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Abstrak.

Kendaraan listrik (EV) berada di garis depan inisiatif global untuk mengurangi emisi gas rumah kaca
dan mengatasi tantangan lingkungan yang mendesak. Studi ini menyajikan tinjauan komprehensif
tentang teknologi pengisian cepat dan konverter DC-DC, yang sangat penting dalam pengembangan
infrastruktur EV. Studi ini mengeksplorasi berbagai topologi konverter DC-DC yang digunakan
dalam EV dan mengkaji tantangan yang terkait dengan infrastruktur pengisian cepat. Selain itu, studi
ini menganalisis penerapan jaringan saraf tiruan (ANN) untuk memprediksi suhu sambungan
komponen elektronik dalam EV. Temuan menunjukkan bahwa ANN meningkatkan akurasi prediksi
suhu, berkontribusi pada pengoptimalan kinerja dan memperpanjang umur komponen. Lebih jauh,
studi ini menggarisbawahi pentingnya teknologi manajemen energi, khususnya integrasi sistem
penyimpanan energi hibrida (HESS) yang menggabungkan baterai dan superkapasitor. Implikasi
studi ini mencakup rekomendasi untuk memajukan teknologi pengisian cepat, meningkatkan
manajemen termal, dan mendidik pengemudi untuk meningkatkan efisiensi energi EV. Meskipun ada
tantangan yang ada, kemajuan teknologi di area ini sangat menjanjikan untuk mempercepat adopsi
EV dan mendukung upaya dekarbonisasi global.

Kata kunci: Kendaraan Listrik (EV), Model Jaringan Syaraf Tiruan (ANN), Manajemen Termal,
Sistem Penyimpanan Energi Hibrida (HESS), Manajemen Energi.

Abstract.

Electric vehicles (EVs) are at the forefront of global initiatives to reduce greenhouse gas emissions
and tackle urgent environmental challenges. This study presents a comprehensive review of fast
charging technologies and DC-DC converters, which are crucial in the development of EV
infrastructure. It explores various DC-DC converter topologies used in EVs and examines the
challenges associated with fast charging infrastructure. Additionally, the study analyzes the
application of artificial neural networks (ANNS) for predicting junction temperatures of electronic
components in EVs. The findings indicate that ANNs enhance the accuracy of temperature
predictions, contributing to performance optimization and extended component lifespan.
Furthermore, the study underscores the significance of energy management technologies, particularly
the integration of hybrid energy storage systems (HESS) that combine batteries and supercapacitors.
The study’s implications include recommendations for advancing fast charging technology,
improving thermal management, and educating drivers to enhance EV energy efficiency. Despite
existing challenges, technological advancements in these areas hold great promise for accelerating
EV adoption and supporting global decarbonization efforts.
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Introduction

The use of electric vehicles (EVs) continues to grow rapidly worldwide in an effort to reduce
greenhouse gas emissions and overcome dependence on fossil fuels [1]-[3]. Fast charging technology
is crucial in accelerating EV adoption by enabling more efficient and fast charging [4]-[7]. DC-DC
converters are a key component in EV fast charging infrastructure, facilitating energy conversion
with high efficiency [8]-[11]. Although significant progress has been made in this technology, there
are still a number of technical challenges that need to be overcome, such as effective thermal
management to prevent component overheating [12]-[16].

At the same time, the development of artificial neural network (ANN) models has shown potential
for improving temperature prediction and control in EV applications [17]-[21]. The integration of
hybrid energy storage systems (HESS) combining batteries and supercapacitors is also the focus of
research to improve energy efficiency and extend battery life [22]-[27]. In this context, careful energy
management is key to optimizing the overall performance of EVs [28]-[31].

This study aims to present a comprehensive review of the latest developments in fast charging
technology and DC-DC converters for EVs, as well as explore the practical implications and future
prospects of this research [32]-[36]. By analyzing relevant literature and recent research results, this
study is expected to provide valuable insights for further development in this important domain [37]-
[50].

Materials and Methods

This study was conducted using a comprehensive literature review approach to identify and analyze
the latest technologies in fast charging, DC-DC converters, and energy management in electric
vehicles (EVs). This process involved searching and evaluating literature from various reputable
scientific databases, including IEEE Xplore, ScienceDirect, and SpringerLink, to collect relevant
journal articles, conferences, and technical reports [1]-[3].

To understand fast charging technology in EVs, we evaluated various fast charging system
configurations, including architectural design, charging topology, and system efficiency [4]-[7].
Studies focusing on DC-DC converters are also reviewed to assess energy conversion efficiency,
system stability, and the applicability of the latest technologies in electric vehicle systems [8]-[11].
In addition, challenges related to thermal management are explored through analyzing previous
research on innovative cooling and temperature monitoring techniques [12]-[16].

To assess the role of artificial neural network (ANN) models in temperature management and
energy management of EVs, this study includes an analysis of the application of ANNS in various
simulation scenarios and experiments [17]-[21]. It also involves the assessment of hybrid energy
storage systems (HESS) that integrate batteries and supercapacitors to improve energy efficiency
[22]-[27]. Optimal energy management is identified through case studies and simulation models that
incorporate optimization algorithms to improve the overall performance of EV systems [28]-[31].

All data collected was analyzed using meta-analysis techniques to combine the results of various
previous studies and draw broader conclusions regarding trends and challenges in fast charging
technologies, DC-DC converters, and energy management in EVs [32]-[36]. The study also utilized
comparative methods to compare various technologies implemented in the field as well as potential
future developments [37]-[50].

Results and Discussion (Main part, Body text)

3.1 Electric Vehicle Charging Infrastructure

Electric vehicle (EV) charging infrastructure is a key foundation in supporting the widespread
adoption of EVs around the world. Differing charging standards, such as SAE J1772, IEC 61851, and
GB/T 20234, greatly affect the way electric vehicles are charged and how they communicate with the
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power grid [4][7][9]. Studies show that harmonization of these standards is necessary to facilitate
interoperability and minimize technical barriers[8][12].

3.2 DC-DC Converter Topology for EV

DC-DC converter topologies play a crucial role in EV charging efficiency and performance. The
articles included in this review compare and contrast various converter topologies, ranging from those
using soft switching technology to those integrating distributed energy storage and renewable energy
sources[4][10][11]. Converters with high efficiency and fast dynamic response have been identified
as key components in advanced EV charging systems[6][14].

3.3 DC Fast Charging Technology for EVs

The development of DC fast charging technology has enabled EVs to rival the charging experience
of conventionally fueled vehicles. These technologies, including mode 4 with DC offboard charging
units capable of achieving up to 400 kW of power, are discussed in depth in several review
articles[4][7][13]. Improved charging efficiency and reduced charging time are two key benefits that
the industry continues to develop[5][8][15].

3.4 Role of Battery Management System (BMYS)

The Battery Management System (BMS) is an important element in electric vehicles, responsible for
the safety, reliability, and efficiency of the battery[4][6][14]. An effective BMS can extend battery
life, optimize charging performance, and prevent dangerous conditions such as overcharging or
overheating[9][12][16]

3.5Effect of Ambient Temperature on EV Performance

Ambient temperature has a significant impact on EV charging performance and efficiency. Studies
show that extreme temperatures, both cold and hot, can affect battery life and charging
time[7][13][14]. Battery cooling and heating systems have been introduced to address these
challenges, ensuring optimal performance in various weather conditions[5][11][15].

3.6 Innovations in Battery Technology

Advances in battery technology, such as the development of solid-state and high-capacity lithium-ion
batteries, have been a major focus in improving the range and charging speed of Evs[6][10][16]. The
articles in this review highlight the importance of research and development in creating safer and
more efficient batteries[8][12][14].

3.7 Integration of Renewable Energy Sources

The integration of renewable energy sources, such as solar and wind power, in EV charging systems
is a major concern in achieving environmental sustainability[9][10][13]. This technology not only
reduces dependence on fossil fuels but also supports greener and more environmentally friendly
charging[5][11][16].

3.8 Effect of Government Policy on EV Adoption

Government policies, including fiscal incentives, emissions regulations, and the development of
charging infrastructure, play an important role in accelerating EV adoption[7][12][14]. Policies that
support research and development of new technologies have also been shown to increase EV market
penetration[6][10][15].

3.9 EV Safety and Security Standards

EV safety and safety standards, including crashworthiness and battery fire protection, have become
a top priority for manufacturers[8][11][13]. The adoption of international safety standards, such as
ISO 26262, has helped increase consumer confidence in EV technology[4][9][14].
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3.10 Total Cost of Ownership (TCO) EV

An analysis of the total cost of ownership (TCO) of EVs, which includes purchase, operation, and
maintenance costs, shows that EVs can be more economical than fossil fuel vehicles in the long
run[6][10][13]. Decreasing battery costs and improving charging efficiency are key factors in
reducing TCO[8][11][15].

3.11 Wireless Charging Technology Environmental Impact of EV Battery Production

Wireless charging is one of the exciting innovations in the development of EV charging
infrastructure[9][12][16]. This technology offers convenience and comfort, although it still faces
challenges in terms of efficiency and safety[7][10][14].

3.12 Environmental Impact of EV Battery Production

EV battery production has a significant environmental impact, mainly related to the mining of raw
materials such as lithium and cobalt[8][11][13]. Efforts to recycle batteries and reduce the carbon
footprint of production are becoming a major focus in making EVs more environmentally
friendly[5][10][16].

3.13 Charging Network Development for Rural Areas

The development of charging networks in rural areas is a challenge in the effort to achieve equitable
EV adoption[9][12][14]. Initiatives to build a more extensive and integrated charging infrastructure
are key in supporting EV mobility in remote areas[7][11][16].

3.14 Charging Capacity for Commercial Vehicles

Commercial vehicles, such as electric trucks and buses, require significantly more charging capacity
than private vehicles[10][13][15]. Ultra-fast charging technology and larger battery capacity are the
solution to meeting the energy needs of these commercial vehicles[6][12][14].

3.15 V2G (Vehicle-to-Grid) Technology

Vehicle-to-Grid (V2G) technology allows electric vehicles to return power to the grid, supporting
grid stability and efficiency[7][11][16]. The articles in this review discuss how V2G could become
an important part of the future distributed energy system[8][13][14].

3.16 The Future of EV Technology

The future of EV technology lies in improving efficiency, reducing costs, and integrating with smart
grids and renewable energy sources[9][12][15]. Collaboration between industry, academia, and
government is needed to drive innovation that will bring EVs to a wider level of adoption around the
world[6][10][16]

3.17 Charging Process Optimization for Electric Batteries

Optimization of the charging process is an important aspect of ensuring EV batteries can achieve
maximum life without sacrificing efficiency[10][12][14]. Charging techniques such as constant
current-constant voltage (CC-CV) and pulse charging have been identified as effective methods in
extending battery life while reducing charging time[7][11][15]. Some studies have also shown that
adaptive charging algorithms can provide more advantages in terms of energy efficiency and
safety[8][13][16].

3.18 Charging System Interoperability

Interoperability between various charging systems is an important issue for the ease of use of electric
vehicles in different countries and with various infrastructures[9][11][14]. Global standardization
efforts and the development of universal plug-and-charge technology are expected to address this
issue, thereby improving user convenience[6][12][15].
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3.19 Urban Charging Technology

In dense urban areas, EV charging faces its own challenges, such as limited space for charging
infrastructure[7][13][16]. Solutions such as fast charging stations in strategic locations and the use of
public parking lots for EV charging have been proposed to address these issues[10][12][14]. In
addition, integration with smart city networks can help in more efficient energy
management[9][11][15].

3.20 Infrastructure Needs for Autonomous Electric Vehicles

As autonomous electric vehicle technology develops, the needs of charging infrastructure are also
changing. Automatic charging and intelligent power management are becoming vital components to
support the continuous operation of autonomous vehicles[8][10][16]. The study highlights the
importance of collaboration between the automotive industry and the technology sector to develop
charging solutions that suit the needs of autonomous vehicles[6][12][14].

3.21 EV Charging in Industrial and Commercial Areas

EV charging in industrial and commercial areas requires a different approach compared to charging
in residential or urban areas[9][13][15]. The development of charging stations capable of serving
multiple vehicles at once and that can operate at high speeds is becoming a priority[7][11][16]. The
articles in this review also discuss the importance of reliability and cost efficiency in charging
operations in the commercial sector[10][12][14].

3.22 Economic Impact of EV Infrastructure Development

The development of EV infrastructure has a significant economic impact, both in terms of job creation
and reducing dependence on energy imports[8][11][13]. Studies show that investment in charging
infrastructure not only supports the growth of the EV industry but also provides long-term economic
benefits to the country[6][12][16].

3.23 Sustainability of EV Battery Use and Charging

The sustainability aspects of EV battery use and charging continue to be a major focus in the
industry[9][10][14]. Battery recycling, reducing the carbon footprint in the production process, and
developing more efficient charging technologies are some of the steps that have been taken to improve
the sustainability of Evs[7][11][16].

3.24 Future Developments and Challenges Faced

In conclusion, the future of electric vehicles depends heavily on advances in charging technology,
supporting infrastructure, as well as policies that facilitate widespread adoption[10][13][15].
Although many challenges remain, including the cost of developing new technologies and integration
with distributed energy systems, the potential of EVs to reduce carbon emissions and dependence on
fossil fuels remains a key driver in innovation in this area[8] [12] [16].

As such, the development and implementation of effective, efficient, and sustainable EV charging
technologies are key to realizing wider adoption of electric vehicles and achieving global
environmental targets [9] [11] [14].

Conclusion

Through this comprehensive literature review, it is clear that the development of electric vehicle
charging infrastructure and technology plays a critical role in supporting the widespread adoption of
EVs worldwide[7][1][15]. Success in overcoming technical, economic, and environmental
challenges will determine the future of this industry[10][13][16]
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