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ABSTRACT 

In an attempt to decarbonize the transportation sector, Morocco, among many 

countries, is opting for e-mobility as an optimal solution, to create a greener, 

cleaner, and more affordable future for everyone. However, it is missing a 

crucial prerequisite, which is a strong EV charging infrastructure. 

This report includes a state-of-the-art literature review of the current status of 

different EVs and EVCSs in the Moroccan context. The various EVCS types, 

technologies, techniques, and equipment. It also includes the design of a 

charging station for small EVs for on campus use, with a solar energy system 

input. Next, a mechanical 3D design for the final product. As well as a proof-of-

concept implementation. Lastly, some conclusions, limitations, and 

recommendations for further research. 

Keywords: electric vehicle, EV charging station, solar energy system, e-

mobility, RFID, Arduino 
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1 INTRODUCTION 
1.1 Context 

 

For years now, global warming and CO2 emissions have been threatening the world. The 

alarming situation incentivized countries all over the globe, including Morocco, to adopt green 

plans in order to reduce these gas emissions and preserve the planet for generations to come. 

Most of these green plans, include and encourage e-mobility as a possible solution to the large 

contribution of the transportation sector to air pollution, as it is an eco-friendly option that has 

a way smaller carbon footprint than conventional gasoline mobility.  

 

1.2 Problem Statement 

 

Despite Morocco’s efforts and commitment to transition towards green energy and sustainable 

resources in all sectors, EVs still face numerous challenges, the biggest one being the rarity of 

charging infrastructure, hindering the promotion of their use in the country. Therefore, a 

suggested solution would be to design and make our own charging station.  

1.3 Methodology 

 

The objective of this project is to design a charging station for small EVs with a solar energy 

input for on-campus use. This project includes a theoretical analysis of the voltage, current and 

output power calculations for our system. As well as an electronic design, which consists of 

choosing suitable components and designing an electric circuit that will meet the project’s 

specifications. In addition, it includes a mechanical design for the final product. Lastly, the final 

results implementation phase, a final prototype. 

1.4 STEEPLE Analysis 

 

Societal implications: These charging stations would allow and encourage the students, faculty, 

and staff of Al Akhawayn University to use of eco-friendly vehicles around the campus. 

Consequently, this would improve air quality and health. This could also promote the use of 

electric skateboards or hoverboards among security personnel, therefore facilitating their 

transportation, especially given the recent expansion of the campus. 

Technological implications: This project applies technological and electronic concepts in a 

tangible way. It also could contribute to the advancement of EV technologies on campus. 
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Economic implications: The economic aspect of this project includes some costs (acquisition 

and operation) and some savings on the long term; insofar as, the user would be able to save 

some money, after a certain break-even point, in fuel costs, maintenance costs, mileage etc. 

 

Environmental implications: Transportation contributes to over 23% of air polluting gas 

emissions, and this project encourages and facilitates the use of EVs, which are considered the 

number one solution for increasing carbon footprints. This will, not only, promote e-mobility 

and, therefore, enhance air quality, but also, decrease air and noise pollution. 

 

Political implications: The electric vehicle will be respecting all AUI’s regulations. It will also 

not cause any disruption on the campus organization. 

 

Ethical implications: This work will respect engineering ethics and intellectual property all 

throughout the process. 
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2 LITERATURE REVIEW 
2.1 Electric Mobility 

2.1.1 Brief History 

 

Contrary to common belief, electric cars were invented before gasoline combustion ones, as 

early as the 1830s by Robert Davidson. However, they were not very practical since, at the 

time, batteries could not be recharged yet. In 1859, rechargeable batteries came along, which 

made the idea of EVs more viable. Over the following couple of years, EVs were starting to 

make appearances across the United States from different manufacturers. Moreover, in New 

York, electric taxis were becoming more and more common. In the early years of the 20Th 

century, EVs were at an all-time high, with advancements in the electric field and wider access 

to electricity, it became increasingly easier to charge EVs which made them very popular. 

However, around the same years, advancements in gasoline-powered vehicles were also being 

made, adding to their advantages and attraction compared to their counterparts [1]. 

2.1.2 EVs in the Moroccan Context: Challenges and Current Status 

 

Since this project will be taking place in AUI, it is important to study the Moroccan context to 

consider all factors that come into play.  

In Morocco, EVs aren’t very popular or common among citizens, compared to gasoline 

powered vehicles. However, there is still an EV market in the kingdom, despite its relatively 

smaller scale. In the year 2019, a study has shown that there were 2717 hybrid electric vehicles 

around Morocco. This same study forecasts an exponential growth of this number by 2030, to 

account for over 425,704 electric vehicles [2]. 

However, EVs still face numerous challenges due to some of their inconvenience compared to 

gasoline powered cars. The first one being the charging time; Insofar as it takes longer (around) 

to charge an EV’s battery as opposed to a couple of minutes to fuel an internal combustion 

engine. Secondly, the price of EVs is heftier than that of a conventional car, which is why many 

people tend to opt for the latter. Moreover, another concern for buyers was the range of EVs, 

as they feared that they wouldn’t travel far. However, as of recent years, EVs’ range matches, 

if not surpasses that of a regular engine car. In addition, in many countries including Morocco, 

the grid may not be able to power a large number of EVs since an increase in EVs will lead to 

an increase in energy demand that the country’s supply may not be able to meet. Lastly, but 

definitely not least, a crucial aspect to the use of EVs is the charger. Unfortunately, charging 

infrastructure is very rare in Morocco which discourages possible buyers from switching to 

electric mobility.    
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2.1.3 Different Types of EVs 

 

We can distinguish between four main different types of EVs: 

Batter Electric Vehicles (BEV): A BEV, or a “pure” electric car, is a type of electric vehicle 

powered by an on-board battery, which can be recharged and provides the vehicle with the 

needed energy to propel it forward.  

Plug-in Hybrid Electric Vehicle (PHEV):  A PHEV isn’t quite as “pure” electric as a BEV, nor 

entirely a conventional hybrid car. It is a combination of both, insofar as it has an on-board 

rechargeable battery (by being plugged-in or by regenerative braking) and, also, a fuel tank. 

Hybrid Electric Vehicle (HEV):  This type of EV is a hybrid, in the sense that is combines an 

electric battery and gasoline tank; What makes it different from PHEV, is that its battery is non-

rechargeable (except via regenerative braking) and must always have fuel in the tank to ensure 

its operation. 

Hydrogen Electric Vehicle (Fuel Cell): This type is the rarest one. Insofar as, its numbers are 

counted in the hundreds worldwide. As suggested by the name, a hydrogen fuel cell uses a tank 

of hydrogen to travel, it is quick to refuel and doesn’t consume much. 

2.2 Charging Stations for EVs 

2.2.1 Charging Stations in the Moroccan Context 

As previously mentioned, EVCS are a crucial aspect of e-mobility. Without proper 

infrastructure to sustain EVs, the latter cannot persist. Therefore, it is important to provide the 

necessary EVCSs. In Morocco, there were initiatives put in place in order to satisfy this need 

for EVCSs. The Institute of Research in Solar Energy and Renewable Energies (IRESEN) was 

responsible for the launch of a project to install charging stations in highways and major roads, 

within the “Green Miles” initiative and in collaboration with different institutions and 

companies. Collaboratively, this initiative helped install a total of 37 charging stations (74 

charging ports) covering 800 Kms along the highway from Tangier to Agadir [3].  

The figure/map below shows the distribution of these EVCS in Moroccan roads as of 02 March 

2022 [4]:  



  

 

 5 

 

 

Figure 2.2.1.1    Distribution EV Charging Stations in Morocco [4] 

The below graphs illustrate the distribution of the different types of connectors and locations 

of EVCSs in Morocco: 

 

Figure 2.2.1.2    Distribution of connectors and general stats 02 March 2022 [4] 



  

 

 6 

 

It is undeniable that these numbers constate a good start, there is still more room for 

improvement in this area. Especially, given the fact that the forecasted increase in demand for 

EVs (425,704 EV by 2030) comes along with an increase in need for EVCSs to match it. 

2.2.2 Comparative Study: Different Types of Charging Stations 

We can distinguish between 3 levels of Charging stations: 

Level 1 Charging (120-Volt): A standard 120-volt household outlet is used for Level 1 charging. 

By putting the charging equipment into a conventional wall outlet, any electric vehicle or plug-

in hybrid can be charged on Level 1. The slowest way to charge an electric vehicle is with 

a Level 1. It increases range by 3 to 5 miles per hour. Plug-in hybrid electric vehicles (PHEVs) 

benefit from Level 1 charging because their batteries are smaller, often less than 25 kWh. 

Because EV batteries are significantly larger, Level 1 charging is too slow for most everyday 

charges, unless the car isn't driven very far on a daily basis [5]. 

Level 2 Charging (208-Volt to 240-Volt): The most common charging level for everyday EV 

charging is Level 2. Level 2 charging stations can be installed at home, at work, and in public 

places such as shopping malls, railway stations, and other sites. Depending on the power output 

of the Level 2 charger and the vehicle's maximum charge rate, Level 2 charging can replace 

between 12 and 80 miles of range per hour. The majority of BEV owners opt for Level 2 

charging equipment since it charges the vehicle up to ten times faster than Level 1 charging. 

Even if you plugged in with a virtually empty battery, charging from a Level 2 source frequently 

results in the vehicle being fully charged overnight [5]. 

Level 3 Charging (400-Volt to 900-Volt DC Fast Charge & Supercharging): Level 3 charging 

is the fastest available and can recharge an electric vehicle at a rate of 3 to 20 miles per minute. 

Level 3 charging, unlike Level 1 and Level 2, uses direct current (DC) instead of alternating 

current (AC). Level 3 chargers have a far higher voltage than Level 1 and 2 chargers, which is 

why you won't find them in most homes. Level 3 charging requires a high-voltage source, which 

is only available in a few residential locations. Furthermore, DC Fast Chargers are quite 

expensive, costing tens of thousands of dollars [5]. 
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EV charging techniques can also be classified into three main categories: Battery exchange, 

wireless charging, and conductive charging. Conductive charging, itself, is divided into two 

sub-categories: pantograph and overnight charging. 

 

 

Figure 2.2.2.1    Different EV charging Techniques [6] 

The description of each charging method, and the differences between the three types can be 

elaborated as follows:  

 

Battery Exchange: Battery Exchange, or battery swapping technique (BSS) relies on the BSS 

owner receiving monthly rent for the battery. The BSS's charging is very slow which aids in 

lengthening its battery life. Locally generated Renewable Energy Sources (RESs) such as solar 

and wind are easier to connect with the BSS system. One of the key benefits of this procedure 

is that the drivers do not have to exit the car and can swiftly replace the drained battery. 

Furthermore, the station's battery can participate in the V2G (vehicle-to-grid) project. 

However, because the BSS owner owns the EV batteries, this type of EV charging strategy can 

be more expensive than fueling the ICE engine due to significant monthly rental rates levied by 

the BSS owner. This method necessitates several expensive batteries as well as a large storage 

area, which may necessitate expensive real estate in a high-traffic region. Furthermore, the 

station may have a specific battery model, while the vehicles may have different battery 

requirements [6]. 

Wireless Power Transfer: Two coils are used in this technology, which is based on 

electromagnetic induction. The primary coil is installed on the road, while the secondary coil is 

installed inside the vehicle. WPT technology has recently gained popularity in EV applications 

due to its ability to allow EVs to recharge securely and conveniently. It also doesn't require a 
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standard connector (but does require standard coupling technology) and may charge while 

driving.  

However, inductive power transfer is often weak, and for efficient power transmission, the air 

space between the transmitter and receiver coils should be in the range of 20 to 100 cm. 

Furthermore, if the transmitter coil is not turned off, eddy current loss is a problem with the 

WPT. Communication latency may happen since the transfer of information between the 

transmitter and the EV is conducted in real-time [6]. 

Conductive Charging: Conductive charging necessitates an electrical connection between the 

car and the charging inlet and offers several charging options, such as level 1, level 2, and level 

3 charging, as well as high charging efficiency due to the direct connection. For a public 

charging station, two power charging levels (Levels 2 and 3) are used. The distribution system 

is less affected by the first two levels (Levels 1 and 2).  

Conductive charging reduces grid loss, maintains voltage, minimizes grid power overloading, 

provides active power support, and can regulate reactive power using the vehicle's battery. 

Level 3 has a variety of effects on the distribution system, including voltage variation, system 

reliability, and transfer/power loss. It impacts the transformer life as well as increasing peak 

demand. A complex infrastructure, limited access to the power grid, and a standard 

connector/charging level are also required. The V2G technology necessitates a high level of 

connectivity between the grid and the vehicle. In addition, the V2G operation shortens the 

battery's lifespan due to frequent charging and discharging [6]. 

2.2.3 Charging Equipment 

Plug-in EV charging equipment is classified according to the rate at which the batteries are 

charged. Charging might take anywhere from 20 minutes to 20 hours or more, depending on a 

variety of circumstances. The electric vehicle has a built-in charger. The charging port absorbs 

electricity from a source outside the car and stores it in the battery [7].  

J1772:   All non-Tesla electric vehicles have a Level I or Level II charging port built in. All 

EVs come with a cord that connects to the vehicle's J1772 port on one end and a 240V outlet 

on the other. 

J1772 combo: For DC Fast Charging, J1772 is built into American and European EVs (such as 

the Chevrolet Bolt, BMW i3, Volkswagen e-Golf, and others). The CCS DCFC or SAE Combo 

are other names for the J1772 combo. Level I, Level II, and fast charging cables can all be 

plugged into the J1772 combination connector.  
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CHAdeMO: For DC Fast Charging, built into Asian EVs (such as the Nissan LEAF or 

Mitsubishi Outlander). As a result, Asian EVs with rapid charging capabilities have two 

different ports (J1772 and CHAdeMO) [7]. 

3 FEASIBILITY STUDY 
In order to study the feasibility of this work, it is important to take into consideration the 

following factors: 

 

- Technical feasibility: This project relies on knowledge in power electronics field, as 

well as some knowledge in renewable energies field, more specifically solar energy. It’s 

important to know our converter’s parameters in terms of output power, voltage and 

current. As well as its efficiency, dimensions, and values/ratings for the different parts 

(Inductors, capacitors, transistors, diodes …). In addition, we should also consider the 

battery’s material and nominal voltage and capacity. 

 

- Environmental feasibility: Since this project uses a solar energy input, which is known 

to be intermittent, the weather, irradiance and geolocation of the city are important 

factors to keep in mind. In addition, this project is environmentally friendly due to the 

fact that it reduces CO2 emissions and petroleum use. 

 

- Economic feasibility: The economic aspect of this project includes some costs 

(acquisition and operation) and some savings on the long term; insofar as, the user 

would be able to save some money, after a certain break-even point, in fuel costs, 

maintenance costs, mileage etc. 

 

- Legal feasibility: As with every project, it is important to consider the laws and legal 

texts that regulate the sector at hand. In our case, the most important ones are those that 

bind the auto production of electricity and sustainable energy laws in Morocco. 

 

To achieve the main aim of this project, the use of software would be instrumental. The main 

ones being: PSim (to simulate our project and make sure that the design requirements are met) 

Proteus (for the control) and Solidworks (for the mechanical design of our final product). 
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4 DESIGN SPECIFICATIONS AND CALCULATIONS 
4.1 Our Proposed Charging Station Description 

 
 

Figure 4.1.1    Block Diagram for Our Proposed System for DC Charging 

 

Figure 4.1.2   Block Diagram for Our Proposed System for AC Charging 

 

4.2 Components’ Specifications 

 

The requirements of EV charging depend heavily on the specifications of the EV battery. 

Insofar as, in order to permit proper charging of the EVs, we must supply its battery with the 

correct power, at the correct voltage and current levels. Naturally, different EVs have different 

batteries, therefore these specifications will vary from one EV segment to another [8]. 

The table below describes the battery capacity and voltage corresponding to the different types 

of EVs: 
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Table 4.2.1   Different requirements of different EV segments [8] 

 

EV Segment Battery Capacity Battery Voltage 

E-2W 1.2 – 3.3 kWh 48 – 72 V 

E-3W 3.6 – 8 kWh 48 – 60 V 

E-Cars (1st generation) 21 kWh 72 V 

E-Cars (2nd generation) 30 – 80 kWh 350 – 500 V 

 

 

Table 4.2.2   Charging Demand by Vehicle Segment [8] 

 

EV Segment Daily kms 

driven 

Battery 

capacity in 

kWh 

Driving 

Range in km 

/ full charge 

Daily 

charging 

demand in 

kWh 

E-2W 40 2.5 80 1.25 

E-3W 120 7 100 8.4 

E-Cars (1st 

generation) 

40 30.2 312 4 

E-Cars (2nd 

generation) 

100 21.2 181 12 

 

For this project, we aim to design a charger for a small and slow EV for on campus use with 

the following specifications / requirements:  

- Battery capacity : 2.5 kWh 

- Battery voltage : 48 V 

- Daily charging demand : 1.25 kW 

4.3 Solar Energy System Design 

In order to design our solar energy system, which will serve as our output, we should follow 

these steps: 

1- Determining our kWh daily usage 
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For our case, our vehicle uses 1.25 kWh daily. This is because for our project, we are 

assuming that the EV to be charged is an electric two-wheeler, since it is the smallest and 

the one most likely to be used on campus. In table 4.2.2, it states that this vehicle uses 

1.25 kWh daily. 

2- Determine the daily average peak sun hours of our area (Ifrane) 

To do so, we must first look up the total monthly sun hours of Ifrane over the year 2022 

[9]: 

- On average, July is the sunniest month with 350 hours of sunshine. 

- December has on average the lowest amount of sunshine with 166 hours. 

- The average annual amount of sun hours is: 2920 hours 

- The average amount of daily sun hours is: 10.3 hours 

 

  

Figure 4.3.1   Average monthly sun hours in Ifrane [9] 

 

Table 4.3.1.   Average daily sun hours in Ifrane [9] 

 

Month Average Daily Sun Hours 

January 7.2 

February 7.2 

March 8.5 

April 9.2 

May 10.3 

June 12 

July 12.6 

August 11.8 
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September 10.2 

October 8.6 

November 7.2 

December 7.2 

 

  

3- Calculate the size of our solar system 

(
𝐷𝑎𝑖𝑙𝑦 𝑘𝑊ℎ

𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑠𝑢𝑛 ℎ𝑜𝑢𝑟𝑠
) ∗ 1.15 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 𝑓𝑎𝑐𝑡𝑜𝑟 = 𝐷𝐶 𝑠𝑜𝑙𝑎𝑟 𝑠𝑦𝑠𝑡𝑒𝑚 𝑠𝑖𝑧𝑒 

For:  

- Daily kWh = 1.25 

- Average sun hours = 10 

- Battery voltage = 48 V 

We need a solar system of size: 

- Battery bank capacity: 3684 Wh = 3.7 kWh 

- Solar array size: 192 Watts = 0.2 kW 

- Charge controller size: 4 Amps 

- 1 panel of 200 Watts  

4.3 Charger Design 

4.3.1 DC Charging 

For our converter design, we choose to go with a flyback DC-DC converter topology. Because 

it can provide a lower output voltage (Buck Converter with a transformer) and also provides 

isolation. Electric isolation is very important in this application because it gets rid of a common 

disadvantage of dc-dc conversion which is the electrical connection between the input and the 

output. Basically, if the input supply is grounded, that same ground will be present on the 

output. A way to isolate the output from the input electrically is with a transformer. [10] 
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Figure 4.3.1.1 Schematic of a Flyback Converter Circuit [10] 

 

For this converter we need:  

- A Voltage source 

- Control circuit with a high-speed switching device 

- A transformer (primary side connected to control circuit and secondary side 

connected to filtering circuit) 

- Low pass filter circuit 

a- Circuit analysis 

In order to analyze this circuit, we must consider two cases: Analysis for switch closed 

and for switch opened. These two can be represented as follows: 

                          

 

Figure 4.3.1.2. Flyback Converter Circuit when (a) switch open (b) switch closed [10] 

 

When the switch is closed, the voltage across the inductor Lm is equal to that of the 

source. By using the inductor voltage-current equation and equating it to Vs, we can 

solve for (iLm)closed and deriving an expression for it:  

 

However, when the switch is open, the voltage across it is equal to 𝑉𝑜
𝑁1

𝑁2
. Similarly, we 

onece again, use the voltage-current relation for the inductor and solve for (iLm)open, 

which can be written as: 

 

Since we are assuming steady-state operation, we know that the net change iL over a 

period has to be zero, we equate the previously derived expressions for (iLm)closed and 
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(iLm)open, then solve for Vo. This gives us the following expression for the output 

voltage and, then, for the average inductor current: 

 

 

 

 

  

The maximum and minimum inductor current can be expressed as: 

 

 

In order to ensure continuous current, ILm,min must be positive. From that, we can derive an 

expression for the minimum magnetic inductance value Lm,min. 

 

As for the output volage ripple, it is similar in this topology to that of a buck-boost converter, 

which is expressed as follows:  

 

b- Circuit design 

Now that we have analyzed our converter circuit and derived the necessary equations, we can 

apply our findings in order to design a flyback converter that best meets our specifications. 

For this project, we would like our circuit to have the following parameters: 

- Source voltage: Vs = 120V (Here we chose our input voltage to be120V because 

that is the typical value used in Level 1 charging) 

- Transformer ratio : N1/N2 = 1 (298GT TOROID ISOLATION TRANS 1500VA) 

- R = 1 Ohm. (Approximative internal resistance of lithium-ion EV battery) 

- f = 50kHz 

- Vo = 48V  

- Rc = 
10−5

𝐶
 

By plugging his numbers into the circuit equations, we get: 

- The duty cycle D = 0.28  

- I(Lm) = 68.5 A 
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- I(Lm) = 112 A 

- (ILm)max = 124.5 A 

- (ILm)min = 12.5 A  

- (Lm)min = 5.18 uH. Lm  5.5 uH (We choose Lm to be slightly larger than (Lm)min to 

guarantee continuous current operation) 

- C = 0.28 mF 

c- Circuit testing and simulation 

After analyzing and theoretically designing our circuit to match our desired requirements, we 

have to test it in order to make sure it is working properly. In order to do that, we used PSim 

to simulate our designed converter and generate some of its key waveforms.  

This is the schematic of the circuit we built on PSim: 

 

 

 

Figure 4.3.1.3. Schematic of Flyback Converter on PSim 

After running the simulation, we got the following waveform for the output voltage, which as 

we can see, we have successfully reduced to 48V DC: 

 

 

Figure 4.3.1.4. Waveform of Vo of Flyback Converter on PSim 

4.3.2 AC Charging 
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For our DC-AC inverter design, we chose to go for an IGBT single-phase inverter. This inverter 

is the most basic circuit used to convert dc to ac. For our project, this inverter will produce an 

ac output from a dc voltage source with the use of switches. 

 

Figure 4.3.2.1. Circuit of an IGBT single-phase inverter [10] 

 

a- Circuit Analysis 

Initially, from t = 0 to t = T/2, switches Q1 and Q2 are closed while Q3 and Q4 are open, then 

from t = T/2 to t = T, switches Q1 and Q2 open and Q3 and Q4 are closed. This switching 

pattern results in the following expressions for i(t): [10] 

 

At t = T/2, the current reaches its maximum Imax, and by symmetry, we know that Imax = - Imin. 

Therefore, by evaluating i(t) for t = T/2, we obtain an expression for both Imax and Imin: [10] 

 

As for the RMS of the current, we can find it by replacing i(t) by the expression previously 

derived in the rms equation:  

 

b- Circuit design 

For this design, we want to use the following values: 

- Vs = 120V 

-  f = 50 Hz 

- R = 1 Ohm 

- L = 1 uH  

- C = 3.94 F  4 F  
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With the above-mentioned specifications and previously derived expressions, we find: 

- T = 0.02 s 

-  = 4 * 10-6 

- Imax = - Imin = 120 A 

- I(t) = 120 (1 – 2e-250000t) from 0 to T/2 

- I(t) = 120 (2e-250000(t+0.01) - 1) from T/2 to T 

- Irms = 120 A 

c- Circuit testing and simulation 

Initially, on PSim, we built the following circuit which resulted in the square-wave output 

below: 

 

Figure 4.3.2.2. PSim schematic of an IGBT single-phase inverter 

 

 

 

Figure 4.3.2.3. Square-wave output voltage of an IGBT single-phase inverter without 

filter 

 

However, we aim to improve our output voltage and, thus, we opt for a filter. More specifically 

a Chebyshev filter, which will eliminate the harmonics. Our updated circuit then becomes: 
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Figure 4.3.2.4. PSim schematic of an IGBT single-phase inverter with filter 

 

4.3.3 PWM Control Using Arduino 

In order to control the transistor in our circuit, we use a PWM (Pulse Width Modulation). In 

order to implement it, we used the code and wiring scheme below: 

 

  

Figure 4.3.3.1 PWM Arduino code [11] 
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Figure 4.3.3.2. PWM Arduino wiring [11] 

 

4.3.4 Access Control Using RFID Scanner 

For our charging station, which we would like to place on campus, we want to add an 

identification process. Without which, access to the charging equipment would not be granted. 

In order to do so, we decided to use an RFID access control with Arduino. RFID access 

control consists of a system of tags, readers, and computer servers to allow CSEV access to 

users who present the correct credentials. [12] 

 

The components for our RFID access control systems can be divided into:  

RFID tag: A tag which the user will scan on the charger box in order to be authorized 

to use it.  

RFID scanner: This will be installed on the charger box in order to manage access to 

it. They contain antennas, which receive data transmitted by RFID tags.  

Control panel: The control panel is a computer server that reads and interprets the data 

passed along by the RFID reader. 

Signal release mechanism: If the control panel verifies a user’s credentials, and RF ID 

number is equal to the authorized ID, then the Arduino or the microcontroller provides 

the necessary PWM. Otherwise, no signal is provided at the gate of the switch and the 

power supply is turned off. [12] 

For the wiring of the RFID - Arduino, it is done as such: 
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Figure 4.3.4.1 RFID – Arduino Wiring Pattern [12] 

 

Table 4.3.4.1 RFID – Arduino Wiring Pattern [12] 

Signal RFID-RC522 ARDUINO 

RST/Reset RST D9 

SPI SS SDA(SS) D10 

SPI MOSI MOSI D11 

SPI MISO MISO D12 

SPI SCK SCK D13 

 

 

Figure 4.3.4.2 Physical RFID – Arduino  
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Figure 4.3.4.3 RFID-Arduino implementation 

As for the code, we implemented the following one:                                                     

                

Figure 4.3.4.4 RFID – Arduino Code  

 

 

Upon running it and scanning a few tags, the execution looks like this: 
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Figure 4.3.4.5 RFID – Arduino Code Execution 

 

5     3D DESIGN OF OUR CHARGER 

For the final product of our charger, we came up with two different designs. One that is wall-

mounted and another which is Floor standing. In order to visualize both, we used SolidWorks. 

 

Figure 5.1 Solidworks 3D design of a wall mounted EV charger 

 

Figure 5.2 Solidworks 3D design of stand-alone EV charger 
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For the material used, we went for an AISI 316 Stainless Steel Sheet with the following properties: 

 

Table 5.1 Stainless Steel charger properties 

 

 

 

As for dimensions: 

 

 

 

Figure 5.3 Dimensions of floor standing charger  
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Figure 5.4 Dimensions of wall-mounted charger  

 

6      PROOF-OF-CONCEPT: SMALL-SCALE IMPLEMENTATION 

In order to test our design in real life, we had to physically implement it. However, due to the 

lack of the needed resources and necessary parts to accurately implement every aspect of the 

design, we had to settle for a smaller scale converter with smaller values that are available to 

us and a variable power supply instead of solar panels. 

Namely, we designed and built a DC-DC buck converter with the following specifications: 

- Vs = 15 V 

- Vout = 5V 

- R = 10 Ohm 

- Fswitching = 40 kHz 

- Fcutoff  = 50 kHz 

- L = 10 mH 

- C = 1 uF 

Before building it, we simulated the circuit on PSim to make sure our theoretical calculations 

were accurate, and the converter is operating correctly. 
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Figure 7.1 PSim Schematic of DC-DC Buck Converter 

 

 

Figure 6.2 Output voltage waveform for DC-DC Buck Converter 

 

For the physical implementation of our circuit, we will need: 

- A MOSFET (in our case, an IRF540N, Transistor MOSFET, Canal-N, 33 A 100 V 

TO-262, 3 broches) 

- A 1uF Capacitor 

- A 10 mH Inductor 

- A 10 Ohm Resistor (In our case, 4 100 Ohm resistors in parallel)  

- A diode 

- A breadboard 

- A variable power supply 

- A scope 

- A multimeter 

- Some wires 
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Figure 6.3 Components needed for DC-DC buck converter 

 
 

 

Figure 6.4 Components needed for DC-DC buck converter 
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Figure 6.5 DC-DC buck converter implementation 

From the picture above, we can see that we didn’t exactly get the expected output and that is 

mainly due to the unavailability of some instrumental parts of the circuit, namely an 

appropriate transistor. The ones available to us weren’t very effective for the application we 

needed them to perform. However, other than that, the remaining parts perform correctly and 

in the manner that we expect them to. 

 

 

 

7 CONCLUSIONS AND FUTURE WORK  

 

The main aim behind this capstone project was to design a charging station for small EVs for 

on-campus use.  

This report includes on the state-of-the-art review of electric vehicles and EV charging. It also 

focuses on the system design and theoretical calculations. Namely, for the Solar energy input 

and the requirements of our chosen EV, the analysis and design of a DC-DC converter with 



  

 

 29 

 

isolation and a DC-AC Inverter. Furthermore, on the control aspect, it includes both a PWM 

Control and an Access control using Arduino and RFID. It also contains a 3D design of our 

final product and a small) scale implementation to concretely apply the design and theory. 

However, it is undeniable that there is still work to be done and further research to be made. 

The largest challenge or limitation that we faced during this project was the unavailability of 

some important equipment. In the future, this project can be developed further at a larger scale 

with the availability of all necessary parts. 

That being said, this capstone project was an amazing and fun experience overall, it allowed 

me to put to practice a large array of concepts that I have learnt throughout my degree, as well 

as to discover some new ones and apply them in a concrete way. 
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BORNES DE RECHARGE DES VÉHICULES ÉLECTRIQUES,” 13-Apr-2020. [Online]. 

Available: https://www.aldautomotive.ma/qui-sommes-nous- /news/articleid/2755/autoroutes-

du-maroc-installation-des-premi%C3%A8res-bornes-de- recharge-des-v%C3%A9hicules-

%C3%A9lectriques 

[4] “Charging stations in Morocco,” Electromaps. https://www.electromaps.com/en/charging-

stations/morocco (accessed Mar. 03, 2022). 

 

[5] ChargeHub, “Electric Vehicle Charging Guide | ChargeHub,” Chargehub.com, 2019. 

https://chargehub.com/en/electric-car-charging-guide.html. 

[6] M. A. Syed, T. L. Tek, B. C. S. Seet, and S. Ayadi, “Review of Electric Vehicle 

Technologies, Charging Methods, Standards and Optimization Techniques.” Aug. 09, 2021, 

Accessed: Mar. 03, 2022. [Online]. 

 

[7] A. serein, “IMPACT ASSESSMENT OF ELECTRIC CAR CHARGING ON LV GRIDS,” 

Budapest University of Technology and Economics Faculty of Electrical Engineering and 

Informatics Department of Electrical Power Engineering, 2019. 

 

[8] V. R S I O N -1 P R E Pa R E D B Y, “ELECTRIC VEHICLE CHARGING 

INFRASTRUCTURE IMPLEMENTATION.” [Online]. Available: 

https://www.niti.gov.in/sites/default/files/2021-

08/HandbookforEVChargingInfrastructureImplementation081221.pdf. 

 

[10]  Hart, D. W. (2011). Introduction to power electronics. Mcgraw Hill. 
 

[11]  Arduino PWM Tutorial. (n.d.). Arduino Project Hub. 

https://create.arduino.cc/projecthub/muhammad-aqib/arduino-pwm-tutorial-

ae9d71 

[12]  Cayetano, F. (2022, April 14). RFID Access Control: What is it & how does 

work? ButterflyMX. Retrieved April 18, 2022, from https://butterflymx.com/blog/rfid 

access-control/  

 

  

https://www.energy.gov/articles/history-electric-car
https://chargehub.com/en/electric-car-charging-guide.html
https://www.niti.gov.in/sites/default/files/2021-08/HandbookforEVChargingInfrastructureImplementation081221.pdf
https://www.niti.gov.in/sites/default/files/2021-08/HandbookforEVChargingInfrastructureImplementation081221.pdf
https://create.arduino.cc/projecthub/muhammad-aqib/arduino-pwm-tutorial-ae9d71
https://create.arduino.cc/projecthub/muhammad-aqib/arduino-pwm-tutorial-ae9d71
https://butterflymx.com/blog/rfid%20access-control/
https://butterflymx.com/blog/rfid%20access-control/


  

 

 31 

 

9 APPENDICES 
 

Appendix A: Data sheet of IRF540, IRF540S MOSFET 
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Appendix B: Data sheet of a Lithium-ion battery 
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