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Abstract — Electromobility is becoming an increasingly popular topic mostly thanks to its positive environmental impact. Replacing
combustion engine cars with electric vehicles seems to be a matter of time. Electric cars have many advantages, but their impact
ona power quality must be taken into consideration. The article describes current status of electromobility and problems related
to the influence of charging stations on a power system. The issue of standardisation of electromagnetic compatibility

requirements for charging stations is also discussed.
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INTRODUCTION

These days, internal combustion engine vehicles (ICEVs)
are considered to be one of the major contributors to
increasingly serious environmental problems due to the fact
that they emit greenhouse gases (GHG). The transportation
sector is said to be liable for 26% of global CO, emissions. This
proportion is even higher in some countries (at or above
30%), for instance the transportation sector in Israel
accounts for 39% of GHG emissions [1]. Various scientific,
political and industrial communities are participating in
efforts to reduce GHG emissions, escape fossil fuels scarcity
and their price volatility. For these reasons, electric vehicles
(EVs) have again become a very interesting alternative in
recent years. Renewed interest in EVs has contributed to the
creation of the new term electromobility (also known as
e-mobility), which according to [2] means the electrification
of individual transport. It can also be defined as a road
transport system based on electrically powered vehicles as
well [3].

The development of lithium-ion batteries plays
a significant role in a successful commerecialisation of EVs, as
well. Improvements in energy storage methods, especially
the drop of lithium-ion batteries prices and the increase in
the device’s specific energy, lead to another opportunity,
maybe the greatest, to implement EVs [4].

From the perspective of an electrical grid, EVs are viewed
as new consumers. They contribute to higher energy

demand and the need to increase power generation. The EV
charging process is able to influence the behaviour of the
power system because of its unprecedented level of
complexity. Due to EVs’ possible negative impact on the
grid’s power quality assessment has a become very
important topic [4]. Distribution networks, particularly
residential ones, are considered to be the weakest part of
the power system in terms of the impact of EV charging on
power quality issues [5]. The introduction of electromobility
is a challenge for all sectors of the industry.

This paper provides information about the current status
of electromobility and describes power quality problems
connected with EV charging. Electromagnetic compatibility
(EMC) standards concerning chargers are also characterized.
Furthermore, an overview of papers related to EV charging
and EMC testing is presented.

In this paper, the term electric vehicle applies only to cars
equipped with an electric motor that are fully or partially
powered by electricity.

I.  CURRENT STATUS OF ELECTROMOBILITY

According to [6] the global number of electric cars
reached 5.1 million (2.3 million units in China, 1.3 million in
Europe and 1.1 million in the United States of America) in
2018. As of the middle of October 2019, there were 6672
electric vehicles in Poland (4178 battery electric vehicles,
BEV, and 2494 plug-in hybrid electric vehicles, PHEV) [7].

As the number of vehicles increases, the publicly
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accessible infrastructure is also developing. There were
888 electric vehicle charging stations in Poland in the middle
of October 2019. 624 were slow AC charging stations with
22 kW power or less, and 264 fast DC charging stations [7].
Based on [6] there were 538 609 publicly accessible chargers
(395 107 slow and 143 502 fast) in the world in 2018. It can
be concluded that 105 361 new chargers were introduced in
that year when compared with a total number of EV
chargers in 2017 (433 248). As the figures show, the field of
electromobility in Poland is rather minimal, however it is
growing fast. Various organisations announced introducing
new charging stations in Poland in the upcoming years [7].
Table 1. shows countries with the highest number publicly
accessible slow and fast chargersin 2018.

Table. 1. Countries with the highest number publicly
accessible slow and fast chargers in 2018 [6]

Country Number of chargers
China 275000
The United States 54500
Netherlands 36671
Japan 29971
Germany 25724
France 24132
United Kingdom 17424

The Polish e-mobility index [7], that is being updated by
the Polish Automotive Industry Association (PZPM) and The
Polish Alternative Fuels Association (PSPA), is available on
the PZPM's website. Anyone interested can find out how
many electric vehicles travel on Polish roads and how many
charging stations are in operation. All data was collected by
PZPM and PSPA on the basis of complex data analyses
originating from the Central Register of Vehicles, as well as
their own research and records kept [8].

Il. AN ELECTRICAL NETWORK AND THE USE OF ELECTRIC
VEHICLES: POWER QUALITY ASPECTS

The main cause of power quality problems in power
systems are non-linear loads. Low power quality in electrical
systems might cause [9]:

e protection malfunction,

e transformer saturation,

e motor overheating,

o damage of a generator and turbine shafts,

® system resonance,

e capacitor overloading,

¢ light intensity change, which may result in irritation
and headaches.

Electric vehicles must be treated as new demanding
consumers. The high power required by fast charging
stations (at least 50 kW or even 350 kW in ultrafast charging
stations) might result in many negative effects on an
electrical grid in the form of voltage and/or frequency
fluctuations, increased transmission losses, harmonics,
phase unbalance, high frequency conducted and radiated
disturbances and other power quality problems. Taking into
account characteristic properties of EVs' electrical
equipment, EV chargers and the possibility of the occurrence
of large current and voltage pulses, wire bundles and a large
number of connections, it can be concluded that there is a
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considerable potential for mutual disruption of the work of
individual electronic components and modules triggered by
electrical conduction or the existence of capacitive and
inductive couplings or due to radiated emissions. Fig. 1.
shows a classification of EVs' impact on the power
system [4, 9-11].

Depending on the number of EVs, network
characteristics and charging capabilities of EVs, effects on
the power quality can be significant or negligible. As
aconsequence of the volatile nature of EV charging,
problems of increased peak demand and decreased lifetime
of atransformer might also arise [12]. For these reasons
ongoing research into the topic of charging strategies is
popular [13-16].

Since most of the charging will take place in private
areas, low voltage supply systems will mostly be impacted
by EV adoption. Currently the low number of electric
vehicles across Europe does not pose a significant thread to
the distribution grids. However, the EV share will be rising in
the upcoming years and the power quality parameters may
be affected, for instance due to an old existing power system
infrastructure. This can impose severe limitations on the
realisation of an appropriate placement of EV charging
stations and on the choice of EV charging technologies
because there were no EVs when the road and grid
infrastructure was established and constructed [17-19].

The presence of a high harmonic current injection in the
distribution networks is significant. EV chargers contain
non-linear power electronic devices, for instance AC/DC
converters. Due to this fact, the endurance and performance
of distribution network equipment might be affected
(additional losses in cables and windings of the power
transformers) [12]. EV charging must meet harmonics and
voltage requirements as specified by EN 50160,
IEC 61000-3-2/3-12 and IEEE 519 standards.

On the other hand, bidirectional charging of EVs and the
implementation of Vehicle to Grid (V2G) technology can
contribute to an improvement of the power quality
parameters as well. This solution offers many benefits to the
power system due to the possibility of using energy stored in
electric vehicles’ batteries, for instance as a spinning reserve
to meet sudden power demand changes. EVs can also be
used for frequency regulation, load balancing, voltage
regulation, harmonic reduction, and reactive power
compensation. Worth mentioning is a fact that in this
configuration the EV must be almost constantly connected
to the grid to be a part of an auxiliary service market. Public
parking lots with many charging points (shopping malls,
hospitals, workplaces, universities, city centres) would seem
to be the best solution for this strategy. EVs could also
improve operation of a power system in terms of reliability
and demand and help in case of outages in the power
system. Since renewable energy resources often mismatch
electricity demand, the usage of electric vehicles as a storage
technique can also increase the integration level of these
resources [9, 20].

Other power conditioning solutions can be as follows:

o device level: the implementation of new topologies
of chargers (for instance chargers equipped with front-end
and back end converters) and modifications in the control
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Fig. 1. Electromobility’s impact on the power system, based
on: [4,911]

systems of chargers (current control instead of voltage
control),

e power system level: the use of active filters or
passive power filters that contribute to harmonics
cancelation (power system level).

The implementation of electromobility should be
connected with analysing viewpoints of several parties: an
owner of an EV, an aggregator, a parking lot owner, a
transmission system operator (TSO), and a distribution
system operator (DSO) to maintain an acceptable level of
power quality [21].

lll. ELECTROMAGNETIC COMPATIBILITY STANDARDS FOREV
CHARGING

Electromagnetic compatibility (EMC) is the ability of
agiven device or a system to work properly in a specific
electromagnetic environment. A given device should not
emit electromagnetic field disturbances and should not
interfere with the proper operation of other devices [22].

The main international standards regarding
electromagnetic compatibility are IEC (International
Electrotechnical Commission) and CISPR (International
Special Committee on Radio Interference) standards. The
latter are used as national standards in various countries and
are also considered global standards. IEC and CISPR
standards are usually revised every 5 years to adapt their
technology level to current conditions. Harmonised Europe-
an standards have been introduced with the European
Union’s EMC directive 2014/30/EU which guarantees
electrical and electronic equipment does not produce
electromagnetic interference nor is affected by it. The
standards specify measurement methods and limits as well
as testing levels for both emissions and resistance of
electrical equipment, installations and systems. If the target
of the manufacturers of EV chargers is the European Union,
they need to adhere to the previously mentioned EMC
directive and make a Declaration of Conformity. Regulations
similar to these exist in most territories for most product
types [23, 24].

EMC standards are intended to protect electrical or
electronic devices against various interferences (for instance

surges or electrostatic discharges) and damage by
minimizing the risk factors in their environment. Compliance
with EMC standards is compulsory in most markets. EMC
monitoring is important to comply with legal requirements,
increase quality of a product and reduce the risk of
non-compliance [23]. The evaluation of EMC standards
requirements for EV chargers consists of emissions,
susceptibility and immunity tests. EMC testing also ensures
that when an EV is plugged to an electrical grid, an
unexpected vehicle motion or other, incorrect charging
conditions would not happen.

IEC standards that define the EMC requirements for
performance between plug-in EV chargers and EVs are as
follows [25]:

e |EC 61851-21-1, which informs about general test
conditions, for instance nominal voltage range and an EV’s
condition during testing. It specifies test methods and
requirements on immunity and emission as well,

e |EC 61851-21-2, which specifies requirements on
immunity and emission for off board components or
equipment of EV charging systems with rated input and
output voltage up to 1000 V AC or 1500 V DC. The current
version of this standard takes into account EMC
pre-compliance test methods for either the charging system
or the vehicle alone, but not their combined setup.

EMC requirements that refers to performance between
charging station and grid are [26]:

e |EC 61000-6-2,

¢ |EC 61000-6-3:2006 + AMD1:2010 CSV,

e |EC61000-3-12.

Immunity and disturbance requirements including load
and operating conditions as well as disturbance limits for
wireless power transfer (WPT) are covered in
IEC 61980-1:2015. The second edition of this standard is
planned to be released in 2020. What is more,
IEC TS 61980-3:2019 contains specific EMC requirements for
magnetic field WPT systems. It refers to CISPR 11 emission
requirements [27, 28].

Another paper of great importance is Regulation
No 10 of the Economic Commission for Europe of the United
Nations [26], which provide grounds for the approval of
specific types of vehicles for production and operation
(homologation). It describes EMC emissions limits, immunity
levels, test equipment and procedures that are being carried
out in an open area test sites (OATS) and anechoic
chambers, for instance, absorber lined shielded enclosures
(ALSE). [29] refers to CISPR requirements.

To the knowledge of the authors, EMC testing process of
EV chargers is not covered well in the literature. There are
only few publications that cover this topic. Worth
mentioning is a paper written by Pliakostathis et al. [25].
EMC performance of three high-power-charging columns
according to IEC 61851 21 2:2016 standard has been
analysed. The research has been carried out inside VelA 9
validated EMC semi anechoic chamber (SAC) at the Joint
Research Centre of the European Commission. Fig. 2. and
Fig. 3. show laboratory and instrument setup for the
conducted and radiated emissions testing respectively.
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Fig. 2. Vela 9 instrument and laboratory setup for the
conducted emissions testing, EUT Equipment Under Test,
LISN - Line Impedance Stabilization Network, RF
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Fig. 3. Vela 9 instrument and laboratory setup for the radiated
emissions testing [25]

Results of conductive and radiated emissions
measurements on prototypical and series electric vehicles
(EV) under charge have been presented in [30].
Furthermore, in [31] Zhong Zheng and Daifang Zhang
studied the EMC problems of the DC charging pile system.

Electromagnetic interferences ranging from 150 KHz to
30 MHz on the AC power lines could be captured with Line
Impedance Stabilisation Network, which is in accordance
with IEC 61851-21-2 requirements. Fig. 4. shows exemplary
results of the conducted emission test of BMW i3 during
mode 2 charging at 8.4 A.

Electromagnetic compatibility issues and solutions for
WPT for EVs seem to be the trend as this technology is at the
research and development stage. A comprehensive review
of WPT for EVs can be found in [32].

IV. CONCLUSIONS

As electromobility is a new developing market, a great
deal of standardisation is taking place. New standards
concerning EVs and EV charging will be released in the
upcoming years. Plug-in charging is the better standardized,
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Fig. 4. Results of the conducted emission test of BMW i3
during mode 2 charging at 8.4 A

more developed and naturally much more popular
method of EV charging. There is still a lack of accurate,
complete and comprehensive requirements for wireless
charging, however the topic is getting popular among
researchers.

Policymakers aiming to promote GHG reduction should
pay particular attention to EVs, especially plug-in ones,
because they do not emit harmful tailpipe pollutants.

Changes in the electrical power systems (for instance,
the integration of EVs with a grid) have a significant impact
on the operation and design of these system. The topic of
the impact of EV chargers on the power system ought to be
crucial especially for distribution systems operators as
distribution is the weakest part of the power system in terms
of EV charging. Integration of renewable energy resources
and EV chargers, which are equipped with power electronic
equipment should also be taken into consideration.

Atthe moment, the growth of harmonic distortions from
home appliances is faster than from electric vehicles due to
their slower adoption rate, however it might change in the
near future asaresult ofincreased interest in electromobility
and the develop-ment of sustainable energy policies.

The success of electromobility implementation depends
on various aspects:

e improvements of energy storage systems and lower
costs of lithium-ion batteries,

e mitigation of power quality issues, especially in the
fast EV charger sector (especially advancements in
topologies of converters and inverters),

e cooperation of industry, research laboratories and
governments to create new standards and technologies,

e favourable policies and more incentives for EV
consumers

e more GHG control policies.

Electromagnetic compatibility issues concerning EV
charging stations are getting more and more attention as
a result of the complexity of these systems. One of the major
drawbacks of EMC testing is that one type of compliance
activity does not fit all territories. The importance of EMC
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testing and power quality issues will definitely grow in the
near future due to the fact that the implications of the mass
release and large-scale deployment of high-power chargers
for electric vehicles on the market are still unknown from the
electromagnetic interference point of view. As the charging
technology becomes more mature, new currently unknown
problems related to previously mentioned topics might
arise. Therefore, there is a strong need for more research,
tests and simulations in the fields of the impact of EV
charging on power quality parameters and electromagnetic
compatibility.

tADOWANIE SAMOCHODOW ELEKTRYCZNYCH - ASPEKTY
JAKOSC ENERGII ELEKTRYCZNEJ | KOMPATYBILNOSCI
ELEKTROMAGNETYCZNEJ

Elektromobilnos¢ staje sie coraz popularigjszym tematem, miedzy
innymi ze wzgledu na jej pozytywny wplyw na srodowisko. Zastapienie
samochoddw z silnikami spalinowymi samochodami elektrycznymi
wydaje sie by¢ kwestig czasu. Samochody elektryczne posiadajg wiele
zalet, niemnigj jednak nalezy wzig¢ pod uwage ich wplyw na jakos¢
dostarczanej energii. W artykule opisano obecny stan elekiromabilnosd
oraz problemy zwigzane z wplywem stagi fadowania na system
elektroenergetyczny.  Poruszono réwniez  kwestie  standaryzacj
wymagan kompatybilnosd elektromagnetycznej odnoszacych sie do
stacjitadowania.

Slowa kluczowe: kompatybilnos¢ elektromagnetyczna, samochody
elektryczne, stagetadowania, standaryzaga
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