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A tree was planted in Ras El Ma located in the middle Atlas region before printing this Capstone’s 
report. I believe this could be an initiative to create a new tradition of planting ten trees before every 
Class’s Commencement Ceremony to make up for all of the trees killed to fulfill the graduating students’ 
paper need during their journey at AUI.   
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ADDITIONAL CONTRIBUTION TO GO GREEN 
 

While gathering data about AUI’s yearly number of graduating students between 2009 and 

2017, and performing a quantitative method long range forecast for the coming twenty-one 

years using the moving average method, the average number of graduating students every year 

found is 355. Taking into consideration the fact that the average total number of used paper per 

graduating student during his/her university’s journey is 2561. Two copies of the capstone’s 

report with an average number of 55 one sided pages need to be printed by every graduating 

student every year for example. One can produce an average number of 80,500 A4 sheets of 

paper by killing one tree. To regenerate a consumption of 80,500 Sheet of paper, an average of 

32 students should plant a tree before graduating. If we divide the number of trees that need to 

be planted every year by the three AUI schools, we end up with 4 trees/ School.  
 
N° of Students to Plant 1 tree	= #$%&'(%	)°	+,	-.%%/0	+,	1'2%&	1&+345%3	67	89::9;(	<	/&%%

#$%&'(%	)°	+,	=+/':	>0%3	1'2%&	1%&	?&'34'/9;(	-/43%;/	
 = @A,CAA
DCEF.FF

= 31.28	𝑆𝑡𝑢𝑑𝑒𝑛𝑡𝑠 
 
N° of Trees Planted by Each School= #$%&'(%	S%'&:7	)°	+,	?&'34'/9;(	-/43%;/0

)°	+,	-/43%;/0	/+	1:';/	<	=&%%	×	)°	+,-5.++:0
	= FCC

F<.D@	×	F
 = 4 trees 

 
 

Table 2 Excel sheet calculating the average total used paper/graduating student 
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ABSTRACT	
 

The objective of this capstone project is to design and build electric cars for on campus use and 

perform a power consumption analysis in order to size the PV solar panels charging stations. 

Solar energy can be used in different domains and is a feasible alternative to fossil fuels. Electric 

cars have been introduced into the transportation market years ago, but failed due to many 

reasons which are going to be taken into consideration in this design process. The EV will make 

accessing the main gate easier for students who do not own cars especially when they have 

heavy luggage and are about to travel home or go back to their rooms after doing grocery 

shopping from outside of campus. The cars will also be of a good help for students during the 

beginning and end of the semester when they need to get their belongings moved from the 

storage area to a building. The analysis phase to realize this project will be divided into five 

main parts. The first part will consist of a steeple analysis and literature review about the 

existing applications of solar powered electric vehicles that will define the feasibility, benefits, 

and obstacles of the solar energy use in the transportation industry. Then, comes the mechanical 

analysis part where forces affecting the car’s motion will be defined and a general power 

requirements’ formula will be generated. Using adequate software generating the different 

parameters’ values, the maximum power requirement will be defined. The second step of the 

analysis will consist of a detailed overview of the car’s components. The sizing phase of the 

PV panel and battery will be completed depending on this parameter. The last part of this project 

is the three-dimensional design of the vehicle using SOLIDWORKS that will be based on a 

dimensional optimization analysis. The car’s parts’ assembly, and model simulation will be 

done using the same software; at this point, modifications can be made depending on the 

testing’s results. The last phase of the project is the financial analysis that will help us define 

the EV’s exact cost, and the returns of this investment.   
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1	 INTRODUCTION	
 

 

As surprising as it may seem, the first electric vehicle was invented way before the first gasoline 

engine developed by Carl Benz in 1885. In 1832, Robert Anderson took the initiative of 

building the first non-rechargeable electric vehicle [3]. Three years later, the first practical 

electrical car was invented by Thomas Davenport. Electricity can be generated using renewable 

energy sources such as solar, wind, and biomass. The objective of this project is to cut all 

possible energy costs and benefit from the inexhaustible solar energy source cars on Al 

Akhawayn’s campus. This report includes the mechanical analysis of the system and definition 

of the different EV’s parameters. A components’ overview and sizing is the second section of 

the project where every part of the LSV is chosen and sized depending on the system’s needs. 

Finally, an overview of the working process of the system is presented in a descriptive diagram 

and the cost analysis is conducted to predict the initial investment and payback period of the 

project.  
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2	 STEEPLE	ANALYSIS:	
  
Socially, this project’s main aim is to make AUI’s community, which constitutes its primary 

target, life easier. The electric cars will be used mainly by students, professors, and staff to 

move from a campus area to another, thus will save them time and effort. Taking into 

consideration the fact that these cars will be equipped with an adequate sized trunk for rooms 

furniture, the moving days will be made easier for students especially with AUI’s housing 

policy of freeing the rooms on breaks. The secondary social target of this project is Ifrane’s 

residents since these EVs will contribute in reducing the CO2 emissions in this region and keep 

a good air quality.  

Technologically, adopting the electric vehicle technology is a good initiation for the other 

Moroccan universities to go green. As we may have noticed, EV drivers in Morocco constitute 

a minority, so with a cost-efficient car design, a greater audience could be attracted by this 

technology. Morocco invested in four big solar energy projects, NOOR 1, 2,3, and 4; building 

solar charging stations could constitute a small step to encourage people to opt for EVs. If the 

technology is already operating on the Moroccan territory, local car manufacturers could 

consider using it in their future designs.  

Economically, this project will be efficient in terms of energy savings since the system 

generates its own energy thanks to the PV solar panels station installed on campus. The cost 

invested in fuel for normal car users could be invested in this EV system. After a short amount 

of time, the initial investment cost is paid back and the investor gets even to make profit since 

the cars are mainly dedicated for a paid transportation service. 

Environmentally, according to MBC ranking in 2015, Ifrane was classified second cleanest 

city in the world. One of the fundamental criteria that this study is based on is air quality; this 

project’s main goal is to reduce the CO2 emissions in Ifrane, thus help maintain the same air 

quality level. The CO2 emissions graphs in Morocco between 1960 and 2014 show that the 

number of Kilotons of emissions has been multiplied by more than 16 times over this time 

period. Also, the CO2 emissions from liquid fuel consumption constitute 57% of the total 

number of Kilotons of CO2 emissions in the country as shown in Figure 1 and Figure 2 of 

APPENDIX B[1] [2]. Most of the vehicles run of liquid fuel. In fact, the automotive industry 

constitutes a major player among the air biggest polluters. Reducing transportation-related air 
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pollution can make a huge difference in the total amount of CO2 emissions. Fortunately, electric 

cars can be a good solution and substitute to vehicles that run-on fuel. Taking into consideration 

cost reduction, renewable energies such as solar power constitute the best solution for the 

implementation of electric cars. Fossil fuels constitute an exhaustible natural resource, 

however; solar energy guaranties an infinite supply for the coming years.   

Politically, the low speed vehicle is dedicated on campus use and respects the speed limit in 

this particular area. The taxes of the cars are paid on a yearly basis. Also, the parts of the car 

bought and shipped to Morocco are allowed to enter the Moroccan territory. 

Legally, the final step of this project’s construction is the final EV’s testing which is going to 

define the safety factor defined in relation with customer use. In case of an unsafe final result, 

the initial model will be modified to obey to the general automotive safety standards. 

Ethically, the project respects intellectual property; the model is built from scratch and do not 

use another car’s configuration. The engineering ethics are respected in the building process of 

this electric vehicle. 

 
 

 
Figure 2.1 Energy sources to run an electric car [5] 
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3	 METHODOLOGY	AND	ENGINEERING	DESIGN	PROCESS	
 
 
The methodology followed in order to implement this new product and service will consist first 

of running a survey to get an approximation of the targeted population, and the daily frequency 

use of the EVs. Previous projects treating the same topic will serve as a part of the literature 

review and define the challenges, limits, as well as history mistakes that could be avoided in 

this new design. Solutions will be brainstormed at this part of the study with the goal of 

improving already existing similar designs. The mechanical design synthesis will include a 

synthesis of configuration presenting the different components of the electrical vehicle. 

Different alternatives will arise at this point of the study. The feasibility calculations and 

optimization techniques will decide of the acceptance of rejection of these latter and will help 

in the materials’ and dimensions’ selection of the final EV’s design. Once the manufacturing 

specifications are defined, the three-dimensional model can be implemented using 

SOLIDWORKS software. The last part of the design phase consists of evaluating the 3D model 

and modifying it in the case of negative testing results. The financial analysis which is the final 

part of this study will define the returns of this investment based on forecasts inspired from the 

surveys’ data collection.  
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4	 	CHALLENGES		
 
4.1	 	HISTORY	OF	FAILURE	OF	ELECTRIC	CARS	
At the end of the 1990s, the EV industry failed. Many reasons played a role in this collapse. 

The EV’s efficiency limitation is one of the many factors that led to the failure of the EV 

industry. A normal gasoline powered vehicle reaches a higher maximal speed than a solar 

powered electric vehicle which velocity range is limited between 96km/h and 160Km/h only 

[3]. The long charging hours required to charge a plug in EV are not sufficient to provide the 

necessary power required for it to reach the performance of a normal gasoline vehicle [3].  

 

Filling a tank at a gasoline station takes no more than 10 minutes for the car driver; however, 

the required time to charge an EV at a solar powered station can go up to several hours. The 

lead acid batteries required a large amount of time to charge and were used in most EVs. The 

practicability of the normal gasoline car made potential customers choose it over the electrical 

vehicle. Also, the Electric stations were rare compared to the larger distribution of gas stations 

[3]. 

 

In terms of costs, the necessary investment needed to own an EV in the 1990s was more 

significant than the cost of a gasoline vehicle, and the cheap fuel cost encouraged car buyers to 

opt for the second choice. The money invested in the research field with the aim to develop the 

EVs constituted added charges to the car companies [3]. This new product had a low costumers’ 

responsiveness which led to the costs exceeding returns [3].  

      

All of these gathered factors led to the disappearance and failure of the EV industry in the late 

1990s which leaves us with four major points to work on in order to avoid these same mistakes. 

The development of a convenient EV should take into consideration [3]: 

• Increasing Efficiency 

• Using new Battery Technologies 

• Reducing Costs 

 

4.2	 	SUGGESTED	SOLUTIONS	
The car will be dedicated for on campus use only, thus the required maximum speed of the 

vehicle does not have to exceed 40km/h. The power needed to run this smart car in this case 
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will be less than the one required for a normal car. The area chosen for the solar powered electric 

car’s use woks to the benefit of this project’s success and practicability.  

 

In order to reduce the amount of power needed to run this car, its weight should be reduced. 

Light lithium batteries, and adequate car building materials will help us attain this objective 

which is minimizing the vehicle’s weight. Materials should be chosen carefully at this stage 

taking into account all of their properties. The dimensions of the car should be reduced since 

they would affect the cars weight taking into consideration. 

 

Power economy could be attained with a good frontal optimal car design. Reducing the drag 

force on the car’s surface allows it to move easily when confronted to less air resistance. 

Aerodynamics is a study that defines the air’s motion and the forces acting on a moving object 

while being surrounded by this air [5].  One of the factors that could be changed to our favor in 

the drag force formula is the car’s frontal area. Reducing this area will result automatically in 

reducing the drag force value. 
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5 MECHANICAL ANALYSIS OF THE ELECTRIC VEHICLE 
The mechanical analysis consists of defining the different dependent variables which are a part 

of the general car energy consumption’s formula. The variables are defined using RETScreen, 

and other data attributed to the location of operation of the LSV which is Ifrane. Drawing a free 

body diagram constitutes the next step of this phase. Once a general energy consumption 

formula is generated, the calculated and found variables’ values can be replaces in the final 

equation to estimate the total LSV’s power and energy consumption. The energy consumption 

is necessary to start the next phase which is the car’s components selection and sizing. 

5.1 DEPENDENT VARIABLES 

5.1.1 Air density  

Using RETScreen climate database showed in Figure 5.1.2 and making an interpolation of the 

two parameters deducted from it, in Graph 5.1.1 gives the following result. 

P= 918 hPa 

T= 20.3 °C 

𝝆 = 𝟏. 𝟎𝟕	𝑲𝒈/𝒎𝟑 

	
Figure 5.1.1 Air density as a function of temperature and humidity [16] 
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Figure 5.1.2 RETScreen display of the weather parameters in Ifrane's region 

5.1.2		 Av	erage	wind	velocity	in	Ifrane	
As shown in the aerodynamics’ Equation (6.2), the wind velocity should be taken into 

consideration in the energy consumption calculation. Historical monthly recorded wind 

velocity data has been collected from RETScreen, and the average wind velocity per month 

found is the following. 

The average wind velocity  

 

𝒗𝒘 𝒂𝒗𝒈 = 𝟏𝟐. 𝟓	𝑲𝒎/𝒉 
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5.1.3	Summary	of	the	process	followed	in	the	maximum	energy	prediction	generation		
 

 

 

 

 

 

  

 

 

  

     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5.1.3 Energy consumption prediction algorithm 
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Table 5.2.2   Energy equation's parameters' values used in the energy estimation formula 

Parameter Additional Information Value Unit 

g Gravitational acceleration 9.81 m/s2 

m Two people +Transported mass 

+ EV’s mass 

1226 Kg 

A EV frontal area 2.05 m2 

Cd Air resistance coefficient 0.26 - 

h Gear efficiency 0.96 - 

R Tire radius 0.2794 m 

𝑪𝒓𝒓 Rolling coefficient 0.037 - 

𝐯𝐢𝐣 EV’s velocity 0, 11.11  m/s 

a Road gradient angle 40 Degrees 

I Rotor moment of inertia 0.025 Kgm2 

𝑰
𝑮𝟐

h𝑹𝟐 
Coefficient 40 Kg 

r Air density 1.07 Kg/m3 

𝒗𝒘𝒂𝒗𝒈 Average wind velocity 3.47 m/s 

 

 

      
           Driver   Motor   Lithium Ion Battery 

  
  

           
               Brakes          Drive line 
 
 

 
Figure 5.2.3 Energy consumption prediction algorithm 

 
6.1			ELECTRIC	VEHICLE’S	PERFORMANCE		
This modelling step consists in coming up with the general EV’s motion equation that involves 

the different forces it is subjected to while in motion [9] [16]. 

Results 

Net Tractive 
Force (N) 

Drive Cycle 
Speed (Km/h) 

Velocity 
(Km/h) 



		

	 	 	 	 	20	

 

 
Figure 6.1.1 Free body diagram of forces acting on a car in displacement 

 

§ Rolling resistance force 

                                                        𝐹n = 𝐶nn𝑚𝑔 cos 𝛼            (6.1) 

𝑭𝑹 = 𝟑𝟔𝟔. 𝟕𝟓	𝑵 

§ Aerodynamic drag force 

     𝐹'3 =
<
D
𝜌Α𝐶3(𝑣})D    (6.2) 

𝐹'3=0.2852 (3.47)D(𝑁) 

𝑭𝒂𝒅= 3.34 N 

§ Motion force on the x axis with an inclination 

𝐹� = 𝑚𝑔	sin	(𝛼)     (6.3) 

𝐹� = 1026	𝑥	9.81𝑥	sin	(10) 

𝑭𝑰 = 𝟏𝟕𝟒𝟕. 𝟕𝟖	𝑵 

§ Acceleration force (constant velocity)         

𝐹'=0 N               (6.4) 

§ Motor’s torque   							 

		𝑇 = ��n
?
		 , 𝑠𝑜		𝐹= =

?
n
𝑇    (6.5) 

§ Motor’s angular speed (rad.𝑠�<)                             
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𝜔 = 𝐺 $
&
     (6.6) 

§ Motor’s angular acceleration (rad.𝑠�D)                                  

𝜔= G'
n
       (6.7) 

§ Torque	required	for	angular	acceleration	

	𝑇 = 𝐼𝐺 '
n
	 	 	 	 	 	 (6.8) 

§ Force	needed	to	fulfill	the	angular	acceleration	 	

𝐹� = 𝐼 ?�

hn�
𝑎 = 40 x 1.11     (6.9) 

𝑭𝝎 = 𝟒𝟒. 𝟒	𝑵 

 
 

Figure 6.1.2  Motor connected to one of the EV's tires 

 

§ Total	tractive	force	and	energy	

	

𝐹= = 𝐹n + 𝐹'3 + 𝐹� + 𝐹'   (6.10) 

 

§ Maximum	power	calculation	

 

𝑃= = 	𝐹=. 𝑣𝑐𝑎𝑟 

								𝑃= = [ <
D
𝜌𝛢𝐶3(𝑣�'& − 𝑣})D + 𝑚𝑔(𝜇 cos 𝛼 + 𝑠𝑖𝑛 𝛼 ) + 𝑚. 𝑎]𝑣5'&          (6.11) 

𝑃=	=2161.×11.11 

Pmax= 24 KW 

 

The	velocity	of	the	car	used	is	the	maximum	EV’s	power	prediction	is	the	maximum	
velocity	the	low	speed	vehicle	can	reach	in	m/s².	Since	the	type	of	the	EV	built	in	this	
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project	is	an	LSV,	the	maximum	velocity	is	11.11	m/s².	The	maximum	power	consumed	by	
the	car	on	bad	weather	conditions	and	high	speed	rate	of	motion	is	the	following:	
 

𝑷𝒎𝒂𝒙	=24 kW 

 

The same steps are followed in order to calculate the average power consumption of the electric 

vehicle using the average speed of this latter which is 20Km/h. The PV solar panels’ charging 

station sizing cannot be based on the pessimistic power consumption model since it will imply 

a larger sized charging station than the one needed since other parameters are maximized in this 

power consumption model. 

 

𝑷𝒂𝒗𝒈	=1.79 KW 

 

PT: the maximum power needed by the EV in motion (W) 

r: the air’s density (Kg/m3)  

m: the EV’s mass (Kg) 

Cd: the air resistance coefficient 

A: the EV’s frontal area (m2) 

g: the gravitational acceleration (m/s2) 

µ: the friction coefficient 

a: the road’s gradient angle (°) 

𝑣5'&: The EV’s velocity (m/s)  

𝑣}('$(): The average wind velocity (m/s)  

I: the rotor’s moment of inertia 

																											h: the gear’s efficiency 

R: the tire’s radius (m) 

G: the system’s gear ratio ( 	)	/%%/.	69(	(%'&
;	/%%/.	0¢'::	(%'&

) 

§ Maximum	energy	consumption		

The	LSV’s	operation	hours	based	on	the	frequency	usage	survey	data	is	estimated	to	

be	10	hours	per	day.	 	The	total	daily	energy	per	hour	consumed	by	each	EV	can	be	

calculated	using	the	formula	below.	

	

ET=	𝑁.x	𝑃= 			 	 	 	 																										(6.12)	
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ET=	10x	𝑃= 		

ET = 17. 9 kWh/day  
 

  𝐸=: The maximum energy consumption (Wh/day) 
𝑁.: The number of daily operating hours (hours) 
PT: The maximum power needed by the EV in motion (W) 

 
  	

6	CAR	COMPONENTS	SIZING	AND	CHARASTERISTICS	SELECTION	
 
The car components can be summarized into six main ones which are the battery, inverter, 

controller, motor, power tracker, PV solar panel and wheels. The selection of these later starts 

with calculations including parameters that should be taking into consideration in the selection 

process. When facing many alternatives with different characteristics, Pugh’s matrix is the tool 

that needs to be used to find and select the optimal solution with the highest total weighted 

score. 

 

 

;    
Figure 6. 1 Representation of the solar panel EV charging station and EV chassis components 

   

6.1	BATTERY	
The battery is an important parameter in the EV’s building process since it defines the 

maximum energy it can store to supply the load’s need. There exist different types of batteries 



		

	 	 	 	 	24	

and each one of them has different characteristics adequate for a specific application. The first 

step in the battery selection process consists of defining the type of battery that will be used for 

this EV. The second step consists in gathering and calculating the battery’s parameters which 

are going to define the number of battery modules needed to fulfill the load’s need as well as 

the battery’s weight that should not contribute in a larger total EV’s mass 

6.1.1	 Batteries	comparison			
Switching to completely electric vehicles can be impossible if we think about the old battery 

technologies such as Lead Acid ones. As mentioned in the previous part, this type of batteries 

constituted one of the failure reasons of the EV industry in the late 1990’s. The stored energy 

and space occupancy ratio in Lead Acid batteries was not optimal to make the electric vehicle 

conventional, and for everyday use. In order to avoid making this same history mistake, we 

looked into the different battery technologies used nowadays. The best alternative to the lead 

acid batteries would be the Li-ion ones. The Lithium ion battery was introduced in the market 

since the late 1990s. The advantage of this battery’s type compared to the Lead Acid, Nickel-

based, Sodium-based batteries is that it offers a greater energy density, a longer runtime, and a 

higher current as showed in Table 6.1.1.1 and Figure 6.1.1.1. As Jean-Marie Tarascan called 

it in his article Lithium is the new gold. Lithium is the main component of Lithium batteries 

and constitutes an optimal energy storage solution with a high-energy storage capacity, and low 

space occupancy. However; this battery system was described as unsafe since many fire 

incidents occurred in the smartphones’ and electric vehicles’ industry due to the usage of 

lithium ion batteries as an energy store. This type of batteries is used in many applications; solar 

energy storage is one of them. Different parameters such as cell and battery voltages, charge 

capacity, energy storage, specific energy and power, efficiency, discharge rate, heating and 

cooling needs, battery’s lifecycle should be taken into consideration in the battery selection 

process [9]. 
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Figure 6.1.1.1 Comparison between the different car batteries' technologies in terms of specific power and specific energy 
[9] 

 
Table 6.1.1.1 Comparison in terms of energy density between the different types of batteries [13] 

 
 

6.1.2	Battery’s	Parameters	
6.1.2.1	Battery’s	voltage	
As the voltage equation indicates, the value of the battery’s or cells’ voltages varies depending 

on the charging state of the battery [13]. 

      

       V= E –IR                    (6.13) 

 

E:	Fixed	open	circuit	voltage	(Volts)	

I:	Current	(Amps)	

R:	Internal	resistance	(Ohms)	

6.1.2.2	Charge	Capacity	
This parameter refers to the electric charge in Amps per hours that a battery can supply, and its 

notation is C. This parameter varies as a battery’s discharge time change [13]. 
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6.1.2.3	Stored	Energy	
The main use of a battery being the storage of energy can be quantified by the stored energy 

equation which is the voltage times the charge capacity of the battery [13]. 

 

E = V x C               (6.14) 

 

  E: Energy (Watthours = 3600 Joules) 

V: Voltage (Volts) 

C: Charge capacity (Ah)  

6.1.2.4	Specific	Energy	
This parameter refers to the amount of energy stored for every one kilogram of the battery’s 

mass[13]. 

E = 	 ¦
§

                (6.15) 

 

																												E:	Specific	Energy	 Wh. Kg�< 		

																												M:	Battery¶s	mass	(Kg)	

6.1.2.5	Energy	Density	
This parameter refers to the amount of energy stored per every cubic meter of the battery’s total 

volume. The battery’s volume (m3) can be retrieved by dividing the amount of electrical energy 

need (Wh) by the energy density (Wh.m-3), thus helps in the battery’s sizing process [13].  

6.1.2.6	Energy	Efficiency	
A high-energy efficiency is an essential battery’s selection criteria for long operating time 

applications such as EVs. This parameter refers to the amount of energy supplied by a battery 

to the amount of electrical energy needed to charge it again [13]. 

 

η¦ =
¦¹
¦º
×100                  (6.16) 

 

																			E»: Total energy during discharging (Wh) 

																			E¼: Total energy during charging (Wh) 

6.1.2.7	Self-Discharge	Rate	
This parameter refers to the rate at which a battery self-discharges if not used. Different 

gathered factors such as the battery’s type decide of this rate [13]. 
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6.1.2.8	Battery’s	Cells	Shape:		
The shape and height of the batteries’ cells are different. The cells are packed in blocks or 

modules, and an electrolyte which can be a liquid organic solution or a solid polymer flows 

between them to ensure the electrical conductivity. The battery is a collection of these modules. 

The usage of multiple small cells instead of few big ones ensures effective cooling and 

minimizes the thermal hotspots by evening the thermal distribution which leads to a higher 

battery pack life.  To ensure a low center of gravity, it is preferable to minimize the cell’s height 

[13]. 

6.1.2.9	Heating	and	Cooling	Rates	
An excessively high or low temperature affects the battery’s performance, so the heating and 

cooling rates parameters need to be taken into consideration in the battery’s selection 

process[13]. 

6.1.2.10	Battery	Lifecycle	
This parameter defines the lifetime of a battery and depends on the type of this latter [13]. 

6.1.3	 Battery	Selection	
The choice of Tesla’s Model S Lithium battery in Figure 6.1.3.1 is based on three main 

characteristics that make of it the most adequate technology to use in this EV’s building project. 

The cells that Tesla’s Model S Lithium Ion battery 18650 EV module is made of are cylindrical 

cells with small high compared to the other batteries modules’ cells present in the market. The 

small high cells configuration gathered in modules laid out on the car chassis makes the EV’s 

center of gravity closer to the ground, thus guaranties a better car stability. The second 

advantage of using these specific battery modules is the fact that they are made of numerous 

small cells instead of few big cells which guaranties effective cooling, evens the thermal 

distribution, and eliminates thermal hotspots leading to a higher battery pack life and 

eliminating the main issue of this type of batteries which is thermal runway. The third advantage 

of this type of battery is that it is very light compared to its rivals as mentioned in the Table 

6.1.3.2 which contributes in minimizing the total EV’s weight, thus reducing the total EV’s 

energy consumption need [13].  
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Table 6.1.3.2   Tesla Model S Lithium Ion Battery 18650 EV module specifications 

 
Battery’s Voltage 22.8 V/Module 

Charge Capacity 232 Ah 

Price average 14,532.33 MAD 

Weight 25 Kg 

Charge voltage cut-off 25.2 V/Module 

Discharging cut-off 19.8 V/Module 

Specific Energy 211.58	𝑊ℎ. 𝐾𝑔�<  

Energy density 3.76. 105 Wh.m-3 

Energy efficiency 79% 

Battery’s cells shape Cylindrical 

DoD 80% 

 

 

 

 
 

Figure 6.1.3.2   Tesla Model S 18650 Battery module schematic 

6.1.4	 Battery	sizing		
The load does not benefit from the total energy going out of the battery since a part of it is lost 

while passing through the cables and the inverter used in the EV’s chassis configuration. The 

energy restituted taking into account these losses can be calculated using the formula below. 
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𝐸𝑛𝑒𝑟𝑔𝑦	𝑅𝑒𝑠𝑡𝑖𝑡𝑢𝑡𝑒𝑑 =
𝑇𝑜𝑡𝑎𝑙	𝐸𝑉¶𝑠	𝐸𝑛𝑒𝑟𝑔𝑦	𝐶𝑜𝑛𝑠𝑢𝑚𝑒𝑑

𝐼𝑛𝑣𝑒𝑟𝑡𝑒𝑟	𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦	×	𝐶𝑎𝑏𝑙𝑒𝑠	𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦	×𝑃𝑉	𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦
 

𝐸𝑛𝑒𝑟𝑔𝑦	𝑅𝑒𝑠𝑡𝑖𝑡𝑢𝑡𝑒𝑑 = 	 ÆÇÈ
A.É×A.ÉE×A.EÉ

= ÆÇÈ
A.ÊÉ

𝐾𝑊ℎ         (6.16) 

 

To increase the battery’s life, the depth of discharge parameter should be taken into 

consideration in the battery’s sizing process. An amount of energy should be kept in the battery 

that should not be discharged completely when in use.  

 

𝐵𝑎𝑡𝑡𝑒𝑟𝑦	𝐸𝑛𝑒𝑟𝑔𝑦	𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 = Æ;%&(7	n%0/9/4/%3
Í+Í

=
Î�
Ï.ÐÑ
A.@

= Æ�
A.CC

𝐾𝑊ℎ	 	 (6.17)	

 

Finally, taking into account the converter and cables losses, and depth of discharge, the number 

of modules can be obtained from the equation below and replaced in the total energy equation. 

§ Number	of	Battery	Modules 

𝑛× =

𝐵𝑎𝑡𝑡𝑒𝑟𝑦	𝐸𝑛𝑒𝑟𝑔𝑦	𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑊ℎ
𝑀𝑜𝑑𝑢𝑙𝑒	𝑉𝑜𝑙𝑡𝑎𝑔𝑒
𝑀𝑜𝑑𝑢𝑙𝑒	𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 =

𝐸=
0.55
22.8
232 	

                    (6.18) 

                𝒏𝑴= 2 modules 

§ Battery’s	mass	

𝑚Ü = 𝑚××𝑛× = 25×2	 	 	 																	(6.19)	

𝒎𝑩 = 𝟓𝟎	𝑲𝒈	

We conclude that the number of Tesla’s Model S Lithium battery modules needed for the EV’s 

energy storage is dependent on the total energy vehicle consumption model, and will be defined 

after the calculation of the total EV’s energy need. 

After calculating the daily energy consumption of one EV, the total n-umber of battery modules 

n-needed for this energy storage was found to be 2 modules with a total weight of fifty 

kilograms which is low compared to the lead acid batteries which are used in many electric 

vehicles’ designs. 
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6.1.5	 Battery	sizing	procedure	summary	 		 	
 
 

Phase I:  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Phase II: 
 
 
 
 
 
 

 
 

6.2	TIRES	
The tires’ selection process is based on two parameters’ variation which are the weather 

conditions and the EV’s total weight, taking into consideration the maximum load carried by 

the LSV and the maximum weight of two persons in the front seats, which results in a maximum 

weight estimation of 1026 Kg. The maximum load that can be carried by Goodyear Ultra Grip 

Winter 185/60R14 in Figure 6.2.1 is 474.9 Kg as mentioned in the tire’s specifications’ Table 

6.2.1. Four tires with the same specifications can carry up to 1900 Kg which exceeds our needs. 

Ifrane is known for its bad weather conditions which leads to slippery roads during rainy and 

snowy days. The tires are specially designed for the winter’s bad weather conditions, thus meet 

the initial tires’ selection process requirements. 

 

Define total EV’s 
energy need 

Battery Sizing 

Module 
voltage 

Module 
capacity 

Module
DoD 

Define selected 
battery parameters 

Choose battery type 

N° of battery 
modules as a 
function of E  

Mechanical Analysis 

Battery Mass   
𝑚Ü 

Figure 6.1.5.1 Summarizing algorithm of the EV battery sizing process 
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Figure 6.2.1 Goodyear Ultra Grip Winter 185/60R14 tire 

 
Table 6.2.1  Goodyear Ultra Grip Winter 185/60 tire specifications 

 
 
6.3	ELECTRIC	MOTOR	
6.3.1				The	role	of	an	electric	motor:		
The electric motor’s function consists of converting electrical power into a mechanical one. In 

the case of the electric vehicle we want to build, the electric motor will supply the wheels with 

the needed mechanical energy needed for their motion.  

6.3.2		 Types	of	electric	motors:	
6.3.2.1	Permanent	magnet	synchronous	motor	
This type of motors is the most commonly used in EVs because of many advantages that it 

offers like its high efficiency, light weight, and adequate torque density. However; the magnets 

that enter in its production are not available and not cost efficient. 
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Figure 6.3.2.1.1 Permanent magnet motor 

 
6.3.2.2	Induction	motor		
This type of motors does not include magnets in its production, but has low torque density, but 

since for our application we do not need a big torque, we can opt for it. One of the good 

advantages of the induction motor is its noise reduction when operating [13]. 

 
 

Figure 6.3.2.2.1 Induction motor 

6.3.2.3	Switched	reluctance	motor:		
This type of motors is still used in the experimental prototypes of electric vehicles and has not 

made it to the market yet. Opting for the switched reluctance motor contributes in the reduction 

of the car’s design cost since this motor’s type is cheap. One of the additional advantages of the 

switched reluctance motor is its robustness. Similar to the induction motor, this motor’s type 

doesn’t include magnets, but generates high vibrations and noise while operating [13]. 
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Figure 6.3.2.3.1  Switched reluctance motor 

 
6.3.3			Selection	of	a	driving	mode	(RWD-FWD-AWD):		
The driving mode should be selected before starting the mechanical analysis and motor sizing 

to present the forces acting on the wheels and pick the right number of wheels in the 

calculations. While looking through the driving modes’ history, the rear wheel drive cars were 

the only type of cars present in the market before the introduction of the new frond drive mode 

in 1966, the Oldsmobile Toronado. The existing driving modes nowadays are: the front-wheel 

drive FWD, the rear-wheel drive RWD, or the all-wheel drive AWD [6]. The equations will be 

different depending on the driving mode chosen. The advantages and disadvantages or every 

driving mode will be discussed in Table 6.3.3.1. 
Table 6.3.3.1 Table of comparison between RWD, FWD and AWD modes 

 
RWD Pros RWD Cons FWD Pros FWD Cons AWD Pros  AWD Cons 
 Maintains 
balance, (no 
torque steer) 
(luxury & 
sport cars) 

Require a push 
during snowy 
days 

Cheaper 
to build & 
more 
affordable 

Torque steer 
(uneven 
power 
application 
under heavy 
acceleration) 

Better 
control 

High energy 
consumption   

Mechanically 
durable 

Slip on bad 
weather 
conditions (rain 
& snow) 

Adequate 
for bad 
weather 
conditions 

 Adequate 
for bad 
weather 
conditions 

Costly 

Handles large 
loads (SUVs 
& pickup 
trucks) 

 Less 
weight  

   

Hold 
tenaciously 
onto dry 
roads 

 Less 
complex 

   

  Energy 
efficient  
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After going through the different characteristics of the three driving modes, the two potential 

driving modes that could constitute alternatives for this car design were the FWD and AWD, 

but the selected one is the front wheel drive mode. The decision matrix in Figure 6.3.1 helped 

in this choice process. The highest final score is 179 and is attributed to the FWD mode. As we 

may see, the different pros of the RWD vehicle are beneficial in the case of a sport car with a 

high maximum speed, or in the case of a truck carrying heavy loads. The electric on campus 

vehicle will be running at a low speed, and carrying loads that aren’t critical. However; the cons 

of the RWD vehicle negatively impact one of our fundamental car characteristics that should 

be operating at Al Akhawayn University. It rains and snows frequently in the middle Atlas 

region that is why we need a car that will not slip on wet roads, and that can move without 

difficulty during snowy days in snow covered areas. The front-drive mode satisfies this 

environmental constraint that should be taken into consideration is the car’s final design without 

bringing additional costs that an AWD mode includes. One of the front-drive pros that can be 

used to our benefit as well is the fact that it is cheap to build and also less heavy. The difference 

is the car’s weight will decrease its power requirements which is not the case if we opt for an 

AWD vehicle that has a high-energy consumption. 

 

 
 

Figure 6.3.3.2 Decision matrix for the selection of the driving mode 

6.3.4	 Motor	selection	
6.3.4.1	Calculating	the	rolling	resistance	

𝑅n = 𝑀×𝑔×𝐶&&               (6.20) 

𝑅n = 1026×9.81×0.037 

𝑹𝑹 =372.4 N  

𝑅n: Rolling resistance 

M: EV mass 

𝐶&&: Rolling coefficient 
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The rolling coefficient chosen is 0.037 since the whole study is based on the calculation of 

maximum parameters to assure the continuing good performance of the EV on the worst case 

possible scenarios depending on the geographical location and weather conditions of the site 

chosen. 
Table 6.3.4.1.1 Table of coefficient of rolling resistance as a function of constant surface 

 

(69) 

5.3.4.2	Calculating	the	acceleration	force	
𝐹' = 𝑀×𝑎= 1026	𝐾𝑔×1.11	𝑚/𝑠²    (6.21) 

 
𝑭𝒂 =	1138.86 N 

5.3.4.3	Calculating	the	grade	resistance		
 

𝑅?=M×𝑔×sin 𝜃= 1026	𝐾𝑔×9.81	𝑚/𝑠²× sin 10°  (6.22) 
 

𝑹𝑮= 1747. 78 N 
5.3.4.4	Calculating	the	total	tractive		

𝑇𝐹= = 𝑅n + 𝑅? + 𝐹'     (6.23) 
 

𝑻𝑭𝑻 =		3259.05 N 
 
5.3.4.5	Calculating	the	rotational	speed	
This project’s main goal is to design an LSV (Low Speed Vehicle) for on campus use only, so 

the maximum speed that the EV can reach is 40 Km/h. The wheels’ rotational speed is derived 

from Formula (6.7) using the EV’s maximum velocity.  

      𝑥 = 𝑟𝜃 

∆𝑥
∆𝑡 = 𝑟

∆𝜃
∆𝑡  

𝑣 = 𝑟}𝜔 

𝜔 =
𝑣¢'â
𝑟}

=
11.11
0.279 

𝜔 = 39.82
𝑟𝑎𝑑
𝑠  
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𝜔 =
FÉ.@D	(ãäåæ )×ÊA( æ

çÇè)

Dé	( ãäå
ãêëäëÇêè)

     (6.24) 

𝝎 = 𝟑𝟕𝟗. 𝟕𝟐	𝒓𝒑𝒎 

 

𝜔: Rotational speed (rpm) 

𝑣¢'â: LSV’s maximum speed (m/s) 

𝑟}: Wheels radius (m) 

5.3.4.6	Adjusting	the	rotational	speed	using	a	gear	
 

Since the motor chosen has a rotational speed of 1500 and the one calculated for our system is 

below this value a gear is needed for this adjustment. This part consists of choosing the right 

gear radius for this rotational speed adjustment. 

1500	 𝑟𝑝𝑚 = 	379.72(𝑟𝑝𝑚)×
𝑟?
𝑟0.

 

𝑟? =
1500
379.72×𝑟0. 

𝑟? =
1500
379.72×0.014 

𝒓𝑮 = 𝟓𝟓	𝒎𝒎 

5.3.4.7	calculating	the	torque	required	on	the	drive	wheel	
 
 

𝜏 

F      
𝒓𝒘 

 
 Figure 6.3.4.6.1 Force and torque represented on the EV's tire 

 

𝜏 = ��
)
. 𝑟}     (6.25) 

𝜏 =
5919.36	

2 ×0.2794 
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𝝉 = 𝟒𝟓𝟓. 𝟐𝟗𝑵𝒎 

N: Number of wheels 

𝑟}: Wheels radius (m) 

6.3.4.8	Calculating	the	maximum	torque	transmitted	to	the	wheel	
 

𝜏}(ðñò) =
¢
)
𝑔𝜇𝑟}		 	 	 	 (6.26)	

𝜏}(ðñò) =
1026
2 ×9.81×0.67×0.2794	

𝝉𝒘(𝐦𝐚𝐱) = 𝟗𝟒𝟐. 𝟎𝟖𝑵𝒎	

𝜇: Friction coefficient  

After calculating the maximum transmitted by the motor to each wheel and the maximum 

torque supported by each wheel,	𝜏	was	found	to	be	less	than	𝜏}(ðñò); therefore, we conclude 

that the wheels will not slip in the worst-case scenario conditions.  

 

5.3.3.4	Motor	chosen	
 
The motor chosen based on the mechanical power need estimations is the following. 

 
Figure 4. 3.3. 3   13 KW induction motor 
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6.4	 PV	PANEL	

 
 

Figure 5 PVGis simulation; of the average daily irradiation in Ifrane 

 
The total daily power energy consumed per EV was found in Section 6, the next part consists of 

calculating the power peak of the PV panels needed per car. Entering the operating location of the EVs 

which is Ifrane generates Table 7.1. One of the fundamental parameters that should be taken into 

consideration while calculating the power peak to size the panels is the irradiation in the region. To 

avoid having power issues during cloudy days, the estimation should be calculated using the minimum 

irradiation value. 

 

§ Power	peak	of	the	panels:		

𝑃2 =
𝑃=×𝑅-
𝜂×𝑅'$(

 

𝑃2 =
17. .7 𝑘𝑊ℎ𝑑𝑎𝑦 ×1000

𝑊
𝑚²

0.80×5.63 𝐾𝑊ℎ
𝑚²×𝑑𝑎𝑦

 

 

𝑷𝒑 = 𝟑𝟗𝟑𝟎	𝑾𝒑 

 

𝑅'$(	: Average daily irradiation in Ifrane ( 8ú.
¢²×3'7

) 
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𝜂: EV system efficiency 

𝑃=: 𝑇ℎ𝑒	𝑡𝑜𝑡𝑎𝑙	𝑑𝑎𝑖𝑙𝑦	𝑝𝑜𝑤𝑒𝑟	𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑	𝑏𝑦	𝑡ℎ𝑒	𝐸𝑉	𝑑𝑢𝑟𝑖𝑛𝑔	𝑤𝑜𝑟𝑘𝑖𝑛𝑔	ℎ𝑜𝑢𝑟𝑠	(𝐾𝑊ℎ) 

Rs: Standard conditions ú
¢ü 

 
 
Now that the power peak of panels is defined, the second part of the solar panels sizing process is to 

search for adequate solar modules for the EVs charging station. Tenka solar panels represented in Figure 

6.2 is the best option to opt for in this case. The power peak of each panel is 350 W, so the combination 

of 132 of them satisfies the need of 10 LSVs.  

 

 
Figure 6.4.1 350  Watt 48V Tenka Solar PV Module 
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Table 6. 4. 1 characteristics of 350 Watt 48V Tenka Solar PV Module

 

 
 
6.5	MOTOR	CONTROLLER	
The solar panel’s voltage is the one provided by one module of the battery chosen for this 

application as shown in Figure 6.3 which guaranties the good performance of the system. As 

we can see in Figure 6.4.1 representing the PV solar panels’ accessories the controller is one 

of the accessories that comes with the package. The controller’s main function is to govern 

the motor’s performance.    
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7	PAYMENT	PROCEDURE	
 
The first step in to use this service consists in downloading the AUI’s EVs mobile application 

where the user can locate the closest EV to his/her location. The next step consists in inserting 

the car’s key left in the EV’s key box. The car cannot start at this point of the procedure; the 

key contact wand the cash-wallet detection are co-requisites for the car’s motion. Once the cash 

wallet is inserted in the cash-wallet reader, the EV starts moving as shown in the descriptive 

diagram in Figure 7.1. The GPS & Mileage calculator starts tracking the ride’s mileage that is 

going to be needed in the final calculation of the amount to be deducted from the cash-wallet 

using Equation 7.1.  

C= D×𝐹𝐶×       (8.1) 

C: Ride cost 

D: Distance travelled 

𝐹𝐶×: Fixed cost per mile 

 

 
Figure 7.1 Payment procedure diagram 
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8	 FINANCIAL	ANALYSIS		
 
The economical aspect is the fundamental indicator of the acceptance or rejection of a project. 

Throughout the different phases of this project, the cost parameter was one of the criteria with 

a heavy weight in Pugh’s matrix when it came to components’ selection. The first part of the 

cost analysis defines the global cost of this investment which includes the EVs’ components as 

well as the workforce and maintenance cost. While conducting the general Electrical Vehicles’ 

Transportation Service survey, and gathering answers from a sample of 100 members of AUI 

community, the predicted customer’s revenue was easily estimated based on the total daily 

number of daily kilometers travelled per EV and the average mileage cost deduced from the 

customers’ answers. The final part of this analysis consists in estimating a payback period for 

this initial investment.  

8.1		 Material	Investment	cost	
This parameter is the main defining parameter of the financial feasibility of the project. 

Components costs are included in this part of the cost analysis.  Using Excel to calculate the 

expenses to build 10 EVs, the initial investment cost is found to be as showed in Figure 8.2.1.2. 

𝐼� = 851,887.6 MAD 

The yearly revenue is 299,790 MAD which reduces the payback period to 3 years only taking 

into consideration other costs such as the PV solar panels’ and EVs’ maintenance, work 

expenses. 

8.2	 Revenues	
8.2.1	Maximum	daily	travelled	distance	per	EV	
While gathering data about the students’ number growth from AUI’s official website presented 

in Table 1 in Appendix 1, and performing a forecast for the five missing years (2017-2021), 

the Graph 8.2.1.1 generated showed a linearity which leaves us with a low market uncertainty 

in the forecasting process. A survey was conducted as well to predict the consumer behavior, 

thus calculate the maximum daily use time of the service per student as shown in Table 8.2.1.1. 

Using google maps to define the possible routes where an EV could operate, the maximum 

distance travelled per EV in a single ride was found to be 1 kilometer  as shown in Figure 

8.2.1.1. The following procedure allows the prediction of the maximum daily travelled distance 

per EV, which is going to define 𝑑9ý	′𝑠 range needed in the estimation of the total energy 

consumed per EV summarized in Equation (8.1). 
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Figure 8.2.2.1 Graph representing the linear growth of AUI’s number of 

 students over years 

 

§ Maximum	recorded	route	distance	for	a	single	ride	

𝑅𝑖𝑑𝑒¢'â = 1	𝑘𝑚 
 

§ Maximum	daily	use	of	an	EV	per	student		

𝐸(𝑋)ú%%!:7 = 2×0.19 + 4×0.21 + 6×0.3 + 8×0.3 = 5.42	 
 

𝐸(𝑋)Í'9:7 =
𝐸(𝑋)ú%%!:7

7 = 0.77 

§ Maximum	car	users	
 

Users = N° Students- N° Car owners = 2314 – 440= 1874 user 
 

§ Maximum	daily	distance	travelled	by	EV	
 

𝑑¢'â =
>0%&0×Æ(")#äÇ$%×n93%çä&

)°	Æ'0
	=	<@E(	8¢

<C
= 124.93	𝐾𝑚 

 
The maximum daily travelled distance per EV 
 

𝒅𝒎𝒂𝒙 = 𝟏𝟐𝟒. 𝟗𝟑	𝑲𝒎 
 
The yearly revenue is 299,790 MAD which reduces the payback period to 2.85 years only. 
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Figure 8.2.1.1  Possible routes for a single  EV’s daily maximum travelled distance 

calculation 
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Table 8. 2.1.2 Materials cost Excel Sheet 

 
 

Table 8.2.1.3 Cost Analysis Excel Sheet 
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9	SOLIDWORKS	MODEL		
 
This model was built using Solidworks software taking into consideration the chassis 

measurements defined depending on the chassis components' size. Once the chassis 

configuration was defined and built on the software, the next step consisted in designing the 

car's body and trying to minimize at the same time the vehicle's frontal area and respecting the 

constraints chosen at the beginning of the parameters' values definition like the car's weight.  

The materials were chosen carefully for every part of the final assembly as shown in Figure 

9.1. 

 
 

Figure 9. 1 Solidworks model of the EV 
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10	 CONCLUSION		
 
This project consists in building an electrical vehicle for AUI’s on campus use. A mechanical 

study was first conducted to predict the maximum energy consumption of the low speed vehicle 

and concretize the feasibility study based on the total panels’ area obtained while working on 

the PV solar panel sizing. The next step of this project consisted in choosing the car components 

based on different parameters related to the weather conditions in Ifrane as well as the EV’s 

power consumption. Optimization techniques were used in each step of this process to come up 

with the most efficient and low cost solutions. A part of this report talks briefly about the 

payment procedure to use this service. The last part is a cost analysis that presents the overall 

cost of the project and highlight the payback period of this investment.  
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12	 APPENDICES	
 

APPENDIX	A		

 
 

Figure 1  Vertical bars representing the percentage of wiliness of AUIers to use this 
service based on a survey 
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Figure 2 Vertical bars representing the percentage of times students go out and in 

of campus based on a survey data collection 

 
 

Figure 3 Pie chart representing the percentage of use of the service based on a  
survey data collection 
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Figure 4 Pie chart representing the percentage of use of this service during moving 
days based on a survey data collection 

 
 

Figure 5 Vertical bars representing the price rages students are willing to pay 
based on a survey data collection 

 
 

 
 
 

Figure 6 Graph representing the student’s individual weekly use of this service 
based on a survey data collection  
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Table 1  Excel graph representing the past collected and forecasted data of the 

number of AUI’s enrolled students every year 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



		

	 	 	 	 	54	

APPENDIX	B	
 
 

 
 

Figure 1 CO2 emissions (kt) [1] 
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Figure 2 CO2 emissions from liquid fuel consumption (kt) [1] 

 


