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The rapid growth of technology, especially in the transportation sector, has 

drawn increasing public attention to electric vehicles (EVs). Government 

policies, such as Presidential Regulation No. 55 of 2019, have further 

encouraged this shift. As more EVs take to the roads, the need for reliable and 

accessible charging infrastructure becomes more pressing. This study focuses 

on the design, development, and implementation of a charging system that not 

only records EV power usage but also displays real-time data on an LCD 

screen and allows remote monitoring through a web interface. Such a 

recording system is crucial for tracking actual energy consumption, including 

billing purposes. Using a research and development (R&D) approach, the 

system combines a PZEM-004T sensor with an ESP32 microcontroller to 

gather and transmit data to a central database. Validation tests showed strong 

performance, with current measurements reaching 98.79% accuracy and 

99.24% precision, and voltage measurements achieving 99.59% accuracy and 

99.87% precision. The system was installed in the basement of the UPT TIK 

building at Sebelas Maret University (UNS) and tested on three electric 

vehicles with different energy consumption patterns. The average energy 

growth recorded every ten minutes was 0.063 kWh, 0.164 kWh, and 0.139 

kWh for the first, second, and third vehicles, respectively. These findings 

demonstrate the system’s reliability and accuracy in monitoring EV charging. 

Since no comparable system has yet been widely adopted in Indonesia, this 

work could provide valuable groundwork and potentially inspire large-scale 

implementation. 
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1. INTRODUCTION 

The advancement of technology has introduced various alternatives to traditional vehicles powered by 

different energy sources. The depletion of fossil fuel reserves, coupled with rising international prices, has 

prompted countries to explore and adopt alternative energy sources for vehicle fuel [1]. One increasingly 

popular energy source is electricity [2]. The development of electric motor technology, which is now widely 

used across various sectors, has been enhanced by improvements in energy storage technology [3]. As a result, 

electric vehicles (EVs) are utilized not only in mass transportation, such as electric trains [4], but also for 

personal use, including electric bicycles [5], electric motorcycles [6], and electric cars [7]. Advanced battery 

technology has emerged as a viable solution, enabling electric vehicles to travel tens to hundreds of kilometers 

on a single charge [8]. 

Since 2019, the Indonesian government has encouraged the adoption of electric vehicles through the 

issuance of Presidential Regulation No. 55 regarding the Acceleration of the Battery-Based Electric Motor 

Vehicle Program for Road Transportation. This regulation has been supported by additional regulations. 

Ministry of Energy and Mineral Resources No. 13 in 2020, which addresses the provision of electric charging 

infrastructure for battery-based electric motor vehicles. Ministry of Transportation No. 15 in 2022, which 

focuses on converting motor vehicles with combustion engines into battery-based electric motor vehicles. 

Ministry of Transportation No. 65 in 2020, which pertains to converting motorcycles with combustion engines 

into battery-based electric motorcycles. Ministry of Home Affairs No. 8 in 2020, which outlines the calculation 

of basic tax imposition for motor vehicles and motor vehicle transfer fees. Ministry of Industry No. 6 in 2022, 

which discusses specifications, a development roadmap, and provisions for calculating domestic component 

level values for battery-based electric motor vehicles. All of these regulations aim to promote the adoption of 

electric vehicle technology [9]-[12].  

One of the challenges facing the electric vehicle system is the recharging of batteries. In addition to the 

time it takes to recharge, the availability of charging stations is quite limited [13]-[15]. Current regulations 

specify that the primary infrastructure for charging should be public electric vehicle charging stations and 

battery exchange stations. As the number of electric vehicles rises, the demand for more charging stations will 

also increase. Workplaces need to have charging points available for employees' vehicles while they are parked 

for extended periods. Similarly, schools should provide charging points in their parking lots. This necessity 

extends to shops, government offices, entertainment venues, and other public spaces [16]. 

However, a significant obstacle arises from the Law number 30 of 2009 concerning electricity, which 

permit only the State Electricity Company (PLN) to sell electricity to the public. Reselling PLN electricity on 

a retail basis is prohibited by law. Consequently, businesses and institutions that wish to offer charging stations 

struggle to pass on the costs of their PLN bills to electric vehicle users. Many shops, offices, and entertainment 

venues are hesitant to install charging points because the substantial electricity consumption by electric 

vehicles cannot be charged directly to users. The only viable option currently is to install separate PLN meters 

for each electric vehicle user, but there is no mutually beneficial solution available at this time. Vehicle owners 

might consider alternatives like spare or dual batteries, but these options are prohibitively expensive. Another 

potential solution is a battery exchange system; however, the reliability of exchanging one's battery for another 

of unknown age and quality remains uncertain. 

This research addresses the real challenges associated with implementing cyber-physical systems. These 

systems have been developed and utilized across various fields, including smart cities [17], smart agriculture 

[18], smart homes and buildings [19], and smart water management [20]. Additionally, this platform has been 

researched and applied to create smart grids [21], interconnected vehicles [22], and smart factories [23]. Its 

implementation occurs at both a living laboratory scale [24] and during large-scale events [25], while also 

supporting sustainable development goals [26]. 

The approach taken in this study is similar to those of other research efforts but has its own unique 

characteristics. Like the proposal outlined in this paper, the following studies address the limitations of 

charging points for electric vehicles. Paper [27] discusses a large infrastructure that uses cloud technology and 

real-time data to allocate charging points to electric vehicles. Study [28] explores a charging allocation system 

designed for booking. Study [29] focuses on providing information about battery capacity in relation to the 

nearest charging points. Study [30] analyzes the solar photovoltaic (PV) requirements for fast charging stations. 

Paper [31] takes a broader view, addressing the green transportation framework through the implementation of 

the Internet of Things (IoT) and cloud computing. Each of these studies contributes to understanding the 

challenges and solutions related to electric vehicle charging infrastructure. While each of these studies 

contributes valuable insights into the challenges and potential solutions for electric vehicle charging 

infrastructure, they do not explicitly consider the regulatory framework and contextual conditions specific to 

Indonesia. 
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The research contribution is to address the specific issues in Indonesia. This research proposes a 

collaborative solution, in line with the noble culture of Indonesia, mutual cooperation (gotong royong). A 

system was developed for recording the usage of charging stations at a particular location. Registered users 

would agree to an integrity pact to collaborate. Only registered users would be able to use a charging station. 

The energy usage for battery charging would be recorded in an information system supported by cyber physical 

system devices [32]-[34]. This usage at a location would be matched with the applicable electricity tariffs. 

Thus, users of the charging station services could share the burden of the monthly bill according to their usage 

rates, in collaboration with PLN customers.  

 

2. METHODS 

When conducting research, it is crucial to use appropriate methods to guide the study's development. The 

following section outlines the research methods employed in this study [35][36]. This research introduces an 

innovative data logger system designed to monitor power usage and costs at electric vehicle charging stations. 

The system aims to help users easily track and manage their electricity consumption expenses from PLN. 

Figure 1 provides a general overview of this research flow. The research flow begins with the initiation of the 

study, followed by a thorough literature review to build a solid theoretical foundation and examine prior 

developments in electric vehicle charging systems and data logging technologies. The next stage is problem 

identification, where existing challenges in charging infrastructure, monitoring, and billing are analyzed. 

Furthermore, the process moves to system planning, which outlines the overall concept and design of the 

proposed solution. From there, hardware planning involves selecting and configuring components such as 

sensors, microcontrollers, and communication modules. Software planning focuses on developing the 

supporting architecture, including firmware, data processing, and web-based interfaces. After hardware and 

software are prepared, testing and data collection are carried out to validate the system’s accuracy and logging 

capabilities. The evaluation phase then assesses overall performance and highlights areas for refinement. 

Finally, the research concludes with the completion step, marking the end of the development process.  

 

 
Figure 1. Research method  

 

2.1. Cyber Physical System Design 

Figure 2 illustrates the system design flowchart. The design phase of the cyber-physical system involves 

developing a monitoring system that utilizes cyber-physical system technology. This system monitors several 

parameters collected from sensors, such as current and voltage, to calculate power consumption. Measurements 

are performed using the PZEM-004T sensor [37], a multifunctional module capable of measuring power, 
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voltage, current, and energy. This module integrates both voltage and current (CT) sensors. The calculated 

power data is then transmitted to the ESP32 microcontroller [38], which features an integrated WiFi module 

that sends the sensor data to a web server. The data is processed and made accessible via a web interface. The 

ESP32 firmware is developed using the Arduino IDE, incorporating the Arduino library for the PZEM sensor. 

Web application development is done using native PHP. Figure 3 shows the wiring diagram that illustrates the 

connections between system components. 

 

  
Figure 2. Monitoring system design flowchart 

 

 
Figure 3. Diagram system Cyber physical 
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2.2. WebApp System Design 

Figure 4 outlines the system implementation stages. The web application represents the software 

component of the cyber-physical system and is developed using HTML, PHP, CSS, and JavaScript. 

Measurement data from the ESP32 is transmitted to a MySQL database via the internet, where it is stored and 

subsequently displayed on the website using JavaScript. The data is updated in real time and can be customized 

as needed. A database diagram (Figure 5) is used to describe the relationship between the database and the web 

system [39][40]. The data logger system supports two access levels: administrator and regular user. To access 

the system, users must log in with registered credentials, which are verified against entries in the database. 

Once authenticated, users are redirected to the dashboard corresponding to their role. Administrators can 

manage user accounts and view data from all users, whereas regular users are limited to viewing their own 

usage statistics. Figure 6 presents the system’s use case diagram, illustrating the functionalities available to 

different user types. Regular users can access the dashboard to monitor their usage history, view available 

charging locations, and manage personal information through the "Account" page. They can also log out at any 

time. Administrators, upon logging in, can access an expanded dashboard with additional features such as 

"Users Management" and "Location management". These allow them to modify user data and update charging 

locations, which are reflected in the user interface. Administrators also have the option to log out at any time. 

 

 
Figure 4. Steps of system implementation 

 

 
Figure 5. Database diagram 
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Figure 6. Use case diagram 

 

2.3. Test Plan 

2.3.1. Sensor Accuracy and Precision 

This study evaluates the performance of the developed system by analyzing the precision and accuracy 

of current and voltage sensors. Four different electrical loads were tested, each measured three times to assess 

consistency. The devices tested included a rice cooker, water dispenser, electric fan, and phone charger. 

Experiments were conducted in the Computer and Network Laboratory of the Faculty of Engineering, Sebelas 

Maret University, with the room temperature maintained at 24 °C using air conditioning. Accuracy is defined 

as the closeness of the sensor’s measured value to the actual or expected reference value. In this context, 

accuracy refers to how well the current and voltage sensors align with values obtained using a calibrated 

reference instrument, the Sanwa CD800a digital multimeter. Accuracy was evaluated using the Absolute 

Percentage Error (APE) and the Mean Absolute Percentage Error (MAPE) metric. Lower APE or MAPE values 

indicate higher accuracy. Equations (1) and (2) describe the formulas used for these calculations [41]. 

 𝐴𝑃𝐸 =
𝑠𝑒𝑛𝑠𝑜𝑟 𝑣𝑎𝑙𝑢𝑒 −𝑚𝑒𝑎𝑠𝑢𝑟𝑖𝑛𝑔 𝑖𝑛𝑠𝑡𝑟𝑢𝑚𝑒𝑛𝑡 𝑣𝑎𝑙𝑢𝑒

𝑚𝑒𝑎𝑠𝑢𝑟𝑖𝑛𝑔 𝑖𝑛𝑠𝑡𝑟𝑢𝑚𝑒𝑛𝑡 𝑣𝑎𝑙𝑢𝑒
× 100% (1) 

 𝑀𝐴𝑃𝐸 =
∑ 𝐴𝑃𝐸𝑖
𝑛
𝑖=1

𝑛
 (2) 

Precision, on the other hand, indicates the consistency of sensor readings across multiple trials under 

identical conditions. A highly precise sensor will produce tightly grouped results with minimal variation. 

Precision was assessed using the Standard Deviation (SD) and Relative Standard Deviation (RSD) methods 

based on repeated measurements. Lower RSD values reflect higher precision. Four RSD values were 

obtained—one for each electrical load—and the average of these values was used as the final evaluation metric. 

Equations (3) and (4) show the formulas for SD and RSD [41]. While, 𝑛 is the data amount, 𝑥𝑖 is the data 𝑖, 𝑥  
is the mean. 

 𝑆𝐷 = √
∑ (𝑥𝑖 − 𝑥 )2𝑛
𝑖=1

𝑛 − 1
 (3) 

 𝑅𝑆𝐷 =
𝑆𝐷

𝑥 
× 100% (4) 

 

2.3.2. Charging Test 

Finally, system-level testing was conducted using three different electric motorcycles, due to the limited 

availability of four-wheeled electric vehicles during the testing period. Each motorcycle had distinct 

specifications. The system recorded their power usage, and the resulting data was analyzed to assess 

performance and validate the system's reliability in real-world scenarios. 

 

3. RESULT AND DISCUSSION 

3.1. Software and Hardware Design Results 

The design process comprises two main components: hardware design and software design. Hardware 

design involves assembling and integrating the necessary components, while software design focuses on 
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developing the underlying systems, including website programming and program development using the 

Arduino IDE. As illustrated in Figure 7, the key components are interconnected. The system requires an initial 

power source to operate several components. A 220V power supply is introduced and divided into multiple 

branches using a splitter. These branches are organized according to their respective functions. Two primary 

cable groups—blue and black—are further subdivided. The first blue cable connects to the relay, functioning 

as the output socket. The relay operates to connect or disconnect voltage based on commands from the ESP32. 

The second blue cable provides input to the ESP32, while the third blue cable connects to the PZEM-004T 

sensor for voltage measurement. Similarly, the black cables serve as inputs to the ESP32 and are used for 

current and voltage measurements via the PZEM-004T sensor. However, unlike the blue cables, they are not 

connected to the relay but directly to the socket. The incoming voltage is distributed between the socket input 

(via the relay) and the current transformer for current measurement, which is subsequently routed to the ESP32 

for voltage analysis. It is important to note that the ESP32 requires a specific input voltage, necessitating the 

use of an adapter to step down the voltage to appropriate levels. 

 

 
Figure 7. Hardware design results 

 

3.2. Database Software Design Results 

In this study, MySQL was chosen as the database platform because it offers straightforward data querying 

as well as advanced functions such as filtering, sorting, and table joins. These features are essential for 

retrieving and analyzing records based on specific parameters. Figure 8 presents the MySQL database structure 

populated with data transmitted from the ESP32 and displayed on the website. The system is organized into 

four main tables: location (location_tab), measurement (logger), base rate (base_rate), and user (user). The user 

table stores account information, the base_rate table contains electricity “tariff data”, the location_tab table 

manages location details, and the logger table records electric vehicle charging transactions. 

 

 
Figure 8. Database software results 
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3.3. System Testing Results 

Table 1 presents the results of AC current sensor testing using the Mean Absolute Percentage Error 

(MAPE) metric. The sensor achieved an accuracy of 98.79%, showing that its readings were very close to the 

actual values. The small error margin highlights the sensor’s reliability, while its precision of 99.24% confirms 

its ability to produce consistent measurements over time—an essential requirement for applications that 

demand stable monitoring. These findings suggest that the sensor is both accurate and precise, making it well-

suited for industrial monitoring as well as research applications. Table 2 shows the performance of the AC 

voltage sensor (PZEM-004T), also evaluated using the MAPE method. This sensor recorded an accuracy of 

99.59% and a precision of 99.87%, demonstrating its capability to provide stable and reliable voltage 

measurements. The minimal variation observed across repeated readings underscores its robustness and 

quality, making it a strong candidate for both small- and large-scale implementations. After calibration and 

installation, real-world data were gathered during the charging of three electric vehicles. The purpose of this 

stage was to evaluate the system’s performance while also tracking energy consumption and charging 

efficiency. 

 
Table 1. AC current sensor testing results (PZEM-004T) 

No Load 

Current 
Error (%) 

SD RSD (%) 
Multimeter 

PZEM-004T 

Data 𝒙̄  Data 𝒙̄  

1 Rice Cooker (45W) 

0.195 0.195 

0.195 

0.000 

0.344 0.000 0.000 0.194 0.195 0.515 
0.194 0.195 0.515 

2 Water Dispenser (385W) 

1.510 1.514 

1.514 

0.265 

0.398 0.000 0.000 1.506 1.514 0.531 
1.508 1.514 0.398 

3 Electric Fan (36W) 

0.174 0.176 

0.176 

1.149 

2.335 0.000 0.000 0.170 0.176 3.529 
0.172 0.176 2.326 

4 Phone Charger (33W) 

0.057 0.058 

0.057 

1.754 

1.754 0.002 3.039 0.058 0.058 0.000 
0.057 0.055 3.509 

Accuracy (%) 98.79 

Precision (%) 99.24 

 
Table 2. AC voltage sensor testing results (PZEM-004T) 

No Beban 

Voltage 
Error (%) 

SD RSD (%) 
Multimeter 

PZEM-004T 

Data x̄ Data x̄ 

1 Rice Cooker (45W) 

199.00 199.90 

200.20 

0.452 

0.604 0.520 0.260 198.00 199.90 0.960 

200.00 200.80 0.400 

2 Water Dispenser (385W) 

189.50 189.80 

189.80 

0.158 

0.123 0.000 0.000 189.70 189.80 0.053 
189.50 189.80 0.158 

3 Electric Fan (36W) 

200.00 199.60 

199.70 

0.200 

0.318 0.173 0.087 199.00 199.90 0.452 
199.00 199.60 0.302 

4 Phone Charger  (33W) 

202.00 201.00 

201.17 

0.495 

0.576 0.379 0.188 202.00 201.60 0.198 
203.00 200.90 1.034 

Accuracy (%) 99.59 

Precision (%) 99.87 

 

3.4. System Implementation Results 

The three vehicles tested—Electric Motor 1, Electric Motor 2, and Electric Motor 3—each have different 

specifications. The data collected over a one-month period offer valuable insights into their energy 

consumption patterns and potential cost savings, while also highlighting opportunities for further system 

optimization. 

 

3.4.1. Electric Motor 1 

To initiate a charging session, users must input their User Identifier (UID), linked to a registered account. 

If no UID is available, users must first register on the website. Once logged in, their UID will appear on the 

main menu. This UID is then entered via the device keypad. Upon successful entry, confirmed by an LCD 
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screen, the electric vehicle begins charging and data collection commences. Figure 9 presents test 

documentation, and Table 3 displays the collected data. According to Table 3, Electric Motor 1 exhibited a 

stable current average of 2.875 A and voltage average of 234.638 V. The energy usage increased steadily at an 

average rate of 0.063 kWh every 10 minutes, as visualized in Figure 10. Assuming a user charges the vehicle 

for 3 hours daily, 5 days per week, and based on the electricity tariff of Rp 1,114.74 per kWh (as per the 

Ministry of Energy and Mineral Resources for the B-3/Medium Voltage category), the annual electricity cost 

is approximately Rp 328,669. 

 

 
Figure 9. Trial with Electric Motor 1 

 
Table 3. Data collection results for electric motor 1 

No Time (Minute) Current (A) Voltage (V) Energy (kWh) Growth (kWh) 

1 0 2.789 237.500 0.001 0 
2 10 2.913 236.200 0.065 0.064 

3 20 2.932 234.700 0.130 0.065 

4 30 2.911 232.300 0.189 0.059 
5 40 2.894 232.100 0.256 0.067 

6 50 2.858 235.300 0.315 0.059 

7 60 2.863 234.600 0.379 0.064 
8 70 2.843 234.400 0.441 0.062 

Average 2.875 234.638 0.222 0.063 

 

 
Figure 10. Energy Growth Graph for Electric Motor 1 
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3.4.2. Electric Motor 2 

The same procedure was followed for Electric Motor 2, which has a higher current rating. Care was taken 

to ensure measurements remained within the PZEM-004T sensor limit of 100 A and 260 V, and within the 30 

A limit of the relay. Figure 11 presents test documentation of the second motor. Table 4 shows an average 

current of 6.955 A and a voltage of 233.525 V, with energy increasing by 0.164 kWh every 10 minutes. These 

results are depicted in Figure 12. Based on this rate, the annual charging cost for this vehicle would be Rp 

855,017. 

 

 
Figure 11. Testing with Electric Motor 2 

 
Table 4. Data collection results for electric motor 2 

No Time (Minute) Current (A) Voltage (V) Energy (kWh) Growth (kWh) 

1 0 6.921 231.200 0.000 0 
2 10 6.922 234.100  0.164  0.164 

3 20 6.952 234.000  0.163  0.163 

4 30 6.975 233.700  0.164  0.164 
5 40 6.982 233.600  0.165  0.165 

6 50 6.971 233.500  0.165  0.165 

7 60 6.933 234.200  0.168  0.168 
8 70 6.982 233.900  0.161  0.161 

Average 6.955 233.525 0.575 0.164 

 

 
Figure 12. Energy Growth Graph for Electric Motor 2 
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3.4.3. Electric Motor 3 

The final test was conducted using Electric Motor 3 as shown in Figure 13, which has a mass between 

that of Electric Motors 1 and 2. The sensor operated within safe limits. Table 5 shows an average current of 

5.707 A, voltage of 234.025 V, and energy consumption increasing by 0.139 kWh every 10 minutes, illustrated 

in Figure 14. The estimated annual cost is Rp 724,679. 

 

 
Figure 13. Testing with Electric Motor 3 

 
Table 5. Data collection results for electric motor 3 

No Time (Minute) Current (A) Voltage (v) Energy (kWh) Growth (kWh) 

1 0 5.71 234.00 0.00 0 
2 10 5.69 233.90 0.14 0.143 

3 20 5.68 234.10 0.28 0.137 

4 30 5.67 233.60 0.28 0.140 
5 40 5.74 233.90 0.28 0.141 

6 50 5.71 234.20 0.28 0.138 

7 60 5.72 234.20 0.28 0.135 
8 70 5.72 234.30 0.28 0.139 

Average 5.707 234.025 0.228 0.139 

 

 
Figure 14. Energy Growth Graph for Electric Motor 3 
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3.4.4. Sending Data from the Device to the Database and Displaying it on the Website 

All results were manually verified and cross-checked with the data displayed on the website to ensure 

accuracy. Data transmission was initiated by pressing the “C” button on the keypad. The transfer process 

followed several steps: sensor data were sent via the ESP32 to the database, which logged key parameters 

including timestamp, power, voltage, current, and station ID. Based on these inputs, the system calculated the 

corresponding electricity tariff, which was then displayed on the website. Users could subsequently monitor 

their monthly usage history and total energy cost. The first round of testing confirmed that the values shown 

on both the LCD screen and the website were consistent and reliable, as illustrated in Figure 15. Following 

installation, calibration, and testing, the system successfully collected real-world data from three electric 

vehicles with different specifications. The results provided meaningful insights into charging behavior, energy 

usage, and associated costs. Among the tested vehicles, Electric Motor 1 showed the highest efficiency with 

the lowest cost, while Electric Motor 2 recorded the highest energy expenditure. Overall, the smart charging 

station developed in this study offers a reliable and efficient solution for monitoring and managing electric 

vehicle charging. It has the potential to improve energy efficiency, reduce operational costs, and support safe 

and stable operation in both personal and commercial applications. 

 

 
(a) Appearance on the LCD  

 
(b) appearance on the website 

Figure 15. Display appearance on the LCD and website 
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4. CONCLUSIONS 

In this study, a data logging application system was developed to monitor power usage at electric vehicle 

(EV) charging stations, providing users with a practical platform to track and manage charging activities. The 

system integrates hardware and software components to record essential parameters such as charging duration, 

energy consumption, and usage history. With the support of sensors and communication modules, the system 

ensures accurate data collection. Its performance was validated through real-world testing, with accuracy and 

precision measured using the Mean Absolute Percentage Error (MAPE) and Mean Relative Standard Deviation 

(MRSD). The system also demonstrated reliability under different charging conditions. Furthermore, 

functionality testing of the web interface using black-box methods confirmed that all features operated 

correctly. Installed at the Integrated Service Unit for Information and Communication Technology, Sebelas 

Maret University (UNS), the system was tested with three electric motorcycles. The results highlight its 

potential to enhance charging efficiency, improve safety and reliability, and encourage wider EV adoption by 

addressing current regulatory and operational gaps. 

To further strengthen the system, several improvements are recommended. Ongoing development of both 

hardware and software is essential, particularly through testing under challenging environmental conditions 

such as temperature fluctuations, voltage instability, and network latency that may affect the ESP32 

microcontroller and PZEM-004T sensor. Enhancing user experience through a dedicated application that 

supports real-time monitoring, scheduling, and charging notifications would also increase usability. In addition, 

collaboration with key stakeholders—including government agencies, utility providers, and EV 

manufacturers—will be important to ensure the system aligns with industry standards and integrates seamlessly 

with broader infrastructure. By adopting these measures, the data logging system can evolve into a more robust, 

reliable, and user-friendly solution that supports the sustainable growth of the electric vehicle ecosystem. 
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