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ABSTRACT 

It is recorded that the amount of CO2 released into the air each year is approximately about 40 billion tons 

[1]. Having this gas in great amounts in the atmosphere is leading to an increase in the global temperature; 

this phenomenon is called global warming and produces in its turn other important problems such as: glacier 

retreat, change in the timing of seasonal events, change in the agricultural productivity, etc. Moreover, 

transportation is playing a major role in this mass destruction by consuming more than 25% of the world’s 

energy intake [2] while Morocco is importing approximately 89.4% of its total energy need [3]. 

To contribute in minimizing and overcoming the problems mentioned before, this report describes the 

different stages of the switch from fossil fuel transportation means to electric vehicles. This project performs 

a comprehensive study inspecting different significant variants as fuel consumption and CO2 emissions.  

Last but not least, the report performs a logistics and optimization study and proposes the introduction of 

mobility alternatives to Al Akhawayn University’s campus. 
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1. INTRODUCTION 

 

Pollution has become a real challenge to human beings as it is affecting the whole ecosystem including its 

fauna and flora. The environment had once been in a complete stability and balance, but with the excess of 

the use of its natural resources, the world is now literally drowning. One major player in that unfortunate 

situation is air pollution. 

Air pollution is mainly caused by the burning of fossil fuels, agricultural activities, exhaust from factories, 

mining operations, and some indoor supplies. As a result, these activities have many overwhelming effects 

on beings and nature, which can be listed as follows: respiratory and heart problems, global warming, acid 

rains, depletion of the ozone layer, etc. However, in this study, I will only be covering the problems related 

to fossil fuels and transportation. 

Transportation of goods and people became fundamental to every human being and to every well suited 

economy. Therefore, it is not possible to cut the link with this useful tool even though it can be harmful, but 

this situation can be reversed, and trying to find alternative solutions to fossil fuels has become mandatory. 

One possible way to overcome the issue of the greenhouse emission gases caused by transportation is to do 

a transition to other cleaner energies that can drive our means of transportation. 

The report focuses on the appliance of the concept of E-mobility and gives many examples of successful 

experiments done in many countries like Norway and China. The report also discusses the reasons behind 

those successes, and the measures these governments have taken to achieve them. Morocco is also taking 

part in this battle by introducing incentives to the Moroccan citizens to encourage them to switch towards 

clean transportation. 

The study I will be presenting is going to be about proposing the best clean energy transportation modes to 

adopt on the university’s campus. To perform this study, I started by doing a literature review about the 

available resources. Next, I presented the problematic by studying the fuel consumption and CO2 emissions, 

tax expenses, and maintenance costs of Al Akhawayn University’s fleet. Then, I conducted careful studies 

to propose the best alternative solutions in applying eco-friendly transportation modes.  
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2. LITERATURE REVIEW 

2.1 Transportation and Air Pollution 

To move people and merchandise from a point A to another point B, the use of transportation means is 

necessary. Therefore, billions of kilometers are travelled each day to satisfy the growing demand created by 

the international community. Accompanying these distances travelled daily comes an unfortunate but 

inevitable, for the moment, situation. A colossal amount of CO2 and other greenhouse gases are released 

into the atmosphere, and this situation creates dangerous phenomena. 

The percentage of carbon dioxide released into the air represents a total of 76% of the overall greenhouse 

gas emissions. A great percentage, which is about 65% of the global greenhouse gas emission, comes from 

the burning of fossil fuels and industry, while the remaining 11% comes from forestry and some other land 

practices [4]. The first place in that air pollution is attributed to the production of electricity and heat (25%) 

followed by agriculture, forestry and other land use (24%). Transportation in its turn represents 14% of the 

global greenhouse emissions because almost 95% of the overall transportation modes are dependent on 

petroleum-based fuels. 

 

Figure 2 Global Greenhouse Gas Emissions by Gas [4] 

               

Figure 1 Global Greenhouse Gas Emissions by 

Economic Sector [4] 
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Carbon dioxyde is a fundamental and essential part of the ecosystem. However, having this gas in great 

amounts can be harmful to the environment. One of the most dangerous and common problem is called 

“global warming”. This phenomenon is the effect of having the greenhouse gases in abundance in the 

atmosphere since these are stopping the reflection of solar heat that hits the earth, and therefore cause the 

planet to warm. Different disastrous changes undergo the earth as this phenomenon expands as glacier 

retreat, change in timing of seasonal events, and agricultural productivity according to W. Cramer [5]. The 

following two figures illustrate the link between the change of the average land-sea temperature anomaly 

and the CO2 concentration present in the atmosphere throughout the years. 

 

Graph 2 Global CO2 concentration from 1900 to 2010 [6] 

Graph 1 Temperature Anomaly from 1880 to 2010 [6] 
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Analyzing the two graphs, we can observe that the two are matching. We can then conclude that the emission 

of CO2 is responsible of the land-sea temperature anomaly. In this case, it is a raise in the temperature. 

Since the first earth summit held in 1972 in Stockholm, Sweden, that the nations of the world are aware of 

the change the planet was going through. Furthermore, the participants were also aware of the role they 

were playing in affecting the earth’s behavior. That is why, since that day, the meetings between the leaders 

of the world multiplied concerning the environment and the planet, and many conventions were signed in 

those summits to try to overcome catastrophes generated by the immoral practices of the people. However, 

until 1992, in the third United Nations earth summit, that the impact of transportation was recognized 

harmful and that development goals in that sector have risen [7]. 

2.2 E-mobility as a clean Transportation mode 

To overcome and adjust this unfortunate situation, the peoples of the world need to change their usual 

behaviors regarding the environment. The first step to do that is by identifying possible daily and recurrent 

activities that might be harmful to the environment and try to overcome those. It is sure that if every person 

of the 7 billion makes a moral contribution in this sense, the situation can be reversed. In fact, human beings 

are the destroyers in that story, but they are also the only saviors. 

One possible way to reduce the emission of CO2 and greenhouse gases can be accomplished by a mobility 

revolution. As a result, the international community is turning towards a new transportation ecosystem that 

encompasses concepts as e-mobility, and collective transportation including carpooling and vehicle sharing. 

An interesting example of the contribution of carpooling in the sense of reducing CO2 emission is given by 

BlaBlaCar, a French company of carpooling. This latter registered around 100 million journeys and saved 

about 700,000 tons of CO2 [8]. 

Tecnopedia defines the e-mobility as: “The development of electric-powered drivetrains designed to shift 

vehicle design away from the use of fossil fuels and carbon gas emissions” [9]. Therefore, the e-mobility 

can be called the electric mobility since it includes in the major part the EVs but also HEVs. 

2.3 Classification of Electric Vehicles 

The IAE global electric vehicle outlook 2018 classifies the EVs into four categories [10]: 

BEVs: which stands for Battery Electric Vehicles, are electrically powered vehicles that depend only on 

their batteries to run. To do that, the battery needs to be plugged-in to a charger. 
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HEVs: mean Hybrid Electric Vehicles that are, as the name indicates, a two energy powered vehicle that 

uses both an internal combustion engine and an electric motor that supports the other. However, the battery 

of the latter does not require any charging. 

PHEVs: designates Plug-in Hybrid Electric Vehicles. Contrary to the HEV, the PHEVs can be plugged to 

a charger to recharge the battery.  

FCEVs: or Fuel-Cell Electric Vehicles use fuel, such as hydrogen, to generate electricity and run. 

 Here is a simplified scheme of the processes used by those different types of electric vehicles: 

 

Figure 3 Electric Vehicles and Their Charging Schemes  [10] 

2.4 E-mobility Around the World 

We can say that electric vehicles are winning more and more the hearts and minds of the people all around 

the world. The market saw an exponential growth during the last decade, and the most important client is 

without a doubt China. This country recorded more than a half million sales of EVs during 2017, and this 

number represents more than the half of the overall EVs sold in the world in 2017. However, the most 

important and impressive fact about EVs belongs to Norway since it recorded a 39% market share of EVs 

for the year 2017 [10]. 

 The following graph represents the number of electric cars in circulation from the year 2013 to 2017: 
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Figure 4 Number of Electric Cars in Circulation  [10] 

 The following one illustrates the percentage of market share electric cars have in each country for the 

year 2017: 

 

These success stories are driven by many factors. A study conducted by Transportation Research Procedia 

was about defining the parameters involved in choosing between EVs and conventional vehicles in different 

states in the USA. The variables taken into consideration were the income, vehicle miles travelled (VMT), 

gasoline price, electricity price, urban roads, and incentives. Then, the results of the study demonstrated that 

electricity price, urban roads, and incentives are the most important factors for choosing a vehicle while the 

Figure 5 Market Share Electric Cars in Different Countries for the Year 2017  [10] 
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remaining ones are either considered codependent or non-influential [10]. However, in the following section 

we will be focusing only on the incentives put by many governments to encourage the adoption of EVs. 

 

2.4.1 Incentives towards clean transportation 

One actor that is important to the introduction and the adoption of e-mobility inside a country is the political 

support. As seen before, there exists an important percentage of electric vehicles market share in Norway. 

This is the result of multiple incentives driven by the government. Norwegians have many benefits when 

acquiring an electric vehicle like for example:  

 Free municipal parking spots 

 Reduction or exemption from purchasing taxes  

 No charges on toll roads and ferries 

 Access to bus lines 

 

Moving to another example, Johansen presents in his master thesis “E-Mobility Maturity Model: Measuring 

E-mobility Readiness of Countries” the case of Denmark that adopted e-mobility, and ways the government 

helped the country begin its journey towards a clean and environmentally friendly transportation. Denmark 

is considered as one of the happiest countries of the world thanks to its monetary policies, healthcare system, 

education, protection of civil rights and liberties. Moreover, Denmark maturity indicators pointed out the 

capability of the country to adopt e-mobility. According to Johansen, the kingdom has shown a great impact 

introducing EVs into Danes daily life by: 

 Entirely exempting the owners from the registration taxes 

 Fully exemption owning charges 

 Free public Parking spots 

This situation lasted until the market matured in January 2017 [9]. 

 

Another great example concerning e-mobility might be Germany because of its influential car industry. 

Germany is not stopping investments in this new technology, but it also pushes car companies to do the 

same, especially after the “Volkswagen Dieselgate Scandal”. The incentives the German government is 

conducting are as follows: 

 Big investments from car companies into the E-vehicle. 

 Introducing more than 25 types of electric vehicles into the market for a large choice for the 

customer.  
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 300 M euros investment in publicly charging infrastructure.  

 Exemption from taxes for 100% electric powered cars for 10 years.  

 Porsche decision to remove the construction of diesel cars by 2025. 

 

2.5 The Moroccan Context 

Recently Morocco is living a huge growth in the transportation sector, which has become a crucial 

component of the economic and social development of the country. According to “Projet Feuille de Route 

pour une Mobilité Durable au Maroc”, Morocco houses more than 3.8 million vehicles and is facing a 5% 

yearly growth in this domain. Moreover, those vehicles are all fossil fuel powered and cost to the country 

1% of it GDP because of the pollution of the air. That is why the country is now showing interest for hybrid 

and electric vehicles [11]. 

 

2.5.1 Socio-Economic Analysis of Electric Vehicles in Morocco [12] 

The IRESEN, which stands for “research institute in solar energy and new energy”, conducted a study about 

the introduction of electric cars in Morocco. The study was first of all a socio-economic analysis of the e-

mobility in Morocco, which the institute carried out through a survey. Consequently, the data gathered 

permitted to make many conclusions about the introduction of e-mobility into the Moroccan market [12], 

and the following sub-sections will be based on that study. 

The survey contained many questions such as: what profile do the respondents have? What mode of 

transport do they use? What is their daily distance traveled? And what do Moroccans know about electric 

cars? 

2.5.1.1 Occupational Life of the Moroccan Citizens 

The institute interrogated 485 Moroccans on their socio-professional life as an implicit indicator of the 

purchasing power. The chart below differentiates the sample as follows: 
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Figure 6 Percentage of the Socio-Professional Profile of the Respondents  [12] 

 

2.5.1.2 Means of Transportation Used and Daily Distance Traveled by Moroccan People 

The questioned people prefer and use cars in the most of the time compared to other means of transportation. 

The chart below distinguishes the way of transportation used by the Moroccan people: 

 

Figure 7 Percentage of Means of Transportation Used By Moroccans  [12] 
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Moreover, the majority of Moroccans, according to the sample, claim that their daily distance traveled is 

less than 30 Km. The reason behind that is the growing population density inside the cities of Morocco and 

because the majority live next to their employment location. The diagram below demonstrates the 

percentage of the daily distance traveled by Moroccans: 

 

Figure 8 Percentage of the Daily Distance Traveled by Moroccans  [12] 

2.5.1.3 EVs and Pricing in the Moroccan Context 

Moving to the part where people were asked about EVs, a majority, about 93% of the respondents, answered 

that they knew about the existence of e-vehicles. Within this percentage, a majority think that the recharge 

price and initial price of EVs are expensive, which is true for the purchasing price. The institute then asked 

respondents about the maximum price they were able to spend to acquire an EV, and the answer was that 

75% of them were not ready to pay more than the price of a conventional car to get an EV, while 21% of 

the people tolerated a 20% price increase. Here is a chart summing up the situation: 

 

Figure 9 Percentage of People Ready for Paying an Additional Amount for Purchasing an EV  [12] 
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In fact, the initial price of acquiring an electric vehicle remains the first motivation for purchasing an electric 

car. However, Moroccan people are aware of the ecological impact of EVs, and that’s why the 

environmental reason comes second. 29% of the questioned persons have as a first motivation for purchasing 

an electric car the environmental impact consciousness, but this is not enough to take the risk as we could 

have noticed in the past chart. The diagram below explains the motivations Moroccan people have in 

purchasing an electric car: 

 

 

2.5.1.4 Recharging Practices 

In this part, the people were asked about their preferences in the places, and the maximum time it would 

take, to recharge their electric cars if they had one. The two third of the respondents were favorable for 

recharging their vehicles in public parking, while 92% of them couldn’t give more than 2 hours to the battery 

to be completely recharged. The graphs below describe the two just mentioned cases: 
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Figure 10 Percentage of Motivations Moroccan people have in purchasing an electric car  [12] 
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Figure 11 Percentage Preference of Recharge Locations  [12] 

 

Figure 12 Percentage of Maximum Time Allowed to Recharging  [12] 
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2.5.2 Incentives put by the Moroccan Government to Encourage the Use of E-mobility 

Morocco is trying to implement and install the sustainable mobility environment in the kingdom because 

this one is aware of the benefits of an early execution. As an emerging country, Morocco is in need for good 

and efficient mobility, and therefore electric mobility can have a good impact on the development of the 

country. ONCF is stating that 75% of its fleet is electric powered engines and that by 2020, 50% of it will 

be powered by electricity originated from renewable energy. Moreover, the country is implementing 

different strategies, taking example from its European friends, to incorporate e-mobility. According to the 

Moroccan Ministry of Equipment, Transport, Logistics and Water [11], these strategies are as follows: 

 

 Reduce transportation energy consumption by 35% in 2030. 

 Exemption from taxes for hybrid and electric powered vehicles, plus a reduction of 2.5% of customs 

fee.  

 Discussion about an exemption from registration fee for hybrid and electric cars. 

 Investment in electric buses and recharge stations in Marrakech.  

 Define a plan for e-mobility development goal for 2030/2050.  

 Introduce e-mobility for the government vehicles.  

 Raise awareness of TCO of electric cars vs. conventional ones to promote electric cars. 
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3. TRANSPORTATION AT AL AKHAWAYN UNIVERSITY 

Fuel, tax and maintenance expenses, alongside CO2 emissions represent the main drawbacks of using 

conventional vehicles. The purpose of this capstone’s project is to inspect these elements at the level of our 

university, Al Akhawayn Univrsity in Ifrane, and examine if they indeed represent a problematic.  

In the following sections, I describe the universities fuel expenses and CO2 emissions, fleet maintenance, 

and tax expenses. I methodologically approach each of these subjects, where I individually collect and 

analyze data, and come up with significant results to our problematic. This study shall serve as a base for 

following sections, where I propose alternative project recommendations to be implemented at the 

university’s campus. 

3.1. Fuel Expenses and CO2 Emission 

3.1.1. Data collection 

Al Akhawayn’s grounds and maintenance services have facilitated me the data needed for the proposed 

study. Unless mentioned contrarily, all the data available for this project had this same source. Al Akhawayn 

University holds a fleet composed of 23 vehicles, and for the purpose of this study, only 19 of them will be 

considered useful because the 4 remaining ones are well-thought-out being non-relevant to this study since 

they are occasionally used. 

The table below displays the type and year of release of each vehicle of the actual fleet of Al Akhawayn 

University that is going to be part of the study: 

Table 1 Types and Years of Release of Each of the 19 Vehicles of the Actual Fleet of Al Akhawayn University 

Vehicle Type Year of Release 

Toyota 2012 Truck (Pick up) 2006 

Toyota 2719 Minibus (16 seats) 2008 

Toyota 3020 Minibus (16 seats) 2018 

Toyota 3429 Minibus (16 seats) 2009 

Toyota 3764 Truck (Pick up) 2010 

Toyota 5136 Minibus (16 seats) 2013 

Toyota 5562  Sedan 2014 

Hyundai 3622  Van 2010 

Hyundai 3769  Van 2010 

Hyundai 4635 Minibus (30 seats) 2012 

Citroen 2329 Light Duty 2007 
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Citroen 2330 Light Duty 2007 

Audi 2181 Sedan 2007 

Audi 5160 Sedan 2013 

Ford 6201 Compact 2016 

Volvo 4684 Bus (48 seats) 2012 

Volkswagen 4926 Light Duty 2013 

Isuzu 2053 Bus (60 seats) 2006 

Kangoo 5415 Light Duty 2014 

 

Table 2 Showing the Number of Each Type of the Actual Fleet of Al Akhawayn University and their Average 

Price in New 

Type *Number Average Price in MAD in New 

Light Duty 4 174,000 

Compact 1 215,000 

Sedan 3 440,000 

Mini bus (or van) 7 385,000 

Truck (Pick up) 2 371,000 

Bus 2 - 

 

The following table summarizes the overall consumption and expenses on gasoil of the 19 selected vehicles 

of AUI’s fleet beginning from January 2017: 

Table 3 The Total Consumption of Fuel in Liters and its Expenses in MAD per month 

 Month 
Total Consumption in Liters Total Expenses in MAD 

2017 JAN 
3755,11 20365,6 

 FEB 
4263,85 23119,87 

 MAR 
5351,3 31585,292 

 APR 
6345,33 38400,347 
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 MAY 
5508,76 31586,47 

 JUN 
3214,65 18684,781 

 JUL 
4489,66 24943,395 

 AUG 
2099,22 11302,61 

 SEP 
4220,94 23212,995 

 OCT 
5290,48 28951,4125 

 NOV 
5251,79 29313,6775 

 DEC 
4531,37 27667,464 

 Sum 2017 54322,46 309133,914 

2018 JAN 
4535,39 27926,5776 

 FEB 
4197,65 25740,9752 

 MAR 
5687,58 34508,2844 

 APR 
5506,33 32982,2356 

 MAY 
4430,9 27588,4615 

 JUN 
4466,53 27464,2635 

 JUL 
4701,28 31771,4895 

 AUG 
2185,54 14793,05 

 Sum 2018 35711,2 222775,337 

 

Moreover, I have also gathered from literature the historical cost per liter of fuel in Morocco. 

This will serve us to forecast diesel’s price in the coming years, used in the solutions section. 

Table 4 Historical Cost per Liter of Fuel in Morocco 

Year Price per liter in US Dollar 

1998 0,47 

2000 0,53 

2002 0,55 
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2004 0,7 

2006 0,87 

2008 0,83 

2010 0,88 

2012 0,96 

2014 1,11 

2016 0,86 

2018 1,05 

 

3.1.2. Data Analysis 

An interesting fact about the fuel supply is that some years ago Al Akhawayn invested in a tank inside its 

campus to be able to supply diesel to its fleet directly from it. This technique allowed the university to save 

money on taxes and reduce the expenses. However, the need of supply from external sources is unfortunately 

unavoidable, and the university is then obliged to pay the full price of fuel set by the Moroccan government. 

The data selected from the available excel documents was separated into two parts. The first part was the 

one concerning AUI’s own tank in which we considered the kilometers travelled by each vehicle using this 

specific supply source and the price of a single liter according to time. The second part was about the refilling 

done at one of the vivo stations that are partners as the second source of supply. In this second one, the 

volume, price, and kilometers travelled were also considered. 

A third part is generated from the two previous sequences, and this one sums up the overall fleet’s 

consumption of diesel per year and its pricings. As a regard, a fourth part, and the most fundamental one, 

will follow and consists on displaying the emission of CO2 caused by AUI’s fleet for each month beginning 

from January 2017. 

The following graphs demonstrate the pricing of Gasoil supply of Al Akhawayn fleet according to time for 

the two cases mentioned above: 
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Graph 3 Price of Gasoil Supply for the Own Tank in MAD per Liter 

 

 

Graph 4 Price in MAD/Liter of the External Supply of Diesel beginning from January 2017 

 

For both cases, either on-site or off-site supply, the large amount of CO2 emission is inevitable. In fact, this 

study will primarily focus on the CO2 emission of the AUI fleet to justify the shift of the vehicles towards 

environmental friendly ones. 
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The price of Gasoil per liter can be forecasted using Holt’s method since we observe a linear trend in the 

values of the historical data of Diesel in Morocco 

The method employed to compute the amount of CO2 emission was achieved thanks to the cooperation of 

many agents working in the department of the ground and maintenance of the university who provided me 

with the necessary data. The equation used is simply multiplying the amount of diesel burned in liters by 

2640. This number corresponds to the weight of Carbon (720g) found in 1L of diesel plus the weight of 

Oxygen (1920g) needed to burn 1L of diesel. 

 𝐶𝑂2 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑖𝑛 𝑔𝑟𝑎𝑚𝑠 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑙𝑖𝑡𝑒𝑟𝑠 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑 𝑝𝑒𝑟 𝑚𝑜𝑛𝑡ℎ ∗ (720 + 1920) 

Equation 1 

3.1.3 Results 

Using the formula stated earlier in the previous section, which is Data Analysis, we get the amount of CO2 

emitted by the fleet is in positive correlation with its fuel consumption. We then get the following graph 

showing the amount of CO2 released into the air caused by Al Akhawayn fleet: 

 

Graph 5 Emission of CO2 by AUI fleet in Tons during the years 2017 and 2018 
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 The total amount of CO2 released into the air caused by the AUI fleet during the year 2017 was 

about 143,411 Tons 

 The average CO2 emission per month is about: 11,884 Tons 

When it comes to the price of Gasoil per liter for the following years, the forecasted data gave us the table 

below taking into consideration the first 5 years as a base for the level and trend. 

 

Table 5 Forecast of Diesel Price per liter for the Coming Years in Dollars 

Year Price per liter in US Dollar L T Forecasted Price in US Dollars 

1998 0,47       

2000 0,53       

2002 0,55       

2004 0,7       

2006 0,87       

2008 0,83 0,658333 0,072   

2010 0,88 0,754214 0,072 0,730333333 

2012 0,96 0,847561 0,072 0,826213936 

2014 1,11 0,949947 0,072 0,919560652 

2016 0,86 0,996107 0,072 1,021946886 

2018 1,05 1,065218 0,072 1,068106869 

2019       1,137217762 

2020       1,209217762 

2021       1,281217762 

2022       1,353217762 

2023       1,425217762 

Average Price in the 5 years range:   1,281217762 

 

3.2. Tax Expenses 

3.2.1. Data Collection 

As mentioned earlier, the Moroccan government is initiating incentives concerning E-vehicles in Morocco 

to encourage its citizens to shift towards clean energy transportation modes. One of the incentives put into 

practice is the exemption of taxes on E-vehicles. In fact, this variable may play an important role to convince 

the public to take the big step and invest in e-cars. Therefore, it is mandatory to collect the expenses on 

taxes for each vehicle paid by the university. 
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The table below expresses the expenses on taxes for the vehicles owned by the university, and this since 

2015: 

Table 6 Tax Expenses of Each Vehicle of the AUI's Fleet from 2015 to 2018 

2015 2016 2017 2018 

700 723 723 700 

1500 723 723 700 

3540 3500 3500 3500 

6023 6023 6000 6000 

6023 6023 6000 6000 

700 723 723 700 

1500 1523 1523 1500 

6023 6023 6000 6000 

  800 723 700 

1500       

1500 1523     

6000 6023 6023 6000 

700 723 723 700 

1500 1523 1523 1500 

6000 6023 6023 6000 

650 673     

650       

3000 3023     

800 823 800 800 

6023 6023 6000 6000 

6023 6023 6000 6000 

1350 1373 1350 1350 

4500 4523 4500 4500 

700 723 723 700 

 

3.2.2. Data Analysis 

On average, the university spends an amount of 62,724 MAD on taxes of ownership of its vehicles. 

Therefore, if it wants to switch to BEVs, AL Akhawayn University will avoid paying the mentioned amount. 

This number was calculated using the table available in the previous sub-section above. 
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Table 7 Overall Tax Expenses of AUI's Fleet from 2015 to 2018 and Average Pricing 

Year 2015 2016 2017 2018 Total 

Total tax 
expenses in 
MAD 

66905 65060 59580 59350 250895 

 

The chart below demonstrates the expenses on taxes of AUI conventional vehicles from 2015 to 2018: 

 

Graph 6 Tax expenses in MAD of AUI vehicles from 2015 to 2018 

 

When analyzing the historical data of tax expenses, we realize that the expenses for the years 2017 and 2018 

are lower. This is caused by the selling of two vehicles in 2015, and the selling of three others in 2016. 

Therefore, the university had no longer to pay taxes for using those 5 vehicles, and this starting from 2017 

since they were sold. However, the university purchased one compact car in 2017, but this didn’t have a 

significant effect on the overall tax fees. 

3.2.3. Results 

The result we can obtain from the previous analysis is the average tax prices of the 19 considered vehicules 

for this study. Therefore, the total average price of taxes that can be avoided if adopting BEVs will be 59,465 

MAD a year. 
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3.3. Maintenance Expenses 

3.3.1. Data Collection 

Comparing the maintenance costs of EVs and especially BEVs to ICEs, the electric vehicles require less 

maintenance commitment than the conventional ones. This is caused mainly by a percentage of 90% fewer 

moving parts of BEVs compared to their ICEs counterpart. In addition, BEVs do not require oil change, and 

the braking system used in them is more effective than the one used in the conventional ones since it uses a 

regenerative system to contribute in loading the battery and allows the braking pads to last longer by 

reducing the stress put on them [13]. Therefore, the three components that are going to be relevant to our 

study in terms of maintenance and allow the comparison between the two types (BEVs and ICEs) are: 

 Oil Change 

 Breaking pads 

 Conventional engine related parts 

Here is the data provided by the department of Grounds and Maintenance of Al Akhawayn showing the 

overall expenses on maintenance of the 19 vehicles: 

Table 8 Overall Expenses on Maintenance of the 19 Vehicles from 2015 to 2018 

Year Overall Maintenance Expenses in Mad 

2015 472931,49 

2016 450175,96 

2017 430459,37 

 

 This data will later on be processed to extract from it the expenses that can be avoided by integrating 

BEVs. 

3.3.2. Data Analysis 

Al Akhawayn University spends a huge amount, which is about an average of 451,100 MAD a year, in the 

overall maintenance of its fleet. In fact, using BEVs could considerably reduce that amount by 58,600 MAD 

a year regarding the oil change, and 134,300 MAD for the other maintenance requirements in terms of 

breaking pads and ICE related necessities such as diesel filters, and diesel and oil utensils. These give us on 

average a total amount of 192,900 MAD and represents 42.75% of the total amount of the overall 

maintenance cost. THE FIRST AND SECOND GRAOGS.. 
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Graph 7 Overall Expenses on Maintenance 

 

Graph 8 Oil Change and Other Diesel Engine Related Maintenance Expenses for 2015, 2016, 2017 

3.3.3. Results 

The reason behind the savings on maintenance mentioned before is that EVs are less demanding regarding 
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maintenance yearly charge by 42.75% if this one had chosen to adopt earlier BEVs instead of internal 

combustion engines. 

The declines on the average expenses on maintenance for the years 2016 and 2017 have the same causes as 

the decline of taxes, in the respective years: sale of two vehicles of the fleet in 2015 and three in 2016. 

Therefore, we should take into consideration only the year 2017 in our study concerning maintenance 

savings, as it is the year where no change in the number of the vehicles has occurred. Then, the yearly 

expenses on maintenance that can be avoided are valued 143,000 MAD. 

The university once had a policy of keeping a vehicle in its fleet for a period not exceeding 5 years before 

selling it. However, these past years, the university changed that policy and let the vehicles perform their 

tasks even though their lifetimes exceeded the usual set period. By employing this strategy, Al Akhawayn 

University finds itself trapped into spending huge costs on maintenance because as an engine ages, its 

expenses grow and its performance decreases. 
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4. RECOMMENDED SOLUTION: E-MOBILITY 

The performed study indeed proves us that Al Akhawayn has various implications (like CO2 emissions) 

and costs that could be avoided if an alternative mobility system is adopted. In the following section, I 

perform a feasibility study for the replacement of some AUI’s fleet vehicles by BEVs. The same study is 

done for proposing an e-bike sharing system to be implanted at AUI, towards an eco-friendly and 

emission-free campus. 

4.1. Battery Electric Vehicles (BEVs) 

4.1.1. Feasibility Study 

It is important to note that not each of the considered vehicles types of AUI’s fleet have an available and 

equivalent electric vehicle. After doing a benchmark on the available vehicles in the market, to replace each 

type of the AUI’s fleet vehicles, the following table gathers and summarizes the information about the best 

equivalent BEVs to ICEs of Al Akhawayn fleet: (see Appendix) 

Table 9 Al Akhawayn’s fleet and its best BEVs Alternatives 

Type 

Number 

of 

Actual 

Avg 

Price in 

New/unit 

Equivalent 

BEV 

Price of 

BEV 

(MAD) 

Max 

Autonomy 
Battery 

Difference in 

Price/unit 

(MAD) 

Light Duty 
4 174,000 

E-partner 
Teppee 

273,000 170 km 
22.5 
KWh 

99,000 

Compact 1 215,000 
Renault 

Zoe 
256,000 400 km 

41 
KWh 

41,000 

Sedan 
3 440,000 

Tesla 
model 3 

330,000 500 km 
75 

KWh 
-110000 

Minibus, Van 7 
  

385,000 
 

 -  -  - -  -  

Truck (Pick up) 2 371,000 - - - - - 

Bus (48, 60 seats) 2 - - - - - - 
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4.1.1.1. Depreciation and Actual Value of the studied Vehicles 

To compute the actual value of each type of the vehicles, we shall take into consideration the year of release 

of each car, depreciation percentage of each type, and the initial price of the acquisition of it. The following 

table shows the value of the actual vehicles of the fleet that can be replaced by BEVs taking into 

consideration a percentage depreciation of each type separately: 

 
Table 10 Depreciation of the Actual Vehicles to be modified 

Model 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 

Light 

Duty 
174,000 154,860 137,825 122,665 109,171 97,163 86,475 76,963 68,497 60,962 54,256 48,288 

Light 

Duty 
174,000 154,860 137,825 122,665 109,171 97,163 86,475 76,963 68,497 60,962 54,256 48,288 

Light 

Duty 
              174,000 154,860 137,825 122,665 109,171 

Light 

Duty 
              174,000 154,860 137,825 122,665 109,171 

Compact                   215,000 187,050 162,734 

Sedan               440,000 369,600 310,464 260,790 219,063 

Sedan 440,000 369,600 310,464 260,790 219,063 184,013 154,571 129,840 109,065 91,615 76,957 64,643 

Sedan               440,000 369,600 310,464 260,790 219,063 

  
 The total actual value in MAD of the 8 vehicles of Al Akhawayn University considered is about 

980,423 MAD taking into consideration the table below to compute the value of each type at a 

period t: 

 
Table 11 Depreciation Percentage of Each Type 

Type Depreciation 

Light Duty 11% 

Compact 13% 

Sedan 16% 
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The depreciation calculations were made to determine the actual values of the eight available vehicles. These 

vehicles are expected to be sold with their actual values, and invest this amount in the acquisition of BEVs. 

Table 12 Comparison of Price between the Actual Values of the Fleet and their New BEVs Equivalents 

Model Actual Value in MAD BEV Price in MAD 

Light Duty 48,288 273,000 

Light Duty 48,288 273,000 

Light Duty 109,171 273,000 

Light Duty 109,171 273,000 

Compact 162,734 256,000 

Sedan 219,063 330,000 

Sedan 64,643 330,000 

Sedan 219,063 330,000 

 Total 980,423 2,338,000 

 
Therefore, if the university wants to invest in BEVs, it will need to spend: 

 

𝑇𝐶 = BEVTC − 𝐴𝑉𝑇𝐶 = 2,338,000 − 980,423 = 1,357,577 𝑀𝐴𝐷 
Equation 2 

TC: Total Cost 
BEVTC: BEV Total Cost  
AVTC: Actual Value Total Cost (of ICEs) 

 

 

4.1.1.2. Total Cost of Ownership 

A total cost of ownership as stated by the Oxford dictionary as an estimate of all the direct and indirect costs 

involved in acquiring and operating a product or system over its lifetime [14]. Therefore, it is fundamental 

to consider this factor in our study. In fact, as seen in a previous section, the majority of people do not think 

about the TCO when acquiring a vehicle, and this following can certainly affect their decision. Here is an 

example screenshot from Excel showing the comparison between a light duty vehicle BEV and ICE: 
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Table 13 TCO Comparison between a BEV and an ICE 

 

 

NB: The green boxes are the information that the user enters, or the needed data, while the blue ones are the 

outcome of the computations. 

Light Duty (EV) (ICE)

Purchase Price 273000 174000

Resale Price 149333,2277 109171,4993

Fuel Cost per unit of distance 0,132644118 0,73104

Total distance driven 280000 280000

Insurance Cost 0 0

Maintenance and Repair Costs 17500 22500

Tax of ownership 0 3500

Subsidies 0 0

Depreciation 123666,7723 64828,50066

Total Fuel Cost 37140,35294 204691,2

Total Cost of Ownership (TCO) 178307,1253 295519,7007

Difference in TCOs 117212,5754

Difference in Purshase Price -99000

Total earned in the period of 5 years 18212,5754 MAD

                                                                                             *******   Inputs *********

(Over the life of the vehicle)

If owner plans to keep the car 5 years

EV: (ElectricRate*BatteryCapacity/Range. ICE: gas price/MPG

Over the 5 years calculated from historical data

(Over the life of the vehicle)

700 MAD per year

                                                                                         ******* Calculations ***********

No subsidies

                                                                                           ******** Total ******** 

Battery Capacity 22,5 Percentage Depreciation EV Year t Price in year t

Max autonomy in Km 170 14% 1 273000

2 234780

3 201910,8

kwh price in MAD 1 4 173643,288

kwh per km drive for the EV 0,132352941 5 149333,2277

Percentage Depreciation ICE Year t Price in year t

Total price for one km 0,132644118 11% 1 174000

2 154860

3 137825,4

4 122664,606

Diesel Price forcasted 12,184 % consumption 5 109171,4993

Price per km drive for ICE 0,73104 6

Average Price spent in maintenance per year for ICE Total 5 years

4500 22500

Average Price spent in maintenance per year for EV

3500 17500
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The two cars compared in the study are E-partner Teppee (EV) and Citroen Berlingo (ICE) since they both 

come from the same mother company. 

When analyzing the results of this study, we can conclude that the EV is much more economical than its 

opponent the ICE over the long period of 5 years even though the initial costs may suggest the opposite. 

This situation is mainly caused by the low tariffs of the electricity in Morocco compared to the price of oil, 

but the incentives of taxation and the lower maintenance costs also play a major role in this example. 

To compute and compare the two TCOs, the equation below is necessary [15]: 

𝑇𝐶𝑂 = (𝑃𝑃 − 𝑅𝑃) + 𝐹𝐶(𝑇𝐾𝐷) + 𝐼𝐶 + 𝑀𝑅 + 𝑇 − 𝑆 

Equation 3 

PP: purchasing price  

RP: reselling price in the end of the ownership period and the difference between  

FC: fuel cost per kilometers 

TKD: total kilometers driven 

IC: insurance cost 

MR: maintenance and repairs 

T: government taxes 

S: government subsidies (if any) 

This formula method was performed on eight vehicles and gave us these results: 

 

Table 14 Comparison and Difference of the Total BEVs to be Adopted and ICEs in terms of pricing using TCOs 

and purchase Price 

Vehicle 
Type   EV ICE Difference sum/unit overall 

Light Duty 
Purchase Price 273000 174000 -99000     

Total Cost of 
Ownership (TCO) 151354,035 304519,7007 153165,6656 54165,66565 216662,6626 

Compact 
Purchase Price 256000 215000 -41000     

Total Cost of 
Ownership (TCO) 154999,2413 309587,0139 154587,7726 113587,7726 113587,7726 

Sedan 
Purchase Price 330000 440000 110000     

Total Cost of 
Ownership (TCO) 204725,4081 439387,65 234662,2419 344662,2419 1033986,726 

      1364237,161 
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 This study on BEVs allow us to indeed claim that this eco-friendly fleet upgrade is also a profitable 

practice for the university. As we can observe, in the long term period, using the TCOs of the two 

types engines allow us to forecast our return on investment and help us identify whether to choose 

ICE or BEVs. In our case, the eight vehicles  

 

4.2. E-bike Sharing System 

4.2.1. Overview 

Electric bikes (e-bikes) have become increasingly popular in the last decades. As their name may suggest, 

e-bikes are combination of conventional bikes and electric motors, in order to reduce the rider’s efforts. 

Annette Muetze & Ying C. Tan presented a comprehensive study on evaluating e-bikes published at Institute 

of Electrical and Electronic Engineers (IEEE). Japan, China, the United States, Europe and Taiwan represent 

the top countries of e-bikes usage [16]. 

As they present numerous advantages over conventional bikes, bikers have started preferring to buy electric 

bikes. Annette and Ying present a table in which they list the advantages of using e-bikes over other 

conventional means of transportation. The first and most straightforward advantage presented is in terms of 

costs. It is easy to understand that an e-bike will for sure consume less than a car. The authors calculate 

average costs for going 100 km by car and by e-bike. The prices found are US$ 4.4 and US$ 0.7, 

respectively. These costs could give us initial insights on the costs of using e-bikes over cars. Moreover, 

bikes are usually exempt from other legal costs like insurances, license, parking, etc. Electric bikes also 

represent a smart way to avoid traffic jams, yet what is more important here is that electric bikes are 

environment friendly, as they do not produce any emissions. Health benefits are also mentioned as an 

advantage of e-bikes as it involves physical exercise [16]. 

The following parallel hybrid diagram presented by Muetze and Tan gives us a general idea on the possible 

types of bikes. The first line in the diagram represents conventional bikes, where the rider inputs his/her 

energy thanks to the pedals, which is transferred to the gears to turn the wheel. The first type of true e-bikes 

that we can extract from the diagram are those who have a motor control and comes in the second line. 

These ones half-assist the rider on his/her efforts while the motor temporarily stores energy inputted by the 

rider, and controls when to use this energy by transferring it to the motor. This type of e-bikes assist the 

rider on high slopes, for example. The third type of e-bikes presented in the diagram are those who count 
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with a battery for constant assist of the rider. Obviously, this battery is charged, most of the times, using 

most conventional ways. Vehicle accessories transfer the energy to the motor, which autonomously turns 

the wheel.  

We observe then, that by definition, e-bikes, independently of their possible types, they all contain motors 

designed to assist the rider. In the same logic line, this motor works by turning a wheel. However, we must 

differentiate between the first and the second types of e-bike in the sense that the first one expects an input 

of energy from the biker, while the second consumes exclusively the energy from the battery, previously 

charged.  

 

 

Figure 13 Difference between Conventional, Half-assist, and Full-assist Bikes 

 

The following table provided by Muetze and his colleague, shows an interesting collection of performance 

measure for e-bikes [16]. We can observe that speed, travel range, battery capacities and power, as well as 

other variables like the weight or the price are used to determine performance ranges of available e-bikes in 

the market.  
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Table 15 Performance Range of Commercially Available E-Bikes 

 

 

The following table also provides us with some interesting insights for our study. In this table, the authors 

try to present the criteria for the classification of e-bike, and indeed mention the different types of e-bikes 

within each of the criteria.  

Table 16 Classification of Each E-bike Type 
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Battery Types: 

 Lead Acid 

 NiMH (Nickel–metal hydride) 

 Nickel-cadmium (NiCd) 

 Lithium-ion (Li-ion) 

 

4.2.2. Bicycle-sharing system  

A bicycle-sharing system consists of a system designed to rent bikes to a number of customers, usually in 

an urban area. This system is designed to make a number of available, but locked bikes, that are rented in 

return of a defined fee. The system shall be able to allow users to subscribe in the system for them to use 

the bikes, and in which the subscription process includes an identification of the user. Because of the 

integration of this project within the Al Akhawayn campus, the identification process shall happen with 

students’ ID cards. The system shall then be composed of a docking system that allows checking a bike out 

when the identification process has been successful. In the next paragraphs, I discuss the benefits of bike 

sharing in a given community and provide a general overview of the system. In later sections, I describe a 

supportive information system to our bike-sharing system that will handle transactions, subscriptions, and 

follow-up of users who would want to rent a bike. 

The article “The bike-share planning guide” presents key benefits of bike-sharing systems. Alison Cohen 

and her colleagues present the following elements as the benefits that a bike-sharing system can bring to a 

community [17]: 

Increased accessibility. The bike-sharing system will allow students to reach places that were difficulty 

accessed on foot.  

Improvement of the image of cycling. Bike-sharing systems helps introducing a cycling culture within a 

community; an image of modernity and eco-friendliness.  

Provision of alternative to public transport. Students will find always an available alternative to public 

transportation. The goal here is to make renting prices less than usual public transportations. The city of 

Ifrane counts only with one public transportation, which are taxis. As reflected next in the survey results, 

taxicabs are the most used mean of transportation among Al Akhawayn students. An initial constraint for 

the renting cost is that it must be less than a normal trip on a taxicab.  
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Improve the health of the residents. The physical activity involved in the usage of e-bikes presents a 

health benefits for the users. This becomes more relevant among university students as sedentary lifestyle 

is very common among these last ones.  

As we can see, the implementation of a bike-sharing system in a community can bring different 

advantages of this last one.  

 

Picture Showing an Electric Bike Sharing System in England 

4.2.3. Data Collection 

Before any possibility of suggesting an optimal e-bike sharing system for Al Akhawayn community, a 

process of data collection must precede. The needs of the specific community must be well defined, as well 

as their acceptance of the proposed project. The optimal number of bikes the system will contain, as well 

the number and distribution of the bike stations (docks), should also be determined. For these reasons, I 

carefully designed a survey for Al Akhawayn students to determine all these variants. The survey was shared 

on social media and print paper, and it was able to collect 107 total answers. In the following paragraphs, I 

present the results of this survey. 
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Graph 9 Percentage of People Living on and Off Campus 

The graph above represents the percentages of the students living on campus and off campus, where the 

majority, which counts about 73.83% of the students live on campus, while the rest live off campus 

 

 

Graph 10 Percentage of off Campus Houses Locations 

In this one, the answers collected from the students who live off campus showed that the majority of the 

students live in Ghazala and in the Center of the city of Ifrane. 

45%

34%
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5%
4%

Centre Marché Ghazala Slaoui Pam
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Graph 11 Most Used Transportation Means by the Students 

 

The graph above shows the means of transportation that are mostly used by the students of Al Akhawayn. 

Those ones are Taxis taking a share of 33.64%, followed by walking, then the car use. 

 

Graph 12 Percentage of Students Interested in Using the E-bike Sharing System 

 

The percentage of students interested in using e-bike sharing system was about 78%. Therefore, we can 

recognize the possible feasibility and success of the project. 
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Graph 13 Destinations to be visited the Most by the Bikes of the E-bike Sharing System 

 

The interested students will visit the center as the first destination according to the results of the survey. The 

Marché and  Ghazala follows that, and since they both are close to each other we can put a single station for 

both of them to reduce the expenses on implementation cost. Those locations are followed by Slaoui, and 

finally the pam with a share of 4 percent. 

 

4.3.4. Suitable proposed system 

4.3.4.1 Optimal Number of E-bikes in the System 

Literature review revealed two constraints or indicators in forecasting the optimal number of bikes to adopt 

in the project. The first one is setting a maximum number of 4 daily uses per bike, and the second is to 

assign between 10 and 30 bikes per 1000 residents [17]. 

Applying these two constraints, I got the following table. I took up to 30 bikes/1000 residents as the first 

constraint to avoid having shortage in the availability of the e-bikes caused by the demand. Then, I also took 

4 uses per day per bike as a second constraint to reduce the maintenance cost and allow permanent 

availability of the e-bikes. 

Table 17 Forecast of the Optimal Number of E-bikes to put into the system 

 

Total number of students 2500 Number of bikes

Total number of interested students 1962,5 58,875
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This result shows that the optimal number of bikes to be distributed among the stations is 58.875 which we 

will round to 59 to have a whole number that can be divided. However, this number does not include the 

bikes that are going to be in the inventory to replace the ones that can be broken or in maintenance. 

Therefore, we should add a factor of 10% especially for the inventory, and total number of bikes to be 

purchased is going to be 65. 

4.3.4.1 Optimal Number of Docks per Location 

This part is going to focus on forecasting the number of docks per location. It will also consider the survey 

as the only source of information available about the possible demand of the use of the system by the 

students of Al Akhawayn University.  

The method applied is simply multiplying the percentage of the most visited areas by the total number of 

bikes and then by a coefficient of 1.4. The purpose of multiplying by a coefficient is to avoid having users 

frustrated by not having a dock where to park their bikes. 

Therefore, the table below shows the optimal number of docks per location: 

 

Table 18 Optimal Number of Docks per Location 

Location CAMPUS Centre Marché Ghazala Slaoui Pam 

Percentage 73,83% 59% 24% 7% 5% 4% 

number of docks without coeff 43,4674125 34,73625 14,13 4,12 2,94375 2,355 

with coeff 60,8543775 48,63075 19,782 5,77 4,12125 3,297 

 

 

When analyzing this table, we can notice that the number of docks on campus exceeds the number of bikes. 

Therefore, we assign 59 docks on campus, 48 in the center, 25 between Marché and Ghazala, 5 in Slaoui, 

and 4 in Pam. 

The map below identifies the locations and the optimal number of docks to be put:  
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Graph 14 Exact Location and Optimal Number of Each E-bike Sharing System 
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5. CONCLUSION 

The increasing importance that CO2 emissions and their corresponding environmental consequences, have 

caused the need to look for alternative solutions. Specific to the domain of mobility, different options and 

substitutes to conventional means of transportations are constantly presented. As argued in this project, eco-

friendly mobility alternatives can present numerous advantages, as well as help improving the image a 

specific community. This project studies the feasibility of introducing electric cars and bikes to the Al 

Akhawayn University campus. For this purpose, an initial study of the context of the problematic was 

presented, to then present tax, maintenance, and diesel expenses as three major avoidable expenses for the 

university. This base allows us to introduce electric car to replace some vehicles of AUI's fleet. A feasibility 

study of this project is presented. 

As a second topic or alternative, an e-bike sharing system was also considered as a potential project to be 

adopted by Al Akhawayn decision makers. This Capstone’s project is a way of introduction of E-mobility 

and its advantages to permit convince the students and faculty members of the university to shift towards  

clean energy transportation modes. 
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6. STEEPLE ANALYSIS 

 

The social implications of this project are as follows: 

 Reduction of health and respiration problems 

 Inducement of new and safe lifestyle practices 

 Facilitation of transportation modes 

 

The technological impacts can be: 

 Technological advancement and practicability of the e-mobility 

 Automation by the introduction of smart grids 

 Improvement in the technological area because of the needs created by EVs 

 

Economical: 

  Investment in renewable energies 

  Creation of new jobs for engineers and technicians 

  Cut the importation and the dependence on fossil fuels 

  Reduce the expenses on health caused by greenhouse emissions: 1% of the GDP of  

Morocco  

 

Environmental: 

  Reduce the emission of CO2 created by the fleet of Al Akhawayn by around 143 Tons a 

year 

  Preserve the ecosystem 

 

Political: 

  Exemption or reduction of taxes 
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Appendix 

Peugeot Tepee 

 

Renault Zoe 
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Tesla Model 3 

 


