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Abstract:  
 

This capstone project is about the implementation of electrical bikes in the city of Ifrane for the 

Tourist visitors. In order to find an adequate and a feasible solution for the seasonal traffic in Ifrane 

and in the same time promote the green city, and keep its rank between the second cleanest in the 

world, this initiative will be a valorization of the existing assets. 

A project of this nature must have economic, political, social, ethical and engineering dimensions. 

The plan action of the design of electrical bikes rechargeable with solar panels consists of the state 

of art of the electrical bikes, then the design issues of existing electrical bikes, the optimization 

design of the innovative electrical bike that could be used by tourists in snow, and finally a 

simulation design on the software solidworks. 
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1 Introduction: 

 

1.1 Capstone Project Overview: 

 

Electrical bikes make the experience of riding a bicycle convenient it is easy and effortless and in 

the same time, you enjoy freedom and have fun and you can even save time during the traffic. The 

electrical bike takes some disadvantages of the regular bike and make them flexible for example 

the different options that we have for pedaling instead of being exhausted you can either go for a 

little, not at all or a lot by using the electrical motor or not.  This choice makes all the difference 

for choosing the e-bike as the best transportation, there is no need any more to worry about the 

physical situation, it could be accessible by all the generations for all the activities. 

 

While thinking about all the technologies that changed our usual life like the car, the smartphone 

and the computer. The use of the electrical bike is growing incredibly in the world; the largest 

international market for electrical bikes is China. Also for Europe the statistics of selling electrical 

bikes went from 300.000 to 700.000 between 2008 and 2010 in the other hand the statistics in 

China went from 40.000 to 10 million from 1998 to 2005 [1]. 

 

In the other hand, Electrical bikes are the best rating of ecofriendly transportation. All the issues 

of global warming happening now around the world and the percentage of the pollution related to 

transportation is very big “Pollution Cars release approximately 333 million tons of carbon dioxide 

into the atmosphere annually, which is 20 percent of the world's total, according to the 

Environmental Defense Fund. Motor vehicles also contribute 72 percent of the nitrogen oxides 

and 52 percent of reactive hydrocarbons” [2]. 
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1.2 Steeple Analysis: 

 

Socially, this project has an objective to facilitate the life of the community of Ifrane during regular 

days and tourists during the seasonal traffic. In order to make the life easier the electrical bikes 

facilitate moving from one spot to another and will save time and effort for the population of Ifrane 

but also the tourists and athletes that enjoy the nature and the beauty of the city. The second 

advantage is that for the citizens the quality of air will be better and the e-bikes will reduce the 

emissions of CO2 in the region. 

Technologically, the implementation of e-bikes in Ifrane is a great idea for encouraging 

sustainability and green initiatives in other cities. A project that is close to this idea has been 

already launched in Rabat with the Electrical Taxi bikes but still it is not enough, we need other 

great audience to be inspired, with an innovative electrical bike that is dedicated to all the 

categories of the society. These bikes will be one hundred percent green and recently Morocco is 

focusing more and more on its sustainability, so strategically we could imagine the manufacturers 

of bikes to include this new technology in their future designs. 

Economically, this project will be generating its own energy from cycling; therefore, it will be 

efficient in terms of energy saving for the electrical bike and for the human effort comparing it 

with the regular bike. Moreover, the price that will be reduced from the consumption of the 

gasoline for the car users or any other means of transport.   

Environmentally, the objective is not only to provide e-bikes during the seasonal traffic but also 

to reduce the CO2 emissions. According to the World News Ifrane is rated among the second 

cleanness city in the world with no industries and no pollutants, with the e-bikes they will be less 

emissions and more clean air.   

 

Politically, the electrical bike has a low speed that will not exceed any regulations regarding the 

speed limits. For paying the taxes of the e-bike, there is no law that is implemented. For the parts 

that are composing the e-bike and fabricated in foreign countries or shipped from outside are 

allowed to be imported in the Moroccan territory. 
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Legally speaking testing is a mandatory step that should be done in order to test the safety for the 

passengers of the new model proposed by the e-bike. In the opposite case, the e-bike model will 

be modified according to the general safety model. 

Ethically, the project of the electrical bike is an innovation and do not copy from other exciting 

models, which means that it is respecting the intellectual property and the engineering ethics. 
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2 Literature review: 
 

2.1 The design of electrical bike with higher efficiency: 
 Many articles and papers contributed to the accomplishment of the Capstone project 

namely papers about the suitable designs to the environmental factors and others about the major 

mechanical aspects that will improve the performance and about the storage and solar generation 

that are the crucial aspects of the project. 

The Design of Electric Bike with Higher Efficiency [3] paper takes into consideration the historical 

improvement done on the field discussed, the future possibilities, and the mechanical limitations 

that blocks the progress and the widespread of the e-bikes. To encourage this technology, good 

results and solutions have to be proposed. Thus, this paper aims at the increase of the efficiency of 

previous prototypes and models of the e-bike by approximately 50% and by using clean energy 

sources such as the solar photovoltaic that will be the main source focused on. The paper presents 

a model of an electrical bike with enough torque power and velocity to carry two passengers. The 

parameters or properties that have been studied and improved are the Speed and the Aerodynamic 

Structure. These two aspects provided good results and solutions to the limitations of the 

performance of the electrical bike. The historical background of the e-bikes states that the speed 

range is between 40 and 45 kilometers per hour. The speed parameter discussed on the paper aims 

to go beyond these values of velocity. The targeted speed of the improved e-bike will be about 85 

to 90 kilometers per hour, which is comparable to scooters. This improvement will raise the 

problem of the aerodynamic structure. Since the speed is increasing by almost the double of the 

normal speed of the electrical bikes, the drag resistance will increase by four times because the 

aero force goes by the square of the velocity. Regarding the property of speed, the parameters that 

will play a key role in its improvement are the type of motor and the chain drive. The combination 

of the two parameters will raise a ratio that can be changed in order to increase the maximum 

speed. This ratio called the teeth ratio and it can link the speed to the number of teeth in the 

sprockets by: 

𝑁1
𝑁2⁄ = 𝑇1

𝑇2⁄  
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Figure 1: Theoretical concept [3] 

Finally, the parameter that will allow us to improve the Aerodynamic structure is the total power 

that is necessary to the drive the bike and that is the sum of the power to face the air drag, the slope 

and the friction. To overcome the air drag, two constants are to take into consideration: The 

coefficient of drag Cd and the Frontal Surface Area. However, the shape, the material used, and 

the windshields play also a key role to face and reduce the air drag. The material used should be 

as light as possible, for instance, the paper highlights the use of Plexiglass that will also provide a 

pointed shape that will cut through the wind. The windshield has also to be as light as possible in 

order to have more freedom in the choice of the essential parts. 

2.2 The Design and Development of Solar Assisted Bicycle  

The Design and Development of Solar Assisted Bicycle [4] paper highlights more the storage and 

energy generation aspects. It discusses also all the parts to be added to a standard bicycle in order 

to switch to a fully renewable energy bike with an important capacity of storage. The model 

discussed uses a Hub motor that we have stated in the previous article that is lightweight and small 

sized. These types of motor possess both a stator and a rotor and do not need sprockets, brakes and 

chains. They have long life and are reliable but the major inconvenient is that they do not reach 

the speed values that have been stated on the paper above (85 – 90 km/h).  
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Type of Motor Hub Motor 

Design of Motor B LDC (Brushless DC) 

Power Rating 250  W 

 

Torque 1 2 N-m 

Speed (rpm) 300 

Rated Voltage (V) 24 

 

 

Efficiency (%) 

 

≥80 

Noise(dB) <65 

Weight(kg) 4 

Table 1: Hub Motor specifications [4] 

The second component discussed on the paper is the solar panel. The photovoltaic panel that will 

be used on an electric bike are to be as small and efficient as possible to be handled by the bike. 

The panels have the purpose to charge the batteries using the photovoltaic effect that generates 

electric current by collecting the photons that are generated by the sun. Two panels are used in the 

model discussed on the paper. They can be either in series to raise the output voltage or in parallel 

to raise the output current. The panels used are the next: 

Maximum Power (Watt) 20 

Charging Current (Amp) 2 

Open Circuit Voltage (V) 21.6 

Max Power Voltage (V) 17 

Short Circuit Current 1.316 

Power Measured at  

Standard Test Condition 

1000W per m2 at 250C 

Lifespan 25 years 

Size 500mm × 338mm. × 35mm 

Table 2: PV panels specifications [4] 
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After the solar modules, comes the Voltage Regulator, which is a very important component that 

will have to regulate and raise the voltage produced from the panels to a voltage that is suitable to 

the batteries. In fact, the battery cannot charge if it is connected directly to the modules. The 

batteries cannot support the intermittence and fluctuations of the sun due to natural factors. 

Therefore, a voltage regulator or boost converter that is a DC/DC converter will have to provide 

from an input voltage that is low, an output voltage that is much higher and acceptable by the input 

of the batteries.  

The next component of the electrical bike that is discussed on the paper is the battery. More 

precisely, the chosen battery proposes the technology of Lead Acid that are famous in the field of 

electronics and have a medium efficiency. The major advantage is its safety, which is crucial in 

the case of the design of an electrical bike since the project should provide enough security for the 

passenger. In addition, the Lead Acid battery are the most suitable for solar charging. The battery 

that will be used is characterized by its small size, its high capacity and voltage, which make it 

ideal for the application. The batteries design for the e-bike done is the next: 

Type of Battery Sealed Lead Acid 

Size (l × w × h) 210×140×356 mm. 

Number of Batteries Two Batteries connected in series 

Voltage 12 V 

Amp-Hour Rating 35 Ah 

Charge Termination When battery charge reaches 25.8 V 

Standby Battery Voltage 25.4 V 

Open Circuit Voltage (Volts) 2.87 V 

Charging Time 8-9 hours 

Weight 8 Kg 

Safety Good 

Cycle Life (N of cycles) 400 

Operating Temperature 0C -10 to 60 

Table 3: Batteries design specifications [4] 
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The next part is an essential part of the electrical bike. The Motor Controller is responsible for the 

control of amount of power that is transferred to the Hub Motor. This controller acts as an inverter 

and thus transform the DC output of the batteries to an AC signal that have an amplitude and 

frequency that can be variable according to the desired speed. The Motor controller contains power 

electronics switches mainly MOSFETs and also microprocessor and throttle that can detect any 

problem such as excess of current and lack of voltage. 

System Voltage (V) 24 

Max. Load Output 

Current 
25 

End of Charge 

Voltage(V) 
27.4 

Boost Charge 

Voltage(V) 
28.8 

Ambient 

Temperature (0C) 
0-50 

Weight(gm.) 180 

Dimensions (l×w×h) 

(mm) 
130×88×39 

Table 4: Motor Controller specifications [4] 

The last essential part of the electrical bike is the Throttle or what is more known as the 

Accelerator. It is the part that will allow the bike to go from zero to its maximum speed and it has 

the same structure as the Motor Controller meaning that it converts the DC input to an AC output. 

Supply Voltage (V)  24  

Return Voltage (V)  4  

Max. load output current (A)  25  

Handle Bar Diameter(mm)  22  

Three wires red, green, black  May differ from works. Fits 

for 24v supply  

Table 5: Throttle/Accelerator specifications [4] 
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2.3 A Dynamic Model for The Performance and Environmental Analysis of 

Innovative E-Bike 
The A dynamic model for the performance and environmental analysis of an innovative e-bike [5] 

paper presents a reference model for rechargeable electrical bikes with measured values that 

conducted to the implementation of the design. This model consists of a Hub Motor that is put in 

a bottle and batteries that are hidden in the structure of the bike. The design is as simple and smooth 

as possible and the parameters of the bike are precisely measured both dimensionally and 

technically, the design specifications are the next: 

Total Weight 18 kg 

Motor Type and Power Brushless dc machine, 250 W 

Motor Assembly Hub 

Motor Placement Central hub 

Levels of electrical assistance three Modes 

Battery Type Li-Po, 36V, 10Ah 

Charging Time 4 h 

Cycles of charge/discharge Up to 1000 

Tire Type 26 x 1,8" 

Table 6: Technical specification of the e-bike [5] 

The model described above serves as a reference for the dynamic model of the project with all the 

component. The longitudinal dynamics are:  

𝑀
𝑑𝑣

𝑑𝑡
= 𝐹𝑡 − 𝐹𝑟𝑟− 𝐹𝑤 − 𝐹𝛼 

Type Information Equation if any 

𝐹𝑡 Thrust force done by the motor and rider 

𝐹𝑟𝑟 Rolling resistance force 𝐹𝑟𝑟 = 𝐶𝑟𝑟 ∗ 𝑀 ∗ 𝑔 ∗ cos 𝛼 

Crr Coefficient of the rolling resistance 

M Total mass (bike + passenger) 

g Gravitational constant 

α Road slope 
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𝐹𝑤 Aerodynamic drag force 
𝐹𝑤 =

1

2
∗ 𝐴𝑠 ∗ 𝐶𝑤 ∗ 𝜌𝑎𝑖𝑟 ∗ 𝑣2 

Crr Coefficient of drag resistance 

ρair Air density 

v Longitudinal velocity 

𝐹𝛼 Gradient resistance force 𝐹𝛼 = 𝑀 ∗ 𝑔 ∗ sin 𝛼 

Table 7: Dynamic model description [5] 

 

 

Figure 2: Longitudinal components of the forces acting on the e-bike [5] 

The equations above can be expressed also as the torque applied to the second wheel of the 

bicycle and then express it as the driving torque relative to the pedal shaft by introducing the 

gear ratio and the efficiency of the gearbox of the e-bike as shown on the next table: 

Type Information Equation if any 

𝐹𝑡 Thrust force done by the motor and rider 

𝑇𝑑,𝑤 Total driving torque 
𝑇𝑑,𝑤 = 𝑟 ∗ (𝑀

𝑑𝑣

𝑑𝑡
+ 𝐹𝑟𝑟+ 𝐹𝑤 + 𝐹𝛼) 

r Radius of the wheels 

𝑇𝑑,𝑝 Driving torque  
𝑇𝑑,p =

𝑟

𝜂𝑔𝜀𝑔
∗ (𝑀

𝑑𝑣

𝑑𝑡
+ 𝐹𝑟𝑟+ 𝐹𝑤 + 𝐹𝛼) 

𝑇𝑑,p = 𝑇ℎ + 𝑇𝑚,𝑝 
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𝜂𝑔 The bicycle gearbox efficiency 
𝜂𝑔 =

𝑇𝑑,𝑤

𝑇𝑑,p ∗ 𝜀𝑔
 

𝜀𝑔 Gear ratio 
𝜀𝑔 =

𝜔𝑝

𝜔𝑤
 

𝜔𝑤 Angular velocity 

𝑇ℎ Passenger torque (Human) 

𝑇𝑚,𝑝 Motor torque 

 

Torque equilibrium 

𝑀
𝑑𝑣

𝑑𝑡
+ 𝐹𝑟𝑟+ 𝐹𝑤 + 𝐹𝛼 

=
𝜂𝑔𝜂𝑚𝜀𝑔𝜀𝑚

𝑟
𝑇𝑚,𝑝 +

𝜂𝑔𝜀𝑔

𝑟
𝑇ℎ 

𝜂𝑚 
Efficiency (Motor-Pedal) 𝜂𝑔 =

𝑇𝑚,𝑤

𝑇𝑚 ∗ 𝜀𝑚
 

𝜀𝑚 
Gear ratio (Motor-Pedal) 𝜀𝑔 =

𝜔𝑚

𝜔𝑝
 

𝜔𝑚 Motor angular velocity 

𝑇𝑚 Torque done by the motor 

Table 8: The dynamic model (Continued) 

These equations discussed on the paper will provide a proper sizing and design for the electrical 

bike in order to simulate the performance and the environmental impact for better results. Thus, 

the methodology adopted on this paper is a good reference to obtain the desired outputs with an 

environment control. 

2.4 The Copenhagen Wheel 
The Copenhagen Wheel: An Innovative Electric Bicycle System That Harnesses The Power Of 

Real-Time Information And Crowd Sourcing [6] highlight a new concept that is a very huge step 

in the field of electrical bikes. The Copenhagen Wheel is a wheel that is suitable for almost every 

large bicycle and can be sized from the website of the manufacturer. It is interesting since it can 

be dimensioned for almost every type of rode and climates. What makes this wheel even more 

interesting in that it encompasses almost all the devices stated on the articles [3] and [4]. A spheral 

container attached to the wheel contains batteries, motor, voltage regulator and software 

communication that can communicate with the user’s phone to check the wheels’ autonomy and a 
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plug to charge. However, the price of the wheel can be expensive but the concept is interesting to 

be inspired from. 

 

Figure 3: The Copenhagen Wheel [6] 
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3 Optimization of shape and the material of the e-bike: 
 

3.1 The choice of the frame 
 

3.1.1 The suitable frame 

 

In Ifrane it’s not easy to ride a bicycle, among the reasons why there is the choice of use of the 

electrical bike, but in the same time we need to think about the optimal, strong design and material 

that could resist to the mountain and the harsh weather. The rider needs frames that should resist 

to the fatigue and the forces. The best material choice in the mountain case is the Aluminum among 

the steel, the carbon fiber, or titanium. Combining between the cost and the resistance, Aluminum 

is a great investment for the material bike. In the other hand, there are disadvantages like having a 

lower cycle counts and a finite fatigue life that we are going to discuss later in details while 

comparing all the material. 

For this reasons an analysis was conducted specially to optimize the frame of the bike and reduce 

the cases of failure and fatigue on the frame. 

 

 

                        Figure 4 : Frame of aluminium 6061-T6 mountain bike [10] 

 

The choice of the model of electrical aluminum bike is innovative we are going to adapt the 

characteristics of a regular mountain bike and update it to an electrical one for that we need to 

demonstrate the reason of this choice by comparing between all the existing material frame. 
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Table 9 :A Table of comparison between the different mechanical properties of the frames [10] 

 

 

3.1.2 The comparison of the frames 

 

Comparison between the frame of aluminum 6061-T6 with the others:  

Aluminum 6061 has the second lowest density compared to the opposite materials, with a density 

that is sixtieth that of metal, and thirty-five of 4130 steel. The strength of 6061 is a smaller amount 

than 7005, and around forty-three of 4130 steel and metal. The rarity of metal permits larger tube 

diameters to increase frame strength creating it to be competitive and even advantageous in 

comparison to steel. The most downside to metal, as shown by Table a pair of, is that the 

staggeringly high value, creating the fabric less common for bicycle frames. Metal 6061 is costlier 

than steel, however is comparatively cheap at around $2.43 a weight unit, making it reasonable for 

producing a frame. The most downside to metal is that the low fatigue strength compared to the 

opposite frame materials. 

Aluminum incorporates a number of properties that make it more interesting when compared to 

other materials such as more thickness, ease of welding, great quality, and corrosion resisting 

properties as portrayed over. As appeared over, the most disadvantage to 6061 outlines is the 

helplessness to weakness failures. 

 

3.2 The choice of the Wheel  
 

The Copenhagen wheel the innovative design for any ordinary bike:  

 

 
 

 

 

Yield 

Strengt

h 

(MPa) 

Tensil

e 

Strengt

h 

(MPa) 

Fatigue 

Strength at 

50,000 Cycles 

(MPa) 

Densit

y 

(kg/m3

) 

Weldability 

and   

Machinabilit

y 

Cost (USD 

per kg) 

Aluminum – 
6061-T6 

72 193-290 241-320 75 2,700 Excellent $2.42 

Aluminum – 
7005-T6 

72 290 350 ~75 2,780 Excellent $2.87 

Steel - 4130 205 800-1,000 650 250 7,800 Excellent $0.95 

Titanium – 
Grade 9 

91-95 483-620 621-750 250 4,480 Fair $57.40 

Carbon 
Fiber 

275-415 Varies Varies Varies 1,800 Fair Varies 
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The choice of the Copenhagen wheel is a choice that was made based on the efficiency of its 

innovative design, the Copenhagen wheel is a solution for the frame that we are designing based 

on aluminum but also it is a great solution for the hybrid system for our E-BIKE. 

This wheel is a genius design for the electrical bike or the ordinary bike. It has an application in 

it; for the smart phones and with Bluetooth you could connect it and attach your phone in the 

bicycle handlebar. The best services of this wheel are controlling the speed of the bicycle including 

data like the distance and direction but also measuring the air pollution and showing the lowest 

traffic areas and the most known biking routes, not only that but also you could check the proximity 

within a friend. Since the system is hybrid, the application is also taking into charge number of 

calories and the health care assistance. 

 

 

Figure 5: Application and smart phone [7] 

 

The Copenhagen Wheel is a brand of Superpedestrian, the components of the wheel are a battery, 

a motor, and a sensor package that includes a Bluetooth radio, a sensor kit that can in the same 

time measure the level of humidity and the degree of temperature but also CO and NOx in addition 
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to the GPRS connection. The measurement of the speed is done while cycling, from putting the 

foot and you can reach twice the speed with minimum effort with the electrical assistance.  

When it comes to the price. The wheel is not very cheap but the service offers many possibilities 

of getting the right frame 18 each from different five brands. The price varies from 2000$ to 1500$ 

Which is in the range of the cost of most electrical bike and the additional service it could be sized 

to my frame and the wheel will be adapted to the snow being more thick and strong. 

In the figure below, there are clear steps to show the Copenhagen Wheel installation for our frame 

that is made of aluminum, adequate to the constraints of the weather and adapted to the town of 

Ifrane. While choosing the wheel it will be a size of 50 c mountain tire 559mm wheel mountain 

bike size. 

                               

 

Figure 6: Installation of the Copenhagen Wheel [7] 

 

3.2.1 The choice of the tire 

 

The choice of the design of an electrical bike in Ifrane needs to be implemented using 

characteristics of mountain conditions, for that the choice of the tire is important in our case we 

choose the 50 campfires. 

The width of the tire is an indicator of the performance and the feel of the bike. A tire of this type 

is specifically designed for the off-road riding experience; in Ifrane, there is several natural places 

to discover that needs a strong material like the use of rubber in this case to provide grip on all 
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terrain. The tire helps a better rolling resistance, diminish the effect of the shock on the bike and 

provides a comfortable ride and greater stability when moving faster. 

                                             

Table 10 : Chart of general characteristics of material used for Wheels [ 9]                                            

 

Figure 7 : Different tires [8] 

3.2.2 Final design of the wheel  

 

At the end for the wheel we will end up with: 

 559mm 

 50c (mountain tire) 

 Multi speed gear  

 9 gears mountain (30t or greater) 

 Price 1749$ 
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Figure 8:Final design of the Wheel [8] 

 

3.3 The choice of the Gear 
 

3.3.1 Multi Gears Bike 

 

The purpose of using a multi-speed gear instead of a single speed is to have the possibility to leave 

the full experience on hilly trails; the function of gears is to help you choose at what strength you 

will push the bike forward by adjusting the chain to face the different levels of the terrain. 

The multi-gears are made for traveling in different harsh condition of the terrain. The main objective 

is to program the bike to exceed the distance and speed but mainly climbing over undulating 

landscapes, by each push of the pedal you translate to a bigger push by gathering the speed in order to 

cover more ground and move forward. 

3.3.2 Single Gear in a bicycle 
 

The single gear is made for the bike riders that want only to go through the roads and streets as a 

simple rider. It is the best case and affordable option because as it is stated in the name we are 

using a single gear, which means we need to work with it alone. It is the best option for the flat 

terrain and less expensive in comparison with multi-speed gear bikes. 
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for the mechanism the wheel is directly connected with the pedal, the wheel rotates when pedaling, 

when stopping the tire stops too. The wheels are directed with the pedals. 

 

 

                                                         Figure 9 :  different gears[8] 

3.4 The choice of the seat 
 

3.4.1 Hard or Soft 
 

When you have an uncomfortable saddle, the first reflex is to change it for a softer one. At first it 

always seems more pleasant but the love story does not last long if you travel more than 1km. 

Indeed, padded stools are comfortable over very short distances only. In a sitting position our 

weight is supported by bones that are made for this, the ischium these two that hurt when you sit 

on a hard surface for a long time. The ischium must also rest on the saddle. But a soft saddle will 

crush under the ischium until the soft tissue between these two bones comes into contact with the 

saddle and also begins to support the cyclist's weight. However, most saddle-related discomfort or 

pain problems are due to excessive pressure in the soft tissues. You can do the test by placing a 

cushion between your legs and sitting on a chair. Generously padded, wide stools are even more 

uncomfortable on long journeys because they rub against the inner thighs. 

3.4.2 Wide or Narrow  
 

In any case, it is very important that the ischium rest on the saddle, so its width will depend on the 

morphology of each individual. If the stool is too narrow, it is the soft tissues and perineum that 
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are subjected to excessive pressure. If the saddle is too wide, it is the inside of the groin that rubs 

against the saddle, especially when it is hot. 

 

 

Figure 10 : The confortable saddle[13] 
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4 Optimization of energy: 
 

In order to be energy saving and efficient the charging part of the wheel will be done by a station 

of solar panels. For that I have conducted a study in the city of Ifrane to know the situation of solar 

panels so far. 

4.1 The cost is very important to determine a PV system: 
 

For now, the government encourages the implementation of solar panels and provide many taxes 

exemption for the investors in this field. More than that the government gives many subsidies to 

cover the expenses to companies to develop and import more the different constituent from 

foreigners and other countries. 

4.2 The cost of raw material 
 

The cost of the raw material is to be determined from different components the most important 

one is the silicon, controlling the price of the silicon is also the determination cost of the PV’s. 

Other material take part in the constitution of Pv panel we have among them aluminum and also 

steel. To conclude the price of the PV’s, depend on the price of its raw material. 

4.3 The demand of electricity 
 

The Moroccan high demand on electricity plays a big role in regulating the prices of PV’s, it creates 

more competition among the producers more in addition to the other factors like labor wages or 

the marketing cost. More we have competition more the price will go down. 
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5 Sizing of the photovoltaic system 

5.1 Introduction about stand-alone PV systems: 
 

Concerning the sizing of the photovoltaic array that will be necessary to fulfill the needs of the e-bikes 

stand, we will consider several approaches. We will proceed by calculations in order to choose the proper 

dimensions and necessary components of our system. This approach will permit us to conclude and choose 

the optimal configuration of the system so that the project will be cost effective. 

In order to achieve a full autonomy of the project, the system that will be chosen is what is called a stand-

alone photovoltaic system. Those systems were first introduced to regions where the electrical grid isn’t 

available or when the transmission is costlier than sizing and implementing a stand-alone system.  

The purpose of this choice is to realize a full model that is autonomous that can be reproduced even in non-

grid connected areas and also to make the project fully autonomous. However, even if a stand-alone system 

does not compete with the average of 1MAD/kWh taken from the grid, it is the best competitor of any other 

autonomous system that will use for instance diesel motor for power generation. 

A typical example of a stand-alone system is described on the next figure for domestic use. 

 

Figure 11: Typical stand-alone system 

The first input of the system is the solar irradiation that is the primary energy that will be used later 

on the produce electricity. More details about solar irradiation will be highlighted on the next 

session to know how it affects solar panels. After the PV module comes the charge controller that 

is the second output of the system. The charge controller does not get involved in power generation 

or storage but it is an important part of the system since those devices regulate the voltage and 

power to be transmitted to the batteries in order to satisfy their charging voltage and regulate their 

charge/discharge cycles so that they get never overcharged or completely discharged. 
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The batteries are the third component of our system. Since the energy of the panels that is not used 

will not be injected on a grid. It is necessary to store this energy so that it will not be lost. This is 

an important topology for our project during night charging of the e-bikes that can be satisfied 

using batteries.  

There is a possibility for batteries to be connected directly to direct current loads. When they are 

fully charged, the charge controller makes the batteries act like a wire so that the DC charges are 

directly fed. For the loads that are not DC, as it is the case for the e-bikes, the direct current will 

go through an inverter in order to be turned into an AC voltage and current that will be suitable for 

the charging of our bikes. 

As the figure states, there is a possibility of adding a generator that can be either diesel or gasoline 

fed in order to provide the loads with the necessary energy when the solar panels are not in their 

production state due their intermittence or when the batteries are fully discharged. This approach 

will not be needed in our case since our electrical bikes are loads that have an integrated alternative 

source that is the mechanical charging of the battery. 

5.2 Theoretical calculations: 
 

 To do a proper theoretical calculation, two calculations have to be done. The first one will 

be the estimation of the peak PV power that is necessary to our system. It takes into consideration 

several inputs that are mainly efficiencies of the other components that we have described before. 

The peak power is the total power that the sum of the panels should have.  The number of panels 

is to be derived from the result of the peak power value according to the choice of the panel.  

The second calculation is the batteries capacities. Those depend mainly on the characteristics in 

terms of voltage and current and also the number of days of autonomy that we desire from our 

system to deliver in case the solar production is not occurring. In other words, it is the number of 

days that our bikes will be charged from the batteries even if there is no solar production. 

5.3 The peak power of the PV system: 

P Peak = Ed(Wd) / [Imin(kWh/m2) * EE bat * EE inv] 

 Ed: Daily consumption of the bikes 

 H min: the daily irradiation (in Wh/m2). 
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 EE bat: energy efficiency of the batteries. 

 EE inv: energy efficiency of the inverter. 

 Ed: daily electricity requirements (bikes). 

5.3.1 The daily electricity requirements: 

 

 As described earlier, the electricity requirements are mainly the charging of the bikes. In 

one electrical bikes station, we will dispose of 15 bikes. Each bike will need approximately 279Wh 

to be fully charged. We will assume that the bikes have to be charged once a day so the total daily 

consumption of the station will be. 

Ed = 15 * 279 Wh 

Ed = 4185 Wh 

 

5.3.2 The daily irradiation: 

 

 This parameter is to be taken from weather database that will give us the solar energy that 

can be collected by the solar panels during one day. For our system to be effective, a reasonable 

value has to be taken. For instance, we should take the month of the year that will have the lowest 

daily solar irradiation. This approach will make our system very efficient during the year. This 

value can be taken from any weather database.  

For our study, PVGIS was chosen to be an effective database since it takes its results from several 

databases and weather stations to provide an optimal result. For the city of Ifrane, the results were 

as followed: 
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Figure 12: PVGIS Weather Data for Ifrane city 

 

The lowest irradiation in an optimal angle of panels and bikes station tilt angle of 35 degrees is in 

the month of January: 

I min = 4320 W/m2/day 

5.3.3 Efficiency of the batteries: 

 

 The batteries efficiency is to be determined by the technology chosen. Each battery is 

characterized by its price, its composition and technology, its number of cycles and the its lifetime. 

From the table below, several technologies of batteries have been cited. We will choose from the 

table, the Lead Acid technology and its characteristics are cited on the same table. 

 

Table 11: Battery technologies characteristics 
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EE bat = 75% 

5.3.4 Efficiency of the inverter: 

 

Inverters of this generation do not go below an efficiency of 90%. This efficiency is more related 

to the percentage of the power used in our system but the decrease in efficiency is negligible. For 

calculation and computation, the most logic choice is to take 85% of efficiency as a reference. 

 

Figure 13: Efficiency of inverters versus the load 

EE inv = 85% 

Since, we have all the parameters that are necessary to compute the peak PV power that our system 

will need. The results can be represented as followed: 

P Peak = Ed(Wd) / [Imin(kWh/m2) * EE bat * EE inv] 

P Peak = 4185 / [4.32 * 0.75 * 0.8] 

P Peak = 1614.58 Wp 

To conclude we will need:  1614.58w/150w= 11 

11 solar panels of the brand solo stocks as seen in the figure:  

Price: 1300 DH each solar panel 
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                                                       Figure 14: Photovoltaïque Solar panels[12] 

5.4 The batteries capacity 
 

 As discussed before, the total of storage is in term of Ampere-Hours and the value of the 

total Ampere-Hours is depending on the energy that is needed and also by the days of autonomy 

that we choose to have. For our system to be cost effective, 3 days of autonomy seem be a logical 

choice due to fact that it represents the smaller half of the week. The next equation will permit us 

to find the capacity that is needed by the system: 

C (Ah) =Ed*Nd / (0.8* V * h inv) 

C (Ah) =4185*3 / (0.8* 24 * 0.8) 

C (Ah) = 817.38 Ah 
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6 Final design solidworks  
 

The final design is made in 3D by solidworks software as you can see in APPENDIX A, B. 

The design was not randomly done but there is a purpose behind it. The solar panels were made 

for many purposes the first one is to provide electricity to the charger of electrical bike but also it 

is a protection for the client and for the bikes from the different seasons that could affect either the 

material of the bike or the disturb the tranquility of the client. The roof is mainly done to protect 

and cover from sun, rain or snow. 

When it comes to efficiency the solar panels are oriented fully to the sun when it’s sunny and when 

it’s snowing the snow will easily slide from the rooftop because of the design that is adapted for 

the weather like in the houses of Ifrane. 
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7 Conclusion:  
 

To conclude the design optimization of the electrical bike touched many fields, the first is 

mechanical we compared the yield strength, tensile strength, fatigue strength, the density, the 

machinability and finally the cost analysis. The final decision was to use the frame of aluminum 

6061-T6. The second optimization design was about the wheel and it was decomposed in three 

sections the choice of the tire, the choice of the gears and the choice of the seat. The design was 

based on the comfort of the client, first of all the seat is very important we made springs for the 

suspensions and the shape is neither narrow neither large to reach the medium size suitable for 

everyone, for the rest of the design tires and including the gear the analysis was based on the nature 

of the city of Ifrane since there is mountain and rocks the shape was adapted to face the harsh 

fields. Finally, the optimization of energy an analysis was conducted in order to reduce the 

consumption of electricity and the cost. The bike comes with a charger and we have 15 bikes so 

we calculated the amount of power needed to supply them based of the previous monthly radiation 

of sun during last years. 
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9 Appendices  
A. 
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B. 
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