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Abstract

Electric mobility is a rapidly evolving field, so electricity is considered one of the main alternative fuels. Electricity is
a particularly attractive source of energy, which is used for electric vehicles (EVs) in urban/suburban agglomerations and
other densely populated areas. An extensive network of EV charging stations is a major factor for using electric vehicles.

The main method of EV charging is to connect the on-board charger to the AC power supply. An alternative method
of EV charging is to connect the outboard charger to the DC power supply. There are three main options to connect an
EV to a charging station: using a special power cable; with a pantograph; via wirelesses connection. A standardized interface
between the electric vehicle and infrastructure seems to be one of the most topical challenges in the world of electric mobility.

International standards cover payment accounting systems for electricity and provide specifications on the equipment
and protocols for meter data exchange. There is an urgent need to draw up national or regional metrological regulations for
EV charging. The issue of international and regional standardization of DC electricity meters for using at charging stations

remains pressing.
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1. Introduction

Electricity is a particularly attractive source of
energy, which is used for electric vehicles (EVs) in
urban/suburban agglomerations and other densely
populated areas. It can facilitate air quality and
reduce noise. In addition, electricity can increase the
efficiency of land vehicles and at the same time reduce
CO, emissions. Electric mobility is a rapidly evolving
field and a weighty contribution to the European
Union’s (EU) climate and energy goals. Direc-
tive 2009/28/EC [1] sets binding targets on sharing
energy from renewable sources for transport sector. In
the European Alternative Fuels Strategy, electricity is
considered as one of the main alternative fuels with
the potential for long-term oil substitution.

The lack of a harmonized alternative fuel infra-
structure in the EU has prevented the launch of vehi-
cles using alternative fuels. Directive 2014/94/EU [2]
establishes an action plan for a competitive and sus-
tainable automotive industry in Europe. The plan
includes the deployment of a new infrastructure
required at the national level of Member States,
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including various options for access to charging
stations. It is necessary to create a public infrastructure
for supplying electricity to appropriate vehicles. EV
charging points should be accessible to the public and
built with sufficient coverage.

Ukraine is one of the world leaders demonstrating
growing rate in selling EVs. An extensive network of
EV charging stations is the major factor for using
EVs with the possibility to move not only within
city settlements, but also to travel on long distances.
One of the problems holding back the development
of electric mobility in this country is the unaddressed
issue of equipping places with EV charging stations.
This causes difficulties in designing networks of EV
charging stations, which prevents the further promo-
tion of EVs due to the low charge of battery. These
issues are regulated by current legislation [3], adopted
in 2019.

Charging of EVs should use smart measuring
systems defined in Directive 2012/27/EU [4] to promote
the stability of electricity systems by recharging batteries
from grids during low overall electricity demand. Such
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Fig. 1. Options for connecting EV to charging station: 1 — EV; 2 — charging station; 3 — power cable; 4 — pantograph

systems allow obtaining real-time data necessary to
ensure network stability and stimulate the rational use
of recharging services. Smart measuring systems provide
accurate and transparent information owing to the
availability of recharging services supporting recharging
during “off-peak” periods, which means low overall
electricity demand and low costs on energy. The use of
such systems optimizes recharging, which benefits the
electricity system and consumers. For recharging points
of EVs, which are not publicly available, it is necessary
to strive for introducing smart electricity meters.

The issues regarding standardization of various
components, which are required for the operation of
EV charging stations at the international and regional
levels, have not been addressed yet. The issue of
metrological support of EV charging stations is also
pressing.

2. Features of using EV charging stations

According to the IEC standard 61851-1 [5], the
EV is any vehicle driven by an electric motor that
receives current from a rechargeable storage battery or
other mobile energy storage devices, which is intended
primarily for using on streets, roads, and highways. The
alternating current (AC) EV charging station is all the
equipment needed to supply AC, enclosed in a shell
and endowed with special control functions. The direct
current (DC) EV charging station is all the equipment
needed to supply DC, enclosed in a shell, endowed
with special control and communication functions and
placed outside the EV.

The main method of EV charging is to connect
the on-board charger to the AC power supply. An
alternative method of EV charging is to connect the
outboard charger to the DC power supply. Special
chargers operating at high current levels are used
for fast EV charging. The rated voltage of the AC
supply AC for a charger shall not exceed 1000 V. The
equipment shall operate properly within £ 10% of the
standard rated voltage. The nominal frequency value is
50/60 Hz + 1% |[5].

There are three main options to connect an EV to
a charging station (Fig. 1) [6]: using a special power
cable (Fig. 1a); with a pantograph from bottom to
top (Fig. 1b) and from top to bottom (Fig. Ic); via
wirelesses connection (Fig. 1d).

There are four types of charging EVs using
a power cable or so-called “manual connection” [5].
Type 1 charging is the connection of the EV to the
AC power supply using the power supply side of the
standardized plug sockets up to 16 A with the voltage
up to 250 V (AC single-phase) or 480 V (AC three-
phase current) as well as power and protective earth
conductors. The use of Type 1 charging is prohibited in
national standards. Type 2 charging is the connection
of the EV to the AC mains up to 32 A with the
voltage up to 250 V (AC single-phase) or 480 V (AC
three-phase current) using standardized single-phase or
three-phase sockets, power conductors and protective
earth conductors together with the control function
and personal protection system to avoid electric shock
between the EV and charging station. Type 3 char-
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Fig. 2. Options for connecting EV to charging station
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Fig. 3. Options for connecting electric buses to charging stations

ging is the connection of the EV to the AC power
supply network using a specialized linear control unit.
Type 4 charging is the connection of the EV to the
AC power supply using an outboard charger, in which
the control function extends to the equipment, which
is permanently connected to the AC power supply.

Options for connecting the EV to the charging
station are shown in Fig. 2: @ — mobile charging station
(Fig. 2a); b — stationary charging station (Fig. 2b).

Charging with a pantograph and first type of
“automated connection” provides highly located
wired energy transmission in a very short period from
a charging system to heavy vehicles such as electric
buses, trucks, and special vehicles in harbours and
airports. Wireless charging (induction charging)
with the second type of “automated connection” is
wireless charging through electromagnetic fields, when
the current is transferred to the EV. The field starts
charging when the electric car is parked at the char-
ging point or driven over an induction plate located
on the road surface of a parking space [6].

The European Organizations for Standardization
CEN/CENELEC is working on further standardization
and harmonization of such charging methods so that
vehicles and charging equipment of different brands can
be charged without problems in terms of compatibility.

Protection against electric shock and charging
cable requirements are regulated by the IEC stan-
dard 61851-1 [5]. Electrical parameters and charac-
teristics, electrical insulation characteristics of charging
cables, as well as their testing, are regulated by the
IEC standard 61851-1. According to the IEC stan-
dard 61851-1, the immunity test is carried out accor-
ding to the IEC standard 61000-6-1 [7], and the emis-
sion test is carried out according to the IEC stan-
dard 61000-6-3 [8].

3. Features of using charging stations for electric buses
and heavy-duty EV

Two types of charging pantographs are used for
electric buses (Fig. 3) [6]: “top-down” or “inverted
pantograph” (Fig. 3a), which is an integral part of
any charging infrastructure, and “top-up” or “rooftop
pantograph” (Fig. 3b). Top-down pantographs are often
used at the beginning of a route, at bus stops or at
the end of a route. In these places, the bus is charged

for a very short period, which is also called “charging
if possible”. The most common type of pantograph
charger is a “rooftop pantograph”, which is used on
the route or at the bus station, where charging is very
fast. Pantograph charging has the advantage that it can
also be used for slow charging at night without cables
scattered around the station. Charging with a power
cable is also used at bus stations (Fig. 3c).

The standardized interface between the EV and
infrastructure seems to be one of the most pressing
issues in the world of electric mobility. To ensure
the compatibility of the interfaces of electric buses
and charging stations, a special ZeEUS project has
been initiated. The project has worked out special
recommendations aimed at describing the proces-
ses and needs of operators. The CEN-CENELEC
eMobility steering group cooperates closely with the
ZeEUS project. At the same time, a group of bus
manufacturers and charging infrastructure suppliers,
including ABB, Heliox, Irizar, Siemens, Solaris,
VDL and Volvo have announced their open charging
interface agreement. This will ensure the compatibility
of electric buses with the charging infrastructure based
on an open charging interface [9].

Many EU countries are planning to move towards
fossil-fuel-free transport systems by replacing fossil fuel
buses with zero-emission electric buses. To ensure fast
integration of these vehicles in charging infrastructure,
a set of unified standards for charging electric buses
is required. In [10], the ASSURED project and
activities of other projects are presented with the aim
to achieve interoperable and reliable heavy-duty EV
fleets. In [11], a pre-normative roadmap is presented
that foresees developments in charging heavy-duty EV.
The roadmap supports and facilitates future efforts
in the standardization of charging technologies by
creating an overview of the popularity of charging
technologies and the end users’ needs. According to
the findings, a pantograph on the roof of a vehicle
and plug-based charging are currently the most popular
charging interfaces.

Regulation 2021/1444/EU [12] supplements Di-
rective 2014/94/EU [2] on the deployment of a new
infrastructure based on alternative fuels, as regarded by
the standards on recharging points for electric buses.
CEN and CENELEC have developed and adopted
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appropriate European standards containing technical
specifications on recharging points for electric buses.
Type 2 connectors, according to 62196-2/EN [13],
are the most appropriate type for normal and high-
powered AC recharging points for electric buses.
The standard 50696/EN [14] is applied to contact
interface automated devices for conductive recharging
electric buses in mode 4 (voltage up to 1500 V (DC)),
according to 61851-23-1/EN [15]. These standards
play a crucial role for the deployment of electric buses
in European cities.

4. The standardization of communication equipment for
EV charging stations

In [16], new standards for EV fast charging are
analysed and the impact of standardization challen-
ges on the stakeholders are considered. The review
has revealed three primary standardization issues:
charge connections, car to charger communication
protocols, and charge payment options. Internatio-
nal standards from the IEC are basically transformed
into European CENELEC standards without changes.
If any amendments are made, a special application ZZ
is added, which establishes a link between individual
articles of EU legislation and clauses and sub-clauses
of an international standard.

International standards from the IEC (series 62055)
cover payment systems for electricity metering that
in turn cover customer information systems, points
of sale systems, token carriers, payment counters,
and corresponding interfaces existing between these
facilities. The Standard Transfer Specification (STS) is
a secure messaging protocol that allows information to
be transferred between the Point of Sale (POS) equip-
ment and payment counters. The STS serves seve-
ral types of messages, such as credits, configuration
controls, displays, and test instructions. The IEC stan-
dard TR 62055-21 [17] provides a basis for integra-
ting standards in specification system for electricity
bill accounting systems. It deals with using payment
accounting system, general processes, common func-
tions, data elements, system objects and interfaces
that exist in modern payment accounting systems.

The standard 62055-31/EN [18] is applied to new-
ly manufactured static watt-hour meters of accuracy
classes 1 and 2 for direct connection to measure AC
power consumption in the range of 45 Hz to 65 Hz
including a load switch to interrupt or resume power
supply according to the current value of the available
credit supported in the payment counter. This is not
applied to static watt-hour meters where the voltage
at the connection terminals exceeds 600 V (boundary
voltage for meters in multiphase systems).

The IEC standard 62055-41 [19] defines the
STS protocol used to transfer credit units and other
management information from the POS system to the
STS-compliant payment counter. It is intended for the
use by payment meter manufacturers to provide bills

for electricity without a rate. The IEC standard 62055-
51 [20] defines the STS physical layer protocol for
the transmission of credit units and other management
information between the POS system and the STS-
compliant electricity meter. The IEC standard 62055-
52 [21] defines the STS physical layer protocol for
transmission of credit units and other management
information between a client and a server over a direct
local connection. It goes in addition to the application
layer protocol specified in the IEC standard 62055-41
[19] and should be used together with this standard.
It is designed to be used in some payment counters
designed by different manufacturers and to ensure
compatibility between these products and other client
devices.

The IEC standard 62056-21 [22] describes
hardware and protocol specifications for local meter
data exchange. In such systems, a manual unit or a de-
vice with equivalent functions is connected to a rate
device or group of devices.

5. Measuring instruments for EV charging stations

There is an urgent need to draw up national or
regional metrological regulations for EV charging due
to active expansion of networks for such charging
stations. It is necessary to ensure the reliability of
electricity measurements during recharging of EVs.

The EU Member States are introducing smart
measuring systems and smart electricity meters
in accordance with Directive 2009/72/EC [23].
Accounting systems should provide end-users with
information about the actual time of use. Energy
efficiency goals should be considered when setting
the minimum functionality of meters. Smart measuring
systems must ensure the security of smart meters and
the transmission of meter data, which shall be available
to the end user.

In the EU, the national legislation on the
metrological activity in Member States for active
electricity meters is harmonized with the Measuring
Instruments Directive (MID) [24]. In this case, the EV
charging station may contain a meter for measuring AC
electrical active energy, with a conformity assessment
already performed. Otherwise, a separate conformity
assessment can be performed for an EV charging
station with a meter for measuring AC electrical active
energy as a whole [25].

European standards (series 50470/EN) are related
to the requirements of the MID [24]. Those stan-
dards are applied to newly manufactured watt-hour
meters for residential, commercial and light industrial
use in 50 Hz electrical networks with voltage up to
1000 V (AC). The standard defines general and spe-
cial requirements and methods of type tests. The
standard 50470-1/EN [26] is applied to electrome-
chanical or static meters for indoor and outdoor use
that measure AC active electrical energy. The stan-
dard 50470-2/EN [27] is only applied to electro-
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mechanical meters, and the standard 50470-3/EN
[28] is only applied to static meters for measuring AC
electrical active energy.

The issue of international and regional stan-
dardization of DC electricity meters for using in EV
charging stations remains relevant. The international
Standard of the IEC 62053-41 [29] is applied only to
static watt-hour meters for measuring DC electrical
energy, and it is also applied to standard tests only.
The standard is applied to electricity meters for
electrical networks with voltages up to 1500 V (DC).
Such electricity meters can be used at public charging
stations for DC EVs.

In 2020, the German Commission on Electrical,
Electronic and Information Technologies (DKE)
prepared the standard VDE-AR-E 2418-3-100 [30]
for measuring systems at EV charging stations. It in-
cludes system aspects related to data processing,
storage and transfer, as well as the requirements for
AC or DC active electricity meters. In 2020, to prepare
a technical infrastructure for EV supply equipment
within legal metrology, some metrological institutes
from different European countries initiated a joint
project LegalEVcharge (EURAMET TCEM pro-
ject No. 1539) [25]. The project is based on the Mini-
stry of Foreign Affairs. In 2021, NordCharge, a Nordic
cooperation on charging stations for electric vehicles
operating under metrological regulation, began its
work. NordCharge has prepared a Guide for bringing
EV supply equipment to market. The Guide is based
on existing legal requirements, such as the MID [25].

OIML TC 12 “Instruments for measuring elect-
rical quantities” is actively involved in the work in
this rapidly developing new field of legal metro-
logy. In 2021, a new Project group P3 “Charging
stations for electric vehicles” was created within OIML
TC 12 to prepare a required guide [25]. As a part
of this project, a draft OIML Guide “Electric vehicle
supply equipment” is being prepared in two parts:
Part 1: “Metrological and technical requirements” and
Part 2 — “Metrological control and performance tests”.

The draft of the standard 50470-4/EN is also
being prepared for meters of active DC electric
energy [31]. The standard will be applied only to
static watt-hour meters for measuring DC electrical
energy and to standard tests. The implementation of
this standard can ensure the conformity assessment of
DC electricity meters used at EV charging stations.
In the future, it is advisable to extend the MID with
DC meters.

6. Conclusion

Creating an infrastructure for EV charging sta-
tions and ensuring accessibility for their users is an
urgent task. For successful implementation of this task,
it is necessary to address the issues of standardiza-
tion of various components required for the opera-
tion of EV charging stations at the international
and regional levels. The issue of full metrological
support for EV charging stations may be addressed
by standardizing the requirements and test methods
for DC electricity meters.
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AnoTaujis

EnextpuuHa MOOUTBHICTH € cdepoio, IO HIBUAKO PO3BUBAETHCS, TOMY EIEKTPOCHEPTisSl PO3TISIAETHCS K ONUH

3 OCHOBHUX ajJibTepHAaTUBHUX BUIiB NanuBa. EnekTpuka € oco0auBO MpUBaOIMBUAM JKEPEIOM €HEpTii IJIsI BUKOPUCTAHHS
€JIEKTPOMOOITIB Y MICHKUX/TIPUMICHKUX arjioOMeparlisix Ta iHIIuX TyCTOHAceleHnX paiioHax. Po3ramyxkeHa Mepexa 3apsimHIX
CTaHIIil U1l eeKTPOMOODITiB € OCHOBHUM (haKTOPOM BUKOPUCTAHHS €JIEKTPOMOOLTIB. 3apsiKaHHS €JIeKTPOMOOiTiB Mae
BUKOPHMCTOBYBAaTU iHTEJEKTyaJlbHi CUCTEMM BUMIpPIOBAaHHS ISl MIABUIIEHHS CTAOUILHOCTI €JIEKTPUYHOI CUCTEMU ULIISIXOM
nmig3apsaky 6arapei Bil MepexXi Mill yac HU3bKOTO 3arajbHOrO CIOXWBAHHS €JIEKTPOEHEPrii.

OCHOBHUM METOJIOM 3apsIIKM € IMiIKJIIOUEHHS eJIEKTPOMOOIIS A0 JKepesia XUBJISHHS 3MiHHOTO CTPyMYy. AJIbTepHATUBHUM
METOJIOM 3apslIKU € MiAKIIOUEHHS eJEKTPOMODIIs 0 JKepesia KUBJIEHHS MOCTiHHOro cTpyMy. ICHye Tpy OCHOBHUX BapiaHTH
MiIKTIOYEHHST eJeKTPOMOOiIa M0 3apsiiHOI CTaHIII: 32 JOMOMOTOI0 CHEliaJIbHOTO KaOeslo KMBJIEHHS; 32 JO0MOMOIOI0
naHTorpada; 6e3nporose miakiaoueHHs. CTaHaapTU30BaHU iHTepdeiic Mix eeKTpoMoOiieM Ta iHGPACTPYKTYPOIO 30a€ThCS
OJHI€I0 3 HalHaTaJIbHIIIUX MPOOJIEM Y CBITi €JIeKTPUYHOI MOOIIBHOCTI. JIJIsi KOHTAKTHUX iHTepGeiCiB ISl 3apsIHUX CTaH-
[ii1 BUKOPUCTOBYEThCS Hampyra 3MmiHHoro crpymy mo 1000 B i Hampyra mocriiiHoro ctpymy go 1500 B.
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MixHapoaHi cTaHIapTU OXOIUIIOIOTH TUIATIKHI CUCTeMHU OOJIIKY eJIeKTpOeHeprii, HajaloTh crneuudikauii oosagHaHHS
Ta MPOTOKOJIIB /UIsi OOMiHY JAHWMU JIiYMJIbHUKIB. ICHye HarajibHa moTpeda B po3poOlli HalliOHAJIbHUX ab0 perioHaTbHUX
METPOJIOTIYHUX MPaBWI ST 3apsiAKU €JIeKTPOMOOiTIB. 3apsmHa CTaHIlis MOXe MICTUTH JHYWJIbHUK 711 BUMipIOBaHHS
€JIEKTPUYHOI aKTUBHOI €Heprii 3MiHHOIO CTpPyMy 3 yXX€ MpPOBEJCHOI OILIHKOI BilMoBimHOCTi. B iHIIOMY pa3i MoxHa
MPOBECTU OKPEMY OLIIHKY BIAIOBIAHOCTI IJIs 3apsiiHOI CTaHLil. AKTyaJbHUM 3aJIMLIAETHLCS IMUTAHHS MiKHApPOIHOI Ta
perioHaJIbHOI CTaHAAapTU3allii JiYWIbHUKIB €JeKTPOEHEPril MOCTIMHOTO CTPYMY Ul BUKOPUCTAHHS y 3apsSIHMX CTaHILiSIX.

KirouoBi ciioBa: 3apsiiHi CTaHIlil; e1eKTPOMOOLIb; eeKTpoOyc; 3’ €AHYBaY IS 3apsiikU; iHTeJIeKTyalbHa BUMipIOBaJbHA
cucTema; eJ1eKTPONiYWIbHUK.

MertpoJiornyecKiue acneKkThl BHEJIPEHHS 3apsaHbIX
CTAHIMIA 11 DJeKTpoMoOueii

O.H. Bennuko', T.b. lopaneHko?
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AHHOTAIMSA

DeKTpudecKass MOOMIBHOCTD SIBIISICTCS OBICTPO pa3BUBAIOIICICS cepoil, TOITOMY BJCKTPOIHEPIHS pacCMaTpUBaeTCs
KaK OJIMH U3 OCHOBHBIX aJIbTEPHATUBHBIX BUIOB TOIUIMBA. DJIEKTPUYECTBO SIBJISIETCS 0COOEHHO MPUBJIEKATEIbHBIM UCTOUHUKOM
SHEPTUU JJISI WCTIOJNIB30BaHUS B3JIEKTPOMOOMIIC B TOPOACKUX/3aTOPOIHBIX arioMepalusX W JIPYTruX TyCTOHACEJIeHHBIX
paiioHax. Pa3BeTBJIeHHast ceTh 3apsIMHBIX CTAHIIMIA JUIST DJIEKTPOMOOWMIICH SBIISIETCSI OCHOBHBIM (DaKTOPOM HCITOJIb30BAHUS
9JIEKTPOMOOWJIEN.

OCHOBHBIM METOJIOM 3apsIIKU SIBJISIETCS] TIOMKIIIOYeHUE JIEKTPOMOOWISI K UCTOYHUKY TUTAHUST TIEPEMEHHOIo TOKa.
AJIbTEepHAaTUBHBIM CITOCOOOM 3apsIIKU SIBJISIETCSI MOAKIIOUEHHUE DJIEKTPOMOOWISI K UICTOYHUKY MUTAHUS TMOCTOSIHHOTO TOKa.
CylmecTByeT TpY OCHOBHBIX BapuaHTa TOAKITIOUEHMsS SJIEKTPOMOOWIS K 3apsiIHOW CTaHIMM: C TTOMOIIBIO CIIeIIMaTbHOTO
KabeJist MUTaHMSI; ¢ TIOMOILIbIO TTaHTorpada; 6ecripoBogHoe noakiaoueHne. Habmomaercs octpast moTpeOHOCTh B pa3padboTKe
HAIlMOHAJIbHBIX WM PETMOHAIBHBIX METPOJOTMUCCKUX TPABUJI U 3apsIKU JIEKTPOMOOWMIICIH.

KioueBbie ciioBa: 3apsgAIHbIC CTAHLIUU, 3HeKTpOM06I/IHI); 3HeKTpO6YC; COCIMHUTEIIb IJId 3apsaKu, WHTCIICKTYyaJlbHasd

CUCTEMA U3BMCPCHUA,; DJICKTPOCUECTUUK.
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