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Abstract:  The increasing adoption of 

electric vehicles (EVs) demands the 

optimization of a more efficient and 

sustainable charging infrastructure. This 

study explores alternative strategies to 

optimize EV charging infrastructure to 

better support the growth of EVs across 

different regions. Several strategies 

analyzed include the use of smart charging 

with load balancing to dynamically adjust 

electricity load according to grid demand, 

the integration of renewable energy 

sources such as solar panels, and the 

implementation of Vehicle-to-Grid (V2G) 

technology, which enables power return 

from vehicles to the power grid. Other 

approaches explored include installing 

high-power DC fast charging at strategic 

locations, applying inductive-based 

wireless charging technology to enhance 

user convenience, and developing 

dedicated charging hubs for commercial 

EV fleets. AI-based predictive methods 

are also proposed to analyze demand data 

to improve charging network efficiency. 

The results indicate that a combination of 

these strategies has the potential to 

strengthen the EV charging infrastructure, 

making the system more efficient, flexible, 

reducing peak load on the power grid, and 

increasing accessibility for EV users. 

 

 

INTRODUCTION 

With the growing global awareness of the need to reduce greenhouse gas 

emissions, the adoption of electric vehicles (EVs) is accelerating rapidly across various 

countries. EVs are seen as an effective solution to decrease dependency on fossil fuels 

and reduce the environmental impact caused by conventional combustion-engine 

vehicles. Moreover, advances in battery technology and decreasing battery production 
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costs are further accelerating EV adoption among the public. However, the success of 

the transition to electric vehicles depends not only on the vehicles themselves but also 

on the availability of adequate charging infrastructure. 

EV charging infrastructure plays a crucial role in supporting the growth of EVs, 

both on national and global scales. Without sufficient infrastructure, EV owners may 

face limited access to charging facilities, which can lead to "range anxiety" or concerns 

about limited driving range. Thus, the development of an efficient, widespread, and 

accessible charging network is a top priority in supporting EV sustainability. 

Currently, the main challenges in developing charging infrastructure include costs, 

power grid limitations, and the need to integrate renewable energy sources to ensure 

long-term sustainability. Additionally, the rapid growth of EV users could increase peak 

loads on the power grid, which, if not managed properly, may cause grid instability. 

Therefore, innovative optimization strategies are needed to create an EV charging 

system that operates efficiently and meets user demand without overloading the grid. 

This study aims to examine various alternative strategies to optimize electric 

vehicle charging infrastructure. Strategies analyzed include the use of smart charging 

technology and load balancing, renewable energy integration, Vehicle-to-Grid (V2G) 

technology, and AI-based predictive systems to maximize charging network efficiency. 

By implementing these strategies, it is expected that EV charging infrastructure can 

support a sustainable energy transition and improve accessibility for a broader 

population. 

The development of an optimized EV charging infrastructure offers numerous 

advantages, including enhanced energy efficiency, improved grid reliability, and 

reduced environmental impact. As more individuals and businesses transition to electric 

vehicles, the demand for fast, convenient, and reliable charging solutions continues to 

grow. This shift requires not only an increase in the number of available charging 

stations but also enhancements in how charging infrastructure interacts with both the 

grid and renewable energy sources. 

A key challenge is the high infrastructure investment required to meet the 

increasing number of EVs on the road. The installation and maintenance of charging 

stations, particularly fast-charging units, can be costly, creating a need for alternative 

strategies to optimize both cost and efficiency. Furthermore, the growing number of 
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EVs places a significant load on the power grid, especially during peak demand times, 

which can strain the grid's capacity and lead to potential instability. These issues are 

further complicated by the variability of renewable energy sources, such as solar and 

wind, which depend on weather and time of day. 

This study explores alternative approaches to EV charging infrastructure 

optimization that address both current and future challenges. By analyzing methods 

such as smart charging, Vehicle-to-Grid technology, renewable energy integration, 

wireless charging, and AI-based predictive management, this research aims to identify 

solutions that can enhance the flexibility, sustainability, and accessibility of EV 

charging networks. Each of these strategies offers unique benefits that, when combined, 

can create a resilient and adaptable charging infrastructure capable of meeting rising 

demand. 

Through these optimization strategies, the research seeks to provide insights into 

how EV charging infrastructure can support broader sustainability goals and ensure that 

the transition to electric vehicles is both environmentally and economically viable. In 

addition to improving user accessibility and convenience, the goal is to create a system 

that works in harmony with the power grid and renewable resources, ultimately 

supporting a more sustainable future for transportation. 

The development of electric vehicles is an effort to reduce the impact of climate 

change and local air pollution has spurred the rapid development of electric vehicles 

(EVs) that use lithium-ion (Li-ion) batteries. Although manufacturers are racing to add 

electrification options to their product lines, consumer acceptance of EVs, especially 

battery electric vehicles (BEVs) that are not coupled with an internal combustion engine 

(ICE), remains low. Concerns about driving range and the length of charging time 

compared to refueling gasoline-powered vehicles are often cited as major issues 

hindering the widespread adoption of electric vehicles. 

Electric vehicles have emerged as an innovative solution to environmental 

challenges and dependence on fossil fuels. With increasing awareness of the negative 

impacts of climate change and related environmental issues, demand for electric 

vehicles continues to increase significantly. The main advantages of electric vehicles 

include low emissions, better efficiency, and reduced dependence on finite fossil fuels. 

This paper will explain the important role of charging systems in supporting the 
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growth of electric vehicles, the challenges faced in the development of charging 

systems, and the latest developments in electric vehicle charging technology. In 

addition, several types of chargers that are commonly used will be discussed, ranging 

from home chargers to superfast charging networks on public roads. 

This study will also discuss the factors that need to be considered in designing and 

implementing a charger system, including charging power, compatibility, charging 

efficiency, and communication standards related to charging protocols. Through an in-

depth understanding of the charger system for electric vehicles, it is hoped that solutions 

can be found that are able to overcome the technical and infrastructure barriers that are 

currently still a challenge in accelerating the global electric vehicle ecosystem. 

This study aims to provide a comprehensive insight into the latest developments 

in electric vehicle charging technology and the importance of charger systems in 

shaping the future of sustainable and environmentally friendly transportation, through 

an in-depth understanding of the background and current developments in the charger 

system for electric vehicles, this study aims to provide a comprehensive view of the 

important role of charging infrastructure in driving a broader electric vehicle ecosystem, 

as well as explaining the challenges and opportunities in developing better charging 

technologies in the future. 

An electric car is a vehicle that uses one or more electric motors to drive the 

wheels and uses a battery as a source of energy for its electric motor. As an alternative 

to conventional cars that use fossil-fueled internal combustion engines, electric cars are 

considered more environmentally friendly because they do not produce exhaust 

emissions when used. 

Generally, electric cars have a more limited range compared to conventional cars, 

but advances in battery technology have made it possible to produce electric cars with 

increasing range. Some electric cars even have enough range to be used for daily 

activities without the need for repeated charging. 

Electric cars can be charged at home using a regular electrical outlet or special 

electric charging stations that are increasingly widespread in public places. In addition, 

some electric car models are also equipped with a fast charging feature that allows users 

to charge the battery in a shorter time. 
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Figure 1. Electric Vehicles. 

 

 
Figure 2. Model of Electric Vehicle System. 

 

 

METHOD 

The method applied in this study is Research and Development (R&D). The main 

purpose of this method is to produce a certain product and test the level of effectiveness 

of the product (Sugiyono, 2011). This study employs a mixed-methods approach, 

combining qualitative and quantitative descriptive research to analyze optimization 

strategies for electric vehicle (EV) charging infrastructure. The descriptive research 

method is used to understand the strategies that can be implemented to enhance the 

efficiency and sustainability of EV charging infrastructure. Data collected includes 

secondary sources from academic literature, industry reports, and empirical data related 

to the use and needs of EV charging infrastructure. 

Data of Collection 

- Literature Review: The initial step in this research is to review relevant literature on EV 

charging technology, such as smart charging, Vehicle-to-Grid (V2G), and renewable energy 
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integration. Academic articles, reports from the energy and automotive industries, and case 

studies from various countries are used as primary references. 

- Secondary Data: Collected secondary data includes statistics on charging infrastructure usage, 

EV energy consumption patterns, and implementation costs of various optimization 

strategies. This data is obtained from relevant institutional reports, government publications, 

and available online research databases. 

And  Data Analysis Techniques 

 Qualitative Analysis: Qualitative analysis is used to evaluate the optimization methods 

analyzed in this study. The focus is on understanding the benefits and challenges of each 

method and identifying factors that could support or hinder implementation. The results of 

this analysis help formulate recommendations for suitable strategies. 

 Quantitative Analysis: Quantitative data, such as cost estimates, potential energy savings, 

and reductions in peak grid load, are analyzed using descriptive statistical methods. This 

analysis provides insights into the effectiveness of each strategy in achieving the desired 

optimization. 

After analyzing data from literature and case studies, the study formulates recommendations 

focusing on the most promising strategies for local implementation. These recommendations 

include: 

 Selecting Appropriate Technology: Determining which technologies, such as smart charging 

or V2G, are most effective for implementation based on grid conditions and user needs. 

 Supporting Policies: Identifying policies that could support EV infrastructure adoption, such 

as financial incentives and regulatory support. 

 Collaboration with Public and Private Sectors: Designing collaborative strategies between 

the government, industry, and private sectors to ensure sustainable EV infrastructure 

development. 

This approach aims to provide a comprehensive overview of the optimization strategies 

necessary to improve the efficiency and availability of EV charging infrastructure in 

Indonesia. 

 

RESULTS AND DISCUSSION 

A DC-DC converter (DC to DC converter) is an electronic circuit that functions to 

change the direct current (DC) voltage level from an input source to the desired direct 

current (DC) output voltage level. 
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Figure 3. Blok Diagram Dc To Dc Converter 

 

This circuit can deliver a maximum current of 15 amperes at a voltage of 66 volts. 

With such a large voltage and current range, it is sufficient as an electric vehicle battery 

charger for slow charging. Before being used to charge the battery, measurements and 

adjustments are first made in several parts of the circuit, in order to obtain a voltage 

level according to the battery voltage to be charged, as in the image below. 

 

 

 

Figure 4. battery voltage level 

In the image above, it can be seen that this system can charge batteries from 60 

volts to 12 volts, by adjusting the output voltage through a trimpot (CV V adj) located 

near the output terminal. Furthermore, after selecting the voltage according to the 

battery used, the battery is charged. In this study, a 12 Volt, 7.2 Ah lead acid battery 

was used. From the results of the tests that have been carried out, the following table 

can be made: 
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Table 1.  Test Results for Charging 12V, 7.2Ah Batteries 
No Waktu Voltage (V) Current (A) Temperature (0C) 

1 21:27 10,26 0,5 27 

2 21:28 10,28 0,8 28 

3 21:29 10,28 1,2 28 

4 21:30 10,15 1,2 28 

5 21:31 10,12 1,3 28 

6 21:32 10,14 1,35 29 

7 21:33 10,11 1,35 29 

8 21:34 10,12 1,38 31 

9 21:35 11,08 1,55 31 

10 21:36 11,07 1,58 32 

11 21:37 11,03 1,72 32 

12 21:38 11,03 1,87 33 

13 21:39 11,01 2,05 34 

14 21:40 17,03 2,07 34 

15 21:41 12,39 2,09 35 

16 21:42 12,37 2,11 36 

17 21:43 12,35 2,42 36 

18 21:44 12,37 2,12 37 

19 21:45 12,32 2,41 38 

20 21:46 12,41 2,21 38 

 

 

In this test, several experiments were carried out which aimed to collect data that 

was directly connected to the PLN 220V AC voltage. Where the sensor used uses only 1 

voltage sensor. After testing the voltage sensor, the test results data were obtained 

which are displayed in Table 1. 

Table 2.  Voltage measurement results Measurement Results (Volts) 

No Sensor iot Multimeter Nilai 

  manual Error (%) 
    

1 232 230 0.02 
    

2 233 230 0.02 
    

3 230 229 0.02 
    

4 232 229 0.02 
    

5 230 229 0.03 
    

 

So the measurement results from the voltage sensor test with the calculation then 

obtained the average error value of 0.02%. 
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Figure 5. Graph of Voltage, Current and Temperature Changes in Batteries 

 

CONCLUSION 

The optimization of electric vehicle (EV) charging infrastructure is crucial to 

supporting the increasing adoption of EVs and to promoting sustainable transportation. 

This study has explored various alternative strategies to enhance the efficiency, 

accessibility, and resilience of EV charging systems. Key strategies analyzed include 

the implementation of smart charging systems, integration with renewable energy 

sources, Vehicle-to-Grid (V2G) technology, and predictive analytics using AI. Each of 

these strategies offers unique advantages, and when combined, they can address the 

various challenges facing EV infrastructure, such as grid stability, cost efficiency, and 

user convenience.The findings suggest that implementing smart charging and load 

balancing systems can significantly reduce peak loads on the power grid, ensuring that 

electricity demands are met more sustainably. Integrating renewable energy sources, 

such as solar and wind, into the EV charging network also reduces the reliance on fossil 

fuels and lowers greenhouse gas emissions. Additionally, V2G technology enables EVs 

to serve as mobile energy storage units, supporting grid stability during peak demand. 

For Indonesia, the adaptation of these strategies must consider local conditions, 

including grid capacity, regulatory support, and the economic landscape. Policymaker 

support and collaboration with private and public sectors will be essential to ensure the 

successful development and implementation of EV charging infrastructure in the 

country. In conclusion, optimizing EV charging infrastructure through a combination of 

smart technologies and sustainable practices is not only feasible but also necessary for 

meeting the growing demand for EVs. A comprehensive approach that includes policy 

support, technological integration, and user-centric design will help build a robust and 
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scalable EV charging system, contributing to a greener and more efficient future in 

transportation. 
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