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Abstract: The electrification of vehicles has been considered as one of the possible alternatives to
minimize the dependence on fossil fuel and environmental emissions in smart cities. Although there
has been increase in the uptake of electric vehicles (EV) in cities its widespread adoption is impacted
by different challenges such as limited battery range, high purchase costs, and improved charging
convenience. To address these challenges, an innovative technology is proposed termed as dynamic
wireless charging technology (DWCT), which is a type of electric road systems (ERS) infrastructure
that allows for the propulsion and charging of EV. DWCT helps to charge the EV while in motion.
Although previous research has covered the technical aspects of DWCT, the widespread deployment
of DWCT in smart cities is limited by different barriers. Hence, there is a gap in the current research
regarding institutional and social perspective regarding the barriers that influence DWCT based ERS
adoption. Therefore, this article examines the environmental, social, institutional, economic, and
technological barriers that impact the adoption of dynamic wireless electric transfer technologies
for charging EV in smart cities. Findings from this study further investigate the feasibility of
DWCT by identifying recommendations to support road electrification towards the deployment of
ERS in smart cities.

Keywords: sustainable transportation; electrification of vehicles; electric vehicles; passenger vehicles;
electric road systems; dynamic wireless electric transfer

1. Introduction

Over the years there has been an increase in transport demand in smart cities with reduced
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penetration and consumption of renewable energy within the transport sector [1]. As transport,
especially road transport, is a key contributor of Greenhouse gases (GHGs), there is a clear need for
the transport sector to reduce CO:2 emissions by adopting low-carbon alternatives [2]. This has
necessitated the electrification of urban road transport with the use of electric vehicles (EV) especially
for passenger vehicles that contribute to sustainable road transport [3,4]. Thus, EV can be the solution to
the imminent environmental concerns associated with the transportation sector [5]. Accordingly, the
adoption of EV in smart cities has recently become one of the promising decarbonization alternatives for
the transport sector. This is because EVs are more sustainable as compared to conventional oil-powered
vehicles, especially if charging of the EV is provided via renewable electricity supply [1,6].

Accordingly, governmental policies are now directed to promote the use of electrified vehicles [7].
For instance, the European Commission Directive on the deployment of alternative fuels
infrastructure! has specifically high targets for EV charging infrastructure. Simultaneously, leading
automotive manufacturers are making substantial longstanding investments into electric mobility [3,8].
Despite the potential of EVs in smart cities, the energy storage capacity of EV batteries is not adequate
for long-distance travel [9]. Additionally, EV adoption has been slow due to concerns regarding
inadequate charging, infrastructure, the range of EVs, and at times long charging times at charging
stations [5,6]. The inclusion of larger batteries in EVs is not primarily the solution since they will
require a longer duration to recharge or access to charging infrastructures [9].

Moreover, the battery is an important element in EV that encompasses the total weight and cost
of the EV, which minimizes the cargo load capacity, as well as the monetary gain regarding less energy
demanding vehicles [9,10]. To make the vehicle to be less dependent on the battery, specifically
for passenger vehicles, and at the same time decrease the cost of EV, a viable solution could be to
transfer electric power to the EV from the roadway termed as electric roads (eRoads) or electric
road systems (ERS) [9,11-13]. ERS supply electric power to the EV while it is moving, like a trolley
bus or electric train. The deployment of ERS across major routes in smart cities road networks can
enable EVs to recharge from the road instead of solely relying on the on-board battery.

The implementation of dynamic wireless charging technology (DWCT) based ERS can help to
significantly reduce the capacity of battery required in the EV [1,14,15]. DWCT offer a cordlessly
“dynamic” and “wireless” charging approach that has the ability of supplying EVs with limitless
driving range while in motion [5,16]. For users (e.g., EV owners), and fleet operators this could
contribute to decreasing the size of EV batteries, which would lessen the weight and the cost of EVs.
Also, DWCT can improve battery life with lower discharge cycles and can improve the productivity
of EV by minimizing long charging duration [5,17]. To this end, this study aims to examine the
following research objectives.

e To identify the main infrastructure and stakeholders needed for effective ERS deployment.
e To examine the barriers that impede the deployment of ERS by stakeholders and users in smart cities.
e To present key recommendations to be adopted to support ERS adoption in smart cities.

To address these research objectives, exploratory research is employed grounded in literature to
examine the adoption of dynamic wireless electric transfer technologies for powering electric vehicles
in smart cities to overcome the relatively high cost of EV batteries and potentially facilitate the
electrification of passenger vehicles. The reminder of the paper is structured as follows: Section 2 is
the methodology employed, Section 3 is the findings, Section 4 is the recommendations and discussion,

! https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A32014L0094&qid=1748353661720
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and Section 5 is the conclusion and future works.
2. Methodology

To examine the adoption of ERS based on dynamic wireless electric transfer technologies for
charging EV in smart cities. This article conducts a literature review grounded on secondary data as
suggested by Webster and Watsons [18] and Brocke et al. [19] to support in the selection of relevant
sources. Accordingly, the collected data are gathered, reviewed and descriptively presented using
qualitative analyses. Data was collected from available online databases to provide information on the
status quo of ERS and technologies specifically dynamic wireless charging technology that is currently
being deployed on public roads or being developed through prior research studies. To select the suitable
sources Web of Science, Scopus, and Google Scholar analogous to prior studies [20,21], were used as
the online databases to retrieve suitable articles published from 2000 to 2026. The search strings
comprise of road electrification, electrification of roads and electric road system and wireless electric
transfer and electric vehicle re-charging or powering of electric vehicles and inductive charging or
wireless electric power transmission and electric vehicle adoption or EV adoption and smart cities.

Figure 1 depicts the PRISMA literature screening flowchart used for selecting suitable sources.
Using the search strings 72 potential articles were retrieved. Next, the retrieved sources were screened
by checking their titles and abstracts to evaluate if the papers are aligned to the study area of wireless
electric transfer technologies for recharging and powering of EV. In the next step, the full text of the
papers was manually scanned, and possible duplicates were excluded afterwards. Using these online
databases articles, such as journal papers, conference proceedings, and book chapters, were included.
Due to the nature and novelty of the topic being investigated, research project reports, theses, trial
results, dissertations, manufacturer information, and technical reports were also included as sources to
provide insight on ERS and dynamic wireless electric transfer technologies for powering electric
vehicles in smart cities [3,22]. Additionally, inclusion and exclusion criteria were specified to help
select only sources that are more aligned to the scope of the study.

For example, studies that did not provide research problems related to ERS specifically wireless
electric transfer technologies, did not provide a credible methodology, and did not provide scientific
findings were excluded. Also, the selected papers included peer-reviewed and published materials
between January 2000 and March 2026 to include the most current research on wireless electric
transfer technologies, with exception to the research by Tesla in 1904 proposed the concept of
transmitting electrical energy without wires and paper and Schwind in 1998 was granted a patent for
the work on armature induction charging of moving EV with batteries. These works are included since
they are pioneering research in the study area of wireless electric transfer technologies. The review of
the literature was carried out between January 2026 to March 2026. Also, studies not published in
English were excluded from this study.

Furthermore, non-English written papers were excluded due to lack of credible translation
capabilities. Accordingly, this current study was centered around finding literature related to the main
infrastructure and stakeholders needed for effective ERS deployment. Also, studies that provide
discussion on the barriers that impede the deployment of ERS by stakeholders and users in smart cities
and offer recommendations to be adopted to support ERS adoption in smart cities are included in this
review. Based on the inclusion and exclusion criteria out of the 72 sources, 16 sources were excluded,
resulting in 56 sources as seen in Figure 1. At the end of the search and screening a total of 56 sources
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were included in this review study to provide evidence on the research objectives stated in the
introduction section being investigated.
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Figure 1. PRISMA literature screening flowchart.

Qualitative data was extracted and synthesized from the selected sources to provide evidence
on the adoption of dynamic wireless electric transfer technologies for powering electric vehicles in
smart cities.

3. Findings
3.1. Background of road transportation electrification in EU

The climatic ambition for the transport sector within the European Union (EU) is aimed at
achieving 65% decrease of CO2 emissions by year 2050 as compared to the level of emissions
within 1990 [23-25]. European countries, such as Sweden and Norway, also have corresponding
climatic goals of achieving 70% and 40% reductions respectively in emissions by the year 2030, in
comparison to the levels of CO2 emissions in 2010 and 1990, individually [24,26,27]. Besides, there
are other strategies that have been proposed to be employed to reduce the use of fossil-based fuels,
such as the use of energy efficient vehicles, use of transport modes that have lower CO2 emissions per

AIMS Energy Volume 14, Issue 5, 1256-1275.



1260

commuter or goods for freight, and changing to transport means that have low CO:2 emission (e.g.,
consumption of gaseous fuels, bioenergy-based liquid hydrogen, and electricity) [28,29]. However as
mentioned in the literature [24], this current study is more aligned to reduce the use of fossil-based
fuel by electrifying the road transport sector.

The electrification of road transport is considered to have a considerable role to play in reaching
the EU climate targets [24,25]. As it is projected by the International Energy Agency (IEA) that the
number of EV use globally will continue to increase to about 130-250 million by 2030 [24]. The
electrification of road transport can lessen the levels of emissions, improve fuel efficiency especially
for heavy-duty vehicles (HDVs), and decrease operating costs [5]. The electrification of vehicles (e.g.,
passenger vehicles, such as electric cars) requires a charging infrastructure at residence, work, and in
public places to support charging convenience [30]. Although, the adoption of EVs in smart cities is
still slow mainly due to issues such as the driving range capability, specifically for HDVs that consume
nearly half of the energy in road transport [5].

Moreover, the widespread adoption of EV is faced with relatively high cost of battery, which
typically reduces the affordable range of electric cars to less than 200 kilometers (km). This is a key
barrier for the electrification of HDVs in smart cities, such as buses and trucks [1]. Accordingly, over
the decade ERS, which deploy dynamic on-road conductive or inductive electric power transfer has
been proposed as a technology that enables the EV to charge while it is being driven [24,31], enabling
a sustainable alternative charging mode for road transport. Furthermore, the use of renewable
energy resources (e.g., hydropower, solar, and wind), deployed in the vicinity of ERS can decrease
the electricity costs and associated GHGs [32]. DWCT is one of the types of ERS that provides an
alternative charging method while the EV is moving. For electric car users and fleet operators, this
could lead to a decrease of the battery size, which also reduces the weight and the overall cost of
the vehicle [5].

3.2. Stakeholders’ involvement in operationalization of ERS

To fully implement ERS for charging and powering EV, there are system actors and defining users
that collaborate and work together to achieve a functional ERS in smart cities. As mentioned in the
literature the key actors or stakeholders’ involvement for ERS adoption in smart cities can be
categorized between suppliers and users of ERS infrastructure as seen in Figure 2.

Accordingly, as shown in Figure 2 the “suppliers stakeholders” comprises of the utility companies,
electricity suppliers (e.g., transmission system operators [TSOs]), grid operator or electricity
distributors (e.g., distribution system operators [DSOs]), the ERS operator, road owners (both
public and private), vehicle manufacturers, original equipment manufacturer (OEM), technology
providers (software providers), technology manufacturers (hardware providers), public road
administration, road planning authorities, toll companies, insurance company, government
bodies/regulators, and ERS service provider [3,8,33]. The “user stakeholders” of ERS involves electric
car owners, road owners and operators, the daily operators of HDVs, passenger transport (public bus
transport), transport providers such as the road freight operators which transport goods and
services (e.g., logistic hubs), freight forwarder, electric taxi services, electric mobility as a service
provider (eMaaS), electric car rental service, and electric carpooling service [6,8,33].
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Figure 2. Stakeholders’ involvement for ERS adoption in smart cities.
3.3. Applicability of ERS in smart cities

Research and development related to the usefulness of ERS in society have received renewed
attention in some countries over the past few years [29,34]. This is because EV battery systems are too
heavy for HDVs or long-range vehicles [24,35]. HDVs are projected to be the early adopters of the
DWCT due to the higher benefits provided to these vehicles that travel on fixed routes. ERS could
generally connect cities enabling the propulsion and charging of EV thereby reducing the need for the
vehicle to stop and recharge [9]. This recharges the EV battery and enables the vehicle to leave the
electrified portion of the road network with charged battery [36,37]. By doing so, ERS could
significantly decrease the capacity of the battery required for an EV [1,38]. Practically, in ERS electric
power can be transmitted to the vehicle either from above, from the side, or from under the EV [9].

Within the road network, electric power could also be directly transmitted from an efficient
large-scale energy grid through the road directly to the EV [9,39]. ERS is one of the propulsion
solutions that contributes to achieve a sustainable transport sector [33]. Although the deployment of a
typical ERS infrastructure is presently much costlier more than oil based on data published for 2010
costs from case scenarios in Denmark (see [1]). But due to the increase in CO:z and fuel costs combined
with the decreasing cost of battery and renewable energy. It is projected that in 2050, ERS will be
much cheaper than oil based on the plummeting cost of cheaper EV battery [1,32]. Typically, as
highlighted in the literature [24,33], ERS infrastructure comprises of three main constituents as seen
in Figure 3.
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Figure 3. Main constituent of ERS infrastructure in smart cities.

Figure 3 depicts the primary constituents needed to implement ERS in smart cities. Although ERS
technologies are still in its early development phase and is being experimented in countries, such as in
South Korea, Sweden, Germany, the US, Denmark, etc. [24,27]. As such, there are different types of
ERS solutions in the research, development, and testing phases.

3.4. Electric power transfer in ERS

ERS is largely classified into three groups namely inductive (via DWCT), conductive (via
catenary or overhead), and conductive (via in-road rail). Both conductive and inductive charging
technologies can use different methods to connect to the road vehicle [1,3,5,33]. Originally, prior
charging installations connect to the vehicle from overhead, similar with existing tram and rail
infrastructure. However, over the years existing charging technologies are now connecting to the
vehicle from underneath, enabling both light-and heavy-duty vehicles to utilize the infrastructure [1,5].
The three main ERS technologies use different infrastructures to automatically provide on-demand
electrical power transfer for EV, while moving at low and normal traffic speeds (either by quasi
dynamic and/or dynamic) [3,24]. Electrical power is either transferred to the on-board battery unit of
the EV or can directly powering the EV’s propulsion system [3]. The two conductive and inductive
charging can be applied to static (stationary) EV charging, each of which is discussed below.

3.4.1. Conductive charging

With conductive charging electric power is directly transferred between the vehicle and the
charging system of the road via physical contact making electric power transfer more effective [33].
In a conductive charging, electric power is transferred by establishing physical contact between the
EV and a conductor equipment installed onto the road [40]. Thus, in conductive charging the EV is
physically connected to the road to receive electric power [1]. As the concept of conductive
charging is analogous to many conventional electric trams, trains, and trolley buses. As a result,
conductive charging is relatively mature even though it requires some adaptations to be applied to
road transport [1]. There are two kinds of conductive charging technologies namely the “over-head
catenary lines” and “in-road rail” [5,33]. The “over-head” conductive charging is well-tested and over
the years has a high level of technology readiness.

The “over-head” conductive charging uses overhead transmission lines or wires which make

AIMS Energy Volume 14, Issue 5, 1256-1275.
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electric power available to vehicles and an active pantograph which is situated on the top of the vehicle
and transfers electric power from the contact lines to the vehicle [5,40]. The over-head approach
implements constant connection between the moving vehicle and the electric power supply, mostly by
using a pantograph that connects to the catenary of the ERS: As over-head technology relies on electric
power transmission from a pre-defined distance across the road it is predominantly suitable for HDVs
and is not compatible with passenger vehicles [33]. Furthermore, the over-head conductive charging
uses an electrical current collector, referred to as a “pick-up”, that follows the electrified road acting
as the interface between the vehicle and the road [9].

With the moveability of highway vehicles which are HDVs, the pick-up is active in the ERS (which
is connected to an electrified rail in the road), with the ability to connect and disconnect depending on
the driving behavior of the vehicles and road conditions [5,9,24]. Electricity transfer systems that use
overhead transmission lines are mostly conductive. Thus, the dynamic transfer of electric power can
be achieved through overhead transmission lines or lines installed into the road. The overhead
transmission lines can be utilized by heavy vehicles (i.e., city buses and heavy trucks) [24,41]. This
enables the vehicle receiving the electric power to connect to the transmission lines via a type of
“pantograph” [24]. Although the over-head conductive charging provides simple way of charging
HDVs, the poles/columns and overhead transmission lines are installed on the side of the road installed
to the ERS infrastructure which can be considered as a challenge for road safety [41]. Also, there are
some challenges related to the roadside maintenance, which are affected by the poles/columns that
limits access [33].

Similarly, conductive in-road rail technologies utilize the same electrical power transferring rules
as over-head charging by installing rails in the road [5]. Although the in-road rail charging differs from
the “over-head” charging as it depends on segmented electrified rails embedded either in or on top of
the road surface [33]. However, conductive charging is faced with issues such as the wearing of the
charging equipment which is inevitable due to physical contact needed for re-charging of EV [33].

3.4.2. Inductive charging

In inductive charging technology no physical connection between the road and the vehicle is
needed [42-45]. Instead of rails in the road, a conductor (akin to the major side of a transformer)
installed inside the road creates magnetic field that can be received by the EV which is then converted
into electrical current [5,15,46]. Inductive charging technology deploys charging pads or transmitter
coils embedded within the roadway that transfer electric power to a pick-up unit under the vehicle
without any wired connection between the road and EV [5,47,48]. Hence, to enable the transmission
of electric power, inductive charging deploys a type of pick-up, corresponding to the other side of a
transformer [9,16].

Additionally, as seen in Figure 3 different roadside technologies, such as power inverters,
transformers, grid connection, communication systems, and sensors, are deployed to enable inductive
charging. When an EV with compactible receiver coil sensor is detected on the ERS road network,
electric power is transferred and delivered actively from the roadside unit [33]. This is managed via a
control center that administers the operationalization of the ERS that enables the user to use a “charging
app.” connected to their EV [14, 33]. Furthermore, inductive charging technology is not only deployed
for dynamic charging along the road but can also been exploited to provide static charging at bus stops,
parking spots or HDVs loading and unloading areas [33,49].

AIMS Energy Volume 14, Issue 5, 1256-1275.
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In inductive charging no coupling and decoupling is required eliminating the wearing on the
electrical equipment [5,33]. Similarly, inductive charging makes no visual impact on the physical road
surface and does not affect the road safety [33]. Electric power from the connected power grid is
converted into high frequency AC power, subsequent resulting in a varying magnetic field that is
received or picked up by the receiver coil. The varying magnetic field induces voltage in the secondary
coil, leading to electric current in the receiver coil enabling the generation of inductive power. Besides
from the receiver coil installed within the vehicle, the vehicle has an electric motor and a battery [33].

3.4.3. Operationalization of dynamic wireless charging technology

In inductive charging electric power is wirelessly transferred from a coil in the road to a receiver
coil installed under or in the vehicle as a pickup point [1,24,42], via an electromagnetic field termed
in this study as DWCT [1]. DWCT employs wireless power transfer (WPT) system to dynamically
deliver electric power to the EV [5]. WPT can be used by different vehicles such as electric cars,
electric buses, and trucks [24]. Ground on the literature [5], Figure 4 shows the advantages and
disadvantages of associated in deploying DWCT.

Advantages of Dynamic Wireless
Charging Technology

-It is much safer for road user or worker interaction Disadvantages of Dynamic Wireless
during maintenance. Charging Technology

-It offers a system that is commonly applied in the @

charging of EV

-Itis not influenced by harsh weather conditions during
maintenance activities. -It is mostly associated with more power losses in comparison to
conductive charging.

-There is less or no environmental pollution since the ) .
electrical equipment are fixed in the road. -The accessible of its components are not easy as such

) . . maintenance may be more demanding.
-It is appropriate for all types of EV such as electric Y &

cars, electric buses, and trucks. -It requires roadside infrastructure installations at frequent

intervals.
-1t is less susceptible to physical damage or sabotage.

-Its deployment is associated with can increased installation
cost due to the addition of electrical. components and alteration
of the existing pavement.

Figure 4. Advantages and disadvantages of DWCT in smart cities.

In DWCT the transmitting coils are placed beneath the road surface or fixed within the roadway
pavement and the receiver coil is positioned on the vehicle [5,33]. Electric power is transferred through
the electromagnetic field that is generated in the air gap between the transmitter coil and receiver coil
for the purpose of charging the vehicle’s battery. DWCT requires the receiver coil to be aligned with
the transmitter coil for pairing or coupling to occur between the coils and electric power transfer to
take place. The transmitter coil uses a power supply to convert between a DC input and the AC
transmitter output [5]. The transmitter coils are only energized when a receiver coil equipped within
an EV passes on top of each transmitter coil [43—45]. The coupling coefficient between the two coils
is a key parameter that determines electric power transfer efficiency and electric power transfer
capability of DWCT [5,46]. In recent years, the IPT charging solution has been assessed for charging
EVs. For example, Villa et al. [47] demonstrated a 5-kilowatt (kW) IPT system employing a large air
gap distance of about 20 centimeters (cm) with an efficiency of up to 95%.
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Likewise, Wu et al. [17] tested a 5 kW IPT system to transfer 90% of electric power with an air gap
of about 175 millimeters (mm) to about 265 mm. Also, the Oak Ridge National Laboratory (ORNL)>3*
demonstrated an IPT based system with a 270-kW electric power output with a fixed air gap of
about 100 mm [3]. The long-range battery energy storage requirement for HDVs is extensive, thus
resulting in high costs. The application of DWCT can help lessen this concern [5]. Besides, DWCT
can eliminate long charging times thereby improving the EV’s battery life with minimal discharge
cycles [5]. Although there have been a few pilots and demonstrations showing the applicability of this
technology for charging vehicles [1,33]. Many challenges including design of the electrical
components, design of the roadway, power distribution, and charging management need to be
orchestrated to have a scalable DWCT implementation in smart cities [5]. Also, the integration of
DWCT is relatively immature in comparison to conductive charging as such may not be able to support
the charging of EVs with high power requirements or highly efficient electric power transfer [1,5,33].

3.5. Barriers that impede the adoption of ERS

Although findings from prior study have identified the requirements that could be drivers or
impediments to the deployment of ERS [3]. The adoption of ERS in smart cities is influenced by
barriers which have implications on DWCT implementation. Thus, there are numerous environmental,
social, institutional, economic, and technological barriers that are to be addressed as seen in Figure 5.
Each of the barriers is identified from the literature as shown in Figure 5 and discussed in this section
of the paper.

Figure 5 depicts the barriers that hinder the adoption of ERS, such as DWCT, to recharge and
power EVs in smart cities. One of the barriers is the lack of initiatives that standardize ERS components
can limit higher level of deployment. Thus, standardization work should address applicable interface
between the transmitter coil and the receiver coil in DWCT also enabling the transfer of electric power
and information between the EV and the roadside infrastructure, required for communication and
billing systems [9,33]. Also, the legal and legislative aspects involved in the development of ERS in
urban context have not yet been outlined. Such barriers range from electrical safety laws,
environmental laws, and land (road network) accesses [9]. Additionally, there is a need for the
implementation of standardized interface that supports the ERS to be competitive in future electric
mobility market [33]. The implementation process associated with standardization and legal issues
should be addressed at the early stage of the ERS deployment [9]. The existence of regulatory
framework and legislative instruments for road transport can be a barrier that limits the deployment
of ERS. Regulatory framework are initiated to regulate the market and protect the public interest
addressing issues related to consumer interest, safety, environmental impacts and business
competition [3,50].

2 https://www.ornl.gov/content/vehicle-charging-goes-wireless
3 https://www.ornl.gov/news/charging-commute

4 https://www.ornl.gov/news/polyphase-wireless-power-transfer-system-achieves-270-kilowatt-charge-sets-another-world
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Environmental

-Design and construction guidelines [3, 49]
-Identification of suitable locations [5]
-The locations of the road network [5]

Social

-Health and safety regulations [3, 51]
-Flexibility in operation [33, 52]
-Increase in traffic congestion [1]
-Increase in the net electricity demand [24, 52]
-Impact of routine installation and maintenance

[3,9,52, 54]
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-Associated cost [5, 33, 52],
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-Availability of large upfront investment or
extensive or large investments [1, 5, 26, 33, 54]
-Profitability of ERS investment [33, 52, 53]
-Establishment of business model [3, 5, 6, 33, 52]
(Establishment of payment schemes [3, 5, 6, 33]J
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-Standardized interface [9, 33]
-Technical standards [51]

-Supporting communications protocols [3, 52]
-Availability of software and hardware [9]
-Data security, privacy and cybersecurity [3, 22]
-The availability of electrical infrastructure [3, 26]
-Access to the power network [5]

\ -Density of power substations [5] )

Figure 5. Barriers that impede the adoption of ERS in smart cities.

Furthermore, existing technical standards initiated by respective road administrations are set out
to be adopted in the design and construction of roads to govern design specifications for ERS
installation [51]. These standards govern what materials and design specification to be adopted for
ERS installation enabling structural integrity of the road structure and safe operation of the roads.
However, there are lack of design and construction guidelines provided specifically for ERS
implementation [3]. The possibility to achieve feasibility of ERS in relation to how the technology is
able to deliver high levels of electric power suitable for HDVs use [49]. This relates to how reliable
the current ERS systems are not only in enabling seamless electric power transfer but also in
supporting communications protocols used by ERS infrastructures [3,52]. The availability of
software and hardware infrastructure is a factor that is required to enable the transfer of electric
power needed to be developed before the widescale ERS operation. As such, there is need to assess
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how the software and hardware systems interact with the power substations differ between high and
low voltage components [9].

Evidence from prior studies highlighted that the charging power from prior ERS was mainly
diminished due to air gap tolerance and poor alignment or misalignment of EVs with respect to the
wireless charging infrastructure [52,53]. Its is suggsted that this issue could be adressed with the
provision of accessible driver training with incentives, electronic driving assistance systems, heads-up
displays (HUDs) or acoustic systems that provide support for better alignment with the wireless
charging infrastructure. Also, it will be helpful if existing wireless charging infrastructure are equipped
with a higher air gap and misalignment tolerance [52,53].

The general political viewpoint on the potential of ERS is a factor that determines policies related
to the deployment and adoption of this technology [3,53]. Thus, government involvement is needed in
a roll-out phase of ERS deployment, but at a later phase the implementation could be supported by
private actors. As the road infrastructure systems in European counties, such as in Sweden, are mainly
publicly owned and funded as such are regulated by the Swedish Transport Administration who
manage the management of national highways [33,54]. On the contrary, the energy market is
regulated and typically controlled by private businesses that operate under EU legislation. The
integration of regulative forces from the governmental and private sector is a challenge for the
widespread of ERS [33]. Therefore, there are uncertainties regarding the level of governmental control
regarding ERS system operation. For instance, what role should the public road administration and
other stakeholders play in the operationalization of ERS and how will the stakeholder and user
ecosystem be designed [8,33].

The identification of suitable locations for deploying ERS typically depends on the road
environment (e.g., terrain features), and road characteristics (e.g., proposed length of the electrified
road). As such, it is recommended that the deployment of ERS should be situated in existing road
network without physical constraints on the road environment [5]. Thus, the locations of the road
network can be considered as a factor that can affect the deployment of ERS. For example, the
occurrence of flooding or water accumulation can result in risk causing damage to the ERS
infrastructure [5]. Another importanct factor relates to health, and safety regulations should be strictly
adhered to road users and road owners. This relates to the risks regarding electrocution and the
consideration of road workers safety especially during maintenance operations [3]. To help assess the
safety issues associated with ERS, there is a need to adhere to electrical safety standards and risk
assessment models [51]. For example electrical equipment should not be easily accessible to the public
such as roadside equipment should be securely isolated to inhibit deliberate or accidental contact with
potentially large electric currents [3].

All these operation can be vulnerable to breaches of users data; hence, data security, privacy and
cybersecurity is another factor that has to be considered espcially as all ERS require software systems
for energy management, control and optimization, transfer, and billing purposes [3,22]. The flexibility
in operation of ERS is a factor that influences the adoption of this technology. For example, EV owners
should be able to operate and use the electrified road as many hours of the day as possible [33]. As the
deployment of ERS depend on the type of installation and materials of the charging infrastructure [52].
Thus, the availability of electrical infrastructures needed to deploy ERS is a factor that may delay the
the development of this technology. As such, there is need to consider procurement and supply issues
if the industry has the capability of supplying the needed materials in the quantities required for large
scale ERS installations [26]. Likewise, is the automotive industry able to manufacture adequate ERS
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compatible vehicles within a short period thereby encouraging uptake of ERS [3].

Deployment strategy should be initiated to ensure the availability of electric power enabling
access to the power network (accessibility to the electric power network). Another related factor
relates to the identification of optimal locations where ERS can be built. For this finding from the
literature [5], suggested that the distance of ERS from power substations should be less than “1 mile”
to the roadway to ensure sufficient electric power distribution. Although, this highlighted distance may
vary in relation to the density of power substations in the area where ERS is to be built [5]. The
anticipated loading/capacity from the power substations should also be anticipated since it will
influence the power capability of the ERS thereby determining the suitability of each power substation
for connection to the entire electrified road network. One of the major barriers for the deployment of
ERS is associated cost [5,52].

For potential ERS stakeholders, costs relate to owning and operating ERS compatible vehicles;
thus, vehicle investment, cost of service, and maintenance all create uncertainties [33]. Also, there is
electrical infrastructure cost related to the power distribution and charging systems [5]. Accordingly,
there are inadequate funding and investment strategies needed to support the finance, ownership, and
maintenance of ERS systems [3]. Thus, ERS development is hindered by the availability of large
upfront investment or extensive or large investments in infrastructure that are required for achieving
fully operational system. As investments cannot be completely covered via government financing,
private actors and stakeholders need to be involved in early investments [1,33,54]. For example,
evidence from the prior study [33] reported that the Swedish government have committed to support
half of the financial costs needed for initial testing of ERS projects, but the remainder must come from
private funding. Furthermore, it is expectation that ERS adoption will be economically feasible [5,26].

Findings from the Swedish Transport Administration estimated that transitioning to ERS will
contribute to lower costs for fuel as compared to conventional diesel vehicles [33]. Also, evidence
from the literature highlighted that the adoption of ERS has the potential to provide competitive
advantage for its EV users partly by reducing their operational cost [33,52]. Also, there is an interest
among direct users that ERS can support profitable investments for EV owners [33,53]. Nevertheless,
EV owners are concerned that ERS compatible vehicles will be inadequate in the early phase of ERS
development. It is projected that this will impact on the profitability of ERS investment. Similarly, the
investment cost needed for purchasing an ERS compatible vehicle is not established yet, creating further
uncertainties [33, 53]. Moreover, there are uncertainties associated with the establishment of business
model and payment schemes, such as pay-by-use and other types of subscription models [33,52].

This necessitates the development of innovative business models needed to accelerate the
commercialization of ERS [5,6]. The business model will comprise the identification of value
proposition, users as customers, revenue sources, expenses, and the stakeholders/actors involved in
delivery of ERS [3]. The adoption of ERS could lead to increase in traffic congestion especially in
densely populated cities if this technology is accepted by EV road users in the future [1]. Likewise, the
electrification of road transport will increase the net electricity demand. Thus, there is need to set up
contingencies to manage the amount of electric power (how much), if it correlates with peaks in energy
use (when), and how the new load (ERS) will be geographically allocated (where) as the use of ERS
increases [24,52].

The deployment of wireless infrastructures comprises of coil embedment and pavement durability
for construction site logistics, civil engineering works preparation, coil installation, and asphalt road
paving [52]. Also, there are concerns regarding the impact of routine installation and maintenance of
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the embeded coils, as well as the for lasting pavement durability, may have an impact on the operation
of the wireless charging systems expecially during the rainy and winter seasons [3,54]. Thus, to support
proper functioning of ERS there is a need for new routines for winter road maintenance. This may
involve maintenance equipment, such as graders and plow trucks, that do not district any raised road
installation [9]. However, there is a need for de-icing and snow removal tools that reduce the risk of
water accumulation within the joints between the ERS installation on the road surface that can cause
frost damage [9]. Also, there is a need for maintenance pavement of asphalt regarding changing
electrical installations installed on the road segment which may require the closure of the lanes [9].
The attitude of EV users is a factor as most use may choose to adopt conventional technologies in
which they have prior knowledge in. Thus, the lack of knowledge in ERS is a barrier that limits the
widespread adoption of this technology [33].

4. Discussion and recommendations

This study explores the state-of-the-art of ERS presenting the types of ERS (inductive [via
DWCT], conductive [via catenary or overhead], and conductive [via in-road rail]). Analogous to prior
studies [3,5], findings from this article review the main constituent of ERS infrastructure and
stakeholders’ involvement for ERS adoption in smart cities. The current study contributes to the
literature by exploring the main infrastructure and stakeholders needed for effective ERS deployment,
identifying the barriers that impede the deployment of ERS by stakeholders and users in smart cities
and finally providing recommendations to be adopted to support ERS adoption in smart cities. Key
findings from this study present ERS systems in terms of the type of charging technologies they
employ (static or dynamic) in relation to the road surface (conductive overhead or catenary, in-road
rail, or in-road inductive via DWCT) and the types of EV that can be charged (electric cars, electric
buses, HDVs for freight). Findings from this study provide the advantages and disadvantages of
DWCT and further present a comprehensive review of barriers that can influence the adoption of ERS,
such as DWCT, for re-charging and powering EVs in smart cities. These findings will be beneficial for
transportation planners and decision makers who are interested in designing and deploying electrified
road networks. Also, to gain public support by creating community engagement strategies with the
public informing mainly EV owners of the potential benefits of ERS thereby getting their support for
widespread adoption [3,21].

To support the development of ERS technology, government and policymakers should allocate
more funding to accelerate projects on the electrification of roads, as a means for the cost-effective
decreasing transportation. There is need for collaboration with key stakeholders from the vehicle,
electricity, road, and construction/building sectors in combining their skills and backgrounds to enable
the implementation of ERS [1]. The involvement of governmental agencies and safety associations by
initiating regulatory frameworks and technical standards for ERS can accelerate the acceptance and
update of ERS technology [3,20]. Findings from this study presents evidence on the economic
feasibility and future competitiveness of ERS, considering infrastructure investment, electricity grid
integration, energy losses, and maintenance requirements on deploying wireless electric transfer
technologies for recharging and powering of EV in smart cities. Moreover, findings from this study
are also analogous with results from prior studies [3,54], which highlighted that the adoption of ERS
for powering EVs is faced with barriers ranging from installation, operational, and maintenance costs;
impact of the deployment on the road network; and existing regulatory and business models being
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employed for charging EVs.

Similar to the results from [53], the findings indicate that technical feasibility, safety and security,
ownership, and governmental (political) influence increase in electricity demand and user acceptance,
and users’ opinion can influence the widespread adoption of ERS, such as DWCT [53]. Although prior
studies, such as Wang et al. [55], examined dynamic wireless charging for lane reversal towards
achieving a connected and automated EV deployment in highway and Zhang [56] explored eco-driving
control towards improving connected and automated EV at signalized intersections deploying wireless
charging, there are fewer studies directed to investigate barriers shown in Figure 5 that can help ERS
service providers, operators, and other stakeholders (as seen in Figure 2) knowledge in implementing
ERS technology. Findings from the literature argued that the initiation of regulations and provision of
incentives can support the adoption of ERS in smart cities [5]. Although evidence from the literature
mentioned that the investment costs are very high for ERS [1], investment in renewable energy
resources (RES) (e.g., solar, hydropower, and wind turbines) in the locality of ERS can decrease the
electricity costs and associated GHG emissions. To support the electrification of roads the use of RES
can be supplemented with battery energy storage systems for decreasing impacts on the power grid.
Also, the application of DWCT has the potential to accelerate the inclusion of autonomous vehicles,
in smart cities [33].

There is a need for road vehicles to communicate with one another while connected to ERS
infrastructure. This will promote the operation of the electrified road network and enhance traffic flow.
Thus, ERS infrastructure could be exploited to improve telecommunication networks, via wireless
communication employed by EVs driving along the electrified road thereby facilitating self-driving or
autonomous cars [1]. Moreover, DWCT can support the development of autonomous vehicles with the
use of road sensors installed on the electrified road network providing tracking and provision of
guidance for the positioning of autonomous vehicles [33]. The adoption of ERS might have
implications that impact stakeholders within the transport market, as they may have limited resources
to adopt DWCT. As such, considerations are to be made regarding the operation and management of
ERS. Issues related to ethical consideration, data governance and sovereignty must be addressed to
have safe and secure ERS operations in smart cities [22,33].

Furthermore, data governance strategies can contribute to address data leaks or misuse that can
result in unsafe for ERS users. For example, the adoption of ERS in current traffic operations might
change the traffic behaviors and possibly increase the risk of traffic accidents [33]. Additionally, findings
from this study advocate for the applicability regulations, standards, and guidelines that stakeholders,
such as road operators, should consider for the deployment of ERS either conductive or/and inductive
electric power transfer solutions. To ensure safe use of ERS, especially for DWCT where the main
concern is the effect of electromagnetic (EM) exposure on humans and animals due to inductive power
transfer via the air gap. The ICNIRP guidelines for wireless charging® or IEEE 2867-2024° standards
can be followed to provide recommendations that are to be complied regarding EM exposure. Likewise,
for conductive for in-road rail solutions, the exposure of live rails/wires, the IEC 62128 series’ which
ensures that hazardous live parts should not be accessible. For conductive catenary or overhead, the cable
should be out of contact with humans with appropriate clearance [3].

5 https://www.icnirp.org/cms/upload/publications/ICNIRPemfgdl.pdf
¢ https://standards.ieee.org/ieee/2867/10179/
7 https://webstore.iec.ch/en/publication/6496
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5. Conclusions

The current increase in demand for the mobility of people, goods, and services within the
transport sector necessitates the need for low-carbon solutions, such as ERS, which enable lighter and
heavy-duty vehicles road transport to be electrified, such as electric cars, buses freight, and trucks.
ERS offers an alternative for decarbonizing land transport. The electrification of passenger cars,
private car transport or lighter vehicles, and heavy-duty vehicles can contribute to the reduction of CO2
emissions from the transport sector. However, for the electrification of the transport sector to be fully
successful, certain barriers need to be addressed. Moreover, the institutional and social perspective in
the adoption of ERS has not been well explored in previous research as there is a need to build
knowledge from this perspective by examining the adoption of ERS from the environmental, social,
institutional, economic, and technological lens (as seen in Figure 4). Accordingly, this study aims to
explore institutional and social perspective regarding the environmental, social, institutional, economic,
and technological barriers that influence DWCT based ERS adoption, thus contributing to existing
research in sustainable transport.

The identified barriers can be considered by policy makers to drive ERS adoption in smart cities.
Key findings from this study present a review of road transportation electrification in EU, identifies
the stakeholder’s involvement for ERS. The findings further highlight the applicability of ERS in smart
cities and review existing electric power transfer in ERS comprising of catenary or overhead
conductive charging, in-road rail conductive charging, and inductive charging based on dynamic
wireless charging technology. Findings from this study offer valuable insights on usefulness of
dynamic wireless electric transfer technologies for powering electric vehicles in smart cities. These
insights are not only valuable for public road administration and road planning authorities but also
valuable for ERS operators, ERS service providers, and vehicle manufacturers when designing the
future landscape for electric roads networks. Future research can work toward exploring additional
requirements needed for upscale development of DWCT-based ERS. Furthermore, primary data will
be collected from survey questionnaires to evaluate the identified barriers that influence the adoption
of ERS in smart cities.
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