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Abstract 

     The Electric vehicles (EVs) are progressively supplanting gasoline 
vehicles in the automotive industry as a result of their environmental 
and economic advantages. Jordan’s investment in the   electric vehicle 
(EV) market is projected to grow by 35% by 2025. In addition, the 
Jordan National Vision 2025 initiative provides backing for 
environmentally friendly energy projects, specifically those related to 
electric vehicles (EVs) and the necessary infrastructure, including 
charging stations. This paper presents the proposal, design, and 
implementation of an affordable intelligent EV charging management 
system based on the Internet of Things (IoT). This system streamlines 
the charging process while simultaneously ensuring robust security 
measures and enhancing customer convenience. Given that the entire 
university campus is reliant on solar energy, the management system 
at Al-Zaytoonah University of Jordan (ZUJ) is being introduced to 
regulate the charging process of electric vehicles (EVs) belonging to 
ZUJ staff, students, visitors, and the local community 

     Keywords: Charging station, Electrical vehicle, IoT, ZUJ. 

1      Introduction 

The transportation sector is critical to the global society and economy. 

Nonetheless, among all other energy-consuming sectors, it remains the most 

difficult to achieve sustainability goals in terms of conservation, diversification, 

pollution, and emissions control [1]. Gasoline cars and diesel-powered vehicles are 

the main sources of air pollution in Jordan. The emissions from conventional 

vehicles have negative impacts on air quality and human health [2]. Several studies 
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have shown that adopting electric mobility in transportation can reduce harmful 

exhaust components while also quietly reducing the impact of climate change [3], 

[4]. With increased awareness, the number of people replacing their fossil-fuel-

powered cars with electrically powered vehicles is growing [5]. 

However, two of the main reasons for hindering the growth of the number 

of EVs are the lengthy time required to recharge them when compared to the time 

required to refuel fuel vehicles [6]. One solution to this problem is to increase the 

EV distance range before the next charge. This solution has seen a lot of progress 

over the years as shown in Table 1 [7]. 

Table 1: EVs distance range on a single charge. 

 

A second reason for limiting the growth of EVs numbers is a lack of 

charging stations [5]. Some businesses, such as shopping malls, hotels, universities, 

and others, provide free EV charging services to their customers. For example, Al-

Zaytoonah University of Jordan (ZUJ) has created ten free charging stations for 

staff, students, and the surrounding community as a community service. Charging 

stations should meet specific requirements such as capacity, number of electric 

vehicles, charging time, and so on [8]. 

Jordan EVs market investment is expected to increase by 35% between 2019 

and 2025 [9]. Furthermore, the Jordan National Vision 2025 initiative supports 

green and clean energy projects, such as EVs and their infrastructure [10]. Figures 

1 and 2 show the number of EVs sold each year in the Jordanian market, as well as 

the total number of EVs sold from 2015 to the end of 2022 as the data collected 

from the Jordanian driver and vehicle licensing department (DVLD). The 

government announced in 2015 that taxes and customs duties on EVs and charging 

devices would be eliminated. Furthermore, EVs were exempted from registration 

fees (between 11000 − 12500$). This encourages people to replace their cars with 

EVs. This increase in the number of EVs in the Jordanian market lasted until the 

beginning of 2019, when the government imposed a 25% tax on EV prices, causing 

the number of EVs to fall in 2019 and continue to fall in 2020 when the COVID-19 

pandemic took over. By the end of 2020, the government had reduced the tax from 

25% to 10% for EVs with less than 250 KW of power and 15% for EVs with 251 

KW or more, allowing more EVs to enter the local market. 
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Figure 1: number of EVs in Jordan/year 

 

Figure 2: Cumulative number of EVs in Jordan/year 

However, as with any free product or service, a new challenge arises with 

the increased number of EVs: the charging process must be organized. According 

to a study of the behavior of ZUJ charging station visitors, the main points of 

contention are:  

 An employee’s car that begins charging in the early morning remains 

connected to the charger until the end of the workday (approximately 8 

hours), even if the car has finished charging.  

 The station acts as a queue, so cars that arrive early in the morning have a 

much better chance of charging than cars that arrive later. In some cases, the 

cars that charge every day are the same ones.  

 All cars can be charged with the same priority and for an unlimited period, 

regardless of whether the owner is an employee, a guest, a student, or simply 

came to charge. 

 Regardless of battery charge capacity, all cars can charge for an indefinite 

period. 
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Although the traditional requirements of a car charging management system can 

be easily met, we still need to address and solve all of these issues to ensure that 

everyone has the same chance to charge his/her EV. 

In this paper, we describe the design and implementation of an intelligent 

electric car charging management system based on low-cost wireless sensor 

networks. This system will organize the charging process and will provide 

automatic management and high-security measures, as well as convenience to the 

customers. The remainder of this paper is organized as follows. Section 2 provides 

an overview of the related work in EV charging. Charging specifications are 

investigated in section 3. Section 4 provides an overview of the overall system 

design. In section 5 a description of the charging process is explained. The hardware 

design of the charging management system is described in section 6. Section 7 

discusses the research benefits and concludes the paper 

2      Related Work 

Several studies have been conducted on the EV charging process and EV 

charging management utilizing different state-of-the-art techniques. These studies 

focused on optimizing the actual charging process, efficient implementation of 

charging circuitry, and management of EV charging systems. In [11] the authors 

proposed and provided a conceptual smart EV charging system. The proposed 

system utilized vehicle-to-grid (V2G) to connect both EVs and renewable energy 

sources to the smart grid. The system provided a platform to identify overloaded 

electrical distribution lines as well as simulate the behavior and operating 

conditions under various assumptions in this smart charging process. The authors 

in [12] described the architecture and algorithms of the Adaptive Charging Network 

(ACN), which was first deployed on the Caltech campus in early 2016 and is now 

operational at over 100 other sites across the United States. The architecture allows 

for real-time monitoring and control, as well as large-scale EV charging. The 

authors discussed some of the real-world charging systems challenges, such as 

quantized control signals, non-ideal battery charging behavior, and unbalanced 

three-phase infrastructure. Using real workloads recorded from the Caltech ACN 

and accurate system models, they showed how the Adaptive Scheduling Algorithm 

handles these challenges and outperformed other baseline scheduling algorithms. 

The authors of [13] proposed a machine learning-based EV charging management 

system. The authors’ main goal is to solve several issues with the power distribution 

system when charging a large number of EVs. These issues can be addressed by 

routing EVs to charging stations to reduce voltage fluctuations, power losses, load 

variance, and charging costs while taking conventional charging, fast charging, and 

vehicle-to-grid (V2G) technologies into account. In [14] the authors proposed to 

use the excess energy from the smart street lights’ batteries, which are typically 

powered by solar energy, to charge EVs. A smart street light requires 4-5 hours to 

fully charge in a typical setting, and because solar power is available in nature for 

nearly 8 hours, the remaining time of solar power can be effectively used to charge 

an EV from the series/parallel connection of all street light batteries. The Internet 

of Things (IoT) is used to monitor and control the entire process. 
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To the best of our knowledge, this paper is the first to present the design and 

implementation of a low-cost intelligent EV charging management system in a 

university setting (ZUJ University). The system is designed using requirements and 

specifications gathered from a university setting. Employees, students, academic 

staff, and the local community are among the many variables in this environment. 

Additionally, solar energy supplies all of the university’s needs. 

3      EV Charging Management System Specifications 

The rules and regulations that have been established for the EV charging 

management system are discussed in this section.  

 First of all, let’s define the individuals who are interacting with the system:  

1. The administrator: is the person in charge of defining users, rules, 

and penalties. Also in charge of determining the time to charge for 

each type of user and the time to move the car without incurring a 

penalty.  

2. The registered user: this could be a university employee/staff or a 

student who owns an electric vehicle. In that case, the administrator 

will add him as a registered user to the system.  

 

3. The Guest: could be anyone who owns an electric car, and doesn’t 

need to ask the administrator to add him to the system. 

 Some of the stations are open to the public, while others are restricted to 

specific users (guests are not permitted). Moreover, the stations are 

classified according to their location. The stations near the public road are 

open to the public, but those inside the university are only accessible to 

registered users. 

 

 There are some consequences for users who violate the rules and 

regulations. Penalties prevent the user from charging for a specified period 

of time, which increases with each violation of the rules. 

 The Rules of charging:  

1. Each registered user has a monthly allotment of charging hours that 

depends on his vehicle and title (employee or student). By the end 

of the month, the remaining charging hours for the following month 

could not be rounded. For example, 30 hours per month.  

2. Each registered user has the option to charge once per day for a set 

amount of time. For example, 2 hours. 

3. Guests are permitted to charge once per day for a specific period. 

The administrator sets the time. For example, 30 minutes per day.  

4. A user who is subject to a penalty may not be charged until the 

penalty period has expired.  

5. If the user or guest does not move the electric car from the charging 

station after notifying them, a penalty will be added. 
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4      Overview of the EV Charging Management System 

This section describes the design of an electric vehicle charging 

management system. Figure 3 depicts the system’s three main layers: 

1. The user layer: this is the layer with which the user will interact and is linked 

to the charging station. Each charging station has its node. On each node, 

the user can begin charging his electric car according to the rules described 

and the procedure described in the following section.  

2. The server layer: this is the layer that contains the databases and codes (php 

codes, HTML pages). These codes allow the administrator to define the 

registered users as well as check the penalty of the users. There is also a 

database that contains all of the data and transactions that occurred on all of 

the charging nodes. Furthermore, the system allows or denies charging 

based on data collected and stored on the server.  

3. The integration layer: a single node in charge of sending messages from the 

server to the user and between charging nodes. Some examples of these 

messages are a message indicating that the charging process has begun, and 

a message sent to the user at the end of the charging period informing him 

to remove the car from the charging spot.  

 

Figure 3: EV charging system overview 

5     Charging Process Procedure 

This section provides a detailed overview of the charging process specified 

by the charging system. The charging procedure has two views: The user view and 

the system view. 



 

M. Alia et al.,                                                                                                       62 

5.1      Charging Procedure - User View 

When an electric car owner wants to charge his vehicle, he must first locate 

an empty charging station and connect his vehicle to it. Later, he must enter his 

credentials to the user node, which in this case is his mobile number, and he will 

receive a one-time password consisting of six numbers, which must also be entered. 

To simplify the procedure, there is an additional way to use the RFID reader and 

the card that the registered user has. Figure 4 summarizes the procedure from the 

user’s perspective.

 

Figure 4. User view of the charging procedure 

 



 
63                                                                             Low-Cost IoT-based Charging… 

5.2      Charging Procedure - System View 

From the standpoint of the system, the user may use the RFID reader and 

his card, indicating that he is a registered user. In addition, the user may enter his 

mobile number and the received code; in this case, the user may be registered or a 

guest, and the system should check to see if the user is not a registered user and add 

it to the database as a guest. After determining whether the user is a registered user 

or a guest, the system determines whether the user has a penalty, and if he does, the 

system prevents him from charging. If there are no penalties, the system checks to 

see if the user has already charged his car today; because charging is only permitted 

once per day if the user has already charged his car, the system will deny the 

charging process. If there are no penalties and no previous charges on the same day, 

the system checks to see if the registered user still has a balance of charging hours, 

and if there is, the system starts the charge and sends a message to the user to notify 

him that the charging process has started. Figure 5 summarizes the procedure from 

a system standpoint. 

 

Figure 5. System view of the charging procedure 
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6     Hardware Design of the Charging System 

The EV charging system consists of two main components: the main node and the  

charging node, or station. 

 

1. The main node is made up of an ESP32 with a GSM module. ESP32 is the 

primary Internet of Things (IoT) device [15], [16]. This module is primarily 

responsible for sending messages to the user at the start, end, and when the 

user violates the charging rules. It is also linked to a server via a wireless 

connection (Wi-Fi) to read and write data [17], [18]. There is only one main 

node in the entire system, regardless of the number of charging stations, and 

it is in charge of sending messages to all charging station users (in our 

design, 10 nodes). 

2. The Charging Nodes: There are ten charging nodes in our system; each node 

is in its charging station, which is located in a different part of the university. 

An ESP32, an LCD, a keypad, an RFID card reader, a relay, and a contactor 

comprise the node. The components are depicted in Figure 6. 

 The ESP32 connects to the server via Wi-Fi to read and write data 

to it.  

 The LCD, displays messages to the user and allows him to see the 

numbers he enters.  

 The Keypad allows the user to enter his credentials, which include 

his mobile number and one-time password.  

 The RFID card reader identifies the user more quickly and easily 

than the keypad.  

 The relay and contactor are used to control the charging process by 

acting as a switch to open or close the charger output. Because the 

installed charger charges up to 32 Amperes, the used contactor in 

our system can afford up to 32 Amperes. 

 

 
 

Figure 6: Hardware components of the EV charging node 

Figure 7 depicts the charging node’s circuit design. The circuit contains a 

keypad and an RFID module, which serve as input devices for the node, and using 

one of them, the system can recognize the user’s identity. The system also includes 

an LCD that displays messages to the user. Furthermore, the system includes a relay 

that is in charge of controlling the charger’s on and off state by sending a signal to 

the Contractor. The main component of the circuit is the controller, which is an 
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ESP32. The controller is in charge of handling the input from the keypad and the 

RFID, the output to the LCD and the relay, and it is also connected to the server 

and database via WiFi. As a result, the controller is responsible for verifying the 

user’s identity and determining whether or not  

he is authorized to charge. Figure 8 depicts the charging node circuit in action. 

 

 
Figure 7. Charging node circuit design 

 

 

  
 

Figure 8. Charging node circuitry in action 

The charging node circuit hardware was programmed using the Arduino 

1.8.13 IDE, which was installed on Microsoft Windows 10, 64-bit. However, to 

program the ESP32 development board with the Arduino IDE, the ESP32 Arduino 

core must first be downloaded and installed from GitHub [19]. 

 

7      Conclusion  

We present in this paper the design and implementation of a low-cost 

intelligent EV charging management system in a university setting (ZUJ 
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University). The system was created with the help of requirements and 

specifications gathered from a university setting.  Among the many variables in this 

environment are employees, students, academic staff, and the local community. The 

system is made up broadly of two types of nodes: the controller and the charging 

nodes. Through IoT devices, communication can be established  

between the controller and the charging stations, as well as between the controller 

and the EVs’ users. The system is made up of low-cost components that are easily 

reproducible if the research guidelines are followed. The system is now operational 

on the ZUJ campus. 
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