order to know the 

period over which the commune will start making benefits over the 2 investments we propose 

Programmable Switches investment and the LED investment. From the previous calculations, we 

know that the Programmable Switches investment gives the opportunity to save 311,029.86 

MAD, and LED technology allows making 2,147,257 MAD of savings each year. Thus the return 

on investment will be equal to 4.79 years using the equation 19. 

                      
                             

                
     (19) 

                      
                      

                    
               (20)  

                                                            (21) 

Therefore, we can say that the city will start making benefits from these projects starting the 5
th

 

year.  

4. A Smart Lighting System 

For the smart lighting system, we propose to change the current electrical control cabinets for 

the Siemens smart control cabinets, which are very flexible and make the diming possible. The 

current electrical cabinet cannot responds to the new needs of the public lighting. However, the 

ISL Siemens smart control cabinets are equipped with a wireless network that will make possible 

the communication of all the systems’ information to the main computer. Also, this product is 

equipped with a Simatic S7 1200 controller which offers a large variety of applications such as a 

real time clock, a dimming process, and system analysis [14]. Moreover, it contains a set of 

twilight sensors and switches. 

The dimming is the process of reducing temporarily the light intensity of the lamps. This 

process is applicable using LEDs, High Pressure Sodium, and High Pressure Mercury lamps. 

However, there are some parameters to take into account for the dimming process, like the 

security, the traffic density, the schedule, the weather, and the road type. If we apply the dimming 
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process to the public lighting in Ifrane while respecting the parameter, we end up with the 

following percentage reductions:  

- 0% from sunset to 11pm  (High traffic density and pedestrians)  

- 25% from 11pm to 1am   (Low traffic density and pedestrians) 

- 50% from 1am to  5am (Very Low traffic density and absent pedestrians) 

- 25% from 5am to sunrise  

In order to calculate the energy gain with the dimming, we use the average lighting hours per day 

of the city of Ifrane, which is equal to 12.36hours. The Table 15  shows the energy gains for the 

different period. 

Table 15: Energy Gain Using the Dimming Process 

  sunset to 11pm 11pm to 1am 1am to 5am 5am to sunrise  

% reduction  0 25 50 25 

Period (h) 5 2 4 1,36 

Consumption (kW) 218.64 218.64 218.64 218.64 

Energy gain (kWh) 0 109.32 437.28 74.34 

  

According to the Table 15, we can save 620.94kW per day, which corresponds to 227MW per 

year. By adopting the dimming process, the city can make 307,281.50 MAD of savings on the top 

of the economies made with the others processes. Therefore, by applying all the solutions 

proposed, the city will be able to make 2.77Million MAD of economies that corresponds to 79% 

of the original public lighting cost.  

V- Water use in Green Spaces  

1. Current Situation  

Currently, there are three methods used to provide water for the irrigation of the 78.2ha of 

green spaces in Ifrane, which are the water pumping, the city water from ONEP or the tank 
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trucks. In the table 16, there is a summary of the different green spaces of the city with the 

equipment status.  

Table 16: The Green Saces Equipment Status 

Type  Name  Area (HA)  Equipment  

Parcs  

Mohamed V 4.00 Yes  

Al Qods 6.70 Yes  

Hebri 6.00 Yes  

Gardens  

Conference room 1.00 No 

Place du Lion 0.50 Yes  

20-août 1.50 Yes  

Essalam  1.50 No 

Atlas 2.20 No 

Transformateur  1.50 Yes  

La terrasse 1.90 Yes  

Province 2.00 No 

New garden  2.50 Yes  

Municipality 0.50 Yes 

Linear Green 

Space  

Bd, Med V 12.30 Half  

Bd. Hassan II 13.50 Yes 

Bd. Rocade 1.70 Yes 

Bd, Med VI 2.20 Yes 

Route Fes 1.50 Yes 

Streets  3.20 No 

Prairie Prairie 12.00 Yes 

Total   78.20   

 

For instance, from Table 16, we know that 83% of the green spaces are equipped with 

watering systems while 17% are not. Within the non-equipped green spaces, we know that some 

gardens like the Conference room, the province, and the municipality gardens are watered using 

the city water. 
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1.1.Water Pumping  

1.1.1. The Pumps 

Ifrane is actually equipped with eight water pumps, which are located in different 

neighborhoods. There are two types of pumps, for instance, some of the pumps drain water from 

the rivers while others pump water from the wells. The table 17  summarizes the water resources 

for the irrigation using the pumps [15].   

Table 17: Water Resources for Watering 

Resources Flow rate 

(m
3
/h) 

Flow rate 

(l/s) 

Type 

Complexe sportif 63 17.5 Sinks and Wells  

Hebri 40 11 

 City Pool 40 11.1 

Belayd 45 12.5 Surface Water 

Michlifen Station 70 19.4 

SP2 54 15 

Total Water Ressources   86.5   

Total Water Resources from 

Sinks and wells 

  39.6   

Total Water Resources from 

surface water 

  46.9   

 

According to the table 17, the total flow rate of water from pumps is about 86.5 (l/s), with 

39.6 (l/s) from wells and 46.9(l/s) from the Tizguit River. 

In order to estimate the actual water consumption of the city from pumped water, the first step 

is to analyze the different pumps existing. There are eight different pumps in the city. Each pump 

is characterized by unique and different characteristics, which respond to the needs of its water 

source (in this case wells). The table 18 goes over the different pumps’ characteristics such as the 

flow rate, the power, the total dynamic head, and the efficiency.  
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Table 18: The Characteristics of Ifrane's Pumps 

Pumps A B C D E F G H Average  

Flow rate l/s 25 8 8 25 5 10 15 5 12.625 

Flow rate m
3
/h 90 28.8 28.8 90 18 36 54 18 45.45 

Power kW 37 11 17 46 8 17 18 8 20.25 

Total Dynamic Head 91 83 132 112 100 105 73 100 99.5 

Efficiency  0.60 0.59 0.61 0.60 0.61 0.61 0.60 0.61 0.60 

Delivered flow rate 

m
3
/h 

54.28 17.05 17.55 53.74 11.04 21.81 32.22 11.04 27.34 

 

TDH (total dynamic head) of each pump varies according to the vertical height that the water 

is to be pumped and the friction losses the system encounters. In the table 18, we notice that the 

TDH is different from a pump to another. This can be explained by the fact that the pumps may 

have different heights, or that the location of the pumps influences the friction loss. 

Let us consider the efficiency of the each pump is equal to: 

  
       

      
             (22) 

Where: Q is the flow rate in (m
3 

/s) 

                   H is the TDH in (m) 

             P is the power of the pump in (kW) 

          is the density of water (kg/m
3
) 

       g is the acceleration due to gravitation (m/s²) 

Using equation 22, we calculated the efficiency of each pump, and we noticed that the 

average efficiency of all pumps is approximately equal to 60% (Table 18). In order to increase 

the efficiency, we have to choose pumps, which will have a higher flow rate, with a lower power.  
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1.1.2. The Cost for Water Pumping 

From the electricity bills of the city, we analyzed the public lighting cost in the part 2. In 

this part, we will focus on the pumping system’s cost. In order to calculate the volume of pumped 

water, the first step is to calculate the pumping cost. To do that, we deducted the public lighting, 

lighting decorations, and water fountains costs from the electricity bills of each trimester. 

Therefore, we were able to estimate the total pumping cost for 2016 to be approximately 719,404 

MAD, with the lower cost being during the first trimester with 142,092MAD and the highest cost 

to be during the third trimester with 232,373MAD as we can see in Graph 4.  

 

 

 

 

 

 

 

 

Graph 4: Cost of Water Pumping per Trimester (2016) 

From the graph above, we notice that the pumping costs during the first trimester is the 

lowest and from the second trimester, the costs increased considerably. This can be explained by 

the fact that the average temperature in Ifrane is the lowest in January and February, and it 

increases from May to October. Knowing that the need for water of the lands depends on the 

temperature, we can say that the costs for watering vary according to the temperature of the city. 

1.1.3. The Volume of Pumped Water 

In this part, we estimated the total volume of pumped water during one year in Ifrane. The 

table 19 summarizes all the steps followed in order to calculate the pumped water. 
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Table 19: The Volume of Water Pumped in 2016 

Trimester Cost (MAD) Power 

Consumed(kWh) 

Working 

Hours all 

pumps (h) 

Average 

Working 

Hours/ 

Pump (h) 

Average 

flow(m3/h) 

Volume of 

pumped 

Water 

(thousand 

m3) 

1
st
 142 092.91  133637.40 824.92 103.12 27.34 22.55 

2
nd

 171 059.69  160880.46 993.09 124.14 27.34 27.15 

3de 232 373.55  218545.72 1349.05 168.63 27.34 36.88 

4th  173 878.56 163531.59 1009.45 126.18 27.34 27.60 

Total 719 404.71  676595.18 4176.51 522.06 27.34 114.19 

 

To estimate the volume of water pumped we followed three steps:  

1- First, for each trimester we divided the pumping cost by the electricity price of 1kWh, 

which is set to be 1.0633 MAD/kWh for the public use, in order to find the total 

consumed power of all pumps.  

2- Second, we divided the consumed power (kWh) by the total power of all pumps (kW) 

which is equal to 162 kW in order to calculate the total working hours of all pumps. 

3- Finally, we multiplied total working hours of all pumps by the average delivered flow rate 

in order to calculate the total pumped water, which is approximately equal to 114,190 m
3
. 

1.2. The City Water  

Not all the green spaces in Ifrane are equipped with pumping watering systems. Some of 

these areas, such as the municipality, province, and the conference room are watered using the 

city water delivered from ONEP.  

1.2.1. Water Cost 

In 2016, the city of Ifrane paid 119,765.44MAD to the water distributer “ONEP” in order 

to water some green spaces. In the first trimester, the water bill of the city reached 67,495MAD, 

while the city paid only 13,971.49MAD, 31,193.39MAD, and 7,104.24MAD in the 2
nd

, 3
rd

, and 
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4
th

 trimesters respectively. As stated in prior sections, the cost of water should depend on the 

temperature; in this case, we notice that the cost paid is higher during the 1
st
 trimester, this is 

explained by the fact that the distributing company “ONEP” is working with an estimation 

principle. However, we still notice that in the 3
rd

 trimester the water costs considerably increased.  

1.2.2. Water Consumption  

According to the drinking water price list published by the ONEP, 1m
3 

of drinking water
 

costs 2.62MAD in the city of Meknes [16]. If we assume that the price of water in the city of 

Ifrane is approximately equal to the price in Meknes, the total volume of consumed water is equal 

to 45781.56m
3
 per year (equation 25).  

                              
                         

          
    

 (23) 

                              
               

         
    

             (24) 

                                                          (25) 

1.3. The Tank Trucks  

According to the city, the third source of water used for watering green spaces is the Zerouka 

Lake. In order to bring the water from the lake to some areas of Ifrane for watering, the city uses 

tank trucks. The municipality of Ifrane has three tank trucks with a volume of 10m
3
 each. Tank 

trucks are generally used to water non-equipped green spaces, but they also help to water some 

equipped green spaces when water is not available in the river or the wells [17].  

1.3.1. Cost of Tank Trucks  

In order to estimate the cost of watering with the tank trucks, we should take into 

consideration the cost of fuel for each truck and motor pump, knowing that each tank truck is 

equipped with its own motor pump. According to an interview conducted with Mr. Sedik, a green 

space technician of the city of Ifrane, each of the tank trucks is filled with 20 L of Diesel Fuel and 

5L of gasoline (motor pump) on a daily basis [17]. If we ignore the cost of the workers and we 

assume that this method is used only for a period of 3 months, the total cost will be equal to 

64,446MAD. 
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                                                                                                       (26) 

                                                              (27) 

                                            (28) 

1.3.2. The Volume of Water 

For the three available tank trucks in Ifrane, each one can be filled with 10m
3
 of water. 

According to the interview conducted, each tank is filled 6 times per day (3 times in the morning 

and 3 times in the evening) on a daily basis. If we assume that this system is used for a period of 

3months, the total volume of consumed water will be 16,560 m
3
. The table 20 summarizes all the 

data declared.  

Table 20: Volume of Water Consumed Using Tank Trucks 

Number of 

Tank 

Trucks  

Number of 

Refilling per 

truck per day 

Volume of the tanks 

(m
3
) 

Volume of water 

(m
3
) 

Volume of water for 

3 months (m
3
) 

3 6 10 180 16560 

 

In order to calculate the volume of water consumed using the tank trucks, we used the 

equation 29. 

                                                                      
  

   
 

                                                           (29) 

                                                                                  (30) 

                                                         (31) 

In order to calculate the volume of water consumed using tank trucks, we assumed that this 

method is used during 2 months on a daily basis and one extra month in order to water some 

areas, which are not equipped with watering systems.  
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1.4. The Actual Water Consumption of the City 

In 2016, watering the 72Ha of green spaces cost more than 900,000MAD to the city of Ifrane. 

The following graph shows how watering cost is divided over the three watering methods for 

instance: water pumping, city water, and tank trucks.  

 

Graph 5: The Watering Cost Using the Three methods 

 

From Graph 5, we notice that the water pumping method is the one that costs the most 

with 719,404.71 MAD, which represents approximately 80% of the total watering cost.  In 

addition, we notice that watering green spaces using tank trucks represents the lowest cost with 

only 64,446.00 MAD; however, we should take into consideration that this cost does not include 

the cost of the working force, so it may increase considerably.  

 In fact, using the three different methods for watering the green spaces, the city of Ifrane 

consumed approximately 176,531.56m
3
 of water, with approximately 65% from water pumps, 

26% from drinking water, and 9% from tank trucks as we can see in the graph 6.  
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Graph 6: The Repartition of the Resources for Watering 

2. Proposed Solutions for Energy Efficiency and Sufficiency 

2.1.The Solar Photovoltaic Water Pumping System 

Actually, water pumping cost 719,404.71MAD to the city of Ifrane in 2016. However, the 

water pumping cost may vary according to the need for water of the lands. For instance, if during 

a year it does not rain much the water pumping cost may increase like in 2015, where the water 

pumping cost more than 900,000MAD to the city.  

In this part, we will introduce the solar water pumps, which is a system that powers the water 

pumps using solar energy. This system is sustainable and it will allow to the city to pump water 

for a very low energy cost. There are two types of solar water pumps the direct driven and the 

battery coupled system [18]  

2.1.1. The Direct Driven Solar Photovoltaic Water Pumping System 

 In the direct driven solar photovoltaic water pumping system, the electrical energy 

generated by the photovoltaic solar panels is directly used by the system to pump the water.  The 

Figure 3 describes a direct driven solar photovoltaic water pumping system and shows the 

different parts that compose the system. 

Pumps  
65% 

Drinking water 
26% 

Tank Trunks 
9% 

Repartion of the water consumption 
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Figure 3: The Direct Driven Solar Photovoltaic Water Pumping System [18] 

Since the direct driven system does not have any energy backup source, water is only 

pumped during daylight. Therefore, it is preferable to connect the submersible pump to a water 

storage tank in order to store the water during the pumping hours before using it to water the 

green spaces at night. For this system, the amount of water pumped depends on concentration of 

the solar radiating on the panels [18].  

2.1.2. The Battery-Coupled System 

At the opposite of the direct driven system, the battery-coupled system is composed of a 

battery. During the daylight, the solar panels convert the solar radiations into electrical currents, 

which will serve to charge the batteries. This batteries, will serve later to power the water pumps 

to water the green spaces. The advantage of battery-coupled system is that this system allows 

pumping water even during night, and it can be used for both surface, and submersible water 

pumps. However, this system is very expensive compared to the direct driven system, and it may 

lower the efficiency of the pumps [18]. The battery-coupled solar photovoltaic water pumping 

system is described in the Figure 4. 
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Figure 4: The Battery-Coupled Solar Photovoltaic Water Pumping System [18] 

2.1.3. The Solar Photovoltaic Water Pumping System Chosen  

Unfortunately, in Ifrane there is currently only two water tanks are functional in Ifrane, 

one  of 450m
3
 is located besides the municipality of the city of Ifrane, and the other of 400m

3
 on 

the way to Azrou. Building new water tanks may be one of the solutions that we can propose. 

However, for this project, we will be working with the battery-coupled solar photovoltaic 

watering system. 

The city of Ifrane is already equipped with many pumps. Therefore, the first idea that 

comes to mind is to install solar panels to power to the current water pumps. A cost analysis of 

this solution has been performed. For the cost analysis, we used two different types of solar 

panels the 265W and 1000W which prices are 1900MAD and 8500MAD per panel respectively 

(refer to table 21). 

From the table 21, we notice that the costs of equipping the pumps with the 265W solar 

panels are always lower compared to installing the 1000W.  It will need an investment of 

1.16Million MAD to equip the pumps with 265W solar panels and 1.38Million MAD to equip 

the current pumps with 1000W solar panels. 
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Table 21: The Solar Panels Analysis for the Different Pumps (265W and 1000W) 

Pumps A B C D E F G H 

Power kW 37 11 17 46 8 17 18 8 

Number 265W 

Solar Panels 

140 42 64 174 30 64 68 30 

Cost (Thousand 

MAD) 

265.28  78. 87  121.89  329 .81 57 .36  121.89  129.06  57.36  

Number 1000W 

Solar Panels 

37 11 17 46 8 17 18 8 

Cost (Thousand 

MAD) 

314 .50 93 .50  144 .50 391 .00  68 .00  144.5  153.00  68.00  

 

However, we cannot apply the first type of solar panels, because the number needed for each 

pump is very high. Moreover, due to the high number of trees, the risk for fire will be higher. If 

we consider equipping the current pumps with 1000W solar panels, the return on investment will 

be over 1.9 years. If, we consider the price for the batteries 11,165MAD/Battery, the return on 

investment will be of 2.12 years. 

In addition, from previous calculations, we know that the current pumps are not very 

efficient since the average efficiency for all pumps is approximately equal to 60%. The equation 

of the pump’s efficiency is:      

  
       

      
                    (22) 

Therefore, in order to choose a highly efficient pump we should consider choosing a pump 

with a high flow rate and a lower power, which implies lowering the number of solar panels. For 

this reason, the next step is to study the possibility of choosing some already made solar water 

pumps. 

From part IV – 1, we know that the height of all wells is 100m. Also, we know that the 

average pump will have the following characteristics: a delivered flow rate around 27.34m
3
/h and 

a total dynamic head about 100m. To respond to the following characteristic, we chose the 
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Lorentz solar water pumps.  There are different types of Lorentz water pumps, which 

characteristics are presented in Table 22.  

Table 22: Characteristics of the Lorentz Solar Water Pumps 

Type of Pumps   PS150 C PS600 C PS1800 C PS4000 C 

TDH [m] 20 30 100 160 

Max Flow rate  [m
3
/h]  4,0  12  53  79 

  

 From this table, we notice that the pump that responds the most to our needs is the 

PS1800C. Even though, the maximum flow rate of these pumps is 53m
3
/h, we should know that 

the actual flow rate of the pumps varies from 11m
3
/h to 54m

3
/h. Also, the Lorentz PS1800C solar 

pumping system has an efficiency of 90%, with a nominal power of 2.4kW. 

The total cost for one pump is equal to 57,360.00MAD, which include the cost of the 

pump, controller, solar panels, installation; and protection (details in appendix). When including 

the cost for the batteries (11,165MAD/Battery) the return on investment is over less than a year 

(0.79 year).  

Using Equation 19, we have: 

                      
                                                    

            
    (32) 

                     0.76 year            (33) 

When comparing the return on investment for the two proposed solutions, we notice that the 

return on investment for the second proposition is lower that the first system. In addition, the 

efficiency is higher in the second solution. 

2.2.A Sustainable Watering system 

2.2.1. An Optimal Watering plan  

Currently, Ifrane’s green space department does not have a planning such as watering plan, 

which will define specific time slots to water specific areas. In fact, according to Mr. Sedik, the 
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technicians water the lands using their professional experience, so they just water whenever they 

feel that the lands need water [17]. Consequently, we usually see that some green spaces are 

watered in broad day light, which may imply more losses due to evaporation and sometimes 

watered during rainy days.  

In general, the watering system of the city is divided into many small areas of 0.2Ha. Each of 

these areas is equipped with a retractable sprinklers watering system which maximal flow rate is 

defined to be 2.5l/s for a working period of 1h 10 min. We calculated the consumption of water 

per m², and the result is approximately 5.25l/m² for one session of watering. When watering, five 

areas of 0.2Ha work simultaneously; therefore, the consumption of water for one system is 52.5 

m
3
 of water.  

In order to conduct our analysis, we assumed that at least four systems work during daylight, 

which mean between 10am and 5pm. The total volume of extra losses can be calculated using the 

equation:  

                       (34) 

With: VEL is the Volume of the losses (l) 

VED is the Volume of the evaporated water during daylight (l) 

VEN is the Volume of evaporated Water during the night (l) 

In order to estimate the percentage gain we first calculated the rate of water evaporated for each 

case with this formula:  

                                               (35) 

With:     is the rate of evaporation of water in (l/h) 

          is the coefficient of evaporation in (kg/m².h) with α= (25-19*v) and v is the velocity of air  

          is the density of water in (l/kg) 

       A is the surface of water in (m²) 

          is the humidity ratio of saturated air 
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        is the humidity ratio of air 

The table 23 shows the results of the calculations for the rate of evaporations for a 0.2Ha area. 

Table 23: Rate of Water Evaporation during Daylight and at Night 

 Temp 

Max 

Humidity 

Ratio 

saturated 

% 

humidity 

Humidity 

ratio air 

Velocity 

air (m/s) 

Rate of 

evaporation  

(kg/s) 

Rate of 

evaporation 

(l/h) 

Day 31° 0.275 66% 0.01815 1.61 0.278 1000.8 

Night 18° 0.014659 66% 0.0092268 1.61 0.167 601.2 

 

From the table 23, we can see that we took the average temperatures of July as an example. Also, 

from Table 23, the percentage of extra losses due to evaporation that occur during daylight is 

approximately 40% higher than during the night. According to Hoffman, under hot sun the 

watered lands can lose up to 30% due to evaporation, and since from our calculations (equation 

36) we identified that the soils lose 9.5% of water per hour [19], we can assume that it takes 

approximately 3hours, so the water can be absorbed completely by the soil. 

                        
                                

  

 
  

                                
 100         (36) 

Therefore, if we apply these results to our case, where we assumed that at least four 

systems are working during daylight we have the volume of extra losses is 23,976 liters per day 

as we can see in Equation 38. 

                                                                                                     (37) 

                                                                                                                            (38) 

From these calculations, we realize that making a specific watering plan, where it is totally 

forbidden to water during the hot midday sun, will help the city to save at least 23,976 liters per 

day. 23 

                   
   

              
               (39) 
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                                      (40) 

                                                      (41) 

Once we had the percentage water loss per hour and defined the period of water absorption, we 

were able to calculate the percentage of extra water loss, which represents the possible water 

gain. From equation 39, we defined the possible water gain as 11.42%; knowing that, according 

to Hoffman the possible gain of water is 12%.  

2.2.2. An Optimal Watering System 

In order to decrease the water losses during the watering, we propose to regulate the 

current watering systems for an optimal result. Actually, when walking in the city during 

watering we usually see that the losses that occur are incredibly important. Approximately 20% 

of the water used for watering falls on top of the sidewalks and the streets. The Figure 5 and the 

Figure 6  show some of the examples for the water losses. 

 

In these two figures, we can easily see one of the problems of the current watering 

system; for instance, when the water falls on the sidewalks and streets. In the fifth figure, we 

observe that from one side of the road the water lands on the streets in huge amounts. While in 

the sixth figure, we can notice that the water falls on both sides of the sidewalks, while some of 

the grass is not even watered.  

Figure 5: Water Loss in the Street Figure 6: Water Loss in the Sidewalks 
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Figure 7: Watering System Problems 

       In the figure 7, we can see that due to some technical problems with the sprinklers, the water 

reparation is not equitable over the area to be watered.  

In order to suppress these losses and optimize the watering system, we propose to: 

a-  Adjust the sprinklers angle on a regular basis to avoid watering the sidewalks and streets. 

b- In order to avoid water losses due to dispersion, the city should opt for watering systems, 

which would not be height.  

c- Make sure that the velocity of water is not too high to avoid run-off 

2.2.3. Reduction of the Grass Area 

   Due to the climate change, the water resources are decreasing over the years. In the last 

few years, we were able to notice that the amount of precipitations in Ifrane decreased 

considerably. Moreover, we can easily perceive the first signs of dryness. For instance, we notice 

that the level of water in the lake, compared to previous years, is considerably lower, and that the 

river of Ain Vittel that goes through the forest dried. 
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  The Figure 9 and the Figure 8 represents pictures of the Lake of Ifrane. The Figure 9 was taken 

few years ago while the picture in Figure 8 was taken in November 2017. While looking at these 

two pictures, we can clearly see that the level of water dropped considerably.  The Figure 10 

represents the pictures of the Tizguit River taken in November 2017. From this last Figure, we 

notice that the river is completely dry.  

                

Figure 10: The Tizguit River in November 2017 

The grass represents the major element in Ifrane’s green spaces, and it is the first thing 

that we see once in Ifrane. In order to give a good impression to visitors, it needs to be always 

green and shinny, which imply that the yearly consumption of water must be very important. As a 

long run solution, we propose to decrease the grass areas by adopting some educational areas and 

Figure 9: Picture of the Lake few years ago Figure 8: Picture of the Lake in November 2017 
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parks for children or by planting some plants that does not need a lot of water such as sago palms, 

Mediterranean spurge, Artemisia, evergreen trees, and others. 

Let us consider the new garden in the prairie park, if we decide to suppress only 1Ha of 

green spaces and create instead a playing area for children, we will be able to decrease the 

consumption of water in the city by at least 2500 m
3 

annually. Considering this solution, for 

many other areas, will give the opportunity to the city to save a lot more of water resources. For 

instance, applying this type of solution for three other locations will make us save approximately 

7500m
3 

per year (4.5%).  

The Figure 12and Figure 11  show the current situation of the new garden at the prairie 

park, which look very dry, due to the lack of watering, and the possible accommodation of a new 

playing area.  

2.3.A Smart Watering System 

In order to decrease the water consumption of the city and promote a sustainable smart 

environment, we propose to introduce the smart watering system. It is composed of a set of 

controlling passive sensor active reader systems and a wireless monitoring system [20].  

There are different types of RFID systems, but for this project, we chose to install the passive 

sensor active reader system. This system is composed of RFID humidity sensors, which are 

passive sensors that control the change of humidity in the soil, and an active reader. The passive 

RFID humidity sensors do not need any batteries or electricity source, since they drive the energy 

needed from the electromagnetic field emitted by the active readers. Also, these sensors are able 

Figure 11: The Design of the New Garden 
Figure 12: The Situation of the New Garden in 

September 2017 
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to control the percentage humidity of the soil and send the measurements to a computer through 

the active reader automatically and on a regular basis.  

After receiving the data from the sensors, the reader will transmit the information through a 

wireless network to the computer in control. This last will process the information using software 

that will analyze the information to determine if the soil can be watered. The flowchart of the 

software is presented in the figure 13. If the software determines that the soil can be watered, then 

a signal can be sent to the watering systems to turn on.  

 

Figure 13: The Flowchart of the Smart Watering System 
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VI- Solid Waste Management from a Linear to a Circular Economy  

1. Current Situation in Morocco 

One of the major environmental issues of Morocco is the solid waste management. Every 

year, there is more than 5 million tons of solid waste produced across the country with an annual 

growth of 3%.  According to the World Bank, before the reform of 2008 there were only 70% of 

the municipal solid waste (MSW) that was collected, within this collected waste, only 10% was 

disposed in an environmental friendly way. In fact, there are no major infrastructures appropriate 

for the disposal of the MSW in Morocco [21].   

2. The Linear Economy 

For the region of Ifrane, Azrou, and EL Hajeb as for the rest of the Moroccan cities, after 

the collect of the MSW, these last are disposed in dumpsites without going through a recycling 

process. This is known as the linear economy of the waste management, which is “characterized 

by the product’s discard at the end of product’s life and it is one of the main causes of this natural 

depletion” [22]. In this type of management, the process is very simple since there is no treatment 

of the waste before the landfill, and the energy production is very slow and low. Also, the linear 

economy is not very sustainable, since the landfill and the burning of the waste causes a lot of 

damage to the environment with the emission of the Lixivia in the soil and the emission of CO2 

and Dioxins in the air, which are very toxic chemicals. 

 

Figure 14: Comparison between the Linear, Reuse, and Circular Economies 
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3. Circular Economy 

For this reason, we propose to go for the circular economy, since it is a more sustainable 

system where the losses are very low, and the energy production very high.  In this type of 

system, everything is recycled and reused. For every raw material, there is a treatment like the 

papers, the plastic, the glass, the wood, the metals, and the organic materials. For instance, the 

plastic and the glass are recycled into pellets before reproducing new raw material [23]. Also, all 

the organic material left is going to be used for biogas generation in digesters and the remains 

will be used to produce fertilizers. The biogas generated will be bio-methane. Bio-methane can 

be used as an energy source for many purposes, such as electricity, fuel for vehicles. This change 

in the solid waste management will help the city of Ifrane and its regions to produce a percentage 

of the energy needed for electricity. Therefore, the city will become energy sufficient. 

 In order to facilitate the transit between the linear to the circular economy, we propose to 

start a solid waste sorting in the streets of Ifrane. By taking the initiative of sorting the waste in 

the streets, the citizens will become more aware of the advantages of doing it. Therefore, they 

may start doing it in their homes.  

VII- Discussion  

1. The Energy Gain 

After conducting the energy consumption analysis and determining the possible energy gains 

for both the public lighting and the water use in public green spaces, we are now able to say that 

the city of Ifrane will save up to 70% from the original electrical energy consumption of the city.  

From the Part IV on the public lighting, we noticed that the city would be saving 221MW by 

using the twilight switches, 1,584MW by changing the current light bulbs into LEDs, and 

226MW by introducing the system of diming. Therefore, the city will be able to save 2,031MW 

of power from the original 2,570MW used for public lighting (79% of savings). In addition, from 

part V on the water use in public green spaces, with the introduction to the solar photovoltaic 

water pumps we removed the pumping cost. Consequently, we were able to make 531MW of 

electrical power savings. In total, the city will be able to make more than 2,562MW of savings 

over the whole electricity bill (70% of savings).  
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For the water, we will be able to save 11.5% by using an optimal planning, 20% by 

optimizing the watering systems, and 4.5% by reducing 3Ha from the grass area. Therefore, the 

total water savings can reach the 36%. 

2. Cost Savings  

For the cost savings, the city will be able to save 2,562,000 KW that represents 3.47Million 

MAD from the electricity bills. However, we cannot determine the cost savings for the water, 

because the main purpose is not to decrease the cost, but it is to use the water efficiently in green 

spaces. Moreover, the water use will vary over the time depending on the precipitations. 

VIII- Conclusion  

Energy Efficiency is the future, because our environment is degrading over time. In addition, 

the quantities of the basic energy sources are declining. For this reasons, we should step up to 

find the solutions to ensure good living conditions for the future generations.  From this project, 

we realized that by applying some basics of the green and smart cities concepts the energy 

savings are substantial. We were able to save 70% of the electricity for the public lighting and 

36% of the water consumption for watering. If we apply the same actions to the other cities and 

encourage citizens to do the same, Morocco can become one of the leaders in energy efficiency.  

However, conducting this project in mass can represent a limitation because the cost of 

investment is very expensive. Also, Moroccan’s can be skeptical to the idea of energy efficiency, 

since the average Moroccan wage is very low; consequently , they will not be able to purchase 

the right technologies. Nowadays, the average Moroccan does not have enough information and 

knowledge related to energy efficiency, energy sufficiency, and environment sustainability.  

Making Ifrane the first Green Smart city in Morocco will help increase the awareness about 

energy issues and the possible outcomes of this type of project among the citizens. Lighting, 

Water, and Waste are not the only aspects of green and smart cities. In fact, these types of cities 

are not known for their energy efficiency only, but they are also known to ensure food, health 

insurance, and security to their citizens.  
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APPENDIX A: The Public Lighting Control Cabinets in the City of Ifrane

 

Neighborhood Number of Control Cabinet 

Biladi 3 

Bel Vue 4 

ITA 2 

Ghazala 1 

Pompier 1 

Marche  1 

Souk 1 

Slaoui 1 

Pam 1 

Gare routiere 1 

Complex 1 

Atlas 2 2 

Hebri 1 

Khribach 2 

Tresor 2 

Phosphate 1 

Municipalite 1 

Perce neige 1 

L'ile d'amour 1 

El barj 1 

Route de fes 2 

Beethoven 1 

Bacha 2 

Al qods 1 

Province medical 1 

Chabiba 1 

al aadl 1 

hay atlas 

mosquee 

1 

haj elec 1 

Hebaz 1 

Hachouch 1 

jardin Timedikine  1 

Total 43 
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APPENDIX B: Details of the Electricity Bills in Ifrane 2016

 

Examples of Public Lighting Bills 
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APPENDIX C: Details for day length Calculation (Example January)  

 

Date Sunrise Sunset 

Day 

length 

ratio 

Day 

length 

Hours 

    

1  07:26 17:32 0,421 10,1 

2  07:26 17:32 0,421 10,1 

3 07:26 17:33 0,422 10,12 

4 07:26 17:34 0,422 10,12 

5  07:26 17:35 0,422 10,13 

6  07:26 17:35 0,423 10,15 

7 07:26 17:36 0,423 10,15 

8  07:26 17:37 0,424 10,17 

9 07:26 17:38 0,424 10,18 

10  07:26 17:39 0,425 10,2 

11  07:26 17:40 0,426 10,22 

12  07:26 17:40 0,426 10,23 

13  07:26 17:41 0,427 10,25 

14  07:26 17:42 0,428 10,27 

15  07:26 17:43 0,428 10,28 

16  07:26 17:44 0,429 10,3 

17  07:25 17:45 0,43 10,32 

18  07:25 17:46 0,431 10,33 

19  07:25 17:47 0,431 10,35 

20  07:25 17:48 0,432 10,37 

21  07:24 17:49 0,433 10,4 

22  07:24 17:49 0,434 10,42 

23  07:24 17:50 0,435 10,43 

24  07:23 17:51 0,436 10,47 

25  07:23 17:52 0,437 10,48 

26  07:22 17:53 0,438 10,5 

27  07:22 17:54 0,439 10,53 

28 07:21 17:55 0,44 10,55 

29  07:21 17:56 0,441 10,58 

30  07:20 17:57 0,442 10,6 

31  07:19 17:58 0,443 10,63 

http://www.sunrise-and-sunset.com/fr/sun/maroc/ifrane/2017/janvier/3
http://www.sunrise-and-sunset.com/fr/sun/maroc/ifrane/2017/janvier/7
http://www.sunrise-and-sunset.com/fr/sun/maroc/ifrane/2017/janvier/8
http://www.sunrise-and-sunset.com/fr/sun/maroc/ifrane/2017/janvier/10
http://www.sunrise-and-sunset.com/fr/sun/maroc/ifrane/2017/janvier/11
http://www.sunrise-and-sunset.com/fr/sun/maroc/ifrane/2017/janvier/14
http://www.sunrise-and-sunset.com/fr/sun/maroc/ifrane/2017/janvier/16
http://www.sunrise-and-sunset.com/fr/sun/maroc/ifrane/2017/janvier/17
http://www.sunrise-and-sunset.com/fr/sun/maroc/ifrane/2017/janvier/18
http://www.sunrise-and-sunset.com/fr/sun/maroc/ifrane/2017/janvier/19
http://www.sunrise-and-sunset.com/fr/sun/maroc/ifrane/2017/janvier/21
http://www.sunrise-and-sunset.com/fr/sun/maroc/ifrane/2017/janvier/23
http://www.sunrise-and-sunset.com/fr/sun/maroc/ifrane/2017/janvier/24
http://www.sunrise-and-sunset.com/fr/sun/maroc/ifrane/2017/janvier/25
http://www.sunrise-and-sunset.com/fr/sun/maroc/ifrane/2017/janvier/26
http://www.sunrise-and-sunset.com/fr/sun/maroc/ifrane/2017/janvier/27
http://www.sunrise-and-sunset.com/fr/sun/maroc/ifrane/2017/janvier/28
http://www.sunrise-and-sunset.com/fr/sun/maroc/ifrane/2017/janvier/31
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APPENDIX D: LEDs Characteristics 
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APPENDIX E: Public Lighting Cost Before and After Changes 

Month 
Da
ys 

Day  
hours 

daylig
ht (h) 

Night 
length (h) 

lighting 
hours (h) 

Consumptio
n KW 

Consum
ption  

Cost 
(MAD)/mon
th 

Cost / 
Trimeter 

Januar
y 31 744 319.93 424.07 439.07 569.65 

250116.
2255 

339 107.58 
MAD 

930 
852.50  

Febru
ary 28 672 309.06 362.94 377.94 569.65 

215293.
521 

291 894.96 
MAD 

March 31 744 370.76 373.24 388.24 569.65 
221160.

916 
299 849.97 

MAD 

April 30 720 387.78 332.22 347.22 569.65 
197793.

873 
268 168.93 

MAD 

765 
589.02  May 31 744 425.85 318.15 333.15 569.65 

189778.
8975 

257 302.23 
MAD 

June  30 720 424.1 295.90 310.90 569.65 
177104.

185 
240 117.85 

MAD 

July 31 744 431.9 312.10 327.10 569.65 
186332.

515 
252 629.62 

MAD 

804 
846.62  

Augus
t 31 744 409.95 334.05 349.05 569.65 

198836.
3325 

269 582.30 
MAD 

Septe
mber  30 720 369.05 350.95 365.95 569.65 

208463.
4175 

282 634.70 
MAD 

Octob
er 31 744 351.63 392.37 407.37 569.65 

232058.
3205 

314 624.67 
MAD 

983 
471.45  

Nove
mber  30 720 315.33 404.67 419.67 569.65 

239065.
0155 

324 124.35 
MAD 

Dece
mber 31 744 312.66 431.34 446.34 569.65 

254257.
581 

344 722.43 
MAD 

Total     4428 4332 4512   
257026

0.8 

3 484 
759.59 

MAD 
3 484 

759.59  
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Month  Days 
Day  
hours 

daylight 
(h) 

Night 
length 
(h) 

lighting 
hours 
(h) 

Consumption 
KW Consumption  

Cost 
(MAD)/month 

Cost / 
Trimeter 

January  31 744 319.93 424.07 439.07 218.64 95998.2648 
130 154.45 
MAD 

357 
274.80 
MAD 

February  28 672 309.06 362.94 377.94 218.64 82632.8016 
112 033.55 
MAD 

March 31 744 370.76 373.24 388.24 218.64 84884.7936 
115 086.80 
MAD 

April 30 720 387.78 332.22 347.22 218.64 75916.1808 
102 927.16 
MAD 

293 
844.26 
MAD 

May 31 744 425.85 318.15 333.15 218.64 72839.916 
98 756.36 
MAD 

June  30 720 424.1 295.90 310.90 218.64 67975.176 
92 160.74 
MAD 

July 31 744 431.9 312.10 327.10 218.64 71517.144 
96 962.94 
MAD 

308 
911.90 
MAD 

August 31 744 409.95 334.05 349.05 218.64 76316.292 
103 469.63 
MAD 

September  30 720 369.05 350.95 365.95 218.64 80011.308 
108 479.33 
MAD 

October 31 744 351.63 392.37 407.37 218.64 89067.3768 
120 757.55 
MAD 

377 
470.72 
MAD 

November  30 720 315.33 404.67 419.67 218.64 91756.6488 
124 403.66 
MAD 

December 31 744 312.66 431.34 446.34 218.64 97587.7776 
132 309.51 
MAD 

Total     4428 4332 4512 2623.68 986503.68 
1 337 501.69 
MAD 

1 337 
501.69 
MAD 
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Trimest
er 

Calculated 
cost/trimester 

Paid Cost/ 
Trimester Difference  

Pump station 
cost Losses 

1st 930 852.58 MAD 
1 275 283.77 

MAD 
344 431.19 

MAD 
175 586.97 

MAD 
MAD 168 

844.22 

2nd 765 589.02 MAD 
1 154 750.59 

MAD 
389 161.57 

MAD 
307 326.94 

MAD 
MAD 81 

834.63 

3de 804 846.62 MAD 
1 176 453.13 

MAD 
371 606.51 

MAD 
404 735.56 

MAD 
-MAD 33 

129.05 

4th  983 471.45 MAD 
1 341 599.67 

MAD 
358 128.22 

MAD 
264 648.16 

MAD 
MAD 93 

480.06 

Total 
3 484 759.67 MAD 

4 948 087.16 
MAD 

1 463 327.49 
MAD 

1 152 297.63 
MAD 311 029.86 

 

APPENDIX F: The Pumping Cost  

Trimest

er 
Tirmilate 

tizzine ile Amour 

colonie 

vacance omni sport  Total 

1st 

24 202.17 

MAD 

30 348.67 

MAD 

33 308.68 

MAD 

14 974.87 

MAD 

39 258.52 

MAD 

142 092.91 

MAD 

2nd 

60 665.99 

MAD 

16 297.13 

MAD 

58 364.83 

MAD 

34 260.74 

MAD 

1 471.00 

MAD 

171 059.69 

MAD 

3de 

89 623.77 

MAD 

38 027.44 

MAD 

54 233.94 

MAD 

49 017.40 

MAD 

1 471.00 

MAD 

232 373.55 

MAD 

4th  

103 454.38 

MAD 

17 234.25 

MAD 

36 296.94 

MAD 

16 892.99 

MAD 0.00 MAD 

173 878.56 

MAD 

Total 

277 946.31 

MAD 

101 907.49 

MAD 

182 204.39 

MAD 

115 146.00 

MAD 

42 200.52 

MAD 

719 404.71 

MAD 
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APPENDIX G: Solar Photovoltaic Water Pumping Systems  

 

Elements  Prices  

10 photovoltaic solar panels of 265W 

from IBC Solar in Germany 
19 000 

 LORENTZ PS2 1800 HR Pump 12 020 

Electrical and Thermal protection 780 

Wires  110m 5500 

Controller 6500,00 

installation  4 000 

Cost 47800,00 

TVA 20% 9560,00 

Total Cost with Taxes 57360,00 

Warranty of the pump  by Lorentz 

directe 
2 ans 

Warranty of the solar panels IBC 11 ans 
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APPENDIX H:  Water Loss Calculations 

 

Source 

Volume of water 

consumed (m3) 

Pumps  114190,00 

Drinking water 45781,56 

Tank Trunks 16560,00 

Total  176531,56 

water Cosumption m3/ha 2450,125746 

Water Consumption l/m² 245,0125746 

Water Consumption l/m²/day 3,500179637 
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FOR 0,2 ha of green Space 

   
Period (hours) 1,17 

   
head debit  (m3/h) 9 Maximal Debit defined is 2,5l/s for 0,2ha 

Head debit  (l/h) 9000       

Consumption (m3) 10,5   

Consumption (l/m²) 5,25 Equal to the estimated consumption (l/m²/day) 

Losses  (l/h) 1000,80 During the  day we have 39,92% more losses than irrigating by night 

extra losses (l/h) 399,6 irrigating by night we can save 399,6(l/h) 

extra losses  (l/m²) 0,2331 

which means we can save up to 0,2331 

(l/m²)     

Consumption of 5 retractable 

sprinklers (m3) 52,5 Only 5 can work simultaneously 

Consumption day (m3)  210 We assume that between 10am and 5pm at least  4 systems will be working  

Consumption day (l/m²) 5,25 total area is  4 ha 

Losses  (l/h) 20016       

extra losses (l/h) 7992       

Extra losses in one day 

(l/m²) 0,5994       

Losses  per day (l) 23976 

We can save up to 23976L of water per day thus we can 

save up to 699,3m3 of water in one year 
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