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Abstract:
Nowadays, electric vehicles are gradually replacing 
fuel vehicles. However, electric vehicles are restricted 
by battery and charging technology, and they still have 
significant shortcomings in terms of endurance and 
charging compared to fuel vehicles, which greatly restricts 
the application of electric vehicles. The most obvious 
example is that the application of electric vehicles is 
usually concentrated in urban areas, and few users will 
choose electric vehicles for long-distance travel. Dynamic 
wireless charging roads provide an almost permanent 
solution to this shortcoming, which enables electric 
vehicles to have nearly unlimited endurance. However, due 
to cost reasons, wireless charging roads are still a long way 
from large-scale commercialization. This article analyzes 
the technical principles of dynamic wireless charging roads 
and the experimental projects of dynamic wireless charging 
roads that have been carried out, and compares the 
charging technology of dynamic wireless charging roads 
with mainstream electric vehicle charging technologies 
in many aspects, and concludes and summarizes the 
significant advantages and future development direction 
of dynamic wireless charging road technology. And make 
predictions on the areas where dynamic wireless charging 
roads are most likely to be commercialized.

Keywords: Dynamic wireless charging highway, cost 
control, electric vehicle charging technology.

1. Introduction
With significant advantages such as cleanliness, envi-
ronmental protection and low operating costs, electric 
vehicles (EV) have seen their penetration rate in the 
global transportation sector continue to rise, and they 
have gradually become a powerful alternative to tra-
ditional fuel vehicles. However, the current develop-

ment of battery technology and charging infrastruc-
ture is lagging behind, resulting in issues of driving 
range and charging efficiency becoming the core 
bottlenecks restricting the further development of the 
electric vehicle industry. Taking a typical 300-kilo-
meter range model as an example, a traditional fuel 
vehicle only takes 3-5 minutes to refuel, achieving a 
rapid replenishment of driving range; while for elec-

Feasibility Analysis of Dynamic Wireless 
Charging Highway

Ruilin Xiong

School of Science, Tianjin 
University, Tianjin, 300000, China
e1582334@u.nus.edu

1



Dean&Francis
ISSN 2959-6157

tric vehicles with the same driving range, a single DC fast 
charge usually takes 1-2 hours, and if AC slow charging 
is used, the required time may even be as long as 6-8 
hours [1]. This significant gap is particularly prominent in 
long-distance travel scenarios, greatly limiting the scope 
of application of electric vehicles, making them mainly 
concentrated in urban commuting and short-distance trav-
el.
Dynamic Wireless Power Transfer (DWPT) is an innova-
tive solution to the above problems. By integrating wire-
less energy transmission devices into road infrastructure, 
it can realize real-time charging of electric vehicles while 
driving. In theory, it can break through the limitations 
of traditional driving range and open up a new path for 
the development of electric vehicles. Research on wire-
less charging road technology can be traced back to the 
1970s. As a pioneering exploration in this field, the US 
PATH project verified the feasibility of dynamic wireless 
charging technology for the first time. However, due to 
the limitations of the technology at the time, the project 
had problems such as low energy transmission efficiency 
(about 60%) and high construction cost (about US$1 mil-
lion/km) [2]. In recent years, with the rapid development 
of power electronics technology, electromagnetic coupling 
technology and intelligent control technology, research 
and demonstration projects on wireless charging roads 
around the world have entered a rapid development stage.
However, due to the current technical level and construc-
tion costs, the commercialization of this technology still 
faces many challenges. At present, the unit construction 
cost of wireless charging roads is as high as millions of 
US dollars, which is difficult to meet the economic feasi-

bility requirements of large-scale industrial applications 
[3]. The current research focus is gradually shifting to 
using wireless charging roads as a supplement to existing 
charging infrastructure, and improving the overall effi-
ciency and economic benefits of the system through coor-
dinated integration with traditional charging facilities such 
as charging piles and battery swap stations, or opening up 
dedicated charging lanes on highways [4]. Based on the 
existing research results, this paper will deeply explore the 
development trend of wireless charging road technology, 
key technical bottlenecks and its commercial application 
prospects.

2. The Technical Core of Dynamic 
Wireless Charging Highway
The technical core of the dynamic wireless charging 
highway is the Wireless Power Transfer System (WPTS), 
which can be divided into two core components. Its de-
tailed structure is shown in Fig. 1. The power transmis-
sion subsystem buried in the road structure layer mainly 
includes key equipment such as the pavement structure 
layer, the supporting structure and the transmitting coil. 
The pavement structure layer and the supporting layer 
will determine the overall durability and service life of 
the highway, while the transmitting coil determines the 
charging efficiency; and the power receiving system for 
electric vehicles, including receiving coils, filters, AC-DC 
converters, etc. The receiving coil is responsible for real-
izing the energy reception of the pavement coil, while the 
converter is responsible for power conversion and power 
supply functions.

Fig. 1 Schematic diagram of road-powered electric vehicles using wireless charging technology 
[5]

2.1 Highway Infrastructure System
The pavement structure system of wireless charging roads 
can be divided into two functional modules: the induc-
tive charging equipment module, which is located below 

the pavement structure layer and consists of a transmit-
ting coil device and a magnetic core. Current technical 
research focuses on improving energy transmission ef-
ficiency and reducing energy loss. At the same time, it in-
tegrates an intelligent recognition system to dynamically 
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control the opening and closing of equipment by real-time 
monitoring of the driving status of vehicles on the road, 
thereby achieving energy consumption optimization and 
efficiency improvement. And the pavement structure mod-
ule. Studies have shown that the thickness of the pave-
ment is negatively correlated with the wireless charging 
efficiency. A 110mm thick concrete slab will cause a 
power loss of 3.93W to the wireless charging system [6]. 
The performance of the pavement material directly affects 
the service life of the wireless charging road. Therefore, 
the pavement layer must meet the engineering perfor-
mance requirements such as high temperature resistance, 
mechanical impact resistance, waterproof and corrosion 
resistance, and minimize the shielding effect on electro-
magnetic energy transmission while ensuring the road’s 
use function.

2.2 Vehicle-Mounted Receiving Equipment Sys-
tem
on the vehicle side includes a receiving coil and a rectifier, 
which is responsible for converting the induced AC volt-
age into DC power for use by the vehicle drive system. 
Given that the current ground clearance of electric vehicle 
chassis has interval characteristics and the projection area 
of the chassis of a single model is relatively fixed, the key 
to this technology is to study the optimization of mutual 
inductance under fixed air gap conditions. Under the con-
dition of constant ground clearance of the receiving coil, 
the mutual inductance coefficient of the vehicle-road coil 
is improved by designing different magnetic core, thereby 
improving energy transmission efficiency and reducing 
losses. The balanced design between transmission dis-

tance and durability, although shortening the coil spacing 
can significantly improve transmission efficiency, will 
lead to a decrease in vehicle road adaptability and an in-
crease in the risk of equipment damage. Therefore, how to 
establish an optimal balance between energy transmission 
efficiency and system durability has become an important 
research topic in this technical field.

3. Economic Benefit Analysis of Wire-
less Charging Highway and Compari-
son with Existing Charging Technolo-
gies

3.1 Cost of Wireless Charging Highway
The cost of dynamic wireless charging roads can be basi-
cally divided into three parts: construction cost, long-term 
maintenance and operation cost of roads and equipment, 
and the cost of installing wireless charging road receiv-
ing systems on vehicles. Among them, the construction 
cost is the main body of the project, and its cost is much 
higher than the sum of the latter two. This is also the main 
dilemma facing wireless charging roads now - wireless 
charging roads are high-risk investments with high invest-
ment costs and low marginal costs. The balance between 
the investment cost recovery rate of infrastructure and 
public acceptance is one of the difficulties in realizing its 
industrialization. Without government support, the project 
is basically difficult to carry out. The project costs of vari-
ous countries are shown in Table 1.

Table 1. Summary of wireless charging highway field test projects in various countries [7]

Countries and 
organizations

Project 
Name

Charging 
efficiency 

/%

Economic 
costs

Per km
Structural details Project Status

Korean Science 
Institute of Tech-

nology

OLEV (4th 
generation)

80 $ 850,000
Rail Road length 24 m; Receiv-
ing coil: 80× 100× 8 cm

Several city buses in Gumi City are 
being operated Wireless charging

EU FABRIC Victoria 83 N/A

Track length 100 m; Transmitting 
coil 8, spacing 12.5 m, each 60× 
80 cm ; receiving coil 60× 250 
cm

In Turin, Italy, France’s Sarto built 
a test track road, For trucks OK feel 
answer charge Electrical testing

Bombardier com-
pany

PRIMOVE 90
3.25 million 
~6.15 mil-
lion euros

Track length 800 m; Receiving 
coil  200× 100 cm; None Wire 
Charge part 4pcs , spacing 20 m

The road has integrated transmis-
sion components, but some Com-
ponents not yet fully integrated into 
the vehicle
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Oak Ridge Na-
tional Laboratory WPT 95

1.32 million 
euros

Track length 3. 16 m; shoot Coil 
70. 2× 70. 2 cm

Several Toyota models were used 
to test the wireless charging effect.  
High charging efficiency.

3.1.1 Highway Construction

At present, the focus of capital investment in wireless 
charging highway projects is concentrated on the highway 
construction stage. Taking the Korean OLEV project as 
an example, the cost of road section construction accounts 
for more than 80%. Based on the differences in construc-
tion technology, the construction methods of wireless 
charging highways can be divided into the following four 
categories: trough construction; micro-trough construc-
tion; cast-in-place full-paving construction; prefabricated 
full-paving construction. Detailed descriptions can be 
found in Table 2. The first two construction schemes are 

suitable for upgrading and renovating traditional pave-
ments and have the advantage of low initial investment 
costs; while the latter two schemes are more suitable for 
new road projects, but there is a problem of long construc-
tion period [7]. Compared with traditional road construc-
tion, the incremental cost of wireless charging highways 
mainly comes from the electronic components such as 
transmitting coils and magnetic cores laid inside the road, 
as well as special treatment processes such as waterproof-
ing and high temperature resistance implemented for 
these components. Limited by the level of technological 
development and material costs, it is difficult to achieve a 
significant reduction in these costs in the short term.

Table 2. Comparative analysis of wireless charging highway construction methods [7]

Construction 
method

Width/mm
Buried 

depth/mm
Significant advantages Significant Disadvantages

trough con-
struction

350~2 200 60~100
Shorter construction time; Lowest initial 
construction cost; Only 1 lane closure re-
quired; Less excavation waste

The life cycle cost may be higher (more 
repairs); Longitudinal and transverse 
power supply connections are introduced 
in the center of the lane

micro-trough 
construction

20~30 120~300

Short construction time; less excavation 
waste; guaranteed road surface structure 
Integrity; the use of special filling materials 
can make the cable load Less impact on 
load; good waterproof; easy maintenance/
replacement

The life cycle costs may be higher (more 
repairs); Two longitudinal and 1 horizon-
tal Power connector

cast-in-place 
full-paving con-

struction

Full lane 
width

60~100
Only a single longitudinal joint is required; 
potentially longer life than trough-type con-
struction Lower life cycle costs

Long construction time; two-lane traffic 
control required; need to be Modification 
of the near lane

prefabricated 
full-paving con-

struction

Full lane 
width

60~100
Short construction time; high construction 
quality; only a single vertical Lower life cy-
cle cost

High initial cost; transverse joints can 
easily cause damage to adjacent lanes. 
Impact; precast panels are easy to move 
under traffic loads; maintenance is dif-
ficult Difficult; need to modify adjacent 
lanes

3.1.2 Vehicle Equipment

At present, most of the vehicle-side equipment used in 
wireless charging roads is in the trial stage, and no uni-
fied standards have been formed in terms of performance, 
coil operating frequency, and AC conversion devices. 
Therefore, it is urgent to carry out standardization work 
and establish technical specifications recognized by the 
industry. From the actual situation of the current electric 

vehicle market, requiring automobile manufacturers to 
specially develop electric models adapted to wireless 
charging roads faces great challenges in terms of techni-
cal feasibility and commercial economy. A more feasible 
solution is to design the vehicle-side wireless charging 
device as a modular subsystem, so that it has a high de-
gree of scalability and standardized interfaces, which can 
be compatible with mainstream electric vehicle models on 
the market, adapt to wireless charging roads of different 
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technical standards, and retain the original performance 
parameters of electric vehicles. In addition, as a terminal 
device that consumers directly contact, the vehicle-side 
wireless charging device can bear part of the project cost. 
For example, when launching a new model of vehicle, 
automobile manufacturers can provide optional services 
for wireless charging functions on the basis of basic con-
figuration, and through differentiated pricing strategies, 
achieve reasonable allocation of project costs and provide 
financial support for the subsequent construction and op-
eration of wireless charging roads.
3.1.3 Long-Term Maintenance and Use

The long-term maintenance costs of wireless charging 
roads mainly come from the aging loss of internal elec-
tronic components and road damage caused by extreme 
weather conditions. Due to the complexity of wireless 
charging technology and the fact that core components 
such as internal coils are buried below the road surface, its 
maintenance costs are expected to be significantly higher 
than traditional roads. To reduce maintenance costs, a 
modular design concept can be adopted to assemble the 
internal components of the road in sections, and local re-
placement of faulty components can be achieved, thereby 
improving maintenance efficiency and reducing mainte-
nance costs.

3.2 Comparison of the Advantages and Disad-
vantages of Existing Mature Charging Technol-
ogies

3.2.1 Wireless Charging Highway

Compared with traditional charging piles and other wired 
charging methods, wireless charging highway technology 
shows significant technical advantages and application 
potential. First, this technology breaks through the limita-
tions of the traditional charging process on the static state 
of the vehicle, realizes the continuous energy replenish-
ment of the vehicle during driving, effectively solves the 
mileage anxiety problem of electric vehicle users, and fun-
damentally expands the application scenarios and scope 
of electric vehicles. Secondly, wireless charging highways 
have the ability to charge multiple vehicles concurrently, 
and can provide electricity for multiple electric vehicles 
traveling within its coverage area at the same time. This 
feature has important application value in densely popu-
lated areas with a high number of electric vehicles. It can 
effectively alleviate the contradiction between supply and 
demand caused by the insufficient number of traditional 
charging facilities, and improve regional charging service 
capabilities and user experience.
3.2.2 Fast Charging Pile

Fast charging piles are the most widely used and most 
popular electric vehicle charging equipment, with sig-
nificant technical and economic advantages. The slow 
charging power is usually between 3.7kW and 22kW, 
and is usually used for home charging. The fast charging 
power can reach more than 600kW and is often used for 
public charging. [8] It has good compatibility with the 
power system, low equipment unit price, and small space 
occupation. It can be installed and used by simply modi-
fying the existing parking space, making it the preferred 
technical solution for most automobile manufacturers. 
However, fast charging pile technology is not perfect and 
still has certain limitations. First, in terms of space utiliza-
tion, although a single fast charging pile occupies a small 
area, the use of fast charging piles requires a matching 
fixed parking space, and the public parking spaces on the 
side of urban roads cannot meet the installation require-
ments of fast charging piles. In large cities, parking space 
resources are tight, and it is impossible to guarantee that 
every electric vehicle user has a dedicated charging park-
ing space. In contrast, wireless charging roads have obvi-
ous space utilization advantages and can realize dynamic 
charging of vehicles while driving without occupying ad-
ditional parking space. In addition, in terms of cost com-
parison, the construction cost of a wireless charging high-
way should not be simply compared with hundreds of fast 
charging piles, but the scale effect of wireless charging 
highways should be comprehensively considered from the 
perspective of the number of vehicles served. Wireless 
charging highways can provide charging services for a 
large number of vehicles on the road, with higher utiliza-
tion efficiency and service capabilities. In terms of safety, 
fast charging piles have certain safety hazards, and acci-
dents such as spontaneous combustion may occur during 
charging, which is an inherent risk determined by the 
physical characteristics of the battery. Wireless charging 
highways use wireless charging technology, which can 
effectively avoid safety accidents caused by fast charging.
3.2.3 Battery Swap Station

To make up for the shortcomings of charging pile technol-
ogy, battery swap stations came into being. Battery swap 
stations effectively solve the problem of long charging 
time of charging piles by replacing electric vehicle batter-
ies. Battery swap stations include automatic battery swap 
equipment, spare batteries and warehouses. The construc-
tion cost of battery swap stations is much higher than that 
of electric vehicle charging stations. In addition, battery 
swap stations usually involve labor costs for equipment 
maintenance, which further increases operating costs [9]. 
China’s NIO has started to apply related technologies. The 
number of battery compartments of NIO’s fourth-gener-
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ation battery swap station has increased to 23, while the 
battery swap speed has increased by 22%, and the single 
battery swap time has been shortened to less than 3 min-
utes (the faster battery swap speed gives the new genera-
tion of battery swap stations a maximum service capacity 
of 480 times per day [10]. The operation mode of battery 
swap stations is similar to that of gas stations for tradi-
tional fuel vehicles, but the technology also faces many 
challenges. The specifications of electric vehicle batteries 
produced by different automobile manufacturers are not 
uniform, which increases the difficulty of battery man-
agement and operation. At the same time, battery storage 
and maintenance technology has not yet reached a mature 
level, and there are certain technical and management dif-
ficulties. Nevertheless, in specific scenarios such as high-
ways, battery swap stations and wireless charging roads 
can form a complementary relationship, jointly improve 
the endurance of electric vehicles, and provide users with 
more convenient travel solutions.

4. Conclusion
Based on the analysis of existing research results and 
technology development trends, urban roads are an im-
portant breakthrough for the industrialization of dynamic 
wireless charging technology at this stage. In metropolitan 
city with scarce land resources, limited space resources 
cannot meet the growing demand for static charging of 
electric vehicles.
In this context, it is of great practical significance to 
transform road space into a dynamic charging carrier. By 
laying wireless charging facilities on urban main roads, 
ring roads and other traffic-intensive sections, it can not 
only meet the charging needs of urban electric vehicles, 
but also achieve efficient use of land resources. The 
large-scale commercial application of dynamic wireless 
charging roads tends to be first implemented in the traf-
fic core areas of super-large metropolitan areas or newly 
planned modern cities. This is mainly attributed to the 
following aspects: First, the initial construction cost of 
wireless charging roads is much higher than that of or-
dinary roads. Even if future technological advances can 
reduce some costs, its high cost is still difficult to promote 
on a large scale in ordinary cities, let alone popularize in 
highway networks. The implementation of such projects 
requires local governments to have sufficient fiscal bud-
get support, and at the same time, it is inseparable from 
national policy support as a pilot area for technology 
demonstration and promotion. Second, urban central areas 
usually impose traffic restrictions on heavy freight vehi-
cles, which to a certain extent reduces the requirements 
for road bearing capacity and provides more relaxed con-

ditions for the laying of wireless charging facilities. Third, 
super-large cities have a complete infrastructure support-
ing system and efficient urban management capabilities, 
which can effectively ensure the long-term stable oper-
ation of wireless charging roads, extend the service life 
of facilities, and maximize investment benefits. Fourth, 
the traffic flow in the core area of the city is dense, and 
dynamic wireless charging roads can provide charging 
services for a large number of electric vehicles on the 
road without affecting the normal traffic of vehicles, and 
effectively share the construction costs through large-scale 
applications.
In the current highway traffic system, electric vehicles 
are subject to the dual constraints of cruising range and 
charging time, and their driving range is usually limited 
to provincial administrative regions. When traveling long 
distances across provinces, fuel vehicles still dominate the 
long-distance transportation field because they exceed the 
vehicle’s cruising range and charging takes a long time. In 
order to break through this technical bottleneck, dynamic 
wireless charging lanes can be planned and constructed in 
the highway network, and the network can be connected 
in series with provincial capital cities as hub nodes. In 
this way, electric vehicles can charge while driving during 
cross-provincial driving, significantly improving the ef-
fective cruising range of the vehicle. If it can be further 
connected with the wireless charging road network within 
the city, in theory, a full-scenario unlimited cruising sys-
tem covering long-distance and short-distance travel can 
be built.
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