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Abstract: The movement to electric vehicles (EVs) is central to sustainable transportation and necessitates improvements in
effective and easy charging devices. This article compares static and dynamic wireless charging systems for electric vehicles,
focusing on their operation, feasibility, and practical applications. Static charging involves inductive power transfer when the
vehicle is parked, while dynamic charging allows power transfer while the vehicle is in motion. The paper explores efficiency,
infrastructure needs, cost implications, and user convenience, highlighting potential benefits and challenges. The findings aim
to inform stakeholders in the automotive and energy sectors about optimal wireless charging strategies for enhancing electric

vehicle adoption.
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1. Introduction

The automotive industry is transforming to reduce
greenhouse gas emissions and dependence on fossil fuels,
with electric vehicles (EVs) emerging as a promising solution.
However, widespread adoption depends on efficient,
convenient, and user-friendly charging infrastructure.
Traditional plug-in charging methods have limitations,
especially in urban areas with limited parking and charging
spaces. Wireless charging technology offers a compelling
alternative, eliminating the need for physical connectors and
offering flexible and ubiquitous charging solutions. [1]

Static wireless charging transfers power from a stationary
charger to a parked vehicle using inductive coupling or
magnetic resonance, making it suitable for residential garages,
parking lots, and commercial charging stations. [2] Dynamic
wireless charging enables power transfer while the vehicle is
in motion, reducing the need for large battery capacities in
EVs. [6]

Understanding the advantages and limitations of static and
dynamic wireless charging systems is crucial for stakeholders
like automotive manufacturers, policymakers, urban planners,
and consumers. A comparative analysis provides insights into
which technology is more suitable for different applications,
considering factors such as efficiency, cost, infrastructure
requirements, and user convenience. [3] This paper aims to
conduct a comprehensive comparative analysis of static and
dynamic wireless charging systems for EVs, evaluating
technical principles, operational mechanisms, economic
implications, practical challenges, and potential benefits in
real-world scenarios.

The paper is structured as follows: Section 2 provides an
in-depth review of the technical aspects of static and dynamic
wireless charging. Section 3 discusses the economic and
infrastructural considerations. Section 4 presents case studies
and real-world applications. Section 5 offers a comparative
analysis based on the gathered data and finally concludes with
recommendations and future research directions.

By elucidating the comparative merits of static and
dynamic wireless charging systems, this paper aims to

180

contribute to the strategic development of EV charging
infrastructure, ultimately supporting the broader adoption and
success of electric vehicles in the pursuit of sustainable
mobility.

2. Technical Aspects of Wireless
Charging Systems

2.1. Static Wireless Charging

Static wireless charging systems operate on the principle of
electromagnetic induction, where power is transferred from a
charging pad (transmitter) to a receiver coil installed in the
EV. In wireless charging systems, a transmitter coil is
embedded in the ground or the charging pad, which generates
an alternating magnetic field to effect wireless power
transmission. A receiver coil, mounted at the bottom of the
electric vehicle, captures this magnetic field, leading to the
retransformation of magnetic into electrical energy for battery
charging. Power electronics comprise rectifiers, inverters, and
controllers of the flow of power between the transmitter and
receiver coils. [4]

The working mechanism is initiated by aligning the vehicle
so that optimal coupling is provided between the transmitter
and the receiver coils, just like placing one magnet on top of
the other. [8] The transmitter coil, already coupled with the
receiver coil, creates an alternating current that, by induction,
creates alternating voltage in the receiver. The phenomenon is
termed electromagnetic induction, thus allowing wireless
power transfer between the coils. The AC voltage induced in
the receiver coil will be converted to DC using an on-board
rectifier; it is converted to a stable DC voltage ready to charge
the EV battery. This in turn charges the EV's battery and helps
it store electric power for subsequent usage.

Some of the efficiency considerations are the proper
alignment of the coils, the distance between the transmitter
and receiver coils, and the frequency of operation of the
wireless charging system. [7] Power transfer efficiency can be
improved by increasing the frequency, but that would also
bring other challenges with it, like an increase in
electromagnetic  interference and effective thermal



management.

2.2. Dynamic Wireless Charging

Dynamic wireless charging systems enable power transfer
to EVs while they are on the move. Key components of the
dynamic wireless charging system for electric vehicles enable
efficient in-motion charging. These systems are based on
road-embedded transmitter coils, serially energized with time,
to produce magnetic fields so the continuous charging
capability can be provided along the road. The vehicle
receiver coils, placed on the bottom of the EV, receive the
magnetic field and convert the received magnetic field back
to electrical energy in the form of recharging the EV
continuously while it is moving. [6]

The power management system enables continuous,
effective power transfer by controlling the buried road
transmitter coils' on-off mechanism in accord with the
position of the vehicle. This will ensure the continuous and
uninterrupted transmission of power while at the same time
regulating the power flow from the receiver coils into the
battery of the EV. The operational mechanism will entail the
sequential activation of the transmitter coils embedded in the
road, giving rise to a moving magnetic field, thus inducing a
voltage in the receiver coil of the vehicle. This voltage is
converted to DC, and therefore charging the battery will take
place all along, even while the EV moves.

Important efficiency factors for DWPT are vehicle speed,
alignment accuracy of the vehicle over transmitter coils, and
advanced control mechanisms. [6] These three combined
factors, with the addition of high speed, alignment, and
control mechanisms of the vehicle, are the main factors to
give high efficiency of dynamic wireless charging systems for
EVs.

2.3. Comparative Efficiency Analysis

Energy transfer efficiency is typically higher in static
systems. The fixed alignment and minimal variation in coil
distance contribute to more consistent and efficient power
transfer. In contrast, dynamic systems face challenges in
maintaining high efficiency due to varying speeds and
alignments during on-the-go charging. [7]

Infrastructure complexity differs between the two systems.
Dynamic systems require extensive modifications, such as
embedding coils in roadways and implementing sophisticated
control systems. This complexity increases the installation
and maintenance requirements. Static systems, on the other
hand, are simpler to install and maintain as they typically
involve stationary charging pads or stations. [8]

User convenience is a notable advantage of dynamic
wireless charging. It allows for on-the-go charging, reducing
the need for large battery capacities and frequent charging
stops. This flexibility offers convenience to EV owners,
especially during long journeys. Static systems, while
convenient at designated charging spots, do not provide the
same level of flexibility for charging while driving. [6]

3. Economic and Infrastructural
Considerations

3.1. Cost Analysis

Static systems offer a fairly moderate price to set up, which
includes relatively low costs for the charging pad and
associated power electronics, as well as labor installation
costs. Widespread implementation of charging infrastructure,
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however, will likely represent an upfront investment in
charging stations, modifications to parking space, and
electrical infrastructure upgrades. Generally, the installation
of dynamic systems is high due to civil engineering works,
trench digging, coil laying, and road resurfacing. As a result,
controlling each coil sequentially calls for sophisticated
controls, thus increasing the cost of the infrastructure with
dynamic wireless charging in the first place. [3]

Maintenance costs for the static wireless charging systems
will be very low, as they will only need checking and
calibration of the charging pads from time to time and
components worn out from replacements. Dynamic systems,
on the other hand, will incur higher maintenance costs since
the infrastructure is huge and complex, therefore making the
embedded coils on the roads prone to wear and damage. They
have to be checked and repaired quite often to ensure proper
functioning.

Electricity cost during the charging sessions will form most
of the operational costs for static wireless charging systems.
Higher efficiency greatly reduces the overall energy
consumed in static charging, while dynamic systems may
have higher energy losses due to the efficiency issues with
different vehicle speed and alignment angles. [8]

3.2. Infrastructure Requirements

Static wireless charging will require installations of
charging pads in strategic locations like parks, residential, and
business centers, which must have reliable sources of power
and efficient electrical systems. Aging of electrical systems
and technological advancement towards smart grids improve
the efficiency of charging. [8] Public spaces for charging
should have friendly environments for users, payment
systems, and alternative methods that are friendly to users.
Channels that are provided through signage and markings can
be followed by the EV users sufficiently to access and park in
charging pads.

Dynamic wireless charging would need to have transmitter
coils integrated into the roadway. These are put in high-traffic
areas in a general sense, or maybe even set as explicit
charging lanes. [6] This would be a huge engineering
challenge that would require coordination with transportation
agencies and urban planners. The system should have
advanced control to coordinate the activation of the
transmitting coil with vehicle movement in order to transfer
power smoothly and cause minimum interference. Dynamic
wireless charging systems require sophisticated grid
management and energy storage. Otherwise, if the offsetting
of power grid load and stabilization of electricity supply are
not maintained, implementations would not be successful.

3.3. Economic Viability

Economies for static and dynamic wireless charging
systems can be established in terms of costs against potential
benefits and revenue streams.

The static wireless charging offers comfort for the user
while minimizing connector wear and also scoping for
receiving power from renewable energy sources. Potential
revenue streams may be supported through levying charges
for usage or on a subscription basis, as well as through
collaboration with property-owning commercial entities. [3]

For dynamic wireless charging, the key features include
increased range, reduced battery capacity, and user
convenience, while the negative features of lots of
controversy, opposition, and research challenges are common:



the need for deployment of massive infrastructure, which may
result in increased vulnerability to EMI; fixed and high-cost
investment at the initial stage of implementation; and slow
adoption. [6] The primary challenges that the DCS
deployment and adaptation are facing in becoming wide are
the high installation and maintenance costs, the need to ensure
its reliable operation in varied environmental conditions, and
widespread acceptance among vehicle manufacturers and
customers. It is essential to work on regulatory and safety
issues associated with electromagnetic fields exposure.

3.4. Policy and Regulatory Considerations

Establishing industry-wide technical standards is crucial to
ensure compatibility between different wireless charging
systems and vehicles. Standards must cover aspects such as
frequency, power levels, and safety protocols. Governments
and regulatory bodies need to develop frameworks that
support the deployment of wireless charging infrastructure.
This includes guidelines for installation, operation, and safety
standards to protect users and the general public.

To encourage the adoption of wireless charging
technologies, governments can provide incentives such as tax
credits, subsidies, and grants for both consumers and
businesses. These incentives can help offset the initial
investment costs and spur market growth.

Collaborations between the public sector and private
companies can facilitate the development and deployment of
wireless charging infrastructure. Public-private partnerships
can leverage the strengths of both sectors, combining public
funding and oversight with private sector innovation and
efficiency.

Wireless charging systems should align with broader
sustainability and environmental goals. This includes
promoting the use of renewable energy sources to power
charging stations and minimizing the environmental footprint
of infrastructure projects. Regulatory agencies can establish
energy efficiency standards for wireless charging systems to
ensure that they operate with minimal energy losses. This will
help reduce the overall environmental impact and improve the
economic viability of the technology. [3]

3.5. Market Adoption and Consumer Behavior

Effective information campaigns promote the benefits of
wireless charging systems, highlighting their convenience,
efficiency, and potential cost savings. Pilot projects and
demonstrations provide tangible proof of the technology's
capabilities, building consumer confidence and showcasing
the practical benefits of wireless charging. [3]

Wireless charging is gaining popularity due to its
convenience, eliminating the need for cables and enhancing
user experience. It reduces range anxiety, making electric
vehicles more appealing to a wider audience. Additionally,
wireless charging can lead to cost savings by reducing wear
and tear on physical connectors and potentially lowering
maintenance costs for users and infrastructure providers.

The initial cost of installing wireless charging systems can
be a significant barrier for consumers and infrastructure
providers. To overcome this, economies of scale and
technological advancements are needed. Compatibility across
different vehicle models and charging systems is crucial, as
lack of standardization can lead to consumer reluctance.
Concerns about reliability and efficiency should be addressed
through rigorous testing and transparent communication.
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4. Case Studies and Real-World
Applications

4.1. Existing Wireless Charging
Implementations

Wireless charging station adoption and deployment in
public spaces has been sparked by cities all over the world.
For example, Oslo, Norway has started using charging
stations for electric taxis on a trial basis. As a result, downtime
is decreased, and electric charging efficiency is increased. On
the other hand, uniformity across different models and unmet
upfront or excessive installation expenses remain unresolved
issues. Other businesses, such as WiTricity and Plugless, are
introducing plug-free home wireless charging solutions to the
market, but because of their greater price and less
compatibility, adoption rates remain low. In South Korea,
wireless charging is being used to test dynamic wireless on a
portion of a highway to power electric buses. This experiment
demonstrates that dynamic charging, as an alternative to high-
capacity center loading batteries, can be used to extend the
range of electric buses. The primary obstacles that dynamic
charging must overcome include the need for extremely
precise alignment between the vehicle and the charging
infrastructure, as well as the high cost of installation and
maintenance. [5,9]

4.2. Future Prospects and Potential
Applications

Wireless charging technology can be integrated with
autonomous vehicles (AVs) to improve efficiency, reduce
downtime, and lower operational costs. AVs can navigate
wireless charging stations or dynamic charging lanes without
human intervention, ensuring continuous operation without
human intervention. However, reliable communication and
safety standards are crucial. Wireless charging can also be
applied in commercial and industrial settings, such as fleet
vehicles, delivery trucks, and warehouse equipment, to
improve operational efficiency and reduce manual charging.
This reduces labor and time associated with manual charging,
improving fleet management and logistics operations, but
requires significant infrastructure investment. [9]

5. Conclusion

This paper explores the development of wireless charging
systems for electric vehicles (EVs), focusing on both static
and dynamic systems. While the initial costs of wireless
charging infrastructure are high, long-term benefits like
convenience, reduced maintenance, and enhanced user
experience justify the investment. Government incentives and
public-private partnerships are crucial in overcoming
economic barriers, while standardization, incentives, and
regulatory frameworks are essential for the deployment and
adoption of wireless charging systems. Policies promoting
sustainability and energy efficiency will also play a key role.
Consumer awareness, convenience, and cost savings are
critical drivers for adoption. However, barriers such as high
initial costs, compatibility issues, and perceived reliability
need to be addressed through targeted strategies and
education.  Technological = advancements, expanded
infrastructure, and integration with autonomous vehicles are
expected to shape the future of wireless charging.

Recommendations for the wide usage of wireless charging
technology include continuous R&D for improved efficiency,



standardization for compatibility and interoperability,
information campaigns or demonstration projects to build
consumer confidence, supportive policies and incentives from
governments in the form of tax credits, subsidies, and grants,
public-private partnerships for development and deployment,
and scalability for wider impact and coverage.

Wireless charging technology represents a significant step
forward in the evolution of electric vehicles, with potential

benefits in terms of convenience, efficiency, and sustainability.

By addressing economic, regulatory, and consumer-related
barriers, and through continued innovation and collaboration,
wireless charging can play a crucial role in shaping the future
of transportation.
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