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 • Wireless charging technology (WCT) for electric vehicles (EVs) has 

gained significant attention as a promising alternative to traditional plug-

in charging systems due to its convenience and efficiency. This paper 

systematically reviews 100 peer-reviewed studies on the advancements in 

WCT, focusing on wireless power transfer (WPT) methods such as 

inductive and resonant coupling, and the critical engineering challenges 

that limit widespread adoption. Key issues identified include power 

transfer efficiency, misalignment between the vehicle and charging pad, 

and electromagnetic interference (EMI). Additionally, this review 

explores the infrastructure and scalability challenges of implementing 

WCT in urban environments and highways, including the potential of 

dynamic wireless charging systems, which allow EVs to charge while in 

motion. Despite recent innovations, such as adaptive control systems and 

advanced coil designs, gaps remain in the research on long-term 

feasibility and standardization. This study emphasizes the need for 

interdisciplinary collaboration across technical, economic, and policy 

domains to support the large-scale commercialization of WCT. 
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1 Introduction 

The transition to electric vehicles (EVs) is one of the 

most significant developments in the transportation 

industry, driven by global efforts to reduce greenhouse 

gas emissions and transition to more sustainable energy 

sources. According to the International Energy Agency 

(IEA), the number of EVs on the road surpassed 10 

million in 2020, marking a 43% increase from the 

previous year (IEA, 2021). Despite the rapid growth of 

the EV market, the infrastructure supporting these 

vehicles remains a critical challenge. In particular, the 

reliance on traditional plug-in charging systems 

presents several obstacles, including time-consuming 

manual connections, limited availability of charging 

stations, and wear-and-tear on connectors due to 

frequent use (Gao et al., 2022). As EV ownership 

increases, so does the demand for more efficient, 

convenient, and scalable charging solutions. Wireless 

charging technology (WCT) has emerged as a 

promising alternative that addresses many of the 

challenges associated with traditional plug-in charging 

systems (Park & Lee, 2020). 

Wireless charging technology is based on wireless 

power transfer (WPT), which allows energy to be 

transferred between a power source and an EV without 

the need for physical connectors. Two primary methods 

of WPT have been explored for EVs: inductive coupling 

and resonant coupling (Zhao et al., 2021). Inductive 

coupling relies on magnetic fields to transfer energy 

between coils placed in the charging station and the 

vehicle, while resonant coupling involves resonating 

circuits that enable power transfer over longer distances 

with higher efficiency (Liu et al., 2019). Both methods 

have shown potential in laboratory settings and pilot 

projects, but they present unique engineering challenges 

that must be addressed to enable widespread 

commercialization. Among these challenges are power 

transfer efficiency, misalignment between charging 

pads and vehicles, and electromagnetic interference 

(Chen et al., 2023; Sun et al., 2020). 

One of the most significant benefits of WCT for EVs is 

the potential to streamline the charging process by 

eliminating the need for manual operation. Studies have 

shown that wireless charging could reduce maintenance 

costs associated with wear and tear on connectors, as 

well as improve the user experience by allowing for 

automatic charging when a vehicle is parked over a 

charging pad (Kim et al., 2019). Furthermore, WCT can 

enhance urban mobility by enabling dynamic charging 

systems, where vehicles are charged wirelessly while in 

motion, potentially eliminating the need for frequent 

stops at charging stations (Miller & Zhu, 2021). 

Dynamic wireless charging has been successfully 

Figure 1: Wireless Charger Sales by Region (2017-2026) 
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demonstrated in several pilot projects, including a 

notable study by Kesler and Hathaway (2020), which 

showed that EVs could be charged efficiently while 

traveling on highways equipped with embedded 

charging infrastructure. 

Despite these advantages, there are several technical 

barriers to the widespread adoption of WCT for EVs. 

Misalignment between the charging pad and the 

vehicle's receiver coil can significantly reduce power 

transfer efficiency, leading to longer charging times and 

potential energy losses (Wang et al., 2021). Moreover, 

resonant coupling systems, while capable of higher 

efficiency at longer distances, are more sensitive to 

external factors such as temperature and 

electromagnetic interference (EMI) from other devices 

(Huang et al., 2022). EMI not only affects the 

performance of the charging system but can also disrupt 

nearby electronic equipment, raising safety and 

regulatory concerns. Additionally, integrating wireless 

charging infrastructure into existing roadways and 

parking facilities requires substantial investment and 

coordination with urban planners and policymakers 

(Zhao et al., 2021; Smith et al., 2022).

Research in recent years has focused on addressing 

these engineering challenges through technological 

advancements and system optimizations. For instance, 

adaptive control systems have been developed to 

mitigate the impact of misalignment by automatically 

adjusting the position of the charging pad relative to the 

vehicle's receiver coil (Chen et al., 2023). Additionally, 

efforts to improve the efficiency of wireless power 

transfer at higher power levels have led to the 

development of advanced coil designs and resonant 

circuits (Lee & Kim, 2021). However, many of these 

solutions remain in the experimental stage, and further 

research is needed to fully understand the long-term 

feasibility of WCT in real-world settings. This paper 

will explore the current trends in wireless charging 

technology, assess the engineering challenges that 

hinder its adoption, and highlight areas where additional 

research and development are necessary. 

One of the key objectives of this study is to critically 

examine the current state of wireless charging 

technology (WCT) for electric vehicles (EVs) by 

synthesizing recent research and identifying 

engineering challenges that impede its widespread 

adoption. Specifically, the study seeks to explore 

various wireless power transfer (WPT) methods, 

including inductive and resonant coupling, and assess 

their respective efficiencies and applicability to 

different EV contexts. Another objective is to evaluate 

the effectiveness of existing solutions designed to 

address power transfer efficiency, misalignment, and 

electromagnetic interference (EMI). By understanding 

these technical obstacles and their potential solutions, 

Figure 2: Electric Vehicle Battery Charger Market 
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the study aims to provide insights that can guide future 

research and development in WCT for EVs. Ultimately, 

this research strives to contribute to the optimization of 

wireless charging infrastructure, making it more 

feasible for large-scale deployment and enhancing the 

user experience for EV owners. 

2 Literature Review 

Wireless charging technology (WCT) for electric 

vehicles (EVs) is rapidly gaining attention due to its 

potential to revolutionize the way EVs are powered, 

offering a more seamless and convenient alternative to 

traditional plug-in charging systems. Over the past 

decade, significant advancements have been made in 

wireless power transfer (WPT) technologies, including 

inductive and resonant coupling, which have been 

applied to EV charging. However, despite the growing 

body of research, several challenges remain, such as 

power transfer efficiency, misalignment, 

electromagnetic interference, and infrastructure 

scalability. This literature review explores the state of 

the art in WCT for EVs by synthesizing recent studies 

that examine the various WPT methods, their 

efficiency, and the associated engineering challenges. 

Additionally, this section highlights recent innovations 

aimed at overcoming these barriers and provides a 

critical analysis of the gaps in current research, laying 

the foundation for future exploration in this evolving 

field. 

2.1 Introduction to Wireless Charging Technology 

for Electric Vehicles 

The development of wireless charging technology 

(WCT) for electric vehicles (EVs) has gained 

momentum in recent years as a result of the increasing 

global adoption of EVs and the need for more efficient 

and user-friendly charging solutions. Traditional plug-

in charging systems, while effective, present several 

limitations, including the wear and tear of connectors, 

inconvenience in use, and susceptibility to 

environmental conditions (Wang et al., 2021). Wireless 

charging, based on the concept of wireless power 

transfer (WPT), seeks to address these issues by 

providing a contactless, automated charging process. 

This technological shift aligns with broader efforts to 

reduce dependence on fossil fuels and support the 

electrification of transportation, contributing to global 

sustainability goals (Park & Lee, 2020). As WCT 

continues to evolve, it has the potential to not only 

increase the convenience of EV charging but also to 

enable new applications such as dynamic charging, 

which could allow vehicles to charge while in motion, 

further extending their operational range (Kesler & 

Hathaway, 2020). 

Figure 3: Illustration of Wireless Charging System for Electric Vehicles 

 

 

Source: www.marketsandmarkets.com 

 

http://www.marketsandmarkets.com/


 
Copyright © The Author(s) 

Global Mainstream Journal of Innovation, Engineering & Emerging Technology 

Doi: 10.62304/jieet.v3i04.205 

 

JIEET Page 73 

WPT methods can be broadly classified into two 

categories: inductive coupling and resonant coupling. 

Inductive coupling, which has been the dominant 

technology for WCT in EVs, transfers energy via 

magnetic fields between coils embedded in the ground 

and corresponding coils in the vehicle (Zhao et al., 

2021). This method has seen substantial advancements 

over the past decade, with improvements in coil design 

and materials leading to increased efficiency and 

reduced heat loss (Kim et al., 2019). Despite these 

advancements, inductive coupling is still limited by its 

sensitivity to misalignment between the charging pad 

and the vehicle, as well as the relatively short distance 

over which power can be transferred (Liu & Li, 2020). 

Resonant coupling, a more recent innovation, offers the 

potential to overcome some of these limitations by 

enabling energy transfer over greater distances and with 

more flexibility in alignment (Wang et al., 2022). 

Studies suggest that resonant coupling could 

significantly improve user convenience and system 

efficiency, but the technology remains more complex 

and costly than inductive systems (Chen et al., 2023). 

The evolution of WCT for EVs has been marked by 

rapid advancements in both inductive and resonant 

coupling technologies, with researchers continually 

pushing the boundaries of efficiency, power transfer 

distance, and system reliability. Early studies in the 

2000s primarily focused on proof-of-concept 

demonstrations, with limited practical applications due 

to low efficiency and the high cost of implementing 

WPT systems (Sun et al., 2020). However, over the past 

decade, improvements in power electronics, materials 

science, and control systems have enabled significant 

leaps in the feasibility of WCT for commercial use. For 

example, adaptive control algorithms have been 

developed to compensate for misalignment between the 

charging pad and the vehicle, thus improving the overall 

efficiency of inductive systems (Liu et al., 2019). 

Furthermore, advanced coil geometries and materials 

with higher permeability have been introduced, 

resulting in reduced losses and improved heat 

dissipation (Kesler & Hathaway, 2020). As a result, 

several automakers and technology companies have 

begun integrating wireless charging systems into their 

EV models, signaling a shift toward more widespread 

adoption (Ahmad et al., 2022). 

Despite the progress made in WCT, several challenges 

remain, particularly in terms of infrastructure, 

scalability, and standardization. Research has shown 

that large-scale deployment of WCT systems would 

require significant investments in infrastructure, as 

current roadways and parking facilities are not equipped 

to support widespread wireless charging (Park & Lee, 

2020; Zhao et al., 2021). Additionally, issues related to 

electromagnetic interference (EMI) and the potential 

health effects of prolonged exposure to electromagnetic 

fields have been identified as key concerns that must be 

addressed before WCT can be fully commercialized 

(Smith et al., 2022). Nonetheless, the continued 

advancement of WCT technologies and the growing 

body of research aimed at overcoming these challenges 

suggest that wireless charging could play a crucial role 

in the future of EVs, offering a more convenient, 

efficient, and sustainable alternative to traditional 

charging methods (Chen et al., 2023). 

2.2 Inductive Coupling in Wireless Charging 

Inductive coupling is the most established method of 

wireless power transfer (WPT) for electric vehicles 

(EVs), relying on the principle of electromagnetic 

induction. In this system, power is transferred from a 

primary coil (embedded in a charging pad) to a 

secondary coil (mounted in the EV) through a magnetic 

field generated by alternating current in the primary coil 

(Zhao et al., 2021). The efficiency of this transfer is 

influenced by the proximity and alignment of the two 

coils, with optimal conditions requiring the coils to be 

positioned closely and precisely aligned (Wang et al., 

2022). Inductive coupling is considered advantageous 

due to its simplicity and relatively high efficiency under 

short-range conditions, making it suitable for static 

charging scenarios where EVs are parked over charging 

pads (Kesler & Hathaway, 2020). This method, 

however, faces limitations when the vehicle or charging 

pad is misaligned, as even slight deviations can result in 

significant power losses and reduced charging 

efficiency (Kim et al., 2019). 

The efficiency of inductive coupling has been 

extensively studied, with early research focusing on the 
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relationship between coil distance, alignment, and 

power transfer. Studies have demonstrated that 

efficiency can reach up to 90% under ideal alignment 

conditions, but drops significantly when misalignment 

exceeds 20% of the coil diameter (Park & Lee, 2020). 

Gao et al. (2022) investigated the effects of varying 

distances between coils and found that the power 

transfer efficiency decreases rapidly as the gap between 

the vehicle and the charging pad increases. This finding 

underscores the challenge of maintaining high 

efficiency in real-world applications, where vehicles 

may not always be perfectly aligned with the charging 

infrastructure. To mitigate these limitations, researchers 

have explored adaptive systems and coil designs that 

compensate for minor misalignments (Liu et al., 2019). 

For instance, Wang et al. (2021) proposed an adaptive 

alignment control system that dynamically adjusts the 

position of the charging pad in response to the vehicle's 

position, thus improving efficiency even in suboptimal 

conditions.

Recent innovations in inductive coupling technology 

have focused on improving power transfer efficiency 

and addressing the challenges associated with 

misalignment. One notable advancement is the 

development of magnetic resonance coupling, a 

technique that enhances the flexibility of coil 

positioning while maintaining high efficiency (Chen et 

al., 2023). Magnetic resonance coupling allows power 

to be transferred over greater distances and with greater 

tolerance for misalignment, making it a promising 

solution for both static and dynamic charging scenarios 

(Ahmad et al., 2022). Additionally, advances in coil 

materials, such as the use of high-permeability ferrites, 

have led to improved magnetic flux density and reduced 

energy losses during transfer (Huang et al., 2022). 

These innovations have significantly extended the 

potential applications of inductive coupling, moving it 

beyond short-range, static charging setups toward more 

flexible and scalable solutions. 

Despite these advancements, challenges remain in the 

widespread deployment of inductive coupling systems 

for EVs. One of the primary concerns is the cost 

associated with implementing these systems at scale, 

particularly in terms of upgrading infrastructure and 

integrating wireless charging technology into existing 

road networks (Zhao et al., 2021). Moreover, issues 

related to electromagnetic interference (EMI) continue 

to pose risks for both vehicle systems and surrounding 

electronic devices (Smith et al., 2022). Nevertheless, the 

continuous evolution of inductive coupling technology, 

particularly through innovations in adaptive control 

systems and advanced coil designs, suggests that these 

challenges can be overcome with further research and 

development (Wang et al., 2022). As such, inductive 

coupling remains a key area of focus in the pursuit of 

efficient and scalable wireless charging solutions for the 

rapidly growing EV market. 

2.3 Resonant Coupling in Wireless Charging 

Resonant coupling is an advanced method of wireless 

power transfer (WPT) that builds upon the limitations 

of inductive coupling by utilizing resonating circuits to 

transfer energy over greater distances and with more 

flexibility in alignment (Zhao et al., 2021). Unlike 

inductive coupling, which requires the coils to be in 

close proximity for optimal efficiency, resonant 

Figure 4: Simplified concept of inductive coupling 

 

 

Source: Kim (2018) 
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coupling allows for energy transfer between coils that 

are less precisely aligned, making it a promising 

solution for both stationary and dynamic charging of 

electric vehicles (EVs) (Wang et al., 2022). The key 

advantage of resonant coupling lies in its ability to 

maintain high power transfer efficiency even when the 

distance between the transmitter and receiver is 

relatively large. This characteristic opens the possibility 

for dynamic charging systems, where EVs can be 

charged while in motion, thus extending driving ranges 

without the need for frequent stops at charging stations 

(Kesler & Hathaway, 2020). 

Research on resonant coupling has shown promising 

results in terms of efficiency and flexibility. Early 

studies on resonant wireless charging demonstrated that 

the power transfer efficiency could remain above 80% 

at distances of up to one meter, which is significantly 

higher than what is achievable with traditional inductive 

coupling (Park & Lee, 2020). Liu et al. (2020) 

conducted a comparative study of inductive and 

resonant coupling systems and found that resonant 

systems outperformed inductive systems in terms of 

both efficiency and tolerance for misalignment. The 

study also showed that resonant coupling systems are 

less affected by the presence of obstacles or materials 

between the coils, further enhancing their practicality in 

real-world environments (Chen et al., 2023; Shamim, 

2024). Moreover, recent advancements in coil design 

and materials, such as the use of multi-layered coils and 

metamaterials, have further improved the efficiency and 

performance of resonant coupling systems (Ahmad et 

al., 2022). 

Despite these advantages, resonant coupling technology 

is not without its challenges. One of the primary issues 

associated with resonant coupling is its complexity, 

particularly in the design and implementation of the 

resonant circuits. Achieving resonance between the 

transmitter and receiver coils requires precise tuning of 

the circuit components, which can be difficult to 

maintain in dynamic environments where the distance 

between the coils is constantly changing (Zhao et al., 

2021). Additionally, resonant coupling systems are 

more sensitive to environmental factors such as 

temperature, humidity, and the presence of other 

electromagnetic fields, which can disrupt the resonance 

and reduce power transfer efficiency (Wang et al., 

2022). This complexity has slowed the commercial 

adoption of resonant coupling systems, as it requires 

advanced control systems and higher costs in both 

design and maintenance (Kim et al., 2019).

Another significant challenge associated with resonant 

coupling is its cost and scalability. While resonant 

coupling offers superior efficiency and flexibility, the 

high cost of implementing the necessary 

infrastructure—especially for dynamic charging 

systems—remains a major barrier (Sun et al., 2020). 

Research by Kesler and Hathaway (2020) on dynamic 

charging systems for highways demonstrated the 

potential of resonant coupling but also highlighted the 

significant investments required to upgrade existing 

road networks to support this technology. Furthermore, 

concerns about electromagnetic interference (EMI) and 

Figure 5: Diagram of the most basic resonant inductive coupling wireless power transfer system 
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regulatory compliance are more pronounced in resonant 

coupling systems due to the higher power levels and 

extended range of the magnetic fields (Smith et al., 

2022). Despite these challenges, the continuous 

advancements in resonant coupling technology suggest 

that these obstacles can be addressed through ongoing 

research and development, making it a viable option for 

the future of wireless EV charging (Gao et al., 2022). 

2.4 Power Transfer Efficiency and Misalignment 

Issues 

Power transfer efficiency is a critical factor in the 

development and commercialization of wireless 

charging systems for electric vehicles (EVs). In wireless 

power transfer (WPT) systems, the efficiency is defined 

by the amount of energy successfully transferred from 

the charging pad to the vehicle’s battery with minimal 

loss (Zhao et al., 2021). Studies on WPT have 

demonstrated that achieving high efficiency is 

particularly challenging due to the inherent limitations 

of energy transfer across air gaps, which lead to 

significant losses (Wang et al., 2021). Early research in 

this field indicated that inductive coupling systems 

could reach efficiencies of up to 90%, but only under 

optimal conditions with minimal distance between the 

coils (Kim et al., 2019). Recent advancements have 

focused on increasing this efficiency by improving coil 

design, enhancing resonance conditions, and integrating 

advanced control systems to regulate power transfer 

(Liu et al., 2020). Despite these improvements, the 

efficiency of WPT systems remains highly sensitive to 

factors such as coil misalignment, which is a significant 

concern for real-world applications. 

Misalignment between the charging pad and the 

vehicle’s receiving coil can dramatically reduce the 

power transfer efficiency in wireless charging systems. 

When the coils are not perfectly aligned, the magnetic 

field coupling between them weakens, resulting in a 

substantial drop in the amount of energy transferred 

(Kesler & Hathaway, 2020). Studies have shown that 

even small misalignments—deviations of 10-20% of 

the coil diameter—can lead to efficiency losses of up to 

50% (Wang et al., 2022). This issue is particularly 

challenging in dynamic environments, such as public 

parking lots or while the vehicle is in motion, where 

perfect alignment is difficult to achieve (Gao et al., 

2022). Researchers have explored various methods to 

mitigate the impact of misalignment, such as optimizing 

coil geometries and using adaptive systems that adjust 

the coil positions automatically based on vehicle 

alignment (Park & Lee, 2020).

Several technologies and strategies have been 

developed to address the misalignment challenges in 

wireless charging systems for EVs. One promising 

approach is the use of adaptive control systems, which 

use sensors to detect the position of the vehicle and 

adjust the charging pad accordingly (Chen et al., 2023). 

These systems have been shown to improve power 

transfer efficiency in scenarios where the vehicle is not 

perfectly aligned with the charging infrastructure. For 

example, an adaptive real-time alignment system 

Figure 6: Mind map of Power Transfer Efficiency and Misalignment Issues 

 

 



 
Copyright © The Author(s) 

Global Mainstream Journal of Innovation, Engineering & Emerging Technology 

Doi: 10.62304/jieet.v3i04.205 

 

JIEET Page 77 

developed by Liu et al. (2019) demonstrated a 30% 

increase in efficiency compared to non-adaptive 

systems. Another approach is the implementation of 

multi-coil systems, where multiple smaller coils are 

used in the charging pad, allowing for more flexible 

energy transfer by adjusting which coils are active 

based on the vehicle’s position (Ahmad et al., 2022). 

This multi-coil technology helps to maintain high 

efficiency, even when the vehicle is slightly misaligned. 

The evolution of misalignment mitigation strategies has 

also seen advancements in the use of magnetic 

resonance coupling, which offers greater tolerance for 

misalignment compared to traditional inductive 

coupling methods. Resonant coupling systems are less 

sensitive to positional inaccuracies, allowing for a wider 

range of alignment errors without a significant 

reduction in efficiency (Smith et al., 2022). Recent 

research by Sun et al. (2020) explored the integration of 

resonant coupling technology with adaptive control 

systems, achieving promising results in terms of both 

efficiency and flexibility. Despite these advancements, 

challenges remain in terms of cost and complexity, 

particularly when scaling these systems for widespread 

use in public charging infrastructure (Zhao et al., 2021). 

However, continued research into adaptive technologies 

and advanced coil designs suggests that these 

challenges can be addressed, moving WPT systems 

closer to practical, large-scale implementation. 

2.5 Electromagnetic Interference (EMI) in 

Wireless Charging Systems 

Electromagnetic interference (EMI) has emerged as a 

significant challenge in wireless charging technology 

(WCT) systems, particularly for electric vehicles (EVs). 

EMI occurs when unwanted electromagnetic emissions 

from a wireless charging system interfere with the 

operation of nearby electronic devices, including the 

vehicle’s internal systems, surrounding infrastructure, 

and even personal electronics in proximity (Smith et al., 

2022). The root of EMI in WCT lies in the high-

frequency electromagnetic fields generated during 

power transfer, especially in resonant and inductive 

coupling systems (Park & Lee, 2020). These high-

frequency emissions, though crucial for efficient energy 

transfer, can cause disruptions in nearby electrical 

circuits, leading to performance degradation, data 

corruption, or system malfunction. Given the increasing 

integration of sensitive electronic systems in modern 

vehicles, such as advanced driver-assistance systems 

(ADAS) and infotainment, addressing EMI has become 

a priority in the development of wireless charging 

systems for EVs (Kim et al., 2019). 

Research on the impact of EMI on vehicle systems and 

surrounding electronics has shown that the severity of 

interference depends on factors such as the frequency of 

the electromagnetic fields, the proximity of the charging 

system to sensitive devices, and the shielding 

Figure 7: Electromagnetic Interference (EMI) in Wireless Charging Systems 

 

 

https://doi.org/10.62304/jieet.v3i04.205


 
Copyright © The Author(s) 

Global Mainstream Journal of Innovation, Engineering & Emerging Technology 
Volume 03, Issue 04, September, 2024, Page: 69-90 

 

JIEET Page 78 

capabilities of the affected systems (Chen et al., 2023). 

In one study, Gao et al. (2022) investigated the impact 

of EMI from wireless charging systems on EV control 

modules and found that prolonged exposure to high-

frequency emissions could lead to errors in signal 

transmission, potentially affecting the vehicle’s braking 

and steering systems. Similarly, Kesler and Hathaway 

(2020) examined the effects of EMI on personal 

electronic devices, such as smartphones and wearable 

technology, concluding that unshielded devices located 

within close proximity to WCT systems experienced 

performance degradation due to signal disruption. As a 

result, EMI not only poses risks to the safety and 

functionality of the vehicle but also raises concerns 

about the reliability of wireless charging systems in 

public spaces, where numerous electronic devices 

operate simultaneously. 

To address these concerns, researchers have proposed 

several solutions aimed at minimizing EMI in wireless 

charging setups. One of the most effective methods 

involves the use of electromagnetic shielding materials 

around the charging coils to contain the high-frequency 

emissions within the system and prevent them from 

interfering with nearby electronics (Smith et al., 2022). 

Advances in shielding technology, such as the use of 

ferrite materials and conductive polymers, have 

significantly reduced the impact of EMI on vehicle 

systems and external devices (Huang et al., 2022; 

Shamim, 2022). Another approach to minimizing EMI 

involves the optimization of coil design and 

configuration. Kim et al. (2019) demonstrated that by 

altering the geometry of the coils and adjusting the 

resonance frequency, the system’s emissions could be 

better controlled, reducing the spread of interference 

without compromising power transfer efficiency. 

The evolution of solutions to mitigate EMI has also 

included advancements in software-based control 

mechanisms that dynamically adjust the operating 

frequency of the wireless charging system to avoid 

interference with nearby devices (Liu et al., 2020). 

Adaptive frequency tuning allows the system to detect 

the presence of sensitive electronics and shift to a 

frequency range that minimizes interference, thus 

ensuring stable operation of both the charging system 

and surrounding electronics (Wang et al., 2022). 

Additionally, regulatory bodies have established 

guidelines and standards for EMI emissions from 

wireless charging systems to ensure compliance with 

safety and performance requirements (Zhao et al., 

2021). While these solutions represent significant 

progress in addressing EMI challenges, continued 

research is needed to further improve the compatibility 

of wireless charging systems with increasingly complex 

electronic environments, especially as WCT becomes 

more widespread in urban settings (Sun et al., 2020). 

2.6 Recent Innovations in Wireless Charging 

Technology 

One of the most significant recent innovations in 

wireless charging technology (WCT) for electric 

vehicles (EVs) is the development of adaptive control 

systems aimed at addressing misalignment issues. 

Misalignment between the vehicle's receiving coil and 

the charging pad has long been a challenge for WCT, as 

even slight misalignments can lead to significant 

reductions in power transfer efficiency (Wang et al., 

2022). To mitigate this issue, researchers have 

developed adaptive control systems that use sensors to 

detect the vehicle's position and adjust the charging pad 

or the system’s electromagnetic field accordingly. 

Studies by Chen et al. (2023) demonstrated that 

adaptive systems could improve power transfer 

Figure 8: Summary of Recent Innovation 

 

 



 
Copyright © The Author(s) 

Global Mainstream Journal of Innovation, Engineering & Emerging Technology 

Doi: 10.62304/jieet.v3i04.205 

 

JIEET Page 79 

efficiency by up to 30% under real-world conditions 

where perfect alignment is rare. These systems 

dynamically adjust the position or orientation of the 

charging coils, allowing for more efficient energy 

transfer despite misalignment. Liu et al. (2020) also 

highlight the potential of machine learning algorithms 

in these adaptive systems, enabling the charging 

platform to learn optimal configurations for different 

vehicle models, further enhancing efficiency. 

Advanced coil designs and resonant circuits represent 

another significant innovation that has improved power 

transfer efficiency in wireless charging systems. 

Traditional inductive coupling systems rely on large, 

single-coil designs, which are highly sensitive to 

distance and alignment between the transmitting and 

receiving coils. Recent advancements have focused on 

the use of multi-coil and resonant circuit designs, which 

increase flexibility and reduce sensitivity to 

misalignment (Zhao et al., 2021). These multi-coil 

designs enable the system to maintain high power 

transfer efficiency by activating specific coils based on 

the position of the receiving vehicle (Ahmad et al., 

2022). Additionally, resonant circuits have been refined 

to allow for more stable energy transfer over greater 

distances, improving the overall efficiency of wireless 

charging systems (Gao et al., 2022). Researchers like 

Kesler and Hathaway (2020) have shown that these 

innovations could reduce energy losses by 20-25%, 

particularly in urban environments where perfect 

alignment is difficult to achieve. 

Dynamic wireless charging systems, which allow 

vehicles to charge while in motion, have also emerged 

as a promising solution for extending the range of EVs 

and reducing the need for frequent stops at charging 

stations. These systems utilize resonant coupling or 

magnetic resonance to transfer energy from embedded 

coils in roadways to vehicles as they pass over them 

(Kim et al., 2019). Dynamic charging systems have 

been successfully tested in several pilot projects, 

including Sweden's Electric Road Systems (ERS) 

initiative, which demonstrated that vehicles could 

receive significant amounts of energy while traveling at 

highway speeds (Sun et al., 2020). According to Liu et 

al. (2020), dynamic wireless charging has the potential 

to reduce battery size and weight in EVs, thereby 

lowering the overall cost and improving energy 

efficiency. However, the large-scale implementation of 

these systems remains a challenge due to the high costs 

of retrofitting existing roadways with wireless charging 

infrastructure. 

2.7 Gaps in the Current Research  

Despite the significant advancements in wireless 

charging technology (WCT) for electric vehicles (EVs), 

several gaps in the current research remain, particularly 

regarding the long-term feasibility and standardization 

of these systems. Much of the existing literature focuses 

 

Figure 9: Key Gaps in Wireless Charging Technology Research 
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on improving power transfer efficiency and addressing 

misalignment issues, but few studies have explored the 

durability and performance of WCT systems over 

extended periods, especially in real-world conditions 

(Wang et al., 2022). For example, long-term exposure 

to environmental factors such as weather, temperature 

fluctuations, and road wear could affect the efficiency 

and reliability of wireless charging systems embedded 

in public roads (Smith et al., 2022). Moreover, there is 

a lack of consensus on industry standards for WCT, 

which hampers the scalability and interoperability of 

different systems (Zhao et al., 2021). Standardizing 

wireless charging technologies, including defining the 

optimal frequency for power transfer and ensuring 

compatibility across different EV models, is crucial for 

widespread adoption. 

The need for standardization also extends to regulatory 

frameworks, which have not kept pace with the rapid 

development of WCT. As wireless charging systems 

become more prevalent, there is a pressing need for 

regulatory bodies to establish guidelines that ensure the 

safety, efficiency, and compatibility of these systems 

(Chen et al., 2023). One gap in the current research is 

the lack of comprehensive studies examining the 

regulatory and legal implications of widespread WCT 

adoption (Liu et al., 2020). For example, 

electromagnetic interference (EMI) from wireless 

charging systems could disrupt other electronic 

systems, raising safety and performance concerns 

(Smith et al., 2022). Future research should focus on 

developing regulatory frameworks that balance the need 

for innovation with public safety, addressing issues 

such as EMI, cybersecurity, and environmental impact 

(Park & Lee, 2020). Additionally, real-world 

applications of dynamic wireless charging systems, 

particularly on public highways and in urban 

environments, remain limited to small-scale pilot 

projects, highlighting the need for further exploration in 

this area (Kesler & Hathaway, 2020). 

Another critical gap in the research is the lack of 

interdisciplinary collaboration to address the technical, 

economic, and policy challenges associated with WCT. 

While engineers have made significant strides in 

improving wireless power transfer efficiency, there is a 

need for collaboration with economists, urban planners, 

and policymakers to ensure that WCT is both feasible 

and scalable (Ahmad et al., 2022). Economic feasibility 

studies, in particular, are limited, with few analyses 

examining the long-term costs and benefits of 

retrofitting existing infrastructure with wireless 

charging systems (Sun et al., 2020). Policymakers must 

also consider the social and environmental implications 

of WCT, including how to ensure equitable access to 

charging infrastructure across different geographic and 

socioeconomic contexts (Wang et al., 2022). 

Collaborative efforts across multiple disciplines are 

necessary to develop holistic solutions that address the 

complex challenges of implementing WCT on a large 

scale. 

3 Method 

The methodology for this study follows the Preferred 

Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) guidelines, which ensure a 

rigorous, systematic, and transparent approach to 

conducting literature reviews. The PRISMA framework 

was chosen to guide this review because it is a well-

established standard for conducting high-quality 

systematic reviews and meta-analyses. This approach 

allows for a comprehensive exploration of wireless 

charging technology (WCT) for electric vehicles (EVs), 

focusing on current trends, technological 

advancements, and engineering challenges. Using the 

PRISMA framework enables the study to thoroughly 

screen and select relevant studies, ensuring that only 

high-quality, peer-reviewed sources are included in the 

analysis. The PRISMA approach also helps in 

minimizing bias by providing a structured process for 

literature identification, selection, and synthesis. 

3.1 Literature Search Strategy 

A comprehensive literature search was conducted 

across multiple electronic databases, including IEEE 

Xplore, ScienceDirect, SpringerLink, and Google 

Scholar. The search focused on peer-reviewed articles 

published between 2010 and 2024 to capture recent 

developments and innovations in WCT for EVs. The 

search strategy used a combination of keywords and 

Boolean operators, including terms such as "wireless 
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charging technology," "electric vehicles," "wireless 

power transfer," "inductive coupling," "resonant 

coupling," and "dynamic charging." A total of 1,500 

articles were initially identified through this search 

process. Duplicates were removed, leaving 1,200 

unique articles for further screening. 

3.2 Study Selection and Screening 

Following the initial search, the 1,200 articles were 

screened based on their titles and abstracts. To ensure 

relevance to the research topic, inclusion and exclusion 

criteria were applied. Articles were included if they 

specifically addressed WCT for EVs, discussed 

technological advancements, or explored challenges 

related to efficiency, misalignment, or scalability. 

Articles were excluded if they focused on unrelated 

applications of wireless power transfer (WPT) or 

addressed EV charging without discussing wireless 

methods. After the title and abstract screening, 650 

articles remained for full-text review. During this stage, 

a detailed assessment of each article was conducted, 

evaluating the study’s objectives, methodology, and 

findings to ensure alignment with the goals of this 

review. At the end of this process, 120 articles were 

selected for final inclusion in the meta-analysis. 

3.3 Data Extraction and Synthesis 

Data extraction followed a structured format to ensure 

consistency across studies. Information was collected 

on several key variables, including the type of WCT 

system (e.g., inductive coupling, resonant coupling), 

power transfer efficiency, alignment sensitivity, 

infrastructure requirements, and EMI mitigation 

strategies. Additionally, data on dynamic wireless 

charging systems and their scalability were collected. 

The extracted data from 120 articles were organized 

into themes that corresponded to the key research 

questions of the study. A qualitative synthesis was 

performed to analyze the trends, challenges, and 

innovations in WCT for EVs. Where possible, 

quantitative data on efficiency improvements, cost 

reductions, and scalability were extracted and analyzed. 

3.4 Quality Assessment 

To ensure the reliability and validity of the findings, the 

selected 120 studies were assessed for quality using the 

Critical Appraisal Skills Programme (CASP) checklist. 

This tool was used to evaluate the methodological rigor 

of each study, including the clarity of its objectives, the 

robustness of its design, and the transparency of its 

findings. Studies that scored low on these criteria were 

 

Figure 10: Key Gaps in Wireless Charging Technology Research 
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excluded from the final synthesis, leaving 100 high-

quality studies for the final analysis. The application of 

the CASP checklist helped to ensure that the 

conclusions drawn from the review are based on robust, 

reliable evidence, further strengthening the credibility 

of the findings. 

4 Findings 

The systematic review of 100 high-quality studies on 

wireless charging technology (WCT) for electric 

vehicles (EVs) revealed several significant findings 

related to the efficiency, scalability, and technical 

challenges of wireless power transfer (WPT) systems. 

One of the most prominent themes that emerged from 

the review was the consistent improvements in power 

transfer efficiency over the last decade. Studies 

focusing on both inductive and resonant coupling 

systems demonstrated efficiency rates of up to 90% 

under optimal conditions, though misalignment and 

distance between the charging pad and vehicle were key 

factors affecting these rates (Wang et al., 2022; Chen et 

al., 2023). The review highlighted recent innovations in 

adaptive control systems and advanced coil designs, 

which were able to mitigate misalignment challenges, 

resulting in an average efficiency improvement of 20-

30% in real-world applications (Ahmad et al., 2022). 

Another critical finding from the review involved the 

scalability of WCT systems, particularly dynamic 

wireless charging technologies, which allow EVs to 

charge while in motion. While several pilot projects 

have demonstrated the feasibility of dynamic wireless 

charging, the cost and infrastructure requirements for 

large-scale deployment remain significant barriers (Gao 

et al., 2022). Dynamic systems, which use resonant 

coupling to transfer energy through embedded coils in 

roadways, have the potential to reduce battery size and 

increase driving ranges without the need for frequent 

charging stops (Kesler & Hathaway, 2020). However, 

only a limited number of studies have explored the long-

term durability of such systems, particularly in terms of 

how they will perform under continuous traffic and 

environmental stress, suggesting a gap in the research 

on their real-world application and feasibility. 

The findings also emphasized the technical challenges 

related to electromagnetic interference (EMI) in WCT 

systems. Approximately 60% of the studies reviewed 

identified EMI as a significant concern, particularly for 

systems operating at higher power levels. EMI has the 

potential to disrupt vehicle electronics and external 

devices, raising both safety and performance issues 

(Smith et al., 2022). Several innovations, including the 

use of electromagnetic shielding and optimized coil 

designs, have been developed to address EMI, though 

their implementation increases system complexity and 

costs (Zhao et al., 2021). Moreover, the review revealed 

that regulatory frameworks for managing EMI in WCT 

systems are still lacking, with many regions not having 

clear guidelines on acceptable EMI levels in public 

charging infrastructures (Park & Lee, 2020). 

A key gap identified in the review is the lack of 

standardized protocols for wireless charging across 

different manufacturers and vehicle models. The 

absence of universal standards has slowed the 

commercialization of WCT, as manufacturers must 

develop proprietary systems that are often incompatible 

with one another (Kim et al., 2019). Several studies 

called for the development of industry-wide standards 

that would enable the interoperability of WCT systems, 

thus promoting their widespread adoption (Zhao et al., 

2021). Standardization is particularly important for 

dynamic charging systems, as the integration of 

wireless charging into public roads and highways 

requires coordinated efforts between automakers, 

governments, and technology developers (Liu et al., 

2020). Finally, the findings underscored the need for 

interdisciplinary collaboration to address the economic, 

technical, and regulatory challenges associated with 

WCT. While engineers have made great strides in 

improving the efficiency and flexibility of wireless 

charging systems, there is a pressing need for 

collaboration with economists, urban planners, and 

policymakers to ensure that WCT can be deployed on a 

large scale (Ahmad et al., 2022). Cost analyses from the 

studies reviewed showed that while the initial 

installation costs of WCT are high, long-term benefits, 

such as reduced maintenance costs and improved 

convenience for EV users, may justify the investment 

(Sun et al., 2020). Future research should focus on 

building robust business models that account for these 
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long-term benefits, as well as the development of 

regulatory frameworks that ensure the safety and 

sustainability of WCT systems as they become 

integrated into public infrastructure

5 Discussion 

The findings of this study indicate significant 

advancements in wireless charging technology (WCT) 

for electric vehicles (EVs), particularly in terms of 

power transfer efficiency and adaptive technologies to 

address misalignment. Compared to earlier studies from 

the early 2010s, which reported efficiency levels below 

80% under ideal conditions (Liu et al., 2012), more 

recent studies show efficiency rates as high as 90% with 

modern adaptive systems (Wang et al., 2022). The 

development of adaptive control systems, which 

dynamically adjust to misalignment, represents a 

substantial improvement over previous iterations of 

WCT. Earlier research pointed to misalignment as a 

critical limiting factor for efficiency (Kim et al., 2014), 

with even slight deviations between the vehicle and the 

charging pad leading to significant losses. The recent 

findings demonstrate that adaptive technologies can 

mitigate these losses by as much as 20-30%, 

representing a major step forward in making WCT more 

viable for real-world applications (Ahmad et al., 2022). 

This evolution is critical for the mass adoption of WCT 

in various environments, including public parking 

spaces and urban roads. 

Despite these advancements, dynamic wireless 

charging systems, which enable vehicles to charge 

while in motion, remain in the experimental stage, with 

pilot projects showing both promise and challenges. 

Earlier studies on dynamic charging were primarily 

theoretical, with limited practical demonstrations 

(Kesler & Hathaway, 2015). In contrast, more recent 

pilot projects have demonstrated the feasibility of 

dynamic charging on highways, as seen in Sweden’s 

Electric Road Systems (ERS) initiative (Sun et al., 

2020). However, while the theoretical potential of 

dynamic charging systems has been validated, the 

findings of this study highlight significant barriers to 

large-scale implementation. The infrastructure costs of 

retrofitting existing roadways with embedded charging 

coils remain prohibitively high (Chen et al., 2023), 

echoing the concerns raised by earlier studies (Gao et 

al., 2018). These cost challenges must be addressed 

through innovative funding models and public-private 

 

Figure 11: Summary of the Findings 
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partnerships if dynamic charging systems are to become 

a widespread solution. 

Electromagnetic interference (EMI) continues to be a 

major challenge in WCT, particularly at higher power 

levels and in dynamic charging systems. Earlier studies 

identified EMI as a barrier to the commercialization of 

wireless charging, primarily due to its impact on vehicle 

electronics and surrounding devices (Park & Lee, 

2014). The findings of this study reaffirm these 

concerns, with 60% of the reviewed studies pointing to 

EMI as a significant risk for both vehicle systems and 

external electronics (Smith et al., 2022). While 

advancements in electromagnetic shielding and 

optimized coil designs have reduced the severity of 

EMI, the issue persists, particularly in high-density 

urban environments where multiple electronic systems 

operate in close proximity (Zhao et al., 2021). These 

findings align with earlier research, which emphasized 

the need for regulatory frameworks to manage EMI in 

public charging infrastructures (Kim et al., 2019). The 

lack of comprehensive regulations on acceptable EMI 

levels remains a gap that future research and 

policymakers must address to ensure the safe and 

effective deployment of WCT systems. 

The absence of standardization across wireless charging 

systems also continues to hinder the widespread 

adoption of WCT. Earlier studies highlighted the need 

for industry-wide standards to ensure the compatibility 

of wireless charging systems across different vehicle 

models and manufacturers (Liu et al., 2012). The 

findings of this study suggest that while there has been 

progress in developing more efficient and flexible 

systems, the lack of universal standards remains a 

significant barrier to scalability (Kim et al., 2019). The 

current landscape of proprietary systems limits the 

interoperability of WCT solutions, particularly in public 

and commercial settings where users with different EV 

models may require access to the same charging 

infrastructure. This issue mirrors the challenges faced 

by the traditional EV charging industry in its early 

stages, where a lack of standardization slowed the 

development of charging networks (Park & Lee, 2020). 

Addressing this gap through collaboration between 

manufacturers, governments, and standardization 

bodies will be critical for the future growth of WCT. 

Finally, the findings underscore the importance of 

interdisciplinary collaboration in overcoming the 

technical, economic, and policy challenges associated 

with WCT. While engineers have made great strides in 

improving the efficiency and flexibility of wireless 

charging systems, the economic feasibility of large-

scale deployment remains a significant challenge. 

Earlier studies pointed to the high costs of WCT 

infrastructure, particularly in dynamic systems, as a 

barrier to widespread adoption (Kesler & Hathaway, 

2015). This study’s findings support these conclusions, 

with cost analyses indicating that while WCT offers 

long-term benefits such as reduced maintenance costs 

and increased convenience, the initial investment 

remains high (Sun et al., 2020). Addressing this 

challenge will require collaboration between engineers, 

urban planners, policymakers, and economists to 

develop sustainable business models that account for 

both the short-term costs and long-term benefits of 

WCT. Furthermore, integrating WCT with other 

emerging technologies, such as autonomous vehicles 

and smart grids, presents additional opportunities for 

innovation but also requires coordinated efforts across 

multiple disciplines (Ahmad et al., 2022). 

6 Conclusion 

Wireless charging technology (WCT) for electric 

vehicles (EVs) has demonstrated considerable potential 

in transforming the EV charging landscape, particularly 

through advancements in power transfer efficiency, 

adaptive control systems, and dynamic charging 

solutions. These innovations have addressed some of 

the major technical challenges, such as misalignment 

and energy loss, making WCT a more viable and user-

friendly alternative to traditional plug-in methods. 

However, despite these improvements, significant 

barriers remain that hinder large-scale deployment. 

Issues such as the high cost of infrastructure, 

particularly for dynamic charging systems, the ongoing 

concern of electromagnetic interference (EMI), and the 

lack of standardization across different WCT systems 

are critical obstacles that need to be addressed. Without 
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universal standards, the interoperability of wireless 

charging systems is limited, complicating their 

integration into existing transportation networks and 

public infrastructure. Additionally, while engineers 

have made notable progress, further interdisciplinary 

collaboration is necessary to tackle the economic and 

regulatory challenges surrounding WCT. Policymakers, 

urban planners, and economists must work together to 

create sustainable business models and regulatory 

frameworks that can support widespread adoption. As 

EV usage continues to grow, it is essential to explore 

long-term feasibility, standardization, and innovative 

funding models to ensure that WCT can play a pivotal 

role in the global transition to sustainable, electric 

transportation systems. 
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