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Executive Summary

This deliverable provides information about the state of the art in the Electrical
Vehicles (EV) and Electrical Vehicle Supply Equipment (EVSE) market with the aim to
assess the functionalities of different products and their interoperability.

The e-mobility market is continuously developing and i as a consequence i new
approaches/solutions regarding EVs and EVSE technologies are continuously
introduced. In this report EV technologies are described with special attention focused
on EV components and systems related to battery charging. Market available products
and their main characteristics (that might affect interoperability) are assessed.

This report also presents the state-of-the-art in EVSE technologies, including
charging equipment and charging technologies. Possible issues related to the
connection between the EVSE and the electricity grid and the impact of the charging
process on the electricity network operation is also considered and assessed from a
Distribution System Operator (DSO) perspective. The most likely scenarios of EV usage
are defined based on the analysis of user behaviour patterns. These scenarios served
as a reference for the analysis of functionalities of different system that have to
interoperate. The functionalities are assessed taking into account issues such as safety
and protection, charging procedure and communication between different actors.

Separate parts of this report are devoted to Smart Charging and Vebhicles-to-Grid
services (V2G). In these parts, various e-mobility future scenarios and their impact on
the infrastructure are considered. Envisioned Smart Charging functionalities are
described regarding user services as well as distribution grid services and Smart
Charging requirements are specified from both EV user and grid operator point of view.
Special attention is paid on communication issues, as these seem to be the most
challenging ones to resolve.

A major part of this report considers the identification of needs related to the
interoperability between EVs and the electrical power system (i.e. EVSE and related
interaction with the (smart) grid). The followed approach was based on the Smart Grid
Reference Architecture Methodology (SGAM).

In summary, this report provides the following contributions:

=

review of market available EV and EVSE products,

analysis of future scenarios related to e-mobility,

9 assessment of functionalities of different components available in present and
future systems,

9 identification of needs for interoperability between EV components and electrical

power system.

=

This report will be used as a reference document for further elaboration of the
interoperability needs in Work Package 2 (Integration and alignment of testing methods
with standards) and Work Package 5 (New and unified test facilities). The deliverable
does not deal with communication aspects at the information level, what is a subject of
the deliverable D 3.1.
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Abbreviations and Acronyms

Table 1. Acronyms

AAA Authentication, Authorization, Accounting
AC Alternating Current

ACEA European Automobile Manufacturers Association
AMI Advanced Metering Infrastructure
AP Access Point

ATM Abstract Test Method

B2B Business to Business

BEV Pure Battery Electric Vehicles

BMS Battery Management System

CEM(S) Customer Energy Management (System)
CEN European Committee for Standardization
CENELEC European Committee for Electrotechnical Standardization

CIM Common Information Model

CIS Customer Information System

COSEM COmpanion Specification for Energy Metering

CSs Charging Station

CSF Context Setting Framework
DC Direct Current

DER Distributed Energy Resources

DLMS Device Language Message Specification

DLMS UA Device Language Message Specification User Association

DMS Distribution Management System

DoD Depth of Discharge
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DR

DSM

DSO

EAP

EC

EMC

EMG

EMS

EMSP

ENTSO-E

EREV

ESA

ESO

ETSI

EU

EUT

EV

EVSE

EVSEO

EVSEO CC

EVSP

FACTS

FAT

FEV

FLISR
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Demand Response

Demand Side Management
Distribution System Operator
Enhanced Authentication Protocol
European Commission
Electromagnetic Compatibility
Energy Management Gateway
Energy Management System
Electric Mobility Service Provider

European Network of Transmission System Operators for
Electricity

Extended Range Electric Vehicle

Electrical and electronic sub-assemblies

European Standard Organisations

European Telecommunications Standards Institute
European Union

Equipment Under Test

Electric Vehicle

Electric Vehicle Supply Equipment

Electric Vehicle Supply Equipment Operator
EVSE Operatords Control Centr |
Electric Vehicle Service Provider

Flexible AC Transmission System

Factory Acceptance Test

Fully Electric Vehicle

Fault Location, Isolation, System Restoration
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GIS Geographic Information System
GuC Generic Use Case
GWAC GridWise Architecture Council
HAN Home Area Network
HES Head End System
HEV Hybrid Electric Vehicle
HL-UC High Level Use Case
HMI Human Machine interface
HV High voltage
ICT Information and Communications Technology
ID Identification
IEC International Electrotechnical Commission
IED Intelligent Electronic Device
IFS Interoperable Function Statement
IM Induction motor drives
IOP Interoperability
IT Information Technology
ITS Intelligent Transport Systems
IUT Implementation Under Test
LBC Load Balance Control
LNAP Local Network Access Point
LV Low Voltage
MADES Market Data Exchange Standard
MV Medium Voltage
NAN Neighbourhood Area Network
NFC Near Field Communication
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NIC Network Interface Controller
NMI Human Machine interface
NNAP Neighbourhood Network Access Point
OEM Original Equipment Manufacturer
oIS On-board Information System
OMS Outage Management System
(ON]| Open Systems Interconnection (model)
PCC Point of common coupling
PEV Hybrid-electric vehicles
PHEV Plug-in Hybrid Electric Vehicle
PLC Power Line Communication
PM BLDC Permanent magnet brushless DC motor drive
PUC Primary Use Case
PWHC Partial weighted harmonic current
PWHD Partial weighted harmonic distortion
PWM Pulse-Width Modulation
RCD Residual Current Device
REESS Rechargeable Energy Storage Systems
RES Renewable Energy Resources
RFID Radio-frequency identification
RMS Root mean square
RTU Remote Terminal Unit
SA Secondary Actor (not involved directly in the charging process)
SCADA Supervisory Control And Data Acquisition
SGAM Smart Grid Architecture Model
SG-CG Smart Grid Coordination Group
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SG-CG/SP
SGIMM
SNMP
SOA
soc
SRM
SUT
TC
TCO
TCP/P
D
TF
THC
THD
TSO
uc
UCAlug
UCMR
ul
V2B
V2G
VPN
VPP
WAN
WP

WPT
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Smart Grid Coordination Group - Sustainable Processes

Smart Grid Interoperability Maturity Model
Simple Network Management Protocol
Service Oriented Architecture

State of charge (in battery energy storage)
Switched reluctance motor drive

System Under Test

Test case

Total Cost of Ownership

Transmission Control Protocol/Internet Protocol

Test description

Task Force

Total Harmonic Current

Total Harmonic Distortion
Transmission System Operator
Use Case

UCA International Interest group
Use Case Management Repository
User Interface

Vehicle To Building

Vehicle To Grid

Virtual Private Network

Virtual Power Plant

Wide Area Network

Work package

Wireless power transfer systems
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1 I NTRODUCTI ON

1.1 Electric mobility

Electric Vehicles (EVs) are an important part of the strategic development of the
automotive industry. It is strictly related to the European Union (EU) policy aimed at the
energy efficiency and tackling climate change (reduction of CO, emissions). The
documenti 2 050 Tr ans pRratil]) Bublished by ghg European Commission
(EC) in 2011, and adopted by the European Parliament, assumes gradual substitution of
combustion cars by EVs (especially in case of corporate fleets).

Simultaneously, the market of e-mobility is continuously developing, which is
evidenced by different approaches and innovative solutions that manufacturers introduce
into the market launching EVs and Electric Vehicle Supply Equipment (EVSE)
technologies. As a result, EV users/owners might face interoperability problems that may
significantly affect functionality of his/her vehicle. In order to support the widespread
adoption of EVs in Europe, it is imperative that EVs and EVSE (needed to allow the
charging and additional services) are compatible to some extent. Thus, there is a need
to guarantee and to confirm the interoperability of present and future EV systems.

The term Interoperability, used in this document, means the ability of two or more
networks, systems, applications, components or devices from the same vendor, or
different vendors, to perform required functions and services. The interoperability must
be performed at different levels:

1 energy transfer between EV and EVSE,

1 safety for EV, EVSE and involved people,

9 information exchange that is necessary for controlling energy transfer, payment
and accounting between actors operating within the system.

The performance and interoperability of all EV and EVSE systems need to be
assessed from the perspectives of the mentioned levels. This will ensure an option for
the whole system to be able to offer charging and other services, which will allow for the
creation of sustainable new business models.

Many initiatives have been undertaken in recent years in order to promote the
widespread implementation of EVs in Europe and to reduce all kind of technical,
regulatory, commercial and/or political barriers. As a response to EC mandates M/468
[2], [3], M/453 [4] and M/490 [5], CENELEC Smart Grid Coordination Group (SG-CG)
and E-Mobility Coordination Group (EM-CG) were established, within which the next
working groups were appointed, such as the Group for Smart Charging (GSC) and the
Working Group for Interoperability (WGI) with experts from different technical domains.
The tasks for these bodies comprise the coordination of necessary activities to ensure
the integration of different systems within the existing regulatory and standard framework
in the scope of e-mobility.
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Furthermore, numerous European research and demonstration projects have been
implemented, addressing different problems related to EV and EVSE, and providing
outcomes that can be used or have already been used in the processes of EV
integration with electrical power systems. Some of these projects developed e-mobility
solutions that have the potential to achieve sustainable results in the use of renewable

CO'@\/OS

and non-polluting energy sources, which suppor t s t he achievement

ambitious climate goals.

For example, the Green e-Motion project recommends a selected set of standards
to be used for electro mobility systems. The G4V and the Smart V2G projects analyse
the impact and possibilities of a mass introduction of EVs to the electricity networks in
Europe. These projects also consider the connection of EVs to the grid by enabling a
controlled flow of energy and power through a safe, secure, energy efficient and
convenient transfer of electricity and data. Another project - Power Up is focused on the
potential vehicle to grid (V2G) applications.

COTEVOS makes use of the European and worldwide projects and integrates their
findings and achievements in many aspects, such as: smart grid and V2G potentials, the
interoperability issues or interoperability needs assessment, e-mobility future scenarios
and many more.

1.2 COTEVOS project

COTEVOS aims to develop optimal structures and capacities to test the
conformance, interoperability and performance of different systems to be included in the
infrastructure for Smart Charging of Electric Vehicles. Based on the p
experience and a decade of collaboration around the facilities, standardization and
research infrastructures for Distributed Energy Resources (DER) and aligned with
ongoing standardization development under M/453, M/468 and M/490 (CENELEC SG-
CG, E-Mobility Smart Charging WG among others), COTEVOS will address key issues
such as the cross-national transparency, the interaction between grid infrastructure and
vehicles and the operational reliability, while reducing the time-to-market of equipment,
so that they will be available in line with the arrival of electric vehicle. For that purpose, a
number of on-going demo projects will be used as a reference.

1.3 Scope of the document

This report (deliverable D1.1) summarizes the results of work performed within
Work Package 1 in Tasks 1.1, 1.2 and 1.3. The main goal of the document is to analyse
the current and future situation in the scope of EV systems and their interaction
with electrical power grid (Tasks 1.1 and 1.2). The report contains a study on
implementation of EV and EVSE technologies, engages various prospective business
models that include market opportunities, social impact, functionalities and services
performed by different systems. The document depicts aspects resulting in different
needs and requirements for interoperability. Particular attention is paid to issues related
to EV Smart Charging, V2G applications and EMC for EV charging systems.

artner
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The specific objectives of the document are the following:

1 Analysis of actual and foreseen future potential in EV mobility including EVs and

EVSE

1 Identification of functionalities of different systems allowing to perform different
services

9 Study and definition of the reference networks and models to be used for the
testing

1 Analysis of information exchange, communication and protocols
1 Specification of needs for interoperability between EVs and electrical power
system

A separate topic, which is also included in the report, is the analysis of existing
infrastructure and capabilities worldwide in order to assess the performance of the
different systems or applications related to EV charging and any kind of services
concerned (Task 1.3).

The results of this report will provide a basis for defining the EVs interoperability
needs, which shall be subject to some further analysis in subsequent technical tasks.

1.4 Document structure

The document comprises 11 main Chapters. After the introductory remarks in
Chapter 1, Chapter 2 provides the state of the art in e-mobility including EV and EVSE
technologies and standardization issues. The summary of this chapter is section 2.5
where the functionalities of different systems are specified. The next Chapter 2.6
describes the potential EV mobility future scenarios leading to the assumptions for some
further work within the COTEVOS project.

Chapter 4 deals with Smart Charging and is followed by Chapter 4 in which V2G
functionalities are discussed. The structure of both chapters involves the explanation of
processes, description of commercially available systems, prospective functionalities and
services.

In Chapter 6 user expectations for functionality of charging systems are presented
based on the surveys carried out in different countries.

Chapter 7 introduces the methodology for assessing the interoperability needs and
uses the SGAM model for this purpose. On the basis of functionalities of different
systems identified in Chapters 1-6, the needs for interoperability are identified in chapter
7.5. The interoperability is discussed in different levels, i.e. business and regulation,
functions, information and components. Needs for interoperability are listed in the form of
a table for selected use cases involving current and future performance of different
systems (subchapter 8.7).

Subsequently, Chapter 9 concerns interoperability related recommendations from
the energy sector, infrastructure providers and European Automobile Manufacturer's
Association (ACEA).
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Chapter 10 presents the overview of current infrastructure capabilities at
international level on EV integration.

Finally, Chapter 11 contains the conclusions of the document.
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2 STATE OF THE-MAOBT LI NYE

2.1 Standardization

Standardization is one of key factors required to accelerate and facilitate a
successful market entry of EV technology. Since EVs are at the frontier of two worlds:
electricity and automobility, thus a broad range of features, components and systems
need to be standardized. This should make EVs and its infrastructure simpler, cheaper
and increase EV systems interchangeability and compatibility.

This subchapter gives an overview of standards that are essential for the operation
of an EV-EVSE systems and sustainment of its market penetration.

2.1.1 EU mandates M/468 and M/490

The European Commission has issued several EU standardization mandates. Two
of these are especially important for the EV interoperability field, they are:

1 M/468,Standardisation mandate to CEN, CENELEC and ETSI concerning the
charging of electric vehicles, June 2010,

1 M/490 Standardization Mandate to European Standardization Organizations
(ESOs) to support European Smart Grid deployment, March 2011

The best starting point is by making public references:

9 For the mandate M/468 the home website address is: http://www.cencenelec.eu/
standards/Sectors/SustainableEnergy/Management/ElectricVehicles/Pages/defa
ult.aspx_and the report on 'Standardization for road vehicles and associated
infrastructure' is available at [6].

9 According to M/468 the Smart Charging is seen as a necessity to optimize the
use of the electrical grid for efficient EV charging, while maximizing the use of
renewable energy. Since this topic needs further developments and it is therefore
addressed by the working group '‘Smart Charging' established jointly by the CEN-
CLC-ETSI Smart Grid Coordination Group and the CEN-CLC eMobility
Coordination Group. The final report is not yet released.

1 the website http://www.cencenelec.eu/standards/Sectors/SustainableEnergy/
Management/SmartGrids/Pages/default.aspx gives access to documents on:

0 Sustainable Processes [7]

0 First Set of Consistent Standards [8]

0 Reference Architecture [9]

0 Report on standards for information security and data privacy [10].

1 New M/490 Working Group has been formed, these will address (documents are
not yet ready or publicly released):

0 M/490 - Consistent set of standards
0 M/490 - New applications and Methodology
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0 M/490 - Interoperability
o M/490 - Information Security

Some of the topics described in the M/468 (relevant for COTEVOS purposes) are
already covered in subchapter 2.2 and 2.3, e.g. the different charging modes and
overview of functions in electro-mobility data communication.

Another M/490 report gives a lot of information about architecture, use cases,
methodology, available standards, etc. In the remainder of this subchapter we will list the
most important ones w.r.t. the scope of this COTEVOS project.

The M/490 report: CEN-CENELEC-ETSI Smart Grid Coordination Group 1
Sustainable Processes, makes the crucial role of use cases clear.

Use cases in M/490 have been collected from a diverse range of stakeholders. The
use cases can therefore be considered as essentially describing the functionality and
requirements with respect to needs of an array of actors. Actors can be classified as
people (their roles or jobs), systems, databases, organizations, and devices involved in
or affected by the use case.

Several use cases are available in the M/490 Use Case Management Repository
(UCMR). Mapping of the use cases to the business and function layer of the proposed
Smart Grid Reference Architecture (SGAM) established by the Working Group
Reference Architecture (SG-CG/RA) is a further key element of supporting material to
the generic use case analysis.

In subchapter 8.3 Conceptual description - Smart Charging of this M/490 report five
EV related use case categories have been identified:

1. WGSP-1100 Uncontrolled charging
WGSP-1200 Charging with demand response
WGSP-1300 Smart (re- / de) charging
WGSP-1400 Ensuring interoperability and settlement
WGSP-1500 Manage charge infrastructure

Please note that use cases are not magic bullets. The use case methodology
should be seen as being part of a chain of necessary steps towards interoperable
solutions. Standardization, technology tracking and reference architecture are also
needed as some basis for concrete standardization work like the definition of data
models, interfaces, protocols etc.

The M/490 report: CEN-CENELEC-ETSI Smart Grid Coordination Group Smart Grid
Reference Architecture mentions: Key is that the SGAM framework consists of five
layers representing business objectives and processes, functions, information exchange
and models, communication protocols and components. Another framework axis is
SGAM Domains (from Bulk Generation to Customer Premises) and SGAM Zones (from
processes, fields to enterprise and market).

The M/ 490 wor lkitng edr oup sCRF38)49] id warkind vBtit
an approach centred on breaking down the Smart Grid into systems. This CEN-
CENELEC-ETSI Smart Grid Coordination Group First Set of Standards identified about
24 types of Smart Grid systems (one of these are E-mobility systems), more than 400
standard references, coming from more than 50 different bodies.

aR W
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The document defines interoperability as follows:

Interoperability shall be envisaged between two or more components of the same
system, or between systems.

It means (derived from GridWise Architecture Council (GWAC) work):

1 exchange of meaningful information,

1 a shared understanding of the exchanged information,

1 a consistent behaviour complying with system rules, and

1 arequisite quality of service: reliability, time performance, privacy, and security.

Many levels of interoperability can be considered but in all cases smatrt grids require
interoperability at the highest level, i.e. at information semantic level.

The report also mentions the E-mobility System.

E-mobility comprises all elements and interfaces which are needed to efficiently
operate EVs as a flexibility resource in a future Smart Grid system. The
Standardization work within the E-mobility domain is currently on-going under the
leadership of the E-Mobility co-ordination group (EM-CG), and a working group for
Smart Charging was specifically built-up to define a role model, associated use
cases and to identify standards for E-mobility. Work results are due by end of 2012.

The first version was available beginning 2013. The more final version at the end of
2013; it is currently getting the final update. It bridges the M/468 and M/490 work in the
overlapping area of Smart Charging. The document defines an E-mobility role in
definitions of reference actors and roles in the ENTSO-E role model.

Besides, the SGCG First Set of Standards identified more than 400 standard
references, the new M/490 WG Interoperability created an IOP Tool referencing 537
standards, with several selection criteria, including testing (electrical, mechanical,
system, conformance, interoperability, and acceptance).

Further the IEC gives an access to a Smart Grid Standards Mapping Tool, see
http://smartgridstandardsmap.com/. But this tool is still a draft, for example IEC/ISO
15118 is not mentioned yet.

These two tools should be considered for use in COTEVOS and other EV/Smart
Grid related projects and activities.

2.1.2 Standardisation areas

To mitigate the problems related to interoperability of diverse EV/EVSE
technologies, standardisation organisations set series of standards to ensure [6]:

1 adequate level of safety,

9 possibility of charging at homes and in residential areas in adequate domestic
socket-outlets and private charging stations,

i affordability and ease of use which involves: cables and plugs and simple and
consistent user interfaces,

1 interoperability of connectors and billing mechanisms throughout Europe,
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9 security concerning data privacy, authentication, protection against vandalism
and cable theft,

1 durability and robustness of charging equipment,

interoperability and connectivity between the charging station and the EVs,

1 secure and reliable communication between components involved in EV charging
process and service of the charging station. Interfaces and the overview of actors
that can be involved in e-mobilty data communication are presented
in Figure 1.

9 and appropriate consideration of any smart-charging issues with respect to the
charging of EVs.

=
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System Operator

EV
Operator
Distribution
i System Operator
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Operator
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Interoperability
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= . .. wwwweww. Datapaths
Smart Grid communication L

CEN/CENELEC
Focus Group on European Electro-Mobility
PT4{Role model diagram) rev. 1.07

Figure 1. Overview of functions in electro-mobility data communication [6]

Existing EV and EVSE related standards pertain to the four main areas:

1 charging topology:

0 The main reference documents for conductive charging are the IEC 61851-X
family of standards. IEC 61851 applies to the EV as well as to the charging
station, e.g. it introduces four charging modes, related to the actual conductive
charging infrastructure (see subchapter 2.1.3).

0o The IEC 61980 i applies to EV inductive charging systems, however it is
under preparation (see subchapter 2.3.3.2).

0 IEC 61439-517 describes assemblies for power distribution.
I communications:
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Communication between the vehicle and the charging station is defined in IEC
61851 and ISO/IEC 15118 standards.

1 charging connectors:
Accessories for charging, e.g. the type of connectors/inlet, are defined in IEC
62196 standard.

1 safety/security:
Essential safety requirements for the EV, its rechargeable energy storage
system, the operational safety of electrical systems, and the safety of persons are
covered in the 1ISO 6469 series. Additionally, the following standards from the
field of electrical installations must be observed in order to ensure adequate
protection:
o IEC 61140 71 protection against electric shock - common aspects for

installation and equipment,

0 |IEC 620407 uninterruptible power systems,

IEC 60529 1 degrees of Protection Provided by Enclosures,

0 |IEC 60364-7-722 i applies to circuits for EV supply using charging modes 1
to 4.

Figure 2 presents a graphic interpretation with listed standards and related objectives.

(@]

3

Charging topology

l Communications

IEC 618511 IEC 61439-7

Safety/ securityr ]

ories :
IEC 61851-21 ——
IEC 62196-1 EC 62040
IEC 62196-2
IEC 62196-3 IEC 60529
IEC 60364-7-722
ISO 6469-3
it ISO 17409
[ IEC|61850-x ISO/IEC 15118 IEC 61980

\————/

IEC 61851-23

Figure 2. Standardization areas [6]

The list of e-mobility related standards is included in Appendix I.
2.1.3 Charging modes

IEC 61851-1 standard defines different charging modes, the main features of which
are specified below.
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Mode 1 (Figure 3):

1 vehicle can be connected to AC power network via one phase standard socket-
outlet

maximum electricity supply parameters are: 32 A, 250 V,

cord-set should consist of 3 wired cables (live, neutral and earthing wire),

mode 1 is planned for slow home charging,

no energy feedback, no communications.

= =4 =4 =4

EV ikt Connector
Socket outlet

Plug

Battery On-board charger

Figure 3. Charging mode 1

Mode 1 utilizes a standard power outlet (socket-outlet) with a simple extension cord,
without any safety measures. Although this is what many (private) EV conversions use
today, Mode 1 has been outlawed in several countries (RCD protection cannot be
guaranteed in some legacy installations).

Mode 2 (Figure 4):

9 vehicle can be connected to AC power network (with or without RCD protection)
via one or three phase standard socket-outlet,

1 maximum electricity supply parameters are: 32 A, 250 V,

1 cord-set should consist of in-cable or in-plug protection box (with RCD) with pilot

function,

9 cord-set should enable communication between in-cable control box and the
vehicle,

1 mode 2 is planned for slow home or occasional charging.

EV inkt In-cable control box Socket outlet

~=& [

Connector

Battery On-board charger

Figure 4. Charging mode 2

Mode 2 cord-set provides a moderate level of safety and is considered as minimum
standard for charging an EV [11].
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Mode 3 (Figure 5):

1 vehicle can be connected to AC power network via dedicated EVSE (EVSE
should be permanently connected to the AC network),

1 EV to EVSE communication is directly provided by dedicated charging cable
(cord-set should consist of additional data wires),

1 additional protection via control pilot function should be provided,

1 plug interlock permits unsupervised operation, even in a public space (see
subchapter 2.3.3.1),

1 energy feedback is possible, since communications are bi-directional,

1 mode 3 is planned for both home and public charging.

=0

Socket outlet
Plug

EV mkt Connector

\

AC charging

facility

Battery On-board charger

Figure 5. Charging mode 3

Mode 3 and mode 4 are most secure ways of charging. The charging installation is
dedicated. Charging access point incorporates monitoring and protection functions. If
bi-directional power converters are provided in on-board charger, also V2G options are
possible [12].

Mode 4 (Figure 6):

9 vehicle can be connected to DC power network via dedicated EVSE

1 DC charger is a part of EVSE,

9 additional protection via control pilot function is provided,

i data exchange between vehicle and charging equipment is provided, charging
equipment is permanently connected to the network,

1 mode 4 is intended for public DC charging.
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Figure 6. Charging mode 4

Control pilot function

For safety purposes, control pilot (CP) and proximity pilot (PP) functions are
essential for charging infrastructure. It is provided by the control conductor in the
charging cable assembly. It connects the in-cable control box or the fixed part of the
charging facilities with the EV. Its implementation has to meet requirements of IEC
61851. The main control and proximity pilot functions are presented in subchapter 2.5.1.

2.2 EV Technologies

Nowadays, most leading car manufacturers gradually extend their combustion
engine assortment with new electric models. Although an access to some products may
be limited to particular countries/regions, dozens of EVs are already available and their
number is still rising. Among various technologies applied to electric car designs three
main approaches can be distinguished:

1 Pure Battery Electric Vehicles (BEVS) i vehicle that is propelled by an electric
motor and energy is stored in battery. Battery is charged by plugging the car to
the electricity network at home or at public charging stations. BEVs do not have
any internal combustion engine (ICE) and do not use petroleum.

1 Hybrid-Electric Vehicles (HEVS) i vehicles that are powered by a conventional or
unconventional fuels combusted in the ICE (Internal Combustion Engine).
Additionally, the vehicle drivetrain allows for changing the propulsion to the
electric motor that the car is also equipped with. However, the electric energy
supplying a motor, stored in the battery, comes only from regenerative braking
and ICE (through alternator). While braking, when typically energy is being
wasted, the electric motor operates as generator and charges the battery.
Electric motor is an auxiliary device and supports the operation of ICE. There is
no possibility to charge HEVs through external electricity grid. Charging is an
internal issue. HEVs are complex designs because they involve multiple
drivetrains that need to be toggled while car is driving i for example changing the
propulsion from electric to ICE, or changing the charging target appliance from
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ultra-capacitors to battery. Because HEVs use mainly petroleum for vehicles
driving and battery charging, they are a good option for long distance
transportation.

1 Plug-in Hybrid Electric Vehicles (PHEVS) i vehicles that are powered by the
conventional or unconventional fuels combusted in the ICE as well as electric
energy stored in the battery charged in by external electricity network. While
HEVs use only energy from conventional or alternative fuels for propulsion and
battery charging, PHEVs can be plugged in to the power system. Therefore,
PHEVs can drive only being powered by the electric motor when fully charged.
Additional charging is performed during regenerative braking and through ICE, if
the battery SOC (State of Charge) is too low. Because PHEVs can run off
electricity and petroleum, they are a perfect option for long distance
transportation.

Table 2 summarizes the main characteristics of the vehicles using electric energy,
including pure battery EVs, hybrid EVs and plug-in EVs.

Table 2. Comparison of BEV, HEV and PHEV [15], [16]

Pure Battery Electric Hybrid Electric Plug-in Hybrid
Vehicle Vehicle Electric Vehicle
(BEV) (HEV) (PHEV)
9 Electric motor drive | I Electric motor drive
Propulsion Electric motor T Internal combustion |  Internal combustion
engine engine
i Battery 1 Battery
Energy system 1 Battery 1 Ultracapacitor _ 1 Ultracapacitor _

1 Ultracapacitor 1 Inte_rnal combu_stlon i Inte_rnal combu_stlon
engine generating engine generating
units units

Petroleum stations
Energy source Electric grid charging . T o
& facilities Petroleum stations {  Electric grid
infrastructure charging facilities
1 Advantages of BEV

1 Commercially supported by ICE

available 1 Longrange 1 Long range (on

1 High initial 1 Complex design petroleum)

ch teristi investment cost T Commercially 1 High initial
aractenistics 1 High battery cost available investment cost
and short life-cycle | ¢ Higher cost than 1 Volvo V60 Plug-in

T Upto200kmi conventional car Hybrid is

short range commercially
available

For Honda Civic 0 L

Hybrid : 38% reduction 40-60% reduction in
I . . . fuel consumption in

Fuel Economy No liquid fuel in fuel cost in the city .
. comparison to the ICE
and 20% reduction on )
. powered vehicles
the highway
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Pure Battery Electric Hybrid Electric Plug-in Hybrid
Vehicle Vehicle Electric Vehicle
(BEV) (HEV) (PHEV)
M Lower emissions
than conventional A
car. Lower emissions
than HEVs and
o . Use of electricity conventional cars.
The lowest emissions for a part of .
among any vehicles. commuting results T PHEVs par_tlﬁlly
However, EV cannot be in reduction in fuel operates with
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COTEVOS considers charging interoperability of EVs that can be connected to
public or semi-public EVSEs. Therefore, in the next subchapter an analyses will be
performed for plug-able EVs (i.e. BEVs and PHEVsS) only. From the interoperability
perspective, PHEV should be almost the same as BEV. Differences can be important
only for V2G services, when battery capacity is more important. HEV will be neglected in
the analyses as they are not connected to the grid i they operate as typical combustion
vehicles.
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2.2.1 EV components and systems

The main energy source of BEV is battery, which replaces the fuel tank. Other
batteries are also installed in other parts of the EV (eg: under seats) in order to provide
extension of available travelling distance and ensure electric supply for systems not

connected with drivetrain and propul-boardn.

chargers utilizing either standard domestic socket-outlet or public EV infrastructure.

Figure 7 presents a general structure of the EV system. The main part of the EV is
motor and battery, which together with transmission create a vehicle drivetrain. These
main components are supported by a series of auxiliary subsystems. Engine Control
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Figure 7. The structure of the EV design [14]

Most EVs are equipped with the on-board chargers, therefore the AC/DC power
converter is required. Power converters, being currently in use, are only unidirectional
appliances, so they are able to transform energy from AC to DC. This conversion is
needed while charging. Meanwhile, the EV system operation requires other
transformations in order to supply subsystems. Therefore, several additional converters
are needed:

1 DC/DC 1 between internal LV and HV battery in order to charge LV battery,

1 DC/DC i between motor and HV battery in order to provide braking energy
regeneration,

1 AC/DC + DC/DC or single DC/DC i between alternator and HV battery.

Figure 8 presents the structure of EV system. In the Figure, power system is an
external energy source and the battery is an internal energy source. Thick arrows show
an energy flow, while thin arrows represent communication and control signals. Double
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Figure 8. General EV system structure [15]

EV system consists of three main subsystems:

9 Electric propulsion subsystem,
1 Energy source subsystem,
1 Auxiliary subsystem.

An electric propulsion subsystem is fully internal, which means that it does not affect
interoperability. Technical solutions used are the issue for vehicles manufacturer. EV
user does not interfere with this subsystem.

An energy source subsystem includes battery (internal energy source) and systems
that allow for its charging and discharging: energy management unit/battery
management system, refuelling system, charger on-board (not presented in the figure)
etc. Major subsystem components are internal and similarly to the electric propulsion
subsystem, the EV user does not affect their operation with one exception: connection to
the power system. This is performed by the vehicle power inlet and the EVSE connector.
The car manufacturerd6s responsibility is to pr

An auxiliary subsystem is not fully described in the figure. In fact, all other systems
providing additional functionalities can be included into this category i.e. human
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management interface. Most interoperability-involving issues are related to the last
subsystem i auxiliary. It includes peripheral equipment that EV user deploys during
everyday driving, charging etc.

As it was previously said, the EV system structure, as described above, refers
mainly to the BEV. PHEVs will be in a manner similar to EVs in their structure but they
will consist of additional systems for drivetrain T at least two switching propulsion
systems: electric motor and internal combustion engine. The energy source subsystem
will be also extended by ultracapacitors, for instance. Although PHEVs are much more
complex and difficult to design by manufacturers, the interoperability issues will be
almost the same as in case of BEVS.

2.2.1.1 Charger

Next to the battery, the charger is one of the most important parts of the energy
source subsystem. It in fact provides all energy necessary for propulsion and for the
auxiliary devices. The charger allows the battery to be charged from the electricity grid.
From the technological perspective, the charger is AC/DC power electronic inverter.
While charging its operation is fully controlled or supported by the BMS. The AC voltage
is transformed into DC voltage that suits the battery parameters. The charger operation
is constrained by the safety requirements of the battery used in the EV.

There are two main approaches to the charger design 1 built-in into EV (on-board)
or external (off-board). On-board charger is an inseparable subsystem of the EV. It can
operate as one-phase and three-phase charger. One-phase chargers are most common
solutions as compared to more expensive three-phase designs. They are mostly
dedicated to slow charging at home, whereas three-phase chargers are designed for fast
AC charging. DC fast charging requires the deployment of high power off-board charger.
It is a part of external charging supply equipment and is connecting with EV for charging.
The main advantage of off-board charger is that it does not affect the EV price, as the
charger is not a part of vehicle.

The charger nominal power depends on battery capacity.

Currently, the market offers only one-directional chargers. The development of bi-
directional chargers is not a technical problem but such a charger is simply too
expensive without a proper business case allowing the investment to be earned back.
For V2G applications bi-directional chargers are required.

2.2.1.2 Batteries

Battery is the EV energy source subsystem. Since it is one of the most important
components of BEV it may require special care and handling. For instance, in case of
DC f ast charging, EVOs BMS system and -
directional communication to exchange information such as battery charging pattern,
State of Charge (SOC), temperature, etc. The following subchapter presents an
overview of the EV batteries in three main aspects:

CO'@\/OS

chargi
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1 Type of battery,
1 Charging pattern for lithium-ion battery,
1 Battery ageing.

Type of battery

Currently, batteries are most problematic components of the EV systems. Main
issues involve their weight, price, capacity, lifetime, electrical parameters and
dimensions. However, EV batteries market segment is rapidly developing, as all
manufacturers and e-mobility stakeholders are aware that batteries are crucial for the
sector further development. Already today we can identify the following battery
technologies [17]:

Nickel-Metal Hydride batteries (NiHM),
Sodium-Nickel Chloride batteries (NaNiCl),
Lithium-ion batteries (Li-lon),
Lithium-Metal Polymer batteries (LMP),
Zinc-Air batteries (Zinc-air),

Lithium-Sulfur batteries (Li-Sulfur),
Lithium-Metal-Air batteries (Li-Oxygen),
Lithium-Air batteries (Li-air).

= =4 =4 -4 -8 -4 -8 -9

The above battery technologies are also presented in Figure 9 with an indication to
the specific power and energy. These parameters vary depending on the application.
EVs require highest possible specific energy, while high specific power is needed in case
of fast charging.
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Figure 9. Energy and power of different types of batteries [105]

The most popular battery technology for EV is Lithium-ion (Figure 10) [105]. This
battery type can be designed using various cathode and anode materials such as lithium
titanate, lithium-cobalt or lithium-iron-phosphorus. Li-ion promises a high energy density,
lifetime and charging cycles. Li-ion batteries are characterized with energy density of 130
Wh/kg, cell voltage of 3,7V and expected number of cycles i 3000 assuming that the
Depth of Discharge (DoD) is at 80%.The highest practical energy density can be
achieved within cobalt cathode (120-180 Wh/kg). According to Figure 10 a promising
technology according is Li-air battery. However, it requires much effort in R&D.
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Figure 10. Battery technologies and energy density [17]

Charging pattern for lithium-ion battery

The lithium-ion battery does not accept overcharging (which is in fact a constraint
on all traditional batteries). For this reason, manufacturers of Li-ion cells emphasize that
a correct charging process should be followed. The cells are to be charged up to 4,2
V/cell with a tolerance of +/- 50 mV/cell. Higher voltages could increase capacity but
would reduce battery lifetime.

Figure 11 describes a charging process for a single battery cell. The highest current
value occurs during the first hour of charging. Subsequently, the current value decreases
to zero amps approximately in the second charging hour. At the beginning, the charge
level goes up linearly. Later, an increase in SOC is nonlinear. We can also notice a
relatively significant voltage stroke when charging begins and almost a constant value
during the remaining time of charging.
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Figure 11. Charging pattern of lithium-ion battery [18]

Battery ageing

Battery ageing depends on several factors. The main drivers which imply battery
lifetime are: charging speed (charging current), charging and discharging levels (deep
discharging has highly negative impact on battery), battery age and operation
temperature. Car and batteries manufacturers have arranged goals for all these factors,
but they are not fully clear. For battery age, the goal is approximately fifteen years. For
operation temperature requirement cannot be stated as general. It depends on battery
chemistry. Higher and lower temperatures degrade battery lifetime.

The next factor affecting battery ageing is charging and discharging level. In this
point two elements can be distinguished 7 charging/discharging current and level when
discharging ends. Charging pattern depends on EV user. The best for battery is slow
charging and discharging only to 30-40% of available nominal capacity.

Figure 12 presents a typical battery degradation. It depicts how the battery Depth of
Discharge (DoD) affects expected charging cycles. Important is that assuming only 80%
DoD, number of cycles is about 2000, while for <10% DoD it reaches hundreds
thousands.
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Figure 12. Battery cycle life dependent on DoD and battery degradation [105]

Battery development is crucial for further e-mobility development. The most urgent
issues includes increasing energy storage capacity, allow for high current charging and
extended lifetime.

Battery costs

Costs of the batteries are much less important for interoperability, however have a
significant impact on every business model for e-mobility. Costs are especially important
for services built on the EV and its energy storage (such as V2G), as the market model
and prices shall include sensitive issue as the battery lifetime is.

For costs description two main aspects can be distinguished: investment cost and
degradation cost. For every service important is degradation cost as it describes 1 kWh
discharged with the assumed DoD. Degradation cost includes investment cost, which
nowadays vary from 180-380 U/kWh, with the long-term projections at the level of 65-80
0U/kWh [105]. Definition of degradation cost is difficult, due to complexity of the battery
operation. As it was stated before, many elements influence battery efficiency and
lifetime, therefore degradation cost must be described with the battery simplified model
and several assumptions made. The figure below depicts the curve for the degradation
cost depending on the DoD and investment cost.
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Figure 13. Costs per kWh depending on the DoD for different investment costs [105]

2.2.1.3 Battery Management System

Battery Management System (BMS) handles operation of the EV battery. It controls
charging and discharging process together with charger (see Subchapter 2.2.1.1).
Control strategy is in most cases arranged for extending battery lifetime. BMS prevents
also from deep discharge and wrong charging parameters. The BMS tasks can be
summarized as:

9 Controlling / supporting charging and discharging process,

9 Protecting battery from operating outside the acceptable range,

1 Monitoring battery SOC and battery condition (Battery monitoring system
includes: voltage control, temperature, SOC, state of health, current and coolant
flow),

1 Reporting data.

Figure 14 presents an example BMS system composition. It consists of three main
subsystems: centralized, distributed and modular. Centralized part is a single controller
connected to the battery cells (wire connection). Distributed components involves BMS
board, which each cell is equipped with. Modular subsystem involves a few controllers
which handles operation of a certain number of cells.

BMS needs to send required data to other devices in EV system. Main measures
used for this purpose includes:

1 CAN BUS,

9 Direct wiring,

M1 DC-BUS,

1 Wireless communication.
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Figure 14. Battery Management System

BMS has very limited impact on EV system interoperability in case of charging
mode 1, 2 and 3. Then, BMS is crucial for energy source subsystem but is fully internal.
During everyday use, EV user does not influence operation of BMS 1 it is independent.

In case of fast DC charging i mode 4, interoperability issue occurs as the DC
charger (built in charging station i EVSE side) exchange information with the BMS (EV-
side) in accordance with CHAdeMO or ISO 15118 (see DC charging description
in subchapter 2.3.3.1).

2.2.1.4 Human Machine Interface

Human Machine Interface (HMI) lays at the software layer of the EV systems and is
a part of auxiliary EV subsystem. It is an application that presents information for the EV
driver, such as EV system current state, battery SOC or operational instructions. It is
also a measure for information exchange and mutual communication between
electromechanical system and the user. Information is displayed in a graphical form. HMI
allows the user for completing setting through touchable screens.

Figure 15 presents an exemplary sight of Human Machine Interface for EV.
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Figure 15. Human Machine Interface for Electric Vehicle [20]

Human Machine Interface may provide EV user the following information:

Actual remaining EV range,

Battery SOC,

Current electric energy consumption,

Ecometer i indication of the efficient vehicle use,
EV state,

Battery state.

=A =4 =8 -4 -4 4

Additionally, HMI can be equipped with features and functionalities not directly
connected with EV operation such as: GPS navigation, external communication
(Bluetooth, NFC etc), media connection, etc.

Above examples of HMI functionalities does not close the list. Direct design of HMI
depends on manufacturers. A relevant remark that can be made about the HMI is that
with the (PH)EVs currently on the market it is sometimes possible to schedule a charging
session manually. For supporting dynamic (market based) and Demand-Side-Response
programs a more advanced HMI will be required.

2.2.1.5 Range extender
Range extender is an auxiliary power unit built in or externally included in BEVs or

PHEVs in order to increase their electric range. There are three technologies of range
extender:
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1 An additional Internal Combustion Engine (ICE). ICE does not provide direct
power for vehicle driving only drives generator which charge the battery.
Operation of ICE is independent on EV operation.

1 Piston engine with new designs from scratch for fairly constant load in series
hybrids.

1 Microturbine and fuel cells that operates at constant load.

The range-extender which additionally charge the EV battery during a journey
provides an important input for increasing the market penetration and customer
acceptance of EVs. This system does not have direct impact on interoperability issues
however is relieving the so-called frange anxietya Since in some locations charging
infrastructure might be limited, the additional range and thus the greater choice of
charging stations helps to mitigate the fear that at the charging destination it will be
impossible to charge vehicle, e.g. because connector/inlet compatibility or of RFID cards
reader failure.

2.2.2 Market available products

As nowadays e-mobility is rapidly developing, EV manufacturers try to provide the
wide range of various EV designs. Table 3. presents the pure battery electric vehicles i
BEVs and hybrids i PHEVs. Columns describe some important parameters of the cars
including motor drive power, the battery type, voltage and capacity and vehicles range
(guaranteed by the manufacturers).

Table 3. The list of vehicles with electric drive

EV Battery | Battery
; >
Vehicle Model o m | Power | Battery range | voltage | capacity
manufactures m = type
[kW] [km] V] [kWh]
Mitsubishi i-MiEV 2014 X 47 Li 160 330 16
Honda FITTEV 1y X Li 113 X 20
Japonia
Kia Naimo X 80 Li-Poly X 330 16
Nissan LEAF X 80 Li 175 X 24
B ELECTRIC :
DRIVE X 130 Li X 330 16
SLS Coupe | 552 Li X 400 60
Electric
Mercedes
AWD Full )y 200 Li X 355 56
Electric
Sprinter .
E-Cell X 100 Li X X 35,2
Volkswagen e-up X 40 Li X 374 18,7
Opel/Vauxhall Ampera X 111 Li 80/500 X 16
Smart Fourjoy X 40 Li X X 17,6
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. > Power EV Battery | Battery
Vehicle o w Battery | range | voltage | capacity
Model 1] T
manufactures m o type
[kW] [km] (V] [kwh]
Ed X 30 Li 135 330 17,6
iQ-EV X 40 Li X 330 16
Toyota Prius X 68 Li 18/870 X 4,4
Plug-In
RAV4 T EV X 115 Li X 240 41,8
Zoe X 60 Li 160 400 22
Kangoo Maxi | 44 Li 170 398 22
Renault ZE.
Twizy X 15 Li 100 X 7
Fluence Z.E. X 70 Li 161 398 22
Fiat 500e X 15 Li 130 X 22
Berlingo X 42 |NanNicl| X X 23,5
C-Zero X 49 Li 130 330 16
Mazda Demio EV X 75 Li X 346 20
A2 Concept X 60 Li X X 31
Audi
Urban X 15 Li X X 7.1
Concept
Partner X 49 Li X 300 22,5
ion X 35 Li 130 330 16
Brusa Spyder X 95 Li-Poly X X 16
Infiniti LE Concept X 100 Li X X 24
Spark EV X 100 Li X X 21
Chevrolet
Volt X 111 Li 56/480 X 16
e-Wolf Alpha 1 SRF X 140 Li X 520 41,5
Rolls Royce Pha”é‘;(” 1031 290 Li X 338 71
Byd BYD e6-Eco X 115 Li 330 X 60
Focus X 100 Li 160 X 23
Ford Electric
Connect EV X 50 Li 160 X 21
Volvo C30 BEV 82 Li 150 X 24
Romet 4e X PbO, X 330 16
Skoda Octavia |y 85 Li 140 X 26,5
Green E Line
Venturi America X 220 Li-Poly X X 54
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. > = EV Battery | Battery
Vehicle o w OWEr | Battery | range | voltage | capacity
Model 1] T
manufactures m o type
[kW] [km] V] [kWh]
Saab 9-3 ZE X 135 Li 200 X 35,5
Electric .
ERA RaceAbout X 282 Li X 415 32
Re-Volt Re-Volt X X Li-Poly X 133 7
225 Li 390 X 60
Model S X -
TESLA 270 Li 490 X 85
Model S 310 Li 490 X 85
performance
Think City X 34 Na 160 X 24
Mini (BMW) MINI E X 150 Li 195 X 35
Coda EV X 100 Li 193 X 34
BMW i3 X 125 Li 190 X 18,8
18/18 Spider X 96 Li 35/500 X 7,1

Legend: Battery type: Li T based on lithium, PbO2 7 lead acid, Na i based on sodium

2.2.3 Time of charging

At present, charging time of EVs spans from less than 30 minutes to over 10 hours
(Table 4) and depends on:

9 supplying grid parameters (e.g. one/three phase, nominal fuse current, smart
grid services, etc.),

1 maximum power enabled in particular connector/inlet standard (see subchapter
2.3.2.1),

i charging mode,

1 the type of battery, its capacity, charging profile and how it is depleted,

1 power of on-board/off-board charger.

Although in some situations (e.g. during travel) there is a need for fast charging
options, due to the ageing issues (see subchapter 2.2.1.2), it is advisable to charge
batteries with a possibly low current. The charging speed might be additionally limited by
other factors such as: EVSE management system (if more EVs are simultaneously
connected to the same charging station), predefined charging schedule, V2G services,
etc.

2.3 State of the art of EVSE

2.3.1 Current situation in EVSE development

At present one of the most substantial EVs disadvantages is related to their
relatively short range that usually does not exceed 150 km on fully charged batteries
(see Table 3 in subchapter 2.2.2). A short range of EVs may be more tangible taking into
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account the fact that it depends (similarly as in combustion vehicles) on factors such as
driver s habits and road conditions.

Another important issue for EVs development is the time of charging (see Table 4).
Currently it is not feasible to put the 20-25 kWh of electric energy needed to travel 150
km into the battery in the time comparable with refuelling combustion engine car. While
petrol or diesel refuelling is the matter of minutes, the time required to charge depleted
batteries can range from less than 30 minutes to several hours (it depends on the size
and type of batteries and the type of charging equipment used). On the other hand the
time of charging itself is not the only issue. Providing electrical distribution facilities to
allow users to consume 20 -25 kWh from the electricity grid in single minutes is neither
practical, nor economical and even if it was, no EV battery could accept such amount of
energy at this rate.

Table 4. Estimated time to charge up a depleted 24 kWh battery using
different charging levels [23]

Cht?rrr?;ng Power Supplied Voltage Mé‘lj(rlglrjl:n Mode Speed
10.4 hours 2.3kw 230V AC 10A 2,3 SLOW
8.3 hours 3kw 230V AC 13 A 2,3 SLOW
6.5 hours 3.7kw 230V AC 16 A 2,3 SLOW
3.2 hours 7.4kW 23\(/) ,/Aéoo 32A 3 AC Fast
1.6 hours 14.5kwW 400V AC 63 A 3 AC Fast
1.04 hours 23kw 400V AC 100 A 3 AC Fast
29 minutes 50kw 400-500 vV DC 1007 400 A 4 DC Fast
15 minutes 100kW 400-500 V DC 1007 400 A 4 DC Fast

Furthermore, uneven development of charging infrastructure around EU countries
and worldwide is another drawback affecting EVs market growth [24].

There are no single means to mitigate these deficiencies. Solutions do not just
involve the development of chargers, they involve and require the design and roll out of
a network of public and private charging stations with associated e-mobility services and
improvements of the electricity grid to carry the increased load. As it has been stated in
the previous subchapter most of market available BEVs and PHEVs are equipped with
on-board AC chargers. Such vehicles can be connected to regular domestic/industry
standard socket-outlets via a cord-set, which is usually provided by a car manufacturer.
In particular, it is convenient for commuting car owners who have an access to private
parking space and individual power supply, which involves no additional expenses for
charging equipment. In fact, the EV might be treated as another household load.
Consequently, slow overnight charging is nowadays the most popular scenario.
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Figure 16. Number of public charging points available from website: www.chargemap.com

Although slow charging might be sufficient for commuting private EV owners, it is
probably not for others, such as corporate fleet operators, taxis, transport couriers etc.,
who often require publicly accessible charging infrastructure available 24 hours per 7
days. Additionally, regular commercial EVs require bigger batteries which in turn need
higher power charging stations to achieve reasonable charging times.

Regardless whether the EV owner is private or commercial, the vehicle may be
used a long way from its base (e.qg. for a trip), further than it results from a single battery
charge range. In such a case low power charging should be treated as an emergency
option. Instead, a high power DC charging is recommended. This however requires
publicly available DC charging infrastructure.

For commercial vehicles there are also other charging options. If the vehicle follows
prescribed routes within a limited range, it is possible to plan an access to adequate
charging infrastructure. In case the destination is in the range of vehicle, DC charging is
possible saving weight and space on the vehicle. The other option may utilize battery
swap functionality. Each vehicle may have the couple of removable batteries packs with
one being charged while the other is in use. The vehicle depletes the battery during each
journey and picks up a fully charged battery at the terminal base.

The following subchapter addresses the issues associated with providing different
means of charging necessary to support the growing population of EVs.

2.3.2 Charging equipment

The EV batteries can be charged with either AC or DC voltage (see Figure 17). The
on-board charger enables AC charging whereas DC charging requires off-board charger.
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Figure 17. AC and DC charging [21]

2.3.2.1 Connectors

The following subchapter deals with the specification of EV inlets and cord-set
(cable) connectors.

In Europe all inlets and connectors should meet the IEC 62196-X standards. The other
existing standards are: SAE J1772 (North America) and CHAdeMO (Japan). Table 5
contains a list of currently most popular inlets and connectors.

Type 1 is one of the oldest standards for connector/inlet defined by IEC 62196-2
and in SAE-J1772. The technology allows for single-phase AC slow charging. Maximal
charging power is up to 7,2 kW.

Type 2 is defined by IEC 62196-2 standard as the AC three-phase equivalent of
type 1 connector. As it is possible to use three phases, charging power can be up to 43
kW.

Type 3 is a hybrid solution for both single- and three-phase charging but connector
parameters are different. Maximal charging power is 22 kW.

CHAdeMO is defined by IEC 62196-1 standard and is commonly used in Asian
cars. Unlike in previous connectors, the Chademo is used for DC charging under
operational voltage 500 V and currents up to 120 A. Charging power is relatively high -
up to 60 kWw.

Combo is the European equivalent of DC connectors. Technical issues are defined
by the same standard as for types 1-3 (IEC 62196-2. Nominal voltage is 500 V DC and
current up to 200 A.

Combo2 is defined by IEC 62196-3 standard and it seems to be a dominating
solutioninthenear est future. Combo26s main advantage
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three voltage levels: 120 V AC, 240 V AC and 500 V DC - the inlet is compatible with the
Combo2 - DC and type 2 - AC connector.

Table 5. List, standards and differences between EV connectors and inlets

CIOMIEED]; [llustration Standard MEN Max current
/ Inlet voltage
SAE J1772- | 250V AC
Type 1 2009 Single- 32A single-phase
IEC 62196-2 phase
500V AC
three-
phase 63A three-phase
Type 2 IEC 62196-2
250V AC 70A single-phase
Single-
phase
500V AC
three- 16/32 A single-
phase phase
Type 3 IEC 62196-2
25.0 V AC 32A three-phase
single-
phase
Chademo IEC 62196-1 | 500V DC 120A DC
Combo IEC 62196-2 | 500V DC 200A DC
500V DC 200A DC
Combo2 IEC 62196-3 | 120V AC 16A AC
240V AC 80A AC
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It is noticeable, that although the construction of inlets and connectors does not
allow to mix different solutions, some manufacturers already offers dedicated adapters

Such equipment enables to connect the type 1 inlets with type 2 connectors (type 1 and

type 2 share the same standard for control signal)

In 2013 the European Commission unveiled a plan to unify the vehicle inlet
standards. According to the plan only one standard should remain in Europe i Combo2
The proposed solution provides background for unification of AC and DC charging

powers and enables compatibility among the systems. This EC decision is supported by

the European Automobile Manufacturers Association i ACEA, see Chapter 0

2014

Simultaneously, it seems that the market itself has already chosen Combo2 as a

™)

target system and it will be most widely used inlet/connector in 2014 Figure 18
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Figure 18. Charging options for market available EVs [21]

2.3.3 Charging technologies
Considering the known measures of delivering energy to EVs and making the
analysis of market available products, one can identify charging technologies that are

already adopted or are expected to be adopted in near future

9 wiring (conductive) charging
0 AC charging,

o DC charging,
91 wireless (inductive) charging,

1 battery swap.
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2.3.3.1 Wiring charging

Nowadays the conductive charging is most common solution. The charging station
might provide either AC voltage or DC voltage (some products offer both options). If AC
is used for charging, the energy is supplied directly from the existing low-voltage network
to the on-board AC/DC converter in the vehicle (see subchapter 2.2.1). In case of DC
charging, the AC/DC converter is located within the charging station.

Though in Europe all available conductive charging stations should comply with
IEC 61851 Standard, there are possible significant differences between particular
products that arise from:

1 anticipated charging station environment (home, public, indoor, outdoor, etc.),

1 type of voltage provided (AC or DC),

1 implemented charging modes (in accordance with IEC 61851 and vehicle
connectors (IEC 62196),

billing services,

communication and e-mobility services,

maintenance options e.g. remote service and driver assistance,

safety precautions, etc.

= =4 =4 =4

Examples of different types of charging states are presented later in this
subchapter.

Taking into account communication functionalities, one can identify two types of
charging architecture:

i autonomous charging stations,
9 clusters of charging stations.

Although both can be equipped with advanced options, the latter might require
cluster management systems securing power management and enabling advanced
ancillary services such as V2G.

AC charging

If EV charging is provided in compliance with mode 1 or 2 (IEC 61851) the EVSE
equipment is limited to a cord-set (usually supplied by the vehicle manufacturer) that can
be connected to the existing AC power network (Figure 19). Charging can be carried out
from a regular domestic/industrial socket-outlet and is suitable mainly for private,
domestic installations and does not need authentication and billing. Since Mode 1 and
Mode 2 offer limited safety and communication options, this equipment should be used
occasionally, during initial/transitory EVs implementation phase (and mainly in private
locations).

For new installations and all public infrastructure Mode 3 is being dedicated. It
incorporates functionalities required to improve safety and communication abilities.
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Figure 19. Key components of the AC charging station and EV charger

For that purpose the standardized Type 2 [25] connector is equipped with both PP
and CP signal contacts assuring functions such as confirmation whether the connector is
correctly inserted in the inlet or which current may be used for charging (see subchapter
2.5.1). An interlocking mechanism prevents withdrawal of the connector from inlet while
energized or prior to completion of all necessary transactions, such as payment. It can
be implemented both on the vehicle and on the charging station, ensuring higher safety
of the system, Figure 20.

Figure 20. Connector interlocking equipment (Phoenix connector i left picture, Mennekes inlet
with locking actuator i right picture).

Every charging station that is compliant with Mode 3 (including those for
domestic/private charging) should consist of the following components [26] (Figure 21):

1 Protective equipment like RCD (Residual Current Device) and MCB (Miniature
Circuit Breaker),

1 Contactor preventing (isolating) charging station socket outlet (or the connector
itself if the cable is fixed to the charging station) from being energized while not
connected to EV. It stays deactivated until communication is established with the
vehicle and until the earthed conductor connection is checked.

1 The charging controller enabling and controlling charging in accordance with the
IEC 61851 standard. It communicates with the electric vehicle, identifies the
charging cable, and controls and monitors the connector (continuous protective
earth checking is required) and the plug interlock. The charging controller thus
ensures safety for the charging operation.
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1 Actuator as part of the charging socket for interlocking and/or releasing the plug
in the socket

In AC charging stations, before the charging process starts, the communication with
the EV must be established (via the CP cables). Several parameters are transmitted and
adapted. Charging should not start until all safety prompts meet the specifications and
until the maximum admissible charging current is not confirmed. The following test steps
are performed:

1 The charging station (in mode 2 the control device is in the charging cable)
checks the connection of the PE conductor to the vehicle and transmits the
available charging current.

1 The vehicle adjusts the charger accordingly.

9 The vehicle interlocks the charging connector and requests the start of charging.
The charging station interlocks the infrastructure charging connector.

All communication signals are transmitted to the charging station via the CP
conductor. If all other requirements are fulfilled, the charging station energizes the
connector. The earth conductor is monitored for the duration of charging via the PWM
communication. At any time the vehicle can communicate with the charging station and
cut power supply. If the vehicle ends the charging process the interlock can be unlocked.

The vehicle charger defines the charging process and its parameters. To prevent
the vehicle charger from exceeding both the capacity of the charging station and the
charging cable, the capacity of the systems is identified through the resistance in the CP
lead. Prior to starting the charging process, the resistance can be determined by the on-
board charger by observing the voltage levels.
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Figure 21. Basic mode 3 charging station components [26]

public charging stations should be equipped with the energy

management system that on the basis of contract between the EVSE provider and the
DSO is responsible for preventing EVs from overloading power grids while charging
(especially in case of high power charging stations where numerous EV can be
connected).

Those functions are provided by internal subsystems such as:

T

=A =4 =4 =8 -8 4

operator interfaces for local management,
web servers for remote connection,
power meters,

industrial computers,

communication interfaces (Ethernet, RS-485/RS-232, CAN, etc.)

RFID (Radio Frequency Identification) card readers,
sensor and actuators, etc.
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Charging station can be linked to IT systems in a variety of ways. Often a wide
range of protocols and interfaces are supported, such as OCPP, Modbus, and SQL.

More complex charging stations dedicated to public use require extended control
functions for:

9 internal monitoring and control (also described in IEC 61851),
1 communication with charging station external service, monitoring and billing
systems.

Although both types of stations can be equipped with advanced options, the latter
might require cluster management systems securing power management and enabling
advanced ancillary services for the network operator.

EXAMPLES OF MARKET AVAILABLE AC CHARGING STATIONS AND THEIR MAIN
FEATURES

Examples of charging stations dedicated mainly to private/home charging
1 GE WattStation Wall Mount [27], Figure 22

Figure 22. GE DuraStation EV charging station [27]

Main features and functionalities:

0 AC Max Charging Power Output 7.2 kW (240VAC @ 30A).

o0 Vehicle Interface SAE J1772 EV connector.

0 Simplicity: charging starts just after the EV is connected. A green backilit
charging icon will illuminate to signal that the EV is in the process of
charging. When charging is complete, users simply wrap the cord around
the charging station, keeping it organized and out of the way.

0 Reduced Energy Consumption: Completely shut off power to the
WattStation, ensuring zero energy consumption when not in use.

o Designed for both indoor and outdoor installation.

o The WattStation wall mount can either be hard wired for more permanent
installations or plugged in for simple removal of the unit.

o0 Standards Compliance: SAE J1772; NEC 625; UL 2231, 2251, 2594,
NEMA and NIST; cUL 2594 and 2231.

1 KEBA KeContact P20 [28], Figure 23.
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Figure 23. KEBA KeContact P20 charging station [28]

Main features and functionalities:

0 Rated current (configurable connected load): 10A, 13A, 16A, 20A, 25A or

30/32A

Network voltage: 3x 230-400V / 208-240V

Network frequency: 50 Hz / 60 Hz

Overvoltage category: Il pursuant to EN 60664

RCD and MCB in house installations

Potential-free output

Socket variations: Type 2 standard socket: 32A / 400 VAC pursuant to EN

62196-1 and VDE-AR-E 2623-2-2

Cable variations: Type 1 cable with 32A / 230 VAC pursuant to EN 62196-

1 and SAE-J1772, Type 2 cable with 32A / 400 VAC pursuant to EN

62196-1 and VDE-AR-E 2623-2-2

Walll installation both in- and outdoors, optional installation on a pedestal

Standards and directives

Directives: 2004/108/EG, 2006/95/EG, 1999/5/EC R&TTE

Standards Europe: IEC 61851-1, IEC 61851-22, IEC 62196-2, DIN EN

61439-1, IEC 61439-7, EN 61000-6-1,EN 61000-6-3

o Standards US/Canada: SAE J1772, UL 2594, UL 2231-1, UL 2231-2,
CSA107.1, NEC, CFR

Additional options

o ldentification using RFID pursuant to ISO 14443 for Mifare product family
RFID tags (e.g. Mifare 1K)

0 Authorization using a key switch

Ethernet connection (RJ45) for debugging

0 Ethernet connection LSA+ clamps for networking with the KeContact M10
(load management system) or for future smart home integration

o O O O 0O O O

O O O o

(@]

Examples of charging stations dedicated mainly to public charging
1 GE DuraStation EV charger [29], Figure 24
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Figure 24. GE DuraStation EV charging station [29]

Main features and functionalities:

0 AC Charging Power Output 7.2kW (230VAC @ 32A)
o Type 2 socket/connector with a pilot and proximity contact as per IEC
62196

0 LED light to display charger status

0 Option for RFID reader

o Ethernet network offered for RFID authorization service

o0 RFID software application registers usage of the DuraStation, enabling
data collection, and will also monitor status of communication between
RFID and charging station

o Display (VFD) screen showing greetings, instructions and charging station
messages

0 Nuisance tripping avoidance and auto re-closure

0 Vehicle ground monitoring circuit

0 Single phase metering, displayed on included VFD

0 A building ventilation interface signal can be provided to operate facility

and garage fans when required
1 RWE eSTATION [30]
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Figure 25. RWE eSTATION [30]

Main features and functionalities:

0 Can be operated using 400 V AC, three phase, 16 A (11 kW): also with
alternating current 230 V AC, single phase,

o Charging Mode 3 as per IEC 61851

0 Plug connection - EC Type 2 plug connection in accordance with VDE-
AR-E 2523-2-2 with automatic connector interlocks

0o LEDs display (information given such as: Device ready to operate,
Vehicle connected, Active charging process, Charging not possible)

0 Authentication/Activation via separately switchable key switch for every
charging point

0 ISO 15118 communication for Smart Charging,

o Communication controls the charging power via the pilot signal according
to IEC 61851:2001/SAE J1772:2001

0 possible integration of IT-Beckend

DC charging
At present there are two main DC charging standards [31]:

1 CHAdeMO i supported Nissan-Renault, Mitsubishi, Subaru, Citroen, Peugeot

1 Combined Charging System (for AC and DC charging) i supported by Audi,
BMW, Chrysler, Daimler, Ford, General Motors, Porsche and Volkswagen in
Europe. The CCS is based on IEC 62196-2, AE J-1772 standards.

DC charging stations offer similar features to the advanced AC Mode 3 counterparts
however the power control unit and AC/DC and DC/DC converters are located outside
the vehicle, see also Figure 26. Additionally, in case of Mode 4 infrastructure the cable
and the vehicle connector should be permanently attached to the charging station.
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Figure 26. Key components of the DC charging station and EV internal battery
management system

Duringt he DC charging the EV6s BMS system must
infrastructure to control the voltage and current delivered to the battery. It monitors the
key battery operating parameters (voltage, current and temperature and the charging
rate) to provide the charging station with required charging profile. If the battery's
operating limits are exceeded, the BMS can trigger the protection circuits and end the
charging process. Typically, this type of charging stations are designed to support high-
power energy flow and enables fast charging.

In Figure 27 a detailed charging sequence is presented on the basis of CHAdeMo
standard.

Since CHAdeMO and CCS are non-compatible standards there are charging
stations dedicated to one of them. Recently, also charging stations that support both
standards were introduced, see Figure 28.

Charging sequence flowchart

Charger START Vehicle
\ Send start-of-charging signal J | Recognize start-of-charging

e Transm|t battery parameters: Max. voltage to stop
Compatlblllty silssi charging, Target voltage, Total battery capacity, etc.
Transmit charger parameters: Max. output
voltage, Max. output current, g flag Gies Compatlblllty check :Calculate Max. charging time

Recognize start permission signal [ —————— Send start permission 5|gnal

Connector lock and perform insulation test [ Recognize charging ready signal

Send charging ready signal EV contactor ON
V Checkmg battery condition, temperature etc.
Output current Calculate optimal charging current

Checking circuit condition, charging time etc. Transmit charging current value in every 100ms
Checking input current value and error signal

Battery voltage becomes Max. value
Terminate charging
v

Charging Current Control

l Output zero current }(—- Send zero current signal

Recognize charging stop Confirm zero input current

Terminate charging process 1 EV contactor OFF
| Connector unlock Send charging stop signal

Figure 27. DC off-board charging sequence flowchart [32]
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Figure 28. Connectors: Mennekes Type2 (for CCS AC charging) - left, CHAdeMO (for DC
charging) i centre, Combo2 (for DC charging) - right

Examples of DC charging stations and their main features

1 Schneider EVIink Fast-Charging Station [33]

Figure 29. The Schneider EVIink CHAdeMO charging station [33]

Main features and functionalities:

0o CHAdeMO connector and protocol supported
o Charges 80% of the battery in less than 30 minutes
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RFID key for authentication

GPRS communication

Remote services for management and maintenance
Designed for sheltered outdoor use

Charging access: restricted or pay-per-use

1 Blink DC Fast Charger [34]

—_—v

Figure 30. The Blink CHAdeMO charging station [34]

Main features and functionalities:

O O O 0o o

(@]

CHAdeMO connector and protocol supported

Mobile-phone based payment options, and credit card payments
Advertising revenue and messaging opportunities via the colour LCD
display and sound system available through the Blink Advertising Network
LCD touch screen display

Programmable start/stop timing

Beacon light and window for increased visibility

Exterior treatment and graphics fully customizable for rebranding

Dual ports for increased user access and availability

Simplified 2-piece design; separate Grid Power Unit (GPU containing the
power electronics) and charging station for ease of installation

Long reach cable configuration

Safe, easy-to-use docking connector which prevents accidental
disconnection and de-energizes when not in use or incorrectly connected
Safe in wet or dry use

Cable and connector can withstand being driven over by vehicle.
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Certified energy and demand metering; supports electric utility EV
building when certified to ANSI 12.20 and IEC standards

Web-based information delivery

Multiple modes of communications are supported, including Wireless
IEEE 802.11g, cellular, LAN/Ethernet, and LAN capable Web-based bi-
directional delivery and data flow

Access to the @link Networkdand Blink Membership portald

The additional specifications of some market available DC charge stations are
presented in tables 5, 6, 7 and 8.

S

gk

RYE

Figure 31. The RWE charging station [35]

Table 6. Overview of RWE charging stations [30][35]

eBOX eSTATION eSTATION
Model eBOX eSTATION SMART SMART COMBI
No. of charging 1 2 1 2 2 (LAC and 1DC)
points
Charging Mode 3 3 3 3 34
Connector type 2 2 2 2 2, Chademo
Max output 22 for AC, 50 for
power [kW] 11 2x11 22 22 DC
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eBOX eSTATION eSTATION
Model eBOX eSTATION
SMART SMART COMBI
Max output 16 A 16 A 32A 32 A 32 AAC
current
Rated[\\;]oltage 230 230 230/400 230/400 230/400;or mode
Sta}';ﬂi'x © | |ece1851 | IEC 61851 IEC 61851 IEC 61851 IEC 61851
AC single . AC three
Typ of current phase AC single phase phase AC three phase AC and DC
. Wall . . Free-
Type of fixing mounted Free-standing | Wall mounted | Free-standing standing
Table 7. Specification of Terra 23 (ABB) charge station [31]
Terra 23
Outlet . . .
specifications C (default) J (option) G (option) T (option)
Charging Standard CCS CHAdeMO Fast AC cable | Fast AC socket
Max output power 20 kw 20 kw 22 kW 22 kKW
O“tpr‘:n‘éae'tage 50-500VDC 50-500VDC | 400V +/- 10% | 400 V +/- 10%
Max output current 50ADC 50ADC 32A 32A
Connection EN61851-23/ EN61851- IEC61851-
standard DIN70121 CHAdeMO 1.0 1:2010 1:2010
Connector/socket Combo-2 CHAdeMO/JEVS IEC 62196 IEC 62196
type G105 mode-3 type-2 | mode-3 type-2
Compatible car BMW VW, Nissan, M'ts’.Ub'Sh" Renault, Renault,
GM,Porsche, | Peugeot, Citroen, ) )
brand . . Daimler,Tesla | Daimler,Tesla
Audi Kia
Network
. GSM/CDMA/3G modem, 10/100 Base-T Ethernet
connection
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Figure 32. ABB Terra 53 series with different connectors options and its combinations: Type2 ,

CHAdeMO and Combo2

Table 8. Specification of Terra 53 (ABB) charge station

Terra 53
Outlet . . .
specifications C (default) J (option) G (option) T (option)
Charging Standard CCs CHAdeMO Fast AC cable Fast AC socket
Mode 4 4 3 3
Max output power
50 50 43 22
(kW]
Max output current 125 ADC 120 ADC 63 AAC 32AAC
O”tprlgn‘g;“age 50-500VDC 50-500VDC 400V +- 10% 400V +- 10%
Connection EN61851-23/ . .
standard DIN70121 CHAdeMO 1.0 EN61851-1:2010 | IEC61851-1:2010
Connector/socket Combo-2 CHAdeMO/JEVS IEC 62196 IEC 62196 mode-3
type G105 mode-3 type-2 type-2
Compatible car BMW,VW, | Nissan, MItS.UbIShI’ Renault, Renault,
GM,Porsche, | Peugeot, Citroen, . .
brand . . Daimler,Tesla Daimler,Tesla
Audi Kia
Network
. GSM/CDMA/3G modem, 10/100 Base-T Ethernet
connection
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Table 9. Overview of ENTSO-E charging stations

Rated | Rated

Model Mode Connector current | voltage Standard to | Typ of Type of fixing
type follow current
[A] [Vl
Home charging
EVH020.01 3 1 16 230 EN 61439-3 Séﬁz Wall mounted
AC
EVH020.02 3 2 16 230 EN 60439-3 50Hz Wall mounted

Free slow charging connection to Automatic Payment System (APS)

EVT160.11 16 |230/400| EN60439-3 | AC Ground
50Hz mounted
EVT160.12 domestic | 2y16 |230/400| EN 60439-3 | AC Ground
socket- 50Hz mounted
outlet (typ 230- AC
EVT060.11 F.E,G) 16 200 EN60439-3 | o~ | Wall mounted
AC
EVT060.12 2x16 | 23/400 | EN60439-3 | _ = | Wall mounted

Station where advanced user identification and data communication is required (e.g. billing).

IEC61851-1, AC Ground
EVC100.xx 1,3 2,3 16/32 |230/400 EN60439-1/-2 | 50Hz mounted
Ground
IEC61851-1, AC mounted (dual
EVC200.xx 1,3 2,3 16/32 |230/400 EN60439-1/-2 | 50Hz charging
stations)
EVCO050.xx 1,3 2,3 16/32 |230/400 IEC61851-1, AC Wall mounted

EN60439-1/-2 | 50Hz

Compact wall or pole mounted charging point

AC

EVP050.12 1,3 F Schuko 16 230/400| EN 60439-3 50Hz Wall mounted
EVP050.12-E | 1,3 | EFrench | 16 |230/400| EN 60439-3 AC Wwall/Pole
50Hz mounted
AC
EVP070.01 3 1 16 230 EN 60439-3 50Hz Wall mounted
AC
EVP070.12 | 3 2 32 |230400| EN60439-3 | ., | Wall mounted
EVP070.13 | 3 3 32 |230/400| EN 60439-3 AC Wwall/Pole
50Hz mounted
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2.3.3.2 Wireless charging

Wireless (inductive) charging is a relatively new technology and still in testing stage.
It has been gaining recognition over the past few years as a possibly convenient way to
charge electric cars. It allows electrical energy to be transferred from the grid to a vehicle
without the aid of wires. The wireless charging system uses an inductive power transfer
technology (such as in electrical transformers). Using magnetic fields, energy is
transferred from the transmitting coil in the parking pad and converted into an electrical
current by the receiving coil mounted under the car chassis. In the final step, AC current
is converted to DC by on-board rectifier.

Currently, wireless charging is not in common use, nevertheless, it is already
commercially available as a third party
Nissan LEAF and Chevrolet Volt. It is also being tested by some car manufacturers such
as Volvo, Nissan and Toyota.

The dedicated standard IEC 61980 (Electric vehicle wireless power transfer
systems) is under preparation.
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Figure 33. Graphic illustration of wireless EV charging [36]

2.3.3.3 Battery swap

Oneof the solutions facilitating | ong
technology known as a battery swap. Although this solution will not be further
investigated in COTEVOS, it is presented for completeness of the state of the art
analysis.

The idea behind the battery swap technology is to open the car chassis to pull the
battery out and replace it with a fully charged one. The process should take a couple of
minutes and can be fully automated and robotized.

The main disadvantage is that swap stations should be able to exchange different
types of batteries in compliance with different procedures. Also, such stations should be
equipped with a wide range of battery types (for different vehicles), which significantly
increases overall costs and payback time.

Cotevps

enhanc

di st an
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Battery swap technology involves some additional issues such as:

9 lack of unification of battery sizes, capacity, charging profiles,

1 difficulty in estimating how deeply a battery pack is worn or how battery
effectiveness is reduced (risk of fraud),

1 who should be the owner of battery. Owner of new vehicles can be unwilling to
exchange their new batteries with old ones.

Regardless of those problems, companies such as: Better Place (already went
bankrupt) and Tesla Motors successfully demonstrated battery swap. Due to high costs
the future of this technology is uncertain.

-
® ®

rﬁ1

Figure 34. Concept of battery exchange station presented by company Better Place [37]

2.3.4 Connection to the electricity grid i DSO perspective

Connection to the electricity grid is considered only for a low voltage network as all
charging access points and charging stations (home and public) are directly connected
to LV buses. Therefore, the configuration and operation parameters of LV network
together with management operation such as measurements, development, etc. are
most important for e-mobility.

The MV network aspect should be considered only in case of large penetration of
EV systems, which nowadays cannot be achieved. In case of centralized group of
charging stations such as fleet car park or shopping mall car park, especially for DC
charging stations, a separated MV circuit with MV/LV transformer (separated secondary
substation) should be considered, even though it will be only some additional load for
MV network. Therefore, in D1.1 the MV network aspect is not considered.

A low voltage network is a part of the distribution system. This part of power system
is subjected to the Distribution System Operator (DSO). It is responsible for the network
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maintenance, operation and development. Therefore, an approach of the DSO to e-
mobility is highly important.

From the DSO perspective the EN 50160 standard is the basic standard which DSO
has to comply with. The second precondition is the access to the bi-directional data flow
between EV, EVSE, aggregator and SCADA system with the local management
possibilities. For further development of the grid it is necessary to enable the
autonomous management and operation of the microgrid.

Connection to the grid is not directly relevant for interoperability. However, some
aspects of the network design, equipment and operation significantly affect e-mobility,
especially additional services such as V2G or Smart Charging and the comfort of the EV
use (this point refers to the EV users). Such services require bi-directional power flow,
which can be an issue for the grid and its protection equipment (voltage, protection
coordination).

Increasing penetration of the EV may change the way how distribution system is
operated and planned. Although, EV can be treated as additional load it has own
characteristics and in fact does not behave as a typical load (as the lighting for example).
EV may affect voltages, voltage/current THD and asymmetry. Moreover, user in order to
contribute to the e-mobility development must be convinced that EV is reliable option for
transportation. The grid configuration together with equipment and telemechanics stands
for the network outages probability and, therefore, indicates what is the probability that
EV users cannot charge the vehicles. Higher outage probability does not support EVs.

2.3.4.1 Configuration and operation of LV networks

Generally, the connection of EV, particularly EVSE, to the LV grid can be carried out
in any part of the network. Therefore, it is advisable to consider all possible network
configuration and operation states. The network configuration, which depends mostly on
the geographical location and demand, influences the reliability of the electricity supply
and overall available level of the EVSE integration. The more network configuration is
complicated, reliability increases i network switching is available and prevents from long
interruptions for electricity supply. More advanced grids operated in the mesh structures
presents the higher potential for the EV integration. The network type results with the
equipment installed 7 protection and control. Services such as V2G and Smart Charging
are sensitive to them.

According to network configuration and operation, LV grid is subdivided as follows:
1. Single fed networks i networks supplied from a single source with no mesh:
a. Simple radial networks,
b. Branched radial networks.
2. Bus networks 7 networks supplied from one or more sources:
a. Loop networks,

b. Tree networks,
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c. Grid networks.

Single fed LV networks

These networks are simple and well-arranged. Each feeder has its own circuit-
breaker; the selectivity of the protection level can be achieved by installing fuses with
different rated current values. Their main disadvantage is that no substitution is given in
case of a line failure. Losses are also higher than with bus networks and voltage tends to
fluctuate when large consumptions are switched. The main disadvantage is fluctuation of
voltage and low reliability of electricity supply.

These networks can accommodate EVs only in low quantities. Because the network
reliability is low, users often experience interruptions in electricity supply. From the e-
mobility and EV user perspective, outages in the grid results with the lack of the mean of
transport. These networks are typical in the rural areas.

Bus LV networks

Reliability of electricity supplies, as well as higher operation and safety
requirements are common for these networks.

Loop networks

This network is supplied from a single transformer station and forms an enclosed
mesh. Loop networks are supplied from two sides. The main advantage of such
configuration is that in case of a failure, the switchgear can also be supplied from the
other side (in such a case, the loop line is divided into two single circuits supplied from
one side). The voltage reliability in such networks is higher and when compared to single
fed LV networks, losses are also lower. The disadvantage is that higher safety levels are
required during work on live lines due to threat of reverse currents caused by supply
from both sides.

Tree networks

These networks are created when several loop lines are interconnected. This
results in a higher level of electricity supply reliability, improved stability of voltage and
lower losses. The main disadvantages are that tree networks are complex, complicated
and demand higher operational skills.

Grid networks

Grid networks are created by linking interconnected networks into meshes. They
always have no less than two MV feeders. Out of all network configurations, grid
networks provide highest reliability of electricity supplies, lowest possible losses and
stable voltage. The entire network is constructed of conductors of an equal cross-section
and fuses of an equal rated current are used in all buses of the grid network. The main
disadvantage is that these networks are complex, complicated and difficult to operate.
This type of network is typical for the urban area, especially in cities and their centers.
They are able to accommodate the largest number of EVs without negative results for
the power system. Grid networks are considered as the robust and should be enough for
the e-mobility services after modernization applied to the protection devices.
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2.3.4.2 LV network bi-weekly load profile

The Figures 35 and 36 below show measured electricity consumptions by
municipality a bi-weekly profile. These specific measurements reflect the summer period
with increased power consumption due to the increase of the outside temperature
(maximum over 37 degrees Celsius). There are visible differences between the
municipal consumption profile and the business centre consumption profile. Municipal
consumption including shopping and business centres is more sensitive towards the
temperature change and during the extreme summer period the power output increased
by 25-30% (mainly due to the air-conditioning). On the other hand, the rural and suburb
consumption profile showed less sensitivity with only limited increase of the consumption
(households with higher income due to domestic air-conditioning equipment are an
exception).

This conclusion is important when modelling the potential power consumption
influenced by the new type of the consumption i electric vehicle.
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Figure 35. Typical power consumption of the municipality: x axis i date, y axis i power output
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Figure 36. Typical power consumption of the business centre object
X axis i date, y axis i power output

2.3.4.3 Grid development

From the DSO point of view, EVs with charging stations can represent a tool for the
grid management. This shift is connected with the responsibility for the deviation of
transfer, where an extended involvement of the DSOs in the future is expected. DSOs
prefer the network regulation execution at the local level, copying the logical structure of
the distribution network. Therefore, the main component is the regulation at the
substation level (e.g. 22 kV/0,4 kV).

Any kind of grid regulation is strongly linked with the communication and the access
to real data. The bi-directional data flow between EVs, EVSE, back-end system,
aggregator/EVSP and SCADA system are the precondition for the utilization of Smart
Charging. For the communication behind the substation the PLC meets all current
requirements. There is a correlation between the Smart Metering concept and e-mobility,
as the logic of data gathering is similar. Therefore, synergies of both are highly
recommended. From the DSO point of view, the online access to information on the LV
level is the precondition for further smooth integration of charging services (and EVs,
including V2G and Smart Charging) and renewable energy sources. In this environment
the extension of the existing SCADA system is compulsory, since already operating
SCADA systems are a dominant tool.
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New intermittent/non-predictable electricity generation from renewable energy
sources connected mainly to the LV network is changing the situation with the grid
management as such. To manage the grid, it is important to:

91 Clearly identify generation sources at all voltage levels

1 Obtain on-line measurement of the actual energy flows in the grid
(production/consumption)

1 Obtain on-line measurement of network parameters

1 Obtain the option to remotely disconnect a generating source of electricity

1 Support the security of on-site technicians/maintenance staff

Main challenges linked with the LV network management are:

Lack of information about real network connections at the local scale
Insufficient support for the outage management and planned maintenance
Complicated system support

Lack of information about connected generation sources

Integration of data from the Smart Metering

= =4 =4 -4 4

To solve the above mentioned challenges it is important to integrate the LV network
into the existing SCADA system, with the unified environment for management of all
voltage levels T LV, medium-voltage and high-voltage. With this system DSO is able to
get up-to-date information from the grid. The integration with the Smart Metering will lead
to the increase of network security and reliability. At the same time it is necessary to
upgrade the existing SCADA system with the incident management module and provide
unified system support for the outage management and for planned maintenance. Only
such approach will provide required background for all new services planned for both
renewable energy sources, distributed generation and e-mobility (V2G, Smart Charging).
Without proper measures it is impossible for to DSO to handle network operation.

The only way of sustainable expansion of the distribution grid is the development of
applications capable of the autonomous management and operation of the microgrid
(local part of the distribution network). Information is gathered and then used for the
central grid management i information data set necessary for the microgrid:

9 available power capacity at given time

1 free capacity for the electricity distribution

9 production and consumption data

9 ability to autonomously identify local outage and separate it from the rest of the
grid

9 outage information flow to the work-force management tool

2.3.4.4 Impact of private charging on the electrical network

Home or private charging basic connection represents 16 A and 230 V parameters,
with the theoretical output of 3,7 kW. For this charging process the home installation and
local limitations is the basic framework.

The example of charging process is shown on the Figure 37.
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Figure 37. Domestic charging process (16Ax230V)

In the grid there were no negative impacts of the charging process recorded.
Harmonics and flicker severity factor Pg are shown in the next table.

Table 10. Domestic charging process measurements

U1 Before charging During charging Limits
Psr 0,07 0,18 1
THD [%)] 1,9 2,2 8
3.harmonic [%] 0,4 0,3 5
5.harmonic [%] 0,8 0,6 6
7.harmonic [%)] 0,9 11 5

2.3.4.5 Impact of fast charging

A fast charger with 50 kW of power output is usually connected to the 22 kV/0.4 kV
(630 kVA) substation. Short-circuit power at the point of charger connection is 2.6 MVA.

The charging process at the fast charging station is presented in the Figure 38.
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Figure 38. Charging process at the fast charger
Measurements of the charging process confirmed the fast charger have

compensation of reactive power. This compensation is designed for compensating
maximum power. A decrease in output power causes a decrease in the power factor. A
problem with reactive power and power factor is considerable in this case and has to be
solved as losses and costs increase. It is extremely important issue for the DSO. If the
power factor decreases, the current in line increases due to the reactive component. It
limits the power capacity of the line and leads to the ineffective network use. It is an
issue for interoperability between the EVSE and grid.
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Figure 39. Power factors during charging with charging station ; x axis 1 time (t), y axis i power
factor (PF)

In general, we can say that the fast charging process does not negatively affect the
distribution network. On the other hand, there is a strong correlation with the quality of
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the distribution grid and we suggest keeping the Short-circuit power at least at the level
of 0,7 MVA.

2.3.5 EMC for EV charging systems

Theconcept of electromagnetic compatibility
electric circuits and communication systems from the negative impact of electromagnetic
disturbances that occur in supply networks during a charging process. It also refers to
the limitation of disturbances coming from the vehicle itself or from a charging station. To
ensure EMC means to maintain introduced disturbances within permissible limits and to
operate correctly within an electromagnetic polluted environment.

The Directive 72/245/EEC [38], which is currently effective, including its
amendments contained in the Directive 2004/108/EC [40], sets the following
requirements on the survey of the entire vehicle as well as the electrical and electronic
sub-assemblies (ESA) to the extent of EMC:

9 vehicle survey: emissions of radiated disturbances and immunity to radiated
disturbances,

i tests of electronic ESA: emissions of radiated and conducted disturbances,
immunity to radiated and conducted disturbances.

EMC aspects of connecting EVs to charging systems powered by electrical
networks are not included in the Directive.

In order to identify, harmonize and organize the standardization issues related to EV
charging, the European Committee authorized the following European standardization
organizations: the European Committee for Standardization (CEN), the European
Committee for Electrotechnical Standardization (CENELEC) and the European
Telecommunications Standards Institute (ETSI) to prepare a report on Standardization
for road vehicles and associated infrastructure [6]. In particular, the European Committee
advised to consider any hazards to safety and electromagnetic compatibility of EV
chargers under the requirements of Directives 2004/108/EC (EMC) [40] and 2006/95/EC
(LVD) [41]. The report [6] contains a number of recommendations and their
implementation should complete all the gaps in the process of standardization of EMC
for electric vehicle charging systems.

It is worth mentioning that pursuant to the Regulation (EC) No 661/2009 of the
European Parliament [42] Directive 72/245/EEC [38] shall be revoked as of 1 November
2014 and may be replaced by the Regulation No 10 of the Economic Commission for
Europe of the United Nations (UN/ECE) [43]. This document, which is currently verified,
covers all aspects of EMC for EV and power network.

This chapter, which corresponds to the range of work anticipated for COTEVOS
project, is limited to the analysis of requirements for EMC low frequency phenomena i.e.
harmonics and voltage fluctuations.
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2.3.5.1 EMC standardization in relation to EVs connected to the
network

The issues of EMC of vehicles connected to electrical power network for charging
are referred to the International Electrotechnical Commission (IEC), particularly IEC
Technical Committee No 69: Electric road vehicles and electric industrial trucks (TC 69).
The committeeds deci si ons srequitetnahts of ENCe61080
series standards which were prepared by IEC TC 77: Electromagnetic compatibility.

Currently, the IEC/TC 69 Committee is developing the following standards on
electric vehicle charging systems:

1 IEC 61851-21-1, Ed. 1.0: Electric vehicle conductive charging system i Electric
vehicle on-board charger EMC requirements for conductive connection to an
AC/DC supply,

1 IEC 61851-21-2, Ed. 1.0: Electric vehicle conductive charging system i EMC
requirements for off-board electric vehicle charging systems,

1 IEC 61851-22: Electric vehicle conductive charging system - Part 22: AC electric
vehicle charging station,

1 IEC 61851-23, Ed. 1.0: Electric vehicle conductive charging system - Part 23:
DC electric vehicle charging station,

1 IEC 61851-24, Ed. 1.0: Electric vehicle conductive charging system i Digital
communication between a DC EV charging station and an electric vehicle for
control of DC charging,

1 IEC 61980-1, Ed. 1.0: Electric vehicle wireless power transfer systems (WPT) -
Part 1: General requirements.

The first two standards are to replace the existing document: IEC 61851-21, Ed. 1.0
(2001): Electric vehicle conductive charging system - Part 21: Electric vehicle
requirements for conductive connection to an AC/DC supply, while the IEC 61980
standard refers to wireless power transfer systems (WPT) when charging with the use of
the technology of transferring energy through a magnetic field, electric field or by means
of microwave power transfer.

Each of the foregoing standards recommends tests of low frequency
electromagnetic disturbances in compliance with the requirements of basic EMC 61000
series standards.

General requirements concerning emission and immunity in different EMC
environment are given in EMC 61000-6 series:

1 IEC 61000-6-1 Electromagnetic compatibility (EMC): Part 6-1: Generic standards
- Immunity for residential, commercial and light-industrial environments,

1 IEC 61000-6-2 Electromagnetic compatibility (EMC) i Generic standards i
Immunity for industrial environments,

1 IEC 61000-6-3 Electromagnetic compatibility (EMC) 7 Part 6-3: Generic
standards i Emission standard for residential, commercial and light-industrial
environments.

CO'@\/OS

owanc

COTEVOS_D1.1 needs_for_interoperabilityl.0 83-358 EU Project no. 608934



SEVENTH FRAMEWORK
PROGRAMME

Specific requirements regarded harmonics emission are given in IEC 61000-3
series standards. Electric vehicle chargers were classified as A class equipment
according to the definitions under the IEC 61000-3-2 [44]. Limits for harmonic current
emission are dependent on the value of input current. Tests of emissions should be
conducted according to:

1 IEC 61000-3-2 [44]f or equi pment with nominal
and
1 IEC 61000-3-12 [45] for equipment connected to public low-voltage systems with

CO'@\/OS

nput

input current >16 A and O 75 A per phase.

Emission limits for voltage fluctuations and flicker are defined in a similar way. Tests
of emissions should be conducted according to:

1 IEC 61000-3-3 [46] for chargers with the nominal phase currents up to 16 A, and
1 IEC 61000-3-11 [47] for chargers with nominal currents of 16 A < Iy ¢75 A.

Limits as provided in the above standards regard individual appliances. The
expected large number of electric vehicles charged simultaneously in big car-parks or
highways from the same supply network may be the reason for exceeding the given
values of emission limits for power networks. This issue should be separately treated
using the following standards:

1 IEC/TR 61000-3-14: Electromagnetic compatibility (EMC) 1 Part 3-14:
Assessment of emission limits for harmonics, interharmonics, voltage fluctuations
and unbalance for the connection of disturbing installations to LV power systems,

1 IEC/TR 61000-3-6: Electromagnetic compatibility (EMC) T Part 3-6: Limits T
Assessment of emission limits for the connection of distorting installations to MV,
HV and EHV power systems,

1 IEC/TR 61000-3-7: Electromagnetic compatibility (EMC) - Part 3-7: Limits -
Assessment of emission limits for the connection of fluctuating installations to
MV, HV and EHV power systems.

Main EMC requirements for vehicles come from Regulation No0.10: Uniform
provisions concerning the approval of vehicles with regard to EMC (United Nations) [43]
that includes also charging mode EMC compliance as for point 7: Additional
specifications in the configuration "RESS charging mode coupled to the power grid"
(RESS - rechargeable energy storage system).

General specifications are the following:

1 A vehicle and its electrical/electronic system(s) shall be so designed, constructed
and fitted as to enable the vehicle, in configuration "RESS charging mode
coupled to the power grid", to comply with the requirements of this Regulation.

1 A vehicle in configuration "RESS charging mode coupled to the power grid" shall
be tested for radiated emissions, immunity to radiated disturbances, conducted
emissions and immunity to conducted disturbances.

9 Before testing the Technical Service has to prepare a test plan in conjunction
with the manufacturer, for the configuration "RESS charging mode coupled to the
power grid" configuration which contains at least a mode of operation, stimulated
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function(s), monitored function(s), pass/fail criterion (criteria) and intended
emissions.

Regulation No. 10 covers vehicle in a driving mode as well as in a charging mode;
EMC compliance could be achieved by testing and assessment of the complete vehicle
as well by integration of assessed and certified ESA. In general, for new vehicles and for
better product functionality and safety a complete vehicle is tested, while certified ESA
could be preferred, to save money and time, when only one ESA is changed or modified.

With reference to the charging mode, EMC vehicle compliance and functionality we
have to consider a different situation or charging modes.

For AC charging (mode 1, mode 2 and mode 3) with an on-board charger, vehicle
charging equipment includes wires, socket, interrupters and fuses, as well as power
electronic devices with electronic control unit. In this case a preliminary charger EMC
test and assessment as well as an ESA EMC compliance availability check could be
preferred to speed up the EMC testing process and to improve safety and functionality in
the charging mode. From vehicle/OEM point of view, EMC chargers compliance
according to R10 regulation is mandatory.

For DC charging and AC fast charging, vehicle charging equipment includes wires,
socket, interrupters and fuses, as well as an electronic control unit embedded on board.
In this case, from the vehicle /OEM point of view, major issues refer to off-board charger
radiated and conducted emissions and EVSE in general.

Specifications concerning emission of harmonics, as well as voltage changes,
voltage fluctuations and flicker include methods of testing and vehicle type approval
limits.

2.3.5.2 Methods of testing for emission of low frequency conducted
disturbances on AC power lines from vehicle (harmonics and
flicker)

Testing of low frequency conducted disturbances emission from EV, as defined in
Regulation No. 10, is intended to measure the level of harmonics or voltage changes,
voltage fluctuations and flicker generated by vehicle during charging (in configuration
"RESS charging mode coupled to the power grid") through its AC power lines in order to
ensure it is compatible with residential, commercial and light industrial environments.
Tests are done on on-board chargers and involve charging modes 1, 2 and 3; they
should be conducted according to the IEC 61000-3 series standards, as described in
2.3.3.2. During tests the vehicle shall be connected to the power grid at rated power until
the AC current reaches at least 80 per cent of its initial value.

The test set-up configurations are presented in Figure 40, Figure 41 and Figure 42
in comparison with the ones given in the IEC 61000-3-2 354 [44] and IEC 61000-3-3 [46]
Standards.
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Supply source

EUT

b)

Supply source

Figure 40. Measurement set-up for the measurement of single-phase harmonic emission
according to: IEC 61000-3-2
(a) or Regulation No. 10 (b) Power supply source of internal impedance Zs and open circuit
voltage G, M - measurement device with input impedance Zy,, EUT - equipment under test, EV -
electrical vehicle, 1, - harmonic current, U - voltage
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Figure 41. Measurement set-up for the measurement of three-phase harmonic emission according to:
IEC 61000-3-2 (a) or Regulation No. 10 (b);
(Power supply source of internal impedance Zs and open circuit voltage G, M - measurement device with input impedance ZM, EUT - equipment under test,
EV - electrical vehicle, In - harmonic current, U - voltage)

a) b)

Supply source

EUT

Figure 42. Measurement set-up for the measurement of single-phase and three-phase voltage changes, voltage fluctuations and flicker emission according to:
IEC 61000-3-3 (a) or Regulation No. 10 (b)
(Power supply source of internal impedance R, + jX, and open circuit voltage G, M - measurement device with input impedance Zy,,,
EUT - equipment under test, EV - electrical vehicle)
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Requirements for emission of harmonics generated on AC power lines from vehicle and
requirements for emission of voltage changes, voltage fluctuations and flicker generated on
AC power lines from vehicle are included in the Appendix Il.

2.3.5.3 Assessment and requirements for emission limits for the
connection of disturbing installations to LV power systems

Rules and procedures for the connection of large disturbing installations to LV power
systems are the subject of IEC/TR 61000-3-14: Electromagnetic compatibility (EMC) 1 Part
3-14: Assessment of emission limits for harmonics, interharmonics, voltage fluctuations and
unbalance for the connection of disturbing installations to LV power systems [48]. This
document defines the principles of cooperation between the DSO and energy customers in
determination of emission limits of low-frequency conducted electromagnetic disturbances for
individual customers connected to the grid.

The procedure is divided into three stages depending on the apparent power of
installation and grid characteristics.

Stage 1: Simplified evaluation of disturbance emission.

This means that small appliances can be installed and connected to the grid without a
specific evaluation of harmonics and/or flicker by the DSO. For example, chargers for
residential (on-board chargers), semi-public and public charging spots, designed in
compliance with IEC 61000-3-2, IEC 61000-3-3, IEC 61000-3-11 and IEC 61000-3-12, can
be connected without restrictions.

Stage 2: Emission limits relative to actual system characteristics.

Installations that do not meet the stage 1 must be assessed from the point of view of the
impact on the network in terms of harmonics and voltage fluctuations.

For each installation individual disturbances emission limits are determined by DSO,
depending on its apparent power and the network conditions. In the area of EV this
procedure may be applied for fast charging systems with power ratings greater than 50 kW
or dedicated charging stations with multiple chargers.

Stage 3: Acceptance of higher emission levels on a conditional basis.

If the installation does not meet the basic limitations specified in stage 2, the energy
consumer and DSO may agree to higher levels of emissions, provided that it does not
worsen the conditions of supply of other customers connected to the network. Coordination
of individual emission limits of disturbances for each energy customer results from the need
to maintain the planned level for the network defined by the DSO.

One or more of the indices can be used to compare the actual emission level with the
customer6s individual emission | imit.

For harmonic emissions the indices are:

1 The 95 % weekly value of individual harmonics Ung, (O Ihsn) OV €T Aishorto 10
periods, should not exceed the emission limit Eyy (or Ep). Euni (or Ep) is the
individual harmonic voltage (current) emission limit of order h for the installation
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connected at LV, determined in accordance with procedure given in IEC/TR 61000-3-
14 [48].

1 The greatest 99 % probability daily value of individual harmonic components Uy ,s (Or
Ihvs), OVer "very short" 3 s periods, should not exceed the emission limit multiplied by
the factor ks given in equation:

0.7

Kys=1.3+—(h-5
+45( )

hvs

For flicker emissions, the indices are:

1 The 95% probability weekly value of Pg should not exceed the emission limit Epg.

1 The 99% probability weekly value of Pg should not exceed the emission limit Epg;
times a multiplying factor (for example: 1 - 1,5) to be specified by the system operator
or owner, depending on the system and load characteristics;

9 The 95% probability weekly value of P, should not exceed the emission limit Epy;.

Epsi (Epy) is the allowed flicker emission limit (indices Pg or Py) for the customer's
installation directly supplied at LV, determined in accordance with the procedure given in
IEC/TR 61000-3-14 [48].

For rapid voltage changes, because of their low frequency of occurrence, no statistical
indices are considered. Thus maximum values of rapid voltage changes including frequency
of occurrence should not exceed the emission limits.

An overview of the evaluation procedures for connecting disturbing loads to the low
voltage power system, is included in IEC/TR 61000-3-14 report.

For disturbing installations (loads) that are to be connected at medium voltage,
procedures similar to those in IEC/TR 61000-3-14 and described in:

1 IEC/TR 61000-3-6: Electromagnetic compatibilty (EMC) i Part 3-6: Limits i
Assessment of emission limits for the connection of distorting installations to MV, HV
and EHV power systems;

1 IEC/TR 61000-3-7: Electromagnetic compatibility (EMC) - Part 3-7: Limits -
Assessment of emission limits for the connection of fluctuating installations to MV, HV
and EHV power systems, should be applied.

2.3.5.4 EMC summary

Standards regarding EV charging system in the area of EMC requirements are still at
the stage of development. Where frequency below 2 kHz is involved, to comply with the
requirements for measurement methods and conditions of performing tests and permissible
emissions of harmonics and voltage fluctuations, respective references to basic EMC
standards (IEC 61000-3-2, -3-3, -3-11 and -3-12) should be made. Such references should
be complemented with additional necessary information on the EV charging system.

Vehicle chargers are classified as A-class equipment. It seems advisable to suggest a
separate class for them within the IEC 61000-3-2 standard. This would allow for different
charging modes (slow, fast AC, fast DC charging), particularly the fast charging mode, which
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may generate increased disturbances to energy networks. It may be necessary to
recommend various diagrams of reference networks depending on the charging mode.

Currently the limits of harmonics emissions regard only individual appliances as
provided in IEC 61000-3-2 and IEC 61000-3-12. It does not refer to a potential situation when
a large number of electric vehicles are charged simultaneously from the same supply
network (which can be the reason for exceeding the EMC limits for power networks). This
problem should be investigated.

Basic EMC standards do not contain any information on electric vehicle batteries
used as energy storage to provide additional services for power networks. Chargers serving
this purpose should provide for a two-way energy flow.

2.4 EV user behaviour patterns

The way of the EV utilization depends on many factors including technical (driving
range, charging infrastructure or competing technologies), financial (purchasing and
maintenance costs), demographic (gender, rural vs urban areas), geographic (climate, car
parks availability), political (tax policy, subsidies) and even cultural ones. The latter
categorization is complex and involves many different subcategories ranging from person-
related aspects such as willingness to pay, environmental awareness, driving behaviour,
personal perceptions etc. Moreover, significant differences between the refuelling of
conventional cars and recharging of electric vehicles in terms of price, the process duration
and available driving range, makes EV users behaviours difficult to predict. However, based
on surveys carried out within EV related projects, it is possible to define several charging
related EV using behaviour patterns.

The analysis presented below is based on surveys carried out within G4V and Green e-
Mobility projects. The results refer to 8 countries (in G4V project) where the survey was
carried out (United Kingdom, Germany, France, Spain, Italy, Denmark, Sweden and
Portugal). Green e-Mobility project presents the results of survey performed in Ireland.

2.4.1 Description of surveys analysed

The survey carried out by G4V focuses on the following aspects: a minimum required
driving range, preferences for parking and charging location, interest in delayed, vehicle to
grid charging schemes, the role of price incentives and a leased battery. Due to
categorization needs, respondents were also asked about their interest in EV, environmental
awareness, currently owned cars, average driving distance, size of municipality they live in,
age, gender and their current parking facilities.

The survey providers made the assumptions put together in Table 11:

Table 11. Assumption for the survey carried out within G4V

Assumption Value

EV Availability Market introduction phase, EVs
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0>

Assumption Value
available in the showroom
Average time needed to
recharge the battery (normal 4 hours
charging, 120 km)
Indicative battery capacity 120 km
Price for home recharging a3
Price for public recharging uas
Price for delayed (home) a2
charging (22:00-6:00)

Over 12 300 respondents participated in the survey. The total number of respondents by
country is presented in the figure below.
Number of respondents by country
France (FR); 78 United Kingdom

'\ (UK); 54
~

Germany (DE);
148

a
v

Figure 43. Number of respondents by country. [49]

As mentioned above, the respondents of G4V survey were asked about age and gender
to define a potential group of EV users and make the research more authentic. The

percentage of male and female respondents, also the structure of their age, are presented in
Figure 44. Respondents by age and gender.
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Respondents by age and gender
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46-60 years old

m 31-45 years old
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Gender
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Figure 44. Respondents by age and gender [49]

2.4.2 Description of the analysed surveys results

In Europe there are 224 million passenger cars (data retrieved from G4V project
referring to period between 2003 and 2008. In Germany, there are about 41 million cars, in
Italy 36 million and 30 million in France and United Kingdom. However, the car density
(counted as the number of cars divided by the population of each country) is highest in ltaly
and it is about 601 per 1000 inhabitants. About 500 cars per 1000 inhabitants are in
Germany, Austria, Lithuania and Finland. The lowest density is in Turkey, Slovakia and
Denmark (about 400). Currently, it is difficult to predict how the share of EV in total number of
cars will change in the nearest future but these numbers show how serious problem with the
network capacity there can be if the EV penetration achieves, let us say 80%. At first,
problems may occur in the countries of the highest density, especially in Italy having the
highest in Europe and where capacity is lower than demand (the electrical energy is
transmitted by cross border connections from Austria and France across Switzerland) [49]. In
addition to available capacity there are also aspects of power balancing, technical constraints
of the grid etc.

The process of replacing conventional cars by EV also relates to the age of existing cars
and citizens. The average age of cars in European roads is about 8 years. The oldest cars
are in Lithuania where their average age is about 15 years. The 15 years old cars account for
34,5% of all of cars in EU. 31,9% of all cars is between 5 and 10 years. Most of them are in
Germany, about 14 million. In Italy that number is lower by about 1 million (13 million) and in
France it is about 10 million. The youngest cars are in the UK where average age is less than
7 years. The group of cars younger than 5 years represents about 33%. Most of the
respondents inquired about whether they would like to have an EV answered that they
considered the purchase of EV as a second car. The highest potential is in France where
about 35% of society owns two vehicles.
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One of important aspects is parking behaviour. It is especially important for electric cars
due to the recharging process, which unlike gasoline or diesel refuelling, usually takes up to
8 hours (see subchapter 2.2.2). Even the solution with the shortest charging time i DC fast
charging in 30 minutes - takes too much time to be performed during a travel. Therefore, the
time when the car is left at a car park seems to be the best opportunity for batteries recharge.

Most of potential EV users live in medium sized towns (between 100 and 500 thousands
of inhabitants). In response to the question where they would like to charge their EVs
respondent sé most common answer was that wher eve
behaviour is strongly affected by long charging time span. 56% of 1621 answered that the
most | ikely place to recharge their EWéntagebatt er i
grows when the question is about weekends. It is worth mentioning that 20% of respondents
answered that they left their cars at work for the entire weekend. There were also a few
respondents mentioning that they parked their cars in a street, shopping mall, car park and/or
other public spaces.

Respondents by size of municipality

100% ’:;
90% {7
/
80% s
70% ’:.:
60% {7 =500,000 inhabitants
0% 17 100,000-499,999 inhabitants
40% T
L/ = 10,000-99,000 inhabitants
30% {7
20% / m <10,000 inhabitants
10% {7
0%

Figure 45. Overview of respondents by size of municipality [49]

The second essential aspect is a driving range available without recharging (see
subchapter 2.2.2). The great majority of EV owners use their cars for commuting on a
distance from 20 to 100 km (Figure 46). Longer distances regarding holiday or business
travelling occurs relatively rare. Taking into account the available driving range and duration
of charging process, travelling by EV is almost impossible if the distance exceeds 150 km
(except for EVs which can be charged using 3rd and 4th mode). Therefore, it is justified to
say that EV is a solution for commuting not traveling.
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Current daily travel
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Figure 46. Overview of average daily traveling distances by country [49]
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Figure 47. Overview of average daily traveling distances in Ireland [50]

Interestingly, respondents of Green eMobility answered that there were not any
instances where they had to recharge their EV while using it away from head office during
working hours. Moreover, when they were asked if they preferred a taxi instead of EV, the
answer was also no. It shows that the available range is long enough for commuting despite
the fact that it is much shorter than for cars with combustion engines.

Taking into account the average driving range, the driving distance and parking place
availability, both public and private car parks seem to be proper places for charging.
However, there is one more financial aspect which affects charging and user behaviour.
Despite available infrastructure and life style, home charging is usually less expensive than
charging at public places. Additionally, home charging allows for full recharge of batteries at
night, when long time is available for the process. The DC fast chargers can provide only
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partial recharge. Therefore, home charging should to be considered as the main charging
spot.

Charging with price incentive

100% = -i-__'li'-l; Son't k
P - | . E Don't know
90% 1 i
80% | o | |
70% + AN NN NNN
0% 4 BRI RITRTRITRIT MNo private parking place
50% 1 BN NNENBR
0% N EEEEIEIE
30% + R B BBl OROE B Only recharging at home
20% _,‘-fI I I | I or work with lower price
10% HEEENENEB
02 < T |_- I_ l_ ——T

B LIse public charging
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Figure 48. Overview of average daily travels distances by country [49]

At the end of the G4V survey, respondents were asked about their willingness to
participate in V2G. Most enthusiastic about V2G are English and Portuguese; their
summarized result was 4.94 and 4.58 respectively (from 1 7 do not want provide V2G -to 7
very interest in V2G). The result was significantly lower in the remaining countries. One can
also notice that there is a correlation between the age of a respondent and willingness to
participate in V2G (those between 18 and 34 years old had nothing against V2G while
respondents between 46 and 60 years of age found many reasons for V2G refusals). Figure
49 presents the structure of answers.
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Concerned to
need car suddenly
and not
sufficiently
charged at this
moment
13%

Want my car fully
charged as quickly
as possible
8%

Reasons for no V2G

Dislike idea of
utilities taking
control

16%

Uncertain

about effects

on battery
13%

Figure 49. Reasons for not participating in V2G schemes and incentive [49]

Mostanswers sBeomlefiaas fioo | owo eff ddJncenphaibmt abr
related to the concern about the battery condition and lifetime. Therefore, there was one
more question about V2G:awvould they be more interested in V2G, if batteries would be
leasedd The answers show that it is not really the case. The structure of answers is
presented in Figure 50.

Impact of leased battery

u More interesting
m No difference

i | | m Less interesting
wul

=

o
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DE

100%
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60%
50%
40%
30%
20%
10%
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Figure 50. Interest of respondents in delayed charging and V2G schemes when batteries are leased
instead of owned [49]

Considering the above described results three major EV user behaviour patterns can be
defined:

1. commuting with home charging at night,
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2. commuting with public partial recharging,
3. travelling with fast charging availability.

Patterns of private and fleet usage are assumed as the same as commuting utilization
due to insignificant differences.

2.5 Functionalities

This subchapter summarizes different functionalities provided by EV and EVSE. The EV
functionality is assessed mainly from the user 0:
considered:

9 safety and protection,
9 charging procedure,
M communication between EV and EV user.

The consideration is limited to EV user behaviour patterns which according to previous
subchapters are the most feasible:

1. User that utilizes EV mainly for commuting. Charging is performed at private parking
place or public available access point (AC slow charging).

2. User that utilizes EV mainly for commuting. Charging is performed at public places
(AC fast charging).

3. User that utilizes EV mainly for travelling. Charging is performed at public high power
charging stations (DC fast charging).

2.5.1 Safety and protection

Fromthe EV user6s perspective safety relates to
important issues are:

1 user protection against electric shock,

1 verification and adjustment of charging parameters (e.g.: voltage, current),
9 prevent connector from being energized before its connection to the vehicle,
1 prevent vehicle from driving off while connected to a charging device.

To achieve these safety goals, the EVSE provides several functionalities on which the
EV is required to respond. For example, the control pilot function of the EVSE monitors the
circuit between its control pilot (CP) and the protective ground PE, which is conducted via the
EV. The function is obligatory in modes 2, 3 and 4. In case of mode 1, the function does not
exist. If the circuit is opened, the charging station will not power the plug. If the circuit is
closed, the EVSE can determine the presence of the EV as well as the permitted current
rating. In addition, the EVSE can check the protective earth continuity. On the EV side the
detection of the control pilot signal will deactivate the driving function. To further improve
safety, a locking mechanism is used to prevent disconnection of the plug from the outlet
under load.

According to [13], the control and proximity pilot:
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9 Verifies that the vehicle is present and correctly connected. The system should be
able to determine that the connector is properly inserted in the vehicle inlet and
charging station.

1 Permits energization/de-energization of the connector. Energization is possible only
when the pilot function between EV and charging station is correctly established.

1 Prevents the car from driving away during the charging process - the EV propulsion

system should be deactivated while physically connected to EVSE.

Transmits current rating to the vehicle,

1 Continuously monitors the presence of the equipment ground.

=

In case the EVSE has to provide power to several EVs at the same time, an integrated
de-rating function will control the power distribution to the outlets, avoiding thereby stressing
the power electronics of the EVSE.

2.5.2 Charging procedure

The issues that are considered in this subchapter relate to the charging process
provided by EVSE to the EV and are in the following domains:

1 compatibility of connections between EV and EVSE,
9 charging procedure.

For the charging modes described in subchapter 2.1.3 different inlet and connector
standards have emerged worldwide recently. Thus the compatibility issue is present in every
charging case previously mentioned. To ensure interoperability the EVSE can provide
several plugs to charge the EV. As in Figure 28, the DC charging station (mode 4) may be
equipped with both CHAdeMO and CCS connectors. In other scenarios the EV user may
require the usage of additional AC adapters.

For slow AC charging the EV is connected to the grid via a regular socket/outlet or
dedicated wall box for a time span of about 8 to 10 hours (needed to charge battery fully).
The public charging stations of higher power rating offer quick charging capabilities and the
time to get a partially or fully charged battery can be reduced to a few hours. In case the
EVSE provides a DC rapid charging functionality, the battery can be brought up to 80% of its
state of charge in less than 30 minutes. The connectors applicable for such high power
ratings are provided by the above mentioned CHAdeMO and Combo2 standards. Currently,
in Europe, car manufactures equip their EVs primary with the Combo2 plugin which allows
AC and DC charging.

The AC charging procedure is similar for all three modes but can be provided by
different appliances. In mode 1 and mode 2 the on-board charger controls the charging
procedure. In mode 2 user safety is improved, hence a cord-set should include the RCD
protection device. There is a significant difference in mode 3 where the charging station
might have versatile communication, service and billing functionalities (see subchapters 2.1.3
and 2.3.3). In mode 3 the information about the state of charge and batteries condition
(temperature etc.) is collected by on-board unit and transmitted to the EVSE where charging
parameters are set. When the battery condition changes, the EVSE updates charging
parameters. In case of DC charging (mode 4) the charging process is carried out in the same
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way, however the rectifier is located off-board and requires continuous communication with
the vehiclebs BMS system.

In conclusion, contemporary charging procedures may be followed in many ways and
are determined by the charging equipment of EV and EVSE. There are several standardized
types of connectors, power converters and charging stations allowing for charging in one of
four modes. Since most currently available EVs and EVSEs may use different charging
modes, thus it becomes easier to find a suitable charging point for any type of EV. In Europe
Combo2 standard is most promising connector and plugin solution. It allows for both AC slow
and DC fast charging.

2.5.3 Communication between EV and EV user

Communication between the EV and EV user will be required to enable/facilitate the
charging process and includes:

9 user identification and payment service,
9 EV user services.

The payment service is determined by the payment method. There are plenty of
payment methods but there are two main categories which can be distinguished: instant
payment and periodic contract. The first one refers to occasional charging while the second
one applies to EV users which entered the contract with EVSP for regular charging.

For the user authentication and authorisation on the EVSE the most common
identification method is by ID card information from Radio Frequency ldentification (RFID)
cards. The data such as prices, payment methods, charging parameters etc. are provided
from the system operator via the EVSE to the EV user. In case the EV user has forgotten or
lost RFID card, there are other means to gain an access to the EVSE. For instance, by SMS
message (requires initial registration of the mobile phone number), containing the charging
station number, to the Charge Point Management System (CPMS) that would trigger the start
of a charging session.

At each start of the charging session detailed information such as transaction ID, token
ID, start timestamp and kWh register is recorded and periodically updated as the session
progresses with timestamps and point in time readings from the corresponding meter kWh
register. With this, transaction recoveries following any system failure can be handled as if
the charging session had just completed at the time of the last recorded timestamp.
Furthermore, this ensures a fair billing of the customer. The recorded data are transmitted to
the Charge Point Management System (CPMS) using a client-server methodology with the
CPMS primarily functioning in the server role and the managed charging stations functioning
as clients.

Most vehicle manufacturers provide smart phone apps to remotely monitor and control
the EV. Renault calls their app Z.E. Services. The app Volkswagen provides is called Car-
Net. This app displays the location of the vehicle and provides information about the current
state-of-charge, hence, the resulting remaining driving distance and in case of charging the
remaining charging time as well as the passenger compartment temperature. Next to these
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monitoring functions, the user is able to start, stop or schedule a charging process as well as
precondition the passenger compartment temperature.

The main functionalities provided by EV and EVSE commonly used today are presented
in Table 12. The more advanced functions/services allowing e.g. for the definition of charging
profile are discussed in Chapter 4.
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Table 12. Summary of functionalities provided by EV and EVSE (n/a - non applicable)

SAFETY CHARGING COMMUNICATION
User verification and Compatibility connector . verification charging payment
protection adjustment of | preventing prevent Charging and parameters | services
a?eiltnrisg charging | connector m\(l)(\e/r:alr%l:nt TYPE[TYPE|[TYPE|COMBO hating authorisation
eshock parameters 1 > 3 > CHADEMO, 9
MODE 1 X n/a X X X X X n/a n/a n/a n/a n/a n/a
% MODE 2/ 1-phase X n/a X X X X X X X n/a X n/a n/a
g MODE 2/ 3-phase n/a n/a n/a n/a n/a | nfa | nla n/a n/a n/a n/a n/a n/a
g MODE 3/ 1-phase X X X X X X X X n/a n/a X X n/a
% MODE 3/ 3-phase n/a n/a n/a n/a n/a | nfa | nla n/a n/a n/a n/a n/a n/a
MODE 4 n/a n/a n/a n/a n/a | nfa | nfa n/a n/a n/a n/a n/a n/a
MODE 1 n/a n/a n/a n/a n/a | nfa | nla n/a n/a n/a n/a n/a n/a
% MODE 2/ 1-phase n/a n/a n/a n/a n/a | nla | nla n/a n/a n/a n/a n/a n/a
% MODE 2/ 3-phase X X X X X X X X X X X X
E MODE 3/ 1-phase n/a n/a n/a n/a n/a | nla | nla n/a n/a n/a n/a n/a n/a
% MODE 3/ 3-phase X X X X X X X X n/a X X X X
MODE 4 n/a n/a n/a n/a n/a | nfa | nla n/a n/a n/a n/a n/a n/a
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SAFETY CHARGING COMMUNICATION
User T m——— Compatibility connector verification charging |payment
protection . : prevent Charging and parameters | services
; adjustment of | preventing . L
against charging connector vehicle power | authorisation
electric parameters movement TYPETYPETYPECOMBOCHADEMO rating
shock 1 2 3 2
MODE 1 n/a n/a n/a n/a n/a | nfa | nla n/a n/a n/a n/a n/a n/a
g MODE 2/ 1-phase n/a n/a n/a n/a n/a | nla | nla n/a n/a n/a n/a n/a n/a
o}
o4
% MODE 2/ 3-phase n/a n/a n/a n/a n/a | nla | nla n/a n/a n/a n/a n/a n/a
O
8 MODE 3/ 1-phase n/a n/a n/a n/a n/a | nfa | nla n/a n/a n/a n/a n/a n/a
|_
% MODE 3/ 3-phase n/a n/a n/a n/a n/a | nla | nla n/a n/a n/a n/a n/a n/a
MODE 4 X X X X n/a | nfa | nla X X X X X X
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2.6 Summary

The major disadvantage of currently used Li-ion batteries is low capacity per 1kg of
weigh. Li-air batteries could be good alternative, which capacity is 20 times larger, but the
technology is not ready for mass production yet. Another disadvantage of Li-ion batteries is
significant dependence of recharging cycles from charging method. Charging duration can be
shortened by usage of high power charging but it can reduce the battery lifetime. Low power,
single-phase chargers are the most commonly mounted in EVs, unlikely to expensive high
power chargers. However, in future, EVs should be equipped with bi-directional chargers,
which are essential for V2G.

BMS system ensures proper charging procedure, which allows for maintaining battery
good condition. Information about state of charge for battery is presented by HMI. The
interface also allows for programming of charging cycles.

The range of EV can be extended by range extender systems. This issue does not
directly influence the interoperability, but increases the possible vehicle range of use and
reduces the so called Arange anxietyo for

EV connects with the grid via dedicated connector. Introduction of guidelines for usage
of COMBO2 standard allows for unification of connectors and inlets within the EU. The
standard can be used for CCS (Combined Charging System) for charging with direct and
alternating current according to u s e r e&d& The functionalities of EVSE are extended by
introduction of new services such as charging spot booking.

The LV networks typical for the urban area, are able to accommodate the largest
number of EVs without negative results for the power system. Single feed networks, typical in
the rural areas, may need some reinforcement to integrate EVs in higher quantities than
today. Security of supply, due to the network configuration differences, is much lower in rural
area than urban one. This results in some kind of risk, that EV user, living outside the
city/town will not be able to reach the work, due to the discharged EV battery.

Power consumption profiles indicate that the best option for the grid operator is to
charge EVs during off-peak hours at night and to utilize EV batteries as energy source during
peak demand. For DSO EVs with EVSE can represent a tool for the grid management. There
is a correlation between the concepts of e-mobility and smart metering, therefore an effect of
synergy of the both arises. From the DSO point of view, the online access to information on
the LV level is the precondition for further integration of EV charging services, including V2G
and Smart Charging.

According to the EMC aspects, following postulates can be formulated:

1 Appendix: C of the IEC 61000-3-2 and A of the IEC 61000-3-3 should be extended by
conditions of test type of EV chargers. Those conditions should include at least the
following information: examination time (i.e. full charging cycle) and operation status
(for which the test is carried out).

1 Potentially high number of simultaneously charged EVs may lead to EMC standards
violations. Thus the DSO should be able to limits the number of charger connected to
the network. The issue should be investigated.

potent
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1 EMC standards do not include cases of bi-directional chargers usage for V2G
provision. Those cases should be investigated.

The EV functionality is assessed mainly
aspects being considered:

1 safety and protection,
9 charging procedure,
I communication between EV and EV user.

The consideration is limited to EV user behaviour patterns which according to previous
subchapters are the most feasible:

I User that utilizes EV mainly for commuting. Charging is performed at private parking
place or public available access point (AC slow charging).

I User that utilizes EV mainly for commuting. Charging is performed at public places
(AC fast charging).

1 User that utilizes EV mainly for travelling. Charging is performed at public high power
charging stations (DC fast charging).

Above listed limitations, resulting from user behaviour patterns, introduce another
charging station classification. It is defined regarding from its localization and accessibility for
users. Depending from the category (private, charging etc.) the station have different
influence on charging str at e g§describds¢hree thpaspof
charging stations private station, captive station and public station, indicating on its
localization, functionality and accessibility.

from
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3 ELECTRI C MOBILITY FUTURE SCENARI
POTENTI AL FOR THE | NFRASTRUCTURE

3.1 Introduction

Given the energy and climate goals set by the European Union in 2009, electricity
generation is to change drastically [51]. Renewable energy sources (RES) will become a
significant part of the EU electricity generation mix. Moreover, the European electricity
industry has set itself the challenging objective of achieving a carbon-neutral power supply
by 2050.

Changing sources for generating electricity affect the transmission and distribution of
electricity. RES differ significantly from conventional electricity sources due to their volatility,
which causes production peaks and valleys in the electricity grid. Presuming a steady growth
of the EV population and presuming straight forward plug-and-charge scenarios, the
electricity grid will be out of balance even more as the EV electricity demand will typically
peak around 19:00. Demand-side responsiveness of EV chargers and possibly even bi-
directional communication between EV and charging spots is presumed to be needed to tune
the electricity demand and make the best use of the available electricity. This bi-directional
communi cation enables controlled <charging
peako using the avai | ehbrgirg thegrefdarednot ordypemablestogtimal
use of RES capacity, but is also indispensable to avoid additional demand for (non-RES)
electricity, which in turn requires additional generation capacity, especially during peak times.
Indeed, electric vehicle applications could be used as an enabler for future bi-directional
communication in the electricity grid (smart grid) which will be key in future smart city
concepts.

Smart charging refers to a controlled charging process that optimizes the use of the grid
and the available electrical energy to minimize additional investments in the grid and facilitate
the integration of RES. Such control mechanism shall be supported by the grid, by the
charging point, and by the vehicle itself, while a communication system with the grid allows
the charging process to take actual grid capabilities into account. Price or control signals can
be communicated through an information and communications technology (ICT)
infrastructure in order to allow intelligent charging algorithms to take into consideration
generation and grid constraints and to allow the consumer to benefit from price opportunities.
Smart charging should respect the customer's needs and charging requirements regarding
vehicle availability as long as there are no critical limitations by the grid or the energy supply.

Coordinating and managing the loads will:

9 facilitate the integration of RESs into the electricity system, especially with regard to
decentralised generation connected to the distribution grid;

enable grid management that introduces flexibility into the system;

ensure a cost-effective solution;

optimise an efficient charging process taking into account generation capacity;
maximise consumer convenience through user-friendliness.

=a =4 —a -9

pr oce
Smart
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3.2 Market development

The discussion so far has focused on the integration of EVs into the electricity grid under
mass market conditions. However early EV market introduction will take time: until 2020 the
feasible market share of EVs is expected to lie below 5-10% [6]. Under these circumstances,
controlling and managing the charging patterns of EVs and other loads can be ensured with
todaybés existing t ec h-peaklpodcg sigaas.andprogramined €hargimgc e of f
will contribute to a load-efficient charging process of electric vehicles based on RES as well
CO, free operations.

However, these basic measures might not be sufficient under mass market conditions,
especially given increased electrification of applications (amongst others heating and
cooling) due to more energy-efficient systems such as heat pumps. In a second step 1
beyond 2020 i a mass market share of EVs will therefore require an intelligent connection
between EVs and the electricity distribution grid, thereby ensuring their optimised integration
and security of supply for all customers under mass volume conditions.

Connecting a mass market share of EVs to the electricity grid can expose the grid to a
dramatic increase in maximum power demand. In that case heavy investments will be
required with regard to reinforcing the cables between households and transformers, the
transformers themselves as well as investments in the upstream grid. Such consequences
can, in general, be minimised by coordinating the additional loads, i.e. by smart charging,
thereby avoiding additional costly or at least non-profitable investments in the grid through a
better smoothing of the | oad curve. Due to | ong
required standards need to be developed now.

The idea to use electric vehicles as distributed energy storage units (called Vehicle-To-
Grid or V2G) has been widely discussed in the past years. There are a lot of different
scenarios and use cases that have been considered. However, the integration of EVs into
the electrical grid is a complex task. The connection of an EV to a smart home system (also
called Vehicle-To-Building (V2B), or vehicle-To-Home (V2H) could be considered as an
intermediate step. An important prerequisite for both scenarios is some kind of
communication link between the vehicle and a control instance on the grid side. Other task to
be deeper investigated refers to rechargeable energy storage system (REESS) increased
energy throughput, i.e. battery lifetime reduction or battery cost increasing.

3.3 Scenarios and EV control strategies

There are several future e-mobility scenarios, which have different impact on the grid
operator, market participants and the general charging control strategies.

We can assume that EV is an inflexible load that needs to be accommodated by the
system at any cost. The integration of physically connected EVs into the grid, however, can
be seen from a different perspective given that each connected EV is a load with electric
energy storage capacity. Moreover, transport studies have shown that the EV passenger
cars are likely to stay connected to the network idle for large periods of time and that in the
majority of cases the total energy of the battery is not spent in the average daily journeys. To
be also taken into account is that electric commercial vehicles and electric busses are likely
to stay connected to the network idle overnight and that in the majority of cases most of the
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battery energy is spent during daily journeys. That said, if the EV is not regarded as an
inflexible load, and the full potential of natural distributed storage nature is explored, then
they can change from being a problem to become a solution to support system operation as
a source of flexibility. This, however, requires that adequate system operation practices are
put in place to unlock this flexibility.

Control strategies are dependent on the information flow, which is a precondition for any
kind of charging/grid management. Different control strategies reflect different development
scenarios.

Aggregatorwith |

Central

Uncontrolled DsSO

control

limiting the power

Self org

micro rny

Figure 51. Evolution of control schemes [52]

Based on the G4V project definition, we distinguish 3 possible scenarios for the control
strategy definition:

I. Conservative world
II.  Pragmatic world
I1l.  Advanced world

These scenarios will be sections that follow.
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3.3.1 Conservative world 7 non controlled infrastructure

For the conservative world, the control strategies are simple, heeding no communication
or very simple unidirectional communication (for time of use (ToU) tariffs for instance). These
solutions are already being used today or can be put in place with existing technologies.

The conservative world pursues a business as usual approach. In this scenario the grid
planning and control is organized as today and the recharging infrastructure is not controlled.
Smart meters are installed but have a very limited functionality.

Private stations

A private station is a recharging infrastructure for use in private parking places (garage),
therefore charging does not require customer identification and the infrastructure does not
require additional features beyond safety requirements. Other functionalities and
requirements shall be considered optional to provide added value services, such as a display
to inform the user about the state of the charge.

Captive stations (EV fleet owners) stations

A captive station is a recharging infrastructure for use in
captive/company/municipality/car rental parking places (depot), with access allowed to more
persons, but as these persons are affiliated with the same company/organisation complex
customer identification (as for public stations) will not be required and this infrastructure also
doesnoét r éogalfeatures baydrdl isdfety requirements for public charging, such as
cost and functionality optimization, fleet management and related added value services.

Public stations

A public station is a recharging infrastructure for use in streets, public parking areas,
public garages and other places with access allowed to more (non-affiliated) persons;
therefore the access to the infrastructure should be restricted to the authorized users (i.e.
clients of the charge service). This limitation is needed in order to enforce safety and security
and in order to allow billing of the clients. In order to control the access to the service, it is
needed to establish an authorization process that every client has to undertake before the
charging service could start. Such an authorization can be provided using a number of
different solutions:

9 Pure mechanical (key): this method is very simple to implement and it has been used
in a few pilot projects. Nevertheless, it is suitable only when the number of customers
is very low. This is not a preferred solution nowadays.

1 User interface: the user can be required to use a user interface on the charge
infrastructure to insert a code (e.g. a pin) in order to identify him/herself. Typically
stations without remote connection are using this interface for customer access.

1 Smart card: this system requires the use of a smart card which stores some kind of
user identification. The stored information can be a simple identifier (i.e. a unique
contract id) or can also contain additional information, such as a credit for pre-paid
contract. The use of the card can be combined with the user interface (e.g. to enter a
PIN code)

T Communication between the vehicle and the infrastructure: similar to smart card
solution, but the information is stored inside the vehicle (and communicated e.g. via
IEC 15118)
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1 Payment card: in this case the user can directly identify and authenticate him/herself
and pay using a payment card also without having a contract (micro-payments are
becoming an accepted way of payment for small amounts).

An appropriate user interface, such as a local display, is required to communicate the
outcome of the authorization. In addition it can be used to easily provide information about
the recharging in progress: times, costs and other optional data such as CO, not emitted and
energy saving in comparison to use a traditional car with ICE.

The authentication and authorization procedure can be managed completely by the
charging station itself, or can be delegated to an external system which contains the
database of users and contracts. This depends on the market model selected in every
country.

It is advisable to have a remote authorization system (single or distributed) and provide
the charging station with a communication channel. The same communication channel
toward an EVSEO Control System could be used to transmit data needed to bill the clients
for the use of the infrastructure. Without such a mechanism, the same data should be
collected directly from charging stations implying high labour costs and delayed billing. In
addition, the communication with a Control System can be used in order to control the
charging station by sending commands to it. For example it could be possible:

9 to open and close the switch on the station
T tolock and unlock the sockets,
9 to stop and restart the charge

Those functionalities are particularly useful to handle remotely contingency situations.
For example a customer who has lost his smart card can call a help desk in order to regain
access to the infrastructure. Finally, a communication channel would allow the charging
station to communicate to a control system also information about the delivered quality of
service and in particular possible interruption of the charging process (with date and hour of
interruption), malfunction and attempt of tampering.

In the conservative scenario, where the charging infrastructure has limited
communication possibilities, if any, the network operator does not have enough information
about the actual grid status. For the efficient grid management at all levels, the information
access is the precondition, because it allows the interaction between the grid, and local
generation (among them RES production) and loads (among them EV charging) in a way
that it limits loading peaks and necessary additional grid investments. Without the information
access and management of the charging sessions the combination of the RES production
and non-managed EV charging can lead to congestion in the network even if the share of
EVs remains low. This scenario does not support the efficient spread of EVs, because it does
not develop all electric mobility aspects properly.

3.3.2 Pragmatic and Advanced World 1 controlled infrastructure

For the Pragmatic World, relatively simple solutions, using unidirectional or bidirectional
communication are proposed. These consider only unidirectional energy flows (no V2G is
considered) and the main goal of this is to minimize the impact of electric mobility on the
electricity grids (regarding production and distribution).
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Controlled infrastructure applies to both Pragmatic World and Advanced World and
allows an external actor to remotely control in real time the charging process. This
requirement implies that the charging stations are provided with a communication device
able to receive with low latency requests from a Control Centre (centralized or distributed)
potentially during the entire charge process. Nevertheless, different levels of service are
applicable to the two different scenarios:

1 Pragmatic World: charging stations are controlled by the DSO (via EVSE Operator)
which can send signals to reduce charging power when congestions are detected in
distribution grid. The minimal requirement is to have a mono-directional broadcast
real time communication (e.g. containing a dynamic electricity pricing forecast),
although more advanced mechanism (bidirectional) can improve DSO capability to
analyse in real time the response of the control actions.

1 Advanced World: charging stations cooperate with the actors responsible for
providing the aggregated function of grid stabilization or cost minimization. In this
case, multiple subjects can play this role, hence bidirectional communication is
envisaged, because the different players shall know the amount of customers able to
participate in the aggregated service.

In the Pragmatic World, the control strategies are intended to add some additional
features to the BAU (Business As Usual) strategies without a need for significant advances in
terms of technology or system and network operation practices. The control strategies
consider actions to shift EV charging demands or to reduce the charging power in order to
reduce local congestion and alleviate substation overloads. More advanced services such as
V2G (EV discharging energy to the grid) are not considered.

In the Advanced World, two main approaches were developed [53]. The first one is
based on the concept of aggregation and is analysed by simulations for the system level
without considering network constraints. It is however explained that network constraints and
coordination with the TSO/DSO can be added to the same strategy. The second one uses
largely the principle of decentralized intelligence, with local market agents and local marginal
prices to manage network congestion.

In the Advanced World it is assumed that advanced ICT infrastructure is available and
that significant changes in terms of regulation and market design, when compared to the
ones of today, can be envisaged so that the demand side can take an active role in the
operation of the power system.

Under this environment more advanced control strategies for the integration of EVs can
be developed. In these strategies the EV is seen both as a flexible load and distributed
storage device that can interact with the system both as consumers and producers (in V2G
mode). The EV becomes an active player in the system that, on the one hand, uses electric
energy for motion and, on the other hand, trades its charge/discharge flexibility with the
objective of making economic benefit.

The first approach is based on the aggregation of EV flexibility to offer larger volumes of
flexibility into different markets to maximise the profit of the flexibility services offered whilst
ensuring the EV primordial role i mobility. The second approach is based on the existence of
a fully distributed market where (the owners of) individual EVs become market players and
optimise their charge/discharge in real-time in response to local real-time price signals. Also
in this case, the primordial role of the EV i mobility i is kept and only the remaining flexibility
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is considered available for trading. Both these options are based on the knowledge that
mobility studies have shown that in general passengers cars are idle 90% of the time leaving
a significant margin for using its battery for services other than mobility.

Evolution of control schemes is dependent on how the market will mature. If there
will be simple market structure in place, rather uncontrolled charging is foreseen. Once
the market structure will include different roles or various participants (EVSE, EVSP,
EVSEO, aggregator, DSO/flexible demand management, etc.), control schemes will be
based more on the bidirectional information flow. Then the control mechanism will split
into levels T local and remote SECC (Supply Equipment Communication Controller).
Local level is the level of a household or an office building; remote level is the level of the
electric grid (substation).

Table 13. Comparison of three frameworks for the strategy definition [53]

Conservative World | Pragmatic World Advanced World

Charging Mo Yes, simple charging Yes, complex charging

control control control
As today Dynamic tariffs Mo limitation

Regulation Conservative Some liberalization Optimal situation for EVs
Unidirectional, no Unidirectional, all Bidirectional, all services
services services can be provided can be provided

Grid Conventional Smart grids Advanced smart grids,

B T= (- development virtual power plant etc.

In addition, using the communication device for implementing the charging strategies, it
can be used to provide all the functionalities provided in previous section:

9 Authorization: when the user requests to access the infrastructure, the request can be
forwarded to a remote central system where users/contracts database is stored.

1 Remote Operations & Maintenance: having a direct communication to back office
systems, it is possible to remotely monitor the infrastructure in order to detect
immediately fault conditions. Moreover, it is possible to remotely configure the
operational parameters of infrastructure and update its software

1 Billing: after the charging process has completed, it is possible to send metering data
and other parameters of charging session to the central system in order to bill the
client.

1 Roaming: national and international roaming granting access to all customers of all
EVSE operators.

a. Private

In the controlled private infrastructure, the additional resources (communication channel
and control unit) are mandatory in order to provide the control of charge process. Therefore it
is a logical step to extend their use also to support additional functionalities, as described
before. Privately controlled charging (V2H, V2B) is a likely candidate for integration with the
SmartHome applications, where there it is necessary to leverage the power demand on local
level.
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b. Public/captive

The controlled public infrastructure shall provide the combination of all the already
described features; therefore it is the most complete one. In any case, the additional costs
are not expected to be far higher compared to other solutions, because most of the
equipment is shared by different functionalities.

3.4 Scenarios and generic use cases

Scenarios and control strategies are in close interaction with generic use cases
applicable to electric vehicles:

1 Only recharge possibility: This category gives only the possibility for connecting the
EV to the grid at different home and private locations. The aim is to recharge at any
available location where necessary. Low power is foreseen. No charge load control
from EVSE is foreseen. For further information, refer to IEC 61851-1 mode 1 and
mode 2 (see Chapter 2). [25]

1 With EV demand response with price signals: This category gives the possibility to
connect the EV recharge at any place where a demand response capable EVSE is
installed. The extra communication makes it possible to receive price signals or other
incentives so that the end-user 6s reaction is possible. Thi
demand response in the same way as for other loads connected to the grid refer to
IEC 61851-1 mode 3 and mode 4 (see Chapter 2).

1 With unidirectional smart recharge (e.g. via a mobility service provider): The smart
recharging provides a more controlled way of EV charging. This opens a way of smart
charging and even V(end-user)2G possibilities based on flexible contracts and
technical signals for charge load control, i.e. recharging time, timetable, power and
cost. For further information on load control, refer to IEC 61851-1 mode 3 and mode 4
(see Chapter 2).

1 New (mobile) billing systems: This category describes possible mobile billing systems
like Radio-Frequency Identification (RFID), Mobile Phone, credit card and others.

1 EV charge infrastructure management system: This category describes the complete
system necessary for intelligent charge equipment management, including
identification, status reports, malfunction management, etc.

3.5 Smart charging

For the sound development of the e-mobility concept the managed charging is the right
way. Managed charging is possible in the pragmatic and advanced scenarios and concerns
both the private and public/captive charging. Smart charging offers the maximal advantage of
charging from the grid perspective.

From an electricity grid perspective, an EV can be seen as a highly distributed flexible
load and electricity storage device, which may be used for supporting system operation. The
EV can have both positive and negative impacts in the power system. If adequate strategies
for the integration of EV are put in place, the negative impacts may be partly or even totally
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mitigated and the positive impacts can be maximized and made available to support the
system.

Depending on the exact placement of the electricity demand (as a function of time)
imposed by the EV population, this new load can have an important impact on the system,
given that if it coincides with the existing peak demand it will reduce the margins to the
operational limits that the system currently has. In the case of systems that are currently
operated close to their limits already a small population of EVs can lead to overloads in
different parts of the system and will create a need for new investments.

The graphical analysis, presented in Figure 52 depicts the time spread of charging
power throughout a course of one representative week day assuming uncontrolled charging
and a large population (higher diversity factor) [52].

chargingpower in kW

00:00 06:00 1200 18:00 00:00 06:00 12:00 18:00 00:00 06:00 12:.00 18:00 00:00
daytime

Figure 52. Spread of charging power in an uncontrolled charging environment

For the smart charging functionality a Load Balancing Controller (LBC) is an important
component. It is the module responsible for scheduling and controlling charging sessions
according to charging priorities, prognosis of demand relevant to EVs, restrictions imposed
by the vehicle, the grid and the charging infrastructure, so as to manage the EV demand and
prevent grid voltage deviations and equipment overloads

[52]. The LBC could be implemented over any type of distribution control centre, but its
exact location may be only determined according to a European regulation or according to
the market trends. Therefore LBC will be operated at the low power transformer station by an
entity, which will be aware of the grid power restrictions and will be responsible for the grid
stability and the scheduling of the EVs charging. This attitude offers a variety of market
models reflecting the EURELECTRIC analysis.
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Figure 53. Architecture for charging controlled by V2G protocol only

The LBC and local Supply Equipment Communication Controller (SECC) will provide
their own restrictions to the other involved entities according to the architecture described
previously, and a decision will be taken by the EV on the power level to be delivered to the
EV, considering the minimum of the following three values: the maximum power requested
by the EV for its REESS (batteries), the maximum power supported by the grid and the
maximum power supported by the charging infrastructure [105].

Beside the grid management tools, tariffs are another way of influencing the charging
behaviour. The following definitions of types of tariffs are used:

1. Constant Price - a contract with a constant tariff throughout the day and year. No
incentive to charge more during the periods of low network load.

2. Fixed Time-of-Usage (ToU) price (two, three or more time periods) i a contract with
different time periods with different prices, normally peak price and night price at
least. Pricing may be different on euros per kWh or on price of contracted power. It is
cheaper to charge during non-peak times and it is much more expensive to charge
during the day. These time periods and corresponding prices do not vary over a year.
Notice that:

0 ToU V2G pricing is not likely to take place (the use of batteries is, and
probably will remain, too expensive to offer such a service against attractive
price levels, see also 6.4 (V2G perspectives)).

0 A variation of ToU with prices that include the ability to interrupt the supply is
also possible.

3. Spot Pricing for consumption and generation T a contract with a totally variable
pricing, with variations during the day, week and year. The energy is charged at real-
time values and in order for the user to benefit it must be very interactive

For the further smart charging development it is necessary to continue with the IEC
15118 standard. It is a standard for communication between vehicle and EVSE to support
(among others) also the smart grid applications: The standard IEC 15118 defines multiple
use cases, and covers all OSI-model protocol levels, from application layer down to the
physical layer. Its integral element is the accesstotheEV6s bat tery, which
for full utilisation of the smart charging potential.
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3.6 Various scenarios and the DSO implications

This section describes the possible business scenarios of EV integration in the grid
based on the whole value chain perspective and is based on the analysis conducted mainly
in the G4V and the Green eMotion FP7 projects, but it also leveraged the Eurelectric position
paper [54].

The impact of a single EV on the power system would be negligible. However, a large
penetration of EVs is expected, and co-ordination of clustered groups would also be
desirable, not only as a business opportunity but also as a new virtual agent that would
impact the power system by controlling its demand.

Safety aspects and a stable power supply are of utmost importance for both customers
and DSOs, therefore the influence of battery charger characteristics on the electricity network
has to be properly addressed. Protection against electric shocks and effects of short circuit
has to be carefully assessed to ensure safe use for consumers. When in charging mode
connected to the EVSE, the vehicle should at a minimum comply with the standards that
apply to electrical equipment used in similar circumstances according R100rev2, [55] new
revision 3 under discussion and also according future results of WG1 ISO IEC JPT 17409
[56] activities related to "Electrically propelled road vehicle - Safety requirements for
connection to an external electric power supply". Electro-mobility will introduce new
constraints on the grid and electric vehicles in particular with regards to Electromagnetic
compatibility which should be minimised by employing state-of-the-art technology. EV have
to comply also in charging mode connected to EVSE R010 rev4 [57] for EMC.

When aiming at integrating EVs in distribution grids, the DSO may opt for either
reinforcing the grid or for managing the load (or a combination of both strategies).Therefore,
by varying the weight of grid reinforcements and load management, a number of business
scenarios has been selected for the analysis. Their description is based on the general
architecture depicted in Figure 53:

1 Conventional, where no load management is considered and EV integration must be
faced through grid reinforcements and, generally, investing on widening the existing
hosting capacity.

i Safe: adding soft fleet-focused load management to the conventional grid
reinforcements, possibly reducing the effort in widening the hosting capacity only
through copper investments.

1 Proactive load management: dealing with massive EV penetration and minimizing the
needs for grid reinforcements.

1 Smart grid, with a granular control of EVs load management that allows for
optimisation of hosting capacity, additionally considering the local connection of DER
that can benefit from EV penetration, via a positive feedback loop.

Network operators are the main responsible parties for system efficiency and their
business model is based on operation and maintenance of the network with quality
requirements fixed by national authorities, in compliance with EU targets. They plan and
operate their network assets on a daily basis, both from a service provision and a business
management point of view. As a regulated activity, system operation is remunerated for the
compliance of some defined objectives, which certainly condition the business strategy of
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system operators. Therefore, it would be very important to define energy efficiency activities
as eligible for compensation and with clear and appropriate procedures.

The distribution activity remuneration criteria should seek to stimulate the improvement
of management efficiency, technical and economic efficiency and power supply quality, as
well as the reduction of electrical losses in distribution networks and the rise of DER hosting
capacity via a large-scale DR program. Distribution companies should be remunerated for
the investments necessary to guarantee an efficient electricity distribution at the lowest cost
(in the long term). Even if other aspects such as demand-side management, the use of
storage devices, load reduction and, in general, the efficient management of the network are
currently encouraged by legislative documents, the economic compensation derived from
applying such strategies is not clearly defined. This is an important point for system
operators in order to put in place strategies of this kind. In order to encourage DSOs to invest
in DR services in the e-mobility business, in addition to technical aspects, economic
implications have to be clearly defined, so as to achieve an efficient planning of network
development and to design an effective portfolio of operational strategies suitable for an
optimum management of the system.

Incentives favouring a more environmentally friendly use of resources might be required
to define EVs®d char gi rurenpgereration neix andcthe avaidhbility of
local DERs. In some cases and depending on the country, periods with higher level of
renewable energy might be made cheaper for end users and, in these situations, electricity
prices become aerdnce toplansEV ocharing eeviods. e f

The key aspect for the integration of EVs in the distribution network will be the
management of the power since its impact can be mitigated if the charging can be done
outside peak hours. It is then important to ensure that the EV charging peak is not coinciding
with the peak demand on the system wide and local level.

In summary, the three major impacts in network operation due to a massive arrival of EV
are expected:

9 Local congestion in lines or cables and/or voltage issues. A good management of the
power consumed or produced by the EVs is needed to avoid large investments in the
network.

1 The operator will need good forecasting tools to determine the power flows in his
network and then operate it with limited margins.

I Some problems may occur with harmonic over voltages. Technically, solutions are
available but the set of applicable standards should be updated to cover the cases of
networks with most of the loads and local producer being connected to the network
through power electronic interfaces.

DSO is the main entity responsible for the quality of electricity supply.

3.7 Summary

The European authorities from the electricity domain believe that the charging process
that takes place between electric vehicles and charge spots need to be coordinated, thereby
taking the electricity grid constraints and electricity generation capacities into account.
Normal AC charging mode 3, already available in domestic settings (home and work) as well
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required for public charging, should be the dominant charging method i not only due to the
possibility of integrating RES into the existing electricity system, but also as a means of

stabilising the grid through Asmart 0, i . e.

minimise the costs for rolling out additional infrastructure and provide a user-friendly solution.
Provided that EVs are charged in a smart, load controlled way, we see no reason to doubt
that the functioning of market forces will turn EVs into a competitive transport technology.
Over time, the market, stakeholders, standards and regulation will signal which charging
functionalities and facilities are needferd

DSOs are influenced by projected increase of EV sales and will represent new type of
the load on various voltage levels. Grid operators are responsible for the quality of electricity
supply, which can be maintained with the sufficient amount of information. From this point of
view the most suitable scenario is the one, where the charging infrastructure is managed in a

and

oad

EV

Asmart o way, i's interoper abl eMetering concepttahdeoffersd e vi c e ¢

variety of services to efficiently integrate EVs into existing networks.
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4 SMART CHARGI NG

At the current state of development Smart Charging, despite having a common
understanding in the scientific world but does not have a single clear definition. There may
be several reasons for this non-existence of a definition but the most apparent one would be
the fact that the huge amount of possibilities, in functionalities, services, actors, and many
more that the term Smart Charging generates, is so enormous that a single and simple
definition might even not be sufficient to cover all these possibilities.

The process of EV charging is relevant for EV user and for DSO but its understanding is
different for user and operator. There are three issues important from EV user perspective:

1 Charging current should be controlled according to the OEM recommended
procedures in order to ensure maximum battery lifetime and prevent from damages.

1 Battery should be fully charged up to the time set by EV user

9 Battery should be charged with minimal cost

If controller fulfil requirements listed above, the procedure can be called Smart Charging
(from EV user point of view).

The system operator regards charging as the smart, only if the network is fully
monitored, he has information about power system operation and he is able to control of
each charger preventing the grid against overloads.

The EV can be used by the operator as a energy storage if charger connected allows for
bi-directional power flows. Then, the charger is able to provide both functions, Smart
Charging while charging batteries and V2G while discharging. The V2G is essential for peak
shaving and Ancillary Services.

Chargers can be mounted on board EV and then the localization of mobile loads (EV)
controlled by the operator is a function of time. In case of off board PWM chargers
(permanently connected to the grid) it can be additionally equipped with autonomous
controller allowing for V2G provision such as reactive power compensation, load balancing
(symmetrisation) and harmonics reduction.

According to above comments, it is difficult to strictly distinguish Smart Charging
and V2G. They are provided by the same devices and can be proceeded at the same
time or sequentially. Due to authors of Smart Charging chapter and V2G chapter will
not able to separate of these topics. Therefore some aspects are analysed in both
chapters but in different context. Both issues are also summarized together in the
Chapter 5.6.

In the first section of this chapter a definition for Smart Charging will be given which
remains valid within the COTEVOS project. Afterwards the functionalities of Smart Charging
and the requirements from the EV user and Smart Grid view will be shown. Later several
Smart Charging techniques are explained and preconditions listed. Finally some Use Cases
from other projects are described, followed by a conclusion.
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4.1 Definition

In this chapter COTEVOS gives its own interpretation of a definition for Smart Charging
as well as a listing of other definitions provided by other EV related platforms.

4.1.1 Smart Charging in COTEVOS

The COTEVOS Definition of Smart Charging is strongly aligned with the CEN/CENELEC
definition of Smart Charging (see section 4.1.2.1) and reads as follows:

Smart Charging is a service oriented method to charge electric
vehicles facilitated by communication between the electric vehicle and all
other involved parties, such as e.g. DSO, Energy Provider, etc. Therein
services refer to user services, distribution grid services and system wide
services. The charging process is thereby controlled in a way such that
multiple factors as grid stability, load flow management, energy pricing and
many more, are considered to achieve a beneficial result for all contributing
parties.

4.1.2 Definitions of Smart Charging from other resources

4.1.2.1 CEN/CENELEC: WG Smart Charging

Smart Charging of an electric vehicle is when the charging cycle can be altered by
external events, allowing for adaptive charging habits that result in a more grid friendly
behaviour and more efficient management of power demand and energy used during the
charging process. Smart Charging is facilitated by information and communication between
E-Mobility and smart grid technologies and associated actors.

External events in this context can be classified as implicit changes to the physical
properties of the grid as well as the explicit communication of information and services
between E-Mobility and smart grid technologies, service providers and operators but also
user interaction with the vehicle or the station.

Besi des Smart Charging tbdedr eSei ¢i caeléosol ikwal e
reservation of charging spots, easy and secure identification methods and other services that
could make the charging easier for the user. Hov
with Smart Charging sequences in several ways.

Key to the requirements outlined for Smart Charging is interoperability between actors,
e-mobility and smart grid technologies. Two or more systems (devices or components) are
interoperable, if the two or more systems are able to perform cooperatively a specific function
by using information which is exchanged.

Interoperability in the context of Smart Charging describes the integration of tasks and
refers to the exchange of information between two or more devices from the same actor, or
different actors and the use of information for correct cooperation. The functionality of Smart
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Charging is to optimize the charging of the vehicle taking into account different goals like
user, battery, grid and energy friendliness. Therefore it describes the compatibility of
components within a charging system which will ensure access to and use of a safe and
reliable charge for an electric vehicle [71].

4.1.2.2 Smart Charging in the CEN/CENELEC/ETSI M/468 WG

Smart Charging is the ability for an electric vehicle to integrate into the whole power
system in a grid- and user-friendly way. Smart Charging must facilitate the security
(reliability) of supply while meeting the mobility constraints and requirements of the user. To
achieve those goals in a safe, secure, reliable, sustainable and efficient manner, information
needs to be exchanged between different stakeholders.

4.1.2.3 Smart Charging in the Danish Nikola Project

fi T h e of amftuéncing the timing, rate and direction of the power and energy exchanged
bet ween the EV battery and the grid to yield ben

Three general "Smart Charging" behaviours: Adaptive charging, Energy backup,
ancillary services (We can say Smart Charging covers all the behaviours to simplify our
approach).
4.1.2.4 Smart Charging in SmartCharging.nl

Smart Charging is a technology that makes Smart Charging of electric vehicles

accessible to all. 60 Sma r W Gapacity & mandled matwaytthate av ai |
always allows consumers to fully charge their battery. And this takes place without the grid
becoming overloadedi even i f | arge groups of consumers walt

and in the same place [84].

4.1.2.5 Smart Charging referred to OCPP 2.0

Smart Charging in OCPP refers to a controlled charging process where a charge point
or a central system or both can set constraints to the amount of power that is delivered
during the course of a charge transaction. It can be used at a local level to limit the total
amount of power that may be used by a group of charge points, for example in a parking
garage. It can also be used on a global level to adjust the power consumption of charge
points to match the power generation capability of the grid or the availability of renewable
energy sources.

In order to control the amount of power that an EV may draw from a charge point some
form of vehicle to EVSE or grid communication is necessary. OCPP 2.0 has been designed
to support the ISO/IEC 15118 standard for communication between vehicle (EV) and charge
point (EVSE). However, it is anticipated that for the coming years, the majority of EVs will
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only support the Mode 3 PWM signal, so care has been taken to support Smart Charging
with PWM as well.

4.2 Envisioned Smart Charging functionalities

From the smart charge definition in section 4.1.1 it was derived that Smart Charging
functionality comprises three different kinds of services. These are user services, distribution
grid services and system wide services.

The services are grouped according to the level of the power system to which they add
value and follow the structure of the Danish Nikola project (see Figure 54).

The user services describe the information-based services that will grant the user
access to Smart Charging. The distribution grid services describe the services needed to
satisfy the needs of distribution level and islanded electricity networks. Finally, the system
wide services describe the services needed to satisfy the needs regarding the general
transmission level grid, including ancillary services used to support its operation.

Where distribution and system wide services are based on power and energy, the user
services are based on information to inform and empower the end user in regards to Smart
Charging.

These three service groups can be mapped to the four Smart Charging requirements
that are formulated by the Working Group Sustainable Processes (SG-CF/SP) (Mandate
M/490). These four requirements are: Customer defined charging, Grid optimized charging,
E-production optimization and Renewable mix charging. The definition of these requirements
is explained in the following sections. Table 14 reveals the mapping of the Smart Charging
services to the M/490 requirements.

Table 14. Smart Charging services according to M/490

M/490 Requirement SmartChargingservice
Customer defined charging User service
Grid optimized charging Distribution Grid- and System-wide Service
E-Production Optimization & Renewable Mix Charging System-wide Service
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Figure 54. Services mapped to the level of the power system to which they add value [92]

4.2.1 User services

The services investigated in this topic are primarily focused on how to understand,
inform and empower the EV user before altering the charging behaviour of the vehicle
batteries. These services wil |SmbarrGharging setvibee user 6
and can be said to be part of the enabling technology that will facilitate all other services.

Examples of user services are:

1 Charge management
o0 Configurable time of departure
o Configurable target state of charge at time of departure
0 Instant charge (smart charge override)

1 Charging information

The primary aim of Smart Charging here is to maximize consumer convenience
(facilitate EV wusers, optimize charging conditions and respect customer needs and
requirements) through the use of available infrastructure (grid connected charging stations).
To facilitate the EV user, Smart Charging should include the customer needs.

4.2.2 Distribution grid services
These services are related with the integration of the electric vehicle (EV) in the

distribution grids as part of the operational and strategic target of a distribution system
operator. Parameters addressed include voltage, thermal and reactive power limits. This
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group also includes islanded and microgrid scenarios where EV services are used to
maintain a stable and secure operation.

Examples of distribution grid services are:

9 Islanded microgrid and black start

LV congestions management

LV network balancing

LV overvoltage management

MV-LV Transformer and lines overloading management.

= =4 —a A

The construction of the EV infrastructure is preferably done within the available grid
capacity also to avoid unnecessary grid investments. Since the grid has limited capacity and
can have voltage constraints, optimization is used to prevent grid failures or power quality
issues, using load control (eventually with use of (fixed) storage systems or vehicle to grid
(V2G)).

4.2.3 System-wide services

System wide services are related to how the electric vehicle can aid in maintaining a
cost-efficient secure power system with a high degree of renewable production. This includes
ancillary services, bulk energy trade and use of system-wide renewables.

Examples of system-wide services are:

Frequency Regulation - Normal
Frequency Regulation - Very Fast
Secondary Regulation

Tertiary Regulation

Synthetic Inertia

Adaptive Charging

MORE (Mother of all regulation).

Regarding the E-Production optimization this concerns optimization (cost-effectiveness)
of electricity production (peak shaving) and avoiding unnecessary investment in production
capacity, using load control (eventually with use of (fixed) storage systems or vehicle to grid
(V2G)).

In terms of Renewable mix charging these services are related to all forms of Smart
Charging (customer defined, grid optimized and E-Production optimization). In the first
phase, when EVs are mainly used by fdearly
RES is welcomed by this group of EV users.

= =4 -4 -8 —a —a 9

4.3 Smart Charging requirements from the EV user point of view

Electric vehicles (EVs) are identified as one of the solutions for a more sustainable
transport system, and the role of ICT is crucial in the managing of the infrastructure to enable
a mass deployment of EVs. The charging of a large numbers of vehicles simultaneously
across the electricity grid is challenging. For the optimisation of electro-mobility and energy
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use, it is deemed to be indispensable to move towards charging electric vehicles, as well as
other loads, in a smart way.

Smart Charging aims to satisfy the needs of an EV user through an optimal charging
process that adjusts amongst others power load profile considering systems capacities, grid
stability and efficient management of power demand and energy use.

At least the following elements are to be considered in the evaluation:

1 Power system constraints like grid congestions due to peak and voltage stability;
1 Energy Price, based on supply and demand from energy market;
1 Energy Mix with the requested amount of renewable energy as far as possible.

Depending on the business model adopted, the definition of Smart Charging points out
different aspects. From EV user perspective, Smart Charging must facilitate the security
(reliability) of supply while meeting the mobility constraints and requirements of the user.
The exchange of information between the different actors involved in the process of charging
in a fismarto way i s essenti al in achieving thos:
and efficient manner.

Consi der icndg BV Awsaesri, it could be said that i ts

9 Prices and
1 Functionality.

The best solution for the EV user perspective is undoubtedly to have the car charged
with the amount of energy, required by EV user as soon as possible and for the cheapest
price. Each other possible choice of the user is the result of a trade-off between the two
aspects, as in most commercial situations: lower functionalities can be accepted for a
cheaper price, while it is expected to pay more for a better service. In the case o f iSmart
Chargingbo, the price corresponds to the chargin
expressed as the charging speed and effectiveness. The user can therefore easily accept a
Smart Charging procedure if this corresponds to an economically convenient choice. The
advantage could come both from a fAprice followir
a discount offered by the DSO/Retailer as compensation for improving the grid stability.

Considering a more fadvcahcoddecameours er |, anot her as
1 Environmental impact and CO, emissions;

This could have a non-negligible importance for users particularly devoted to
environment al i ssues, which can be often found &
the user can ask for a particular charging schedule properly designed to rely on renewable
and clean energy.

For both kinds of users, anyway, some necessary constraints and requirements coming
from the EV user exist:

1 Energy required and time of departure defined by EV user

1 Reduction of the charging cost e.g. taking into account price signals, if available, and
choosing to charge during off-peak hours

1 Minimum level of battery charging for permitting the usage of EV under emergency
conditions.
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The same aspects just pointed out for Smart Charging can be applied (and probably
amplified) in a reverse energy flow (V2G) perspective. In particular, the acceptance of usage
of EVs as a supporting load for grid needs can happen only under remunerating condition
(pricing incentives for EV user).

Given that, it is worth mentioning that, in addition to Smart Charging itself, ICT services
for charging can be exploited also for the so-called Value Added Services (VAS), as location
and reservation of charging spots, easy and secure identification methods and other services
that could make charging easier for the user.

For EV user is very important to drive in urban areas with high traffic density and park
with the possibility to charge. The information about location and the availability of the
charging station represents an added value. The definition of Value Added Services for EV
user includes all kinds of services related to charging and Smart Charging, like:

1 Route based or location-based information services
1 Parking Reservations

1 Energy efficiency optimization and

1 Mechanism for CO, reduction

4.4 Smart Charging requirements from the smart grid point of view

Electricity grid and its management need to respond to the growing use of renewable
energy (mostly wind and solar) and the increasing share of distributed generation units. This
evolution has made the energy flows less predictable with the rise of energy flow from LV to
HV networks. The energy production from distributed generation (for example solar and wind
farms) is unpredictable and not related to the needs of the whole power system.
Furthermore, it is often highly dependent on external circumstances, such as current weather
conditions. This presents a problem for the power system, which must ensure a balance
between production and consumption of energy at all times. The power system requires
more operating reserve (meaning more costly investments) to accommodate the unreliable
and fluctuating output from distributed generation. The conditions outlined above have a
great effect on the ensuring of balance between produced and consumed energy on the
national level and on the operation and planning of grid development regarding power flows
(strain on different elements of the network) and local voltage conditions.

The economic climate rarely allows an increase in the rate of investments in the power
system and an increase of system's operational costs. The solution for sustainable operation
of the power system therefore lies in active management of the distributed generation and
energy consumption on the consumption side in order to make the system more cost
effective. Such management requires a new approach to the management of the power
system, a strong support in the information system, and appropriate physical equipment at
the location of energy consumers (i.e. end users and distributed generation). Due to the
requirements for advanced information systems and coordinated actions of both the energy
infrastructure and its users, the described approach is referred to as Smart Grid.

In this context, a large-scale Smart Charging system for electric vehicles can clearly be
an advantage for the functioning of the power system. When EVs are connected to Smart
Charging stations with the option of remote control, their charging can be stopped (or the
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charging current lowered) when the power system faces higher loads and resumed at a later
time. This decreases the power consumption within the network, with the same effect on the
balance between energy production and consumption as if the operating reserve in a
designated power plant had been activated. Additionally, EVs as flexible consumers can
participate in the process of distribution network management, being used as part of
management of local conditions in the grid.

The management of EV charging load should consider the needs of EV users and only
reduce the charging load when there is enough time available to fully charge the vehicle later
on. This could mostly be done with EVs which are charging at home or during working hours,
where the available charging time is considerably longer that the time needed to recharge
the battery.

An advanced EV charging management option in the power system is to use its battery
as an energy storage device. In this case, the EV does not function merely as an equivalent
to reserve power (in the sense of lowering consumption when needed), but can also store
excess energy in its battery and return it to the network in times of shortages. In combination
with smart grid functionalities, EVs can strongly benefit the increase of energy production
from renewable sources (like wind farms); a larger number of EVs connected to the network
can store the otherwise curtailed energy produced by wind farms when their output exceeds
the demand of the power system. This energy can be later returned to the network or used
for driving needs. Besides enabling a higher share of energy produced by wind farms to be
used in the grid, this scenario also supports combinations with photovoltaics and micro-
cogeneration. EVs thus indirectly facilitate the use of a higher share of renewable energy in
the energy portfolio of energy producers and traders.

Considering the daily energy needs of a certain load area, energy consumption of a
single EV seems insignificant. However, if we assume only a 1% share of EVs, their
combined charging capacity presents a significant amount of power which could be used for
energy adjustments in the power system. With the use of proper control systems and
adequately equipped vehicles and EVSE, this power can be used to control the consumption
according to local conditions (energy flow and overloads in the power distribution network)
and national needs (balance between the total output of power plants and total
consumption).

4.4.1 Smart Grid Stakeholders (Grid Related)

A number of smart grid stakeholders have a direct relation with the grid and thereby
have requirements with respect to Smart Charging. In this section we introduce the three grid
related stakeholders namely: DSO, Energy Provider and EVSE Operator. After the
introduction we explain the role of the stakeholder and describe their Smart Charging
requirements. Definitions are aligned with CEN-CENELEC WG Smart Charging [71].

4.4.1.1 DSO

According to European Directives a Distributed System Operator (DSO) is "a natural or
legal person responsible for operating, ensuring the maintenance of and if necessary,
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developing the distribution system in a given area and, where applicable, its interconnections
with other systems and for ensuring the long-term ability of the system to meet reasonable
demands for the distribution of electricity". Moreover, the DSO is responsible for regional grid
access and grid stability, integration of renewable at the distribution level and regional load
balancing.

Safety of supply (e.g. no congestions) is important for a DSO. Therefore the DSO is
trying to secure access to energy and d6ésafety
combination of a smart grid and manageable | oad, |l i ke shift ipnega ktbhe E
hours. This is also addressed in the ISO-IEC 15118-1 concerning the responsibility for the
voltage stability in the distribution grid (medium and low voltage power grid).

Role of actor

9 Electricity distribution is the final stage in the physical delivery of electricity to the
delivery point (e.g. end user, EVSE or parking operator).
T A distribution systemds network <carries ele
delivers it to consumers. Typically, the network would include medium-voltage power
lines, electrical substations and low-voltage distribution networks with associated
equipment. Depending on national distribution regulations, the DSO may also be
responsible for metering the energy (Metering Operator).

Needs

For the energy sector the integration of EVs into the smart grid, taking the distribution
system operator (DSO) for an example, is interested in congestion management, spinning
reserves and frequency regulation on the distribution network level in order to adequately
respond to an energy supply shortage or oversupply situation. Those needs can be satisfied
by controllable, decentralized loads and intelligent devices. DSOs typically respond with
innovation when driven by economic impacts or regulatory mandates. Utilities are likely to
find bi-directional power flow of BEVs in a V2G system attractive for two main reasons:

1. as a storage medium and load-levelling sink for intermittent renewable energy and
2. as a mean of fulfilling their grid support/ancillary services obligations.

Especially EVs represent such intelligent devices and have an enormous load-shifting
potential. Another important application of EVs is their usage for power factor correction in
order to compensate for phase shifts. Going down a level to the domestic energy supply,
controlling the charging and discharging processes at a smart home may help to avoid peaks
and maximize the yield of energy supplied by renewables such as PV panels.

Managed charging of EVs could provide significant value to both the energy system and
consumers: shifting of charging demand and provision of various Vehicle-To-Building (V2B)
or Vehicle-To-Grid (V2G) services. Coupled with potential enhancement of battery lifetime it
is likely to have a strong business case if the various technical barriers can be overcome.

Hence much more work needs to be done i in conjunction with vehicle manufacturers
(OEMSs) and battery manufacturers i to ascertain exactly what the quantifiable benefits might
be, and the best charging methodologies to employ, in order to maximize the value of any
managed-charging proposition. Detailed work is required to fully understand the
communications protocols, pathways and interfaces needed to implement managed charging
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and V2B/V2G. ISO 15118 is a developing Standard specifying the communication between
EVs and the Electric Vehicle Supply Equipment (EVSETt he Achar ger o) .

One of the key barriers to effective implementation of V2B/V2G is the difficulty of

communi cation bet weagetheamene hgy EMan and,

battery), to fully understand the available capabilities of the battery at the required time, and
to evaluate the costs and benefits of managed charging due to battery ageing. With current
EVs, the OEMs closely guard all information flows to/from the vehicle, severely limiting the

possibilities for managed charging. 't might

back-end server connected into the energy-manager 6s systems,
significant advantages in terms of system cost, robustness, flexibility and speed-of-response
to using a local smart-home connection to the EV BMS, and the report investigates this
opportunity.

The 1SO 15118 standard allows the EV as well as the EVSE/Smart Home Control
system to influence the charging profile of the battery. Until now, this was not possible due to
a lack of communication ability. This ability enables charging the battery under consideration
of different factors, even without the possibility of bidirectional power flow: From the user
perspective, these are the electricity cost and impact of the charging profile on battery aging.
From the grid/utility operator view, the load situation on the electricity grid is important. Under
the assumption that the user has programmed an estimated departure time, the utility
operator has the possibility to influence the charging behaviour of the vehicle by altering the
price. In the case of the utility provider being the DSO this price alteration could be a reduced
network usage fee. In case of the utility provider being the energy provider this price can
directly be the energy price. However, this is afflicted with some degree of uncertainty: As the
demands of the battery, defined by the BMS of the vehicle, take precedence for charging
schedule negotiation, the outcome may differ from the favoured charging profile of the grid
operator [85],[86].

List of needs for DSO

Congestion management

Power Quality Maintenance

Ancillary services ( e.g.: voltage control, reactive power control, phase balancing)
Blackout recovery

Grid investment costs reduction

Communication Interface to EVSE Operator

= =4 -4 —a —a 9

4.4.1.2 Energy Provider

The Energy provider is an entity on the market selling electrical energy to consumers, in
compliance with the regulation for market organization. It can also have a grid access
contract with the TSO or DSO.

Role of actor

In addition, multiple combinations of different grid user groups (e.g. those grid users that
do both consume and produce electricity) exist. An Electricity Supply Reytailer (ESR) is in
relation with a Balance Responsible Party according to the electricity market organization.
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Needs

Energy provider is a role which functionalities are expanding in line with the energy
market development. The provider does not focus on the electricity supply only, but
integrates with other services and utilizes the broad network of customers. Currently
competitors of energy utilities (energy providers) are becoming the telco companies, which
have similar business model approaching broad network of customers with services. This
concerns the EV services as well.

Participation in Smart Charging services is primarily a function of minimum required
storage capacity, vehicle SOC (state of charge), scheduled lead time for next operation of
vehicle, electricity rates and market signals (e.g. price, renewable mix, regulation). A single
vehicle battery has little impact on grid operations, but when a large number of vehicles are
available, the aggregated battery storage capacity increases to the point that it may have a
significant impact. The role of the aggregator service provider or energy provider would be to
manage groups of battery sources to provide the overall service to the electrical utility or
DSO. The aggregator provides a single point of contact to manage the entire load/source
and to guarantee and certify the participation level. The aggregator enrolls and integrates
participants, assures sufficient availability, passes through control signals, validates
participation and reconciles payment streams for the market services.

Services for buildings and management of buildings are areas where energy providers
are increasing their presence. In this case vehicle-to-building (V2B) is relevant concept
where batteries of electric vehicles can be utilized. For utility the benefit of bi-directional
charging would be different for V2G and V2B functionality. In a V2B scenario, the utility may
not be directly involved in the bi-directional electricity flow and the building owner uses the bi-
directional capability to reduce the building demand during on-peak times. The reduction in
the building sector ownerds peak demand and tot
attractive motivator to induce the owneros parti
V2G for a utility because only peak demand is reduced and no electricity storage is made
available to the utility. On the other hand new services connected with V2B functionality are
interesting for energy providers even in case when the storage function is not the priority.

List of needs for Energy Provider

Load Management

Communication Interface to EMSP

Communication Interface to EVSE Operator (possibly via EMSP)
Clarification of whom the energy is being sold to (EV user / EVSE Operator)

= =4 —a —9

4.4.1.3 EVSE Operator

The EVSEO is the actor which manages and maintains the charging spots. EVSEO
operates at least one EVSE as a service for E-Mobility Service Providers (EMSPs) and their
customers (EV users) but has no continuous contractual relation to EV users.

Its responsibilities may include control and maintenance of EVSEs, purchase of energy
for charging on its EVSE, management of identification, authorization and payment for
charging and dealing with higher entities (energy supplier/aggregator, EMSP, DSO) for the
procurement of electricity and provision of other services related to charging on its EVSE
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such as receiving and executing charging plans, negotiating charging capabilities, executing
charging service request within boundaries (grid capacity, RE/E-availability), energy
metering.

Although the roles of EVSEO and of EMSP are often carried out by the same entity, the
role of EVSEO shall be treated as separate from the role of EMSP, which has contracts with
EV users for all/l services related to the EV char
EVSE at which the customer wants to charge.

The controlled interaction between the EV and the grid is referred to as Smart Charging
(see 4.1.1). An efficient functioning of this process (integrating the EV charging process into
control systems of the power system), a power connection (conductive or inductive) with the
EV and a reliable communication connection for integration of Smart Charging into a smart
grid system are needed.

Outside V2G functionalities, EVs can be integrated into smart grid systems in the
following ways:

T reduction of EV charging load can provide an equivalent to short-term power reserve
for the grid during problems with production units. Execution of load reduction, as well
as its control and monitoring, is relatively simple, following the TSO/DSO request to
lower consumption;

1 demand response to tackle local overload of elements in the network and improve
voltage conditions: e X e c ut erddefioed charding loddS O6s r
schedule to be applied to the EVSE (charging sessions) in a certain load area;

1 integration of EV charging into demand response schemes for the needs of
Imbalance Settlement Responsible: EVs as flexible loads can participate in the
management of total demand of a group of network users (consumers and
producers), which are members of the same balance group.

E V S E CSnsrt Charging role

EVSEO is the main actor for Smart Charging execution whose role comprises load
management activitesaccor di ng t o DSO6s request s, dynami c
charging into balance groups. EVSEO can also strive to optimise total load profile of the
consumers and producers that are connected to a

To perform these tasks, EVSEO requires specialized control centres/systems which
offer a management tool for control and maintenance of charging infrastructure and related
administrative tasks.

EVSEOG6s di r ect Smam®@hargingeammalutle: i n

1 acquisition of technical data from the EV (connectivity properties, technical
parameters of min./max. charging load),

9 acquisition of data from EV users about their preferences (required energy, available
charging time window, confirmation to include their EV charging into load
management schemes),

1 acquisition of relevant technical parameters from the grid,

9 processing of requests received from DSO about total EV charging load in a certain
load area,

COTEVOS_D1.1 needs_for_interoperabilityl.0 132-358 EU Project no. 608934



COEJOS

SEVENTH FRAMEWORK
PROGRAMME

9 processing of requests received from market actors about total EV charging load of
EVSE included in a certain balance group,

1 determination of initial charging schedule (load profile) for each charging session,
taking into account the aforementioned parameters,

1 rescheduling of charging load profiles according to real-time requirements of DSO or
market actors,

9 acquisition of data from EVSE about current status of each charging session.

EVSEOO6s i ndi r ecSmartGhargpnh matudes:nt i n

1 execution of preliminary negotiations with DSO and market actors about technical
and financial parameters of EVSEO services on offer,

9 acquisition of final charging session data (actual load pattern) from EVSE and forward
it to other actors if necessary.

To perform Smart Charging the EVSEO can require the following data:

Data from charging infrastructure,
Data from the grid,

Data from the energy market,
Data from EV and EV user

= =4 —a —9

To perform Smart Charging the EVSEO requires the following data:
Data from charging infrastructure

Acquisition of data from charging infrastructure is an internal technical issue of the
EVSEO. The information derived from EVSE contains data related to:

1 EVSE and grid connection data: maximum load of individual charging spot and
EVSE, maximum load at the grid connection point for a group of EVSE, and the
wiring scheme of individual charging spots (which of the phases in a three-phase
system is wired to the pin in the socket-outlet which supplies the EV battery in case of
single-phase charging),

9 status of EVSE: out of operation (i.e. under maintenance, failure), free, occupied,

9 charging process: time of start of charging, energy delivered from the beginning of
charging or during predefined time intervals (e.g. 15 minutes).

EVSE and grid connection data are static and known to the EVSEO.

Data on the current status of EVSE and the charging process are available to the EVSE
from Smart Charging stations with an active communication link to the EVSEO control
centre.

Data from the grid
This data represents external grid related conditions which influence the scheduling of
charging:

1 Affiliation of individual EVSE to a load area(s): this information is provided by the
DSO and is used if DSO requires EVSEO to follow a load schedule for an EVSE in a
certain load area. In general, these load areas are hierarchically organized; therefore
any individual EVSE may belong to several (wider or smaller) load areas;

1 Requirements from the DSO related to load schedule in a certain load area,
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Operation and operation schedules of other consumers/producers connected to the
internal grid of the network user (via the same grid connection point from which the
EVSE is supplied): in this case, the static parameters (maximum load at grid
connection point) are not sufficient for the EVSEO to determine the target load
schedule of EV charging. The real target load is represented by the maximum load
(or load schedule) at grid connection point with deducted actual load (or load
schedule) of other consumers/producers connected to the same internal grid.

Data from the energy market

This data represents external market related conditions which influence the scheduling
of charging:

1

f

Appurtenance of individual EVSE to balance group: this information is provided by the
balance responsible party,

Requirement from the balance responsible party related to load schedule of EVSE
belonging to the same balance group.

Data from EV and EV user.

This data represents userbés (EV6s) input:

f

Type of EV charger: based on current in individual phases of a charging spot, the
EVSE can determine whether the EV is equipped with 3-phase or single-phase
charger,

Maximum (or minimum) charging power of EV: represents the lowest value among
the following: maximum power of charging spot, cable assembly and EV charger. The
maximum power of charging spot is known to the EVSEO. The maximum power of
cable assembly is acquired by the EVSE from the EV according to the standard IEC

61851. As for the maxi mum power of EV charge

automatically in the current state of technology (and standardisation);

Required energy: represents the amount of energy (kwh) that the EV user wants to

receive during the charging session (within the time available for charging). In current
state of technol ogy (and standardi sati on)
automatically;

Time available for charging: duration of charging, as specified by the EV user. The

time of beginning of charging and the time available for charging determines the
anticipated time of end of charging, when the EV user expects that the EV battery has

been supplied with the required energy. In current state of technology (and
standardisation), this information canot be

The maximum power of EV chargers, the required energy and time available for
charging form the so-cal | ed Auser prefer encesantcipaleb the | EC
introduction of this information into the protocol for data exchange between EV and EVSE;
the said standard has been adopted only recently and consequently there are no mass-
produced EVs on the market which would support the standard. However, the user
preferences can be acquired also directly from the EV user (by use of smartphone or other
HMI), or indirectly:

0 Maximum power of EV charger: at the beginning of charging, the EVSE
control sets the EV charging power (current) to the lowest value among
maximum charging spot power and cable assembly power, It then transmits
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the corresponding signal to the EV (IEC 61851). If the actual charging load
drawn is lower than the set power, the charging load drawn is considered as
the maximum power of EV charger (and thus also maximum charging power).
If the actual charging load equals the set power, the maximum EV charger
power is apparently higher but at the same time not relevant for the
determination of maximum charging power in this case;

0 Required energy and time available for charging: these two values may be
estimated based on historical data by means of statistical methods applied on
data about past charging sessions carried out on individual charging spots or
by individual EV user. This method for determination of EV user preferences
requires sophisticated mathematical algorithms, but nevertheless provides
unreliable results.

Performing Smart Charging by the EVSEO

After all the input data is received, the EVSEO must employ its algorithms to create the
charging schedules (time related set points of charging load for each individual charging
session) which are then communicated to the EVSE (or a group/cluster of EVSE) and further
to the plugged-in EV(s).

This charging schedule (separated by load areas for the DSO and by balance groups for
energy market actors) can be determined in real-time based on actual input data or in
advance (e.g. day-ahead) based on historical data on past charging sessions. The charging
schedule is communicated to the relevant actors to inform them about actual and future
charging load (basic schedule) and about flexibility margins (anticipated flexibility of load
variations from the basic schedule).

In any regime of operation, the EVSEO must react to modification of grid constraints
according to the information received from the
required actions that need to be performed to keep the grid operation parameters within the
predefined limits. In addition, the EVSEO is also interested to operate the EVSE (end EV
loads) in accordance with the needs of energy market actors, since such operation brings
him additional economic benefits. Whatever the reason for scheduling (i.e. determination of
charging loads which are different from the maximum charging power of each charging) or
re-scheduling the charging is, the EVSEO should consider to a maximum possible extent the
EV userso6 preferences.

Scheduling of charging is a complex mathematical problem which must consider:

9 grid constraints and appurtenance of charging spots to certain load areas (subject to
DSO6s requirements),

1 EV user preferences related to each individual charging session,

1 market conditions and appurtenance of charging spots to certain balance group
(subject to energementg)r ket actorsd requi

In solving the optimization probl em, the DSOO
they are not mandatory and are subject of contract between the DSO and EVSEO for
providing non-binding services) over the requirements of EV users and market actors.

List of EVSEO needs

1 Be compliant with Smart Charging technologies
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Metering and grid parameters measuring
Communication Interface to DSO
Communication Interface to EV
Communication Interface to EMSP
Communication Interface to Energy Provider

= =& -4 —a -8

4.4.2 Physical Challenges of the Grid

From previous subchapters we can derive that the stakeholders are facing a number of
physical challenges in the grid which can be solved or reduced with Smart Charging
technology. In this section we have grouped the challenges in three main categories. Firstly,
load of the grid where we describe the details regarding to load and congestion of the grid.
Secondly, power quality which covers voltage stability and phase balancing. And finally we
discuss the imbalance problem of the energy system. Information in this section is aligned
with the Grid4Vehicle FP7 project [87],[91] and the Danish project Nikola.

4.4.2.1 Load of the grid

Until today, and as long as grid cannot offer full potential of distribution generation
management, storage devices management and demand side management, the peak power
is, and will be, the dimensioning factor in a power grid. This means that an increase of the
peak power will require from the TSO and DSO investments in a stronger grid, being relevant
that the EV is an LV load and therefore it is expected that downstream local grid will suffer
more stress than upstream grid, especially in low consumption LV areas. Being expected
that these new loads will increase the need of new infrastructures and existing assets re-
rating, it should also be considered the increase of situations where normal ratings are
exceeded, that will effectively shorten the operation assets lifespan, and by this also increase
the grid investment.

An example of possible operation reduction lifespan is the MV/LV transformer. Being
this asset one of the main LV grid assets it is important to notice that during transformer
operation the windings heats up degrading slightly the tape insulation and core material and
that, if under normal operation the lifetime of the transformer insulation can be longer than 20
years, when overloading a transformer it will decrease this expected lifetime .

From what is written above, as EV charging will alter typical customer load profiles
requiring a stronger grid and a grid more or a
investment increase needs in new infrastructures and existing assets re-rating should be
eval uat ed, but al so additional evaluations addr
and connection time should be performed.

4.4.2.2 Power Quality

In Europe the electrical grid has left the stage where the focus was mainly to guarantee
a non-interruptible grid, and is in a stage where is required to the operator to run the system
in narrow intervals of system parameters values. Due to the increase of home electronic
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devicestoday 6s consumers are more than in the
quality issues, like voltage variations. Voltage drop is an aspect to consider for reliable
operation of distribution networks since it can cause malfunction and damage of electrical
equipment, and is particularly relevant in rural network where due to the long line lengths the
largest voltage drops usually arise.

Starting by considering a three-phase balanced system, where generated voltages are
sinusoidal and equal in magnitude, with the individual phases 120° apart, the increase of EV
penetration will result in an increase of voltage drop in all network types (urban, suburban
and rural) exhibiting the rural network exhibits the largest voltage drops as expected.

However maintaining an exact voltage balance on all three phases at the point of use is
virtually impossible given that single-phase loads are continually connected to, and
disconnected from, the power system, and that single-phase loads are not evenly distributed
between the three phases, leading to the observation that power systems may be inherently

asymmetrical. Furthermore todayb6s | oads <haract

phase nonlinear switch-mode power supply based loads such as computers, can lead to
unbalanced levels of distortion between phases which can also make the balancing process
more challenging .

Since a major cause of voltage unbalance is the uneven distribution of single-phase
loads, which can be continuously changing across a three-phase power system, a problem
that can arise with EV is symmetry as the chargers use single phase circuits.

This way, apart from voltage drop, unbalance voltages should also be considered as a
consequence of EVs influx, being their importance not only related with adverse impacts to
three phase equipment on a power system such as induction motors, power electronic
converters and adjustable speed drives but also because under unbalanced conditions the
distribution system will incur more losses and heating effects.

From what is written above, as EV charging will alter typical customer load profiles that
will directly impact in voltage performance by which the system operator is responsible to
maintain in a narrow interval, an analysis of each phase on the network separately seems
indispensable in order to capture the full effects of electric vehicle charging on the network.

4.4.2.3 Imbalance

Imbalances between electrical generation and load cause deviations in the grid from the
optimal 50 Hz frequency. The frequency must then be corrected by minute real time changes
in generation output. Increasing amounts of renewable resources in the grid may result in
more frequent short term over and under capacity. Increasing amounts of wind power on the
grid may result in more unplanned instances of over and under capacity, increasing the
average need for primary control services. Slower traditional resources may result in
inefficiencies in the system, which go unaddressed because no faster-reacting resource is
currently available. By providing very fast, accurate response to frequency changes, we may
be able to minimize or in fact decrease the amount of new primary control reserve and
components required.
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4.5 Smart Charging techniques

Smart Charging techniques use energy flexibility of devices to provide user added
services, distribution grid services and system wide services (see 4.2.2). A definition of
flexibility is given by the Flexines project [90], [91].

A device has flexibility if it is capable of shifting its production or
consumption of energy in time within the boundaries of end-user comfort
requirements and without changing its total energy production or
consumption.

In this section we firstly describe the basis technologies behind Smart Charging.
Secondly some implementation examples are enumerated.

4.5.1 Power Balance (Frequency stability)

Demand Side Management (DSM) or Load Management has been used in the (mainly
still vertically integrated as opposed to unbundled) power industry over the last thirty years
with the aim Ato reduce energy consumption and
through the implementation of policies and methods that control electricity demand. Demand
Side Management (DSM) is usually a task for power companies / utilities to reduce or
remove peak load, hence defer the installations of new capacities and distribution facilities.
The commonly used methods by utilities for demand side management are: combination of
high efficiency generation units, peak-load shaving, load shifting, and operating practices

facilitating efficient usage of electricity, et
characteri zedwmiy ap pArtogc h: the wutility deci des
demandsi de t o increase systemd0s efficiency.

Demand Response (DR), on t he contraryupo mappesacah: Abt
customer becomes active in managing his/her consumption i in order to achieve efficiency
gains and by this means monetary/economic benefits. Demand Response (DR) can be
defined as At he c hanges -usencuswrheescftom itheir norma g e by
consumption patterns in response to changes in the price of electricity over time. Further, DR
can be also defined as the incentive payments designed to induce lower electricity use at
times of high wholesale market prices or when system reliability is jeopardized. DR includes
all intentional modifications to consumption patterns of electricity of end use customers that
are intended to alter the timing, level of instantaneous demand, or the total electricity
consumptiono. DR aims to reduce electricity <con
network constraints by allowing customers to respond to price or quantity signals.

Demand Side Management and Demand Response can help in providing a solution to
the imbalance problem and to power quality maintenance.

4.5.2 Peak Reduction

Peak Shaving: Peak shaving is the ability to control energy consumption during
intervals of high demand, in order to limit or reduce demand peaks in the power system. This
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technique enables the shift of energy demand in peak periods to periods of lower demand in
order to reduce peak loads of power plants or to avoid peak loads on the power grid while
maintaining the users comfort level.

Load shedding: Load shedding is the ability to shift of particular loads during periods of
high energy demand. An example of load shedding is the remote power down options on air-
conditioning units which is used on days with extreme hot temperatures. The usage of this
function directly leads to lower peak demands. EVs can support similar options.

Congestion Management: The f eature ACongestion Manageme:
deployed in case of a critical congestion event in a specific LV load area and is set in a
similar way to Load Management, with the exception of being carried out in real-time and do
not generate a bid in the long-term smart-grid market. Assuming that the DSO has a smart
network in place where most of the MV-LV stations are remotely monitored and controlled (at
least the critical ones subject to frequent congestion events), the DSO is able to detect
congestions in real time. This smart network considers the full integration of DMS, SCADA,
AMS, OMS, to facilitate a high penetration of EV. DSO and EVSE Operator have a
contractual relationship, which allows the DSO to send congestion signals to a particular
EVSE operator in order to either interrupt charging or reduce the throughput of the EVSE.
Whenever the DSO detects grid congestion issues, it intervenes sending a signal to EVSE
operators to ensure supply and prevent serious overloads or even blackouts. This feature
should be applied only in case of emergency and should be in principle avoided, with the
DSO predefining limits for electric mobility consumption that should not be violated by EVSE
Operators. The intervention of the DSO is made directly by sending a signal to the EVSE
without passing via the market place or a different actor as done by the TSO when activating
some ancillary services.

Peak reduction technologies can contribute in solving the congestion problem, phase
balancing and voltage problems.

4.5.3 Implementations of Smart Charging
In Europe there are several implementation of Smart Charging. The CEN-CENELEC

Work Group Smart Charging described a number of implementations in the E-Mobility Smart
Charging report [71]. The following implementations are described in that document::

E ]

Context Aware Charging

CROME : CROss-border Mobility for Evs

EDISON VPP

ELVIIS T Electrical Vehicle Intelligent Infrastructure
Energy Conservation

ESBN Winter Trials

Finseny Project

GORLITZ E-Mobility Smart Charging Solution
Green eMotion congestion management in DSO business model case
IntelliCharge by ERDF

MUGIELEC

PowerMatcher

=4 =4 -4 8 -8 _8_4a_4a._-9._-°._2-
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1 VISMA

4.6 Preconditions for Smart Charging

Before Smart Charging can be executed a number of technical preconditions should be
met. This section provides insight in the individual preconditions.

Communication interface specifications

To enable Smart Charging beyond multiple parties, standardized communication
interfaces are required:

1 Between EV and EVSE

1 Between EVSE and EVSE Operator and EMSP

1 Between DSO and EVSE Operator or EMSP

1 Between EVSE Operator or EMSP and Energy Provider

Communication availability and robustness

Ideally a communication link is always active; however in real operations there exists
always a possibility of communication failure. The failure of a communication link should not
lead to unsafe situations or cause physical defects (e.g. battery-, feeder- or transformer-
defects). Therefore the different entities in a smart charge system should be robust in terms
of communication failures.

Grid Monitoring

In order to provide status information of the grid, power quality measurements are
needed. Smart Meters and SCADA systems can be used for this monitoring task. The Green
eMotion deliverable D4.2 provides a table with the overview of possible measurements which
can support the monitoring of the grid:

Table 15. Possible measurements for grid monitoring

Location and/or asset Device Measurement
Current sensor I
MV/LV substation i Transformer Voltage sensor V
Meter P&Q .V
- Current sensor I
MV/LV substation i LV feeder Meter P&O
Strategic node of the LV network Voltage sensor V
Consumption Meter Active energy - P - V
. . - Voltage alarm
Point of delivery -
. Active energy - P -V
Generation Meter
- Voltage alarm
Internal electric Consumption / Battery charger Active eneray - P
wiring Generation or dedicated sub-meter 9y

Location awareness in grid topology

Smart Charging techniques rely significantly on physical location in the grid topology (in
case of grid optimized Smart Charging). For instance congestion management can only
function correctly if there is a common knowledge between the EVSEO and the grid operator
about the location of the charging infrastructure. More specifically, there must be knowledge
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about where the EVSE is connected to the feeder cable and to which transformer station the
feeder cable is connected. Furthermore this location information should be expressed in a
standard way that all the related parties can interpret this information. A standard for location
and addressing seems welcome if not even inevitable.

Metering and Billing

Depending on the method of financial clearing a Smart Charging service can introduce
additional complexity in the metering and billing of energy consumed by the EV. For instance
if a smart charge service uses a dynamic tariff for billing, the metering system must have a
notion of both energy consumption and the time of energy consumption since the total price
of charging session can be build up from different tariffs. Evidently this is more complex than
only measuring a cumulative value of kWh and requires smart metering.

Smart Charging preconditions related to EVSEO
EVSE:

1 Remote control of EVSE:
0 Mandatory at least on the level of switching on/off the power supply of
charging spots;
0 Real SC (with targeted goal i e.g. load of EV charging in a load area in KW or
decrease of EV charging load for a certain percentage of power) with
consideration of EV usersb6 preferences i s
charging power;
o Frequency of load set points communication to EVSE: higher frequency brings
more accurate results. On the other hand, the EV battery life cycle is
shortened by frequent switching on/off or changing the charging power set
points. In the case of energy market related SC (e.g. power control for energy
balancing) or of normal daily peak load (which threatens to overload grid
components), the sufficient frequency of control signals is every 5-15 minutes.
I n the case of grid components6 oe@erload
peak loads or non-availability of grid elements (outages of power lines and
transformers), the control signal to the EVSE must be transmitted immediately
after receiving the request or after detection of critical network conditions.
1 data about EVSE operation:
0 in avery basic mode of SC (maximum reaction of EVSE to critical condition in
the power grid), the data on EVSE operation is not needed for the EVSEO
(reaction to DSO6s request is in the form
certain load area);
o For advanced SC, acquisition of data about EVSE operation is mandatory: the
EVSEO must know the current status of EVSE (charging status, current
charging | oad, energy delivered during 1in
the SC control actions and to monitor their execution (in order to determine
additional actions in the case of underperformance);
0 Frequency: 5-15 minutes;
 Standards: communication EVSET EVSEO CC can be an internal
but for independence of EVSE manufacturers and EVSE operators a standard is
preferred. No dedicated international standards are approved for this communication.
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Open communication platforms are commonly used for this communication. OCPP
protocol is widely used, while some EVSEOs use their own proprietary solutions.

EV and EV users:

9 charging preferences:

o for determination of charging schedules, the most important are data about
the energy to be delivered to EV (required by EV user), the time available for
charging, and the maximum power of EV battery charger. However, this data
is not absolutely mandatory i it can be estimated by the EVSEO based on
statistical analysis of data about past charging sessions;

o Frequency: acquisition once before the start of charging session;

0 Standards: acquisition by ISO 15118 st andar d or indirectly
smart phone -board inBbivhation sgstem.
T EV userés consent for EV |l oad control

o0 Not mandatory but desired in order to consider as much as possible the EV
usero6s needs;

o Freguency: once before the start of charging session;

0 Standards: by ISO 15118 standard (negotiation about load schedules) or
indirectly from EV us eboaidinfoanatmmnsysgetmone or E

1 EV battery charger load control:

0 Real SC (with targeted goal i e.g. load of EV charging in load area in kW or
decrease of EV charging load for a certain percentage of power) with
consideration of EV usersb6 preferences is
charging power;

o0 Frequency of load set points communication to EV: see EVSE 1 Remote
control of EVSE. The control signal is transmitted from EVSE to EV
immediately after it is received from EVSEO CC. In the case of load schedules
(containing time related charging load set points) the frequency of
communication depends on duration of each control time window;

o Standards: IEC 61851 or ISO 15118.

EVSEO:

1 back-end support: EVSEO must implement algorithms for Smart Charging (load
scheduling) and operate the EVSE infrastructure that supports this implementation on
the HW level

 communication with DSO and market actors: EVSEO should have open
communication channels toward all other actors for information flow: charging
infrastructure current operation data, request for SC actions (EV load variation),
metering data, billing data, etc.

9 Dbusiness side: the preconditions for SC are the contractual relations between EVSEO
and ot her actors to determine t he SC actioc
duration, ti me of activation, e) , payment me
EV users to participate in Smart Charging schemes, etc.
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4.7 Smart Charging Use Cases

In order to align further work in COTEVOS on the topic of Smart Charging with the work
that is already been done in other European EV initiatives we suggest to elaborate further on
the existing Smart Charging use cases. The CEN-CENELEC-ETSI Smart Grid Coordination
Group describes in the sustainable process document 5 high level categories of possible EV
related Smart Grid use cases, hamely:

T WGSP-1100 Uncontrolled charging

WGSP-1200 Charging with demand response
WGSP-1300 Smart (re- / de) charging

WGSP-1400 Ensuring interoperability and settlement
WGSP-1500 Manage charge infrastructure.

= =4 —a -8

The Smart Charging use cases can be fit mainly in category WGSP -1200
and WGSP-1300.

WGSP-1200 describes demand response with signals. The idea is to use price signals
or other incentives to influence the customer.

WGSP-1300 describes both, smart recharging and smart discharging. Sometimes the
optimization has to consider conflicting (contradictious) objectives. However, the construction
of an EV infrastructure must be done in a cost-effective way. This also means balancing the
energy demand (charging requests) with available supply and grid capacity so to avoid
unnecessary utility and grid investments. In addition it should also achieve the goal of a low-
carbon EV mobility solution. RES, which are both centralized as well as decentralized,
should be integrated.

Examples of WGSP Use Cases can be found at [93]. The picture below with an
overview of EV charging is taken from this document:
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Figure 55 EV charging overview

4.7.1 Use Cases from eMi3

Under the umbrella of ERTICO 1 ITS Europe, the E-Mobility ICT Interoperability
Innovation, eMI3, is an open group of significant actors from the global Electric Vehicles
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market who joined forces to harmonize the ICT data definitions, formats, interfaces, and
exchange mechanisms in order to enable a common language among all ICT platforms for
Electric Vehicles. In this context eMI3 defines two Smart Charging processes in the eMI3
standard v1.0 [89].

Smart Charging with CEMS

The Smart charge with CEMS Use Case Element features the definition and
specification of the different interactions occurring for providing Smart Charging features with
a CEMS (Customer Energy Management System). CEMS can be both used by end
consumers and professionals (building manager, factory manager).

Lean Smart Charging via OEM Backend

Lean (Smart) Charging describes charging at home (or semi-public) applying a charge
plan (CP) provided by the SCP (Smart Charging Provider) via the existing online connection
OEM BE to EV. Thus simple EVSEs w/o communication to an EVSE Operator can be used.

4.7.2 Use Cases from the Green eMotion project

The Green eMotion FP7 project compiled a variety of Smart Charging related use cases
[88]. The description of these use cases can be found in deliverable 3.6, the use cases are
summarized in the following list:

1572: UC Reduce Charge Power by DSO

1596: UC Peak load threshold on a substation

1597: UC Peak shaving

1598: UC Aggregated EV charge overview by the DSO
1599: UC History of EVSE use

1601: UC provide balancing capacity

1602: UC flexible load for congestion management
1604: UC Vehicle to grid signal

1605: UC Reserve and activate ancillary services

=4 =4 -8 8 a8 8 _a _a 9

4.8 Summary

Chapter 4 and 5 are summarized together according to the explanation provided in the
introduction to the Chapter 4.

Summary can be found in Chapter 5.6.
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5 VEHI CLE TO GRI D

5.1 V2G concept

Vehicle to Grid (V2G) technology allows for the bi-directional sharing of electricity
between Electric Vehicles (EVs) and Plug-in Electric Hybrid Vehicles (PHEVs) and the
electric power grid [96]. This technology turns each vehicle into a power storage system that
can be used by the network operator to increase power reliability and the amount of
renewable energy available to the grid during peak power usage (according to [97]). V2G
could provide regulation services, replace spinning reserves, or replace peak generation
units (see [97]).

The concept of using the EV infrastructure for peak load and ancillary services, thereby
allowing the energy to (also) flow back from the EV (battery) towards the electricity grid, is
based on the following three assumptions:

1. an EV is equipped with a battery of significant capacity,

2. although possibly constrained with a minimum SOC level(s) at a given moment(s),
such battery can be used as an electricity buffer while the EV is not driving,

3. the driver/battery owner is rewarded with an incentive of some kind for hooking up its
EV to the grid whenever feasible. This incentive shall (at least on average)
compensate the extra battery depreciation as a result of the services provided.

A major constraint for enabling V2G related services is that V2G capable EVs shall be
connected to the electricity grid through a bi-directional power converter as soon as these
are parked. In this context it is worth mentioning that a vehicle is typically standing still more
than 90% of the time.

It is presumed that EVs will gradually replace the traditional vehicles. Although in the
coming years only a part of the vehicles will be replaced by EVs, the number of batteries
Aconnectedod to the el enmctease tceméngously.rAs ah indicatom apect e d
fleet of 100.000 connected EVs could provide 1000 MW of geographically-dispersed power,
with the potential for primary regulating power.

5.2 Available or demonstrative products

AC/DC power converters for both charger types (on-board charger and external charger)
are currently designed to enable energy flow in one direction - from AC to the battery. The
power converter controlled externally by its active power will create the controlled load, which
will have an active impact on the network load. This solution used in a V2G application was
described by [98]. A system accepted by the Electric Reliability Council of Texas to manage
the charging process of electric vehicles (trucks) was then prepared and demonstrated. Its
high-level goal was to ensure a stable grid operation. When any deficiency of generated
power and decrease in frequency occurred, the demonstrated system stopped the charging
process immediately thus improving power balance.
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There are numerous initiatives referring to the V2G projects and demonstration activities
around the world (Grid On Wheels, EDISON Project, Project Plug-IN, U.S. DOD V2G
Demonstrations, SPIDERS, MeRegio Mobil, Zem2All Malaga, Chrysler V2G Demonstrations,
Green Crossover Town, Maui Smart Grid Demonstration Project, eV2G). Two most important
are shortly described in Chapter 5.2.1 and 5.2.2.The known technologies allow us to build a
bi-directional AC/DC power converter, which can send energy from AC network to the battery
and collect energy stored in the battery to send it to the AC network. The power converter
externally controlled by its active power and connected to the battery will create controlled
energy storage. This solution used in a V2G application is the subject of various papers
written at the University of Delaware, see [99], [100], [101], [102].

First tests of the EV adjusted to work in the V2G regime began in 2007 in a Toyota
vehicle, now tests are performed in Honda and Nissan.

5.2.1 V2G demonstrations at University of Delaware and associated
products

The University of Delaware has done extensive research within V2G technology. Their
demonstrations were based on the VSL (Vehicle Smart Link) and supported by aggregation
software which have both been developed by the university. The VSL solution is a set of
embedded circuits that allows for communication between the vehicle and grid and can be
used to invoke V2G services. The solution is marketed by NUVVE [103] outside of the US.

Figure 56. VSL controller for V2G

First vehicles used by University of Delaware were a fleet of converted Toyota Scions
(Figure 57 right), later a larger fleet were provided by BMW AG (Figure 57 left).

Both these fleets of vehicles have been equipped with technology from AC Propulsion
[104], a manufacturer of battery and propulsion systems.
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Figure 57. (left) BMW Mini (right) Toyota Scion

The AC 150 power electronics unit supports the vehicles bi-directional power capability
with up to 20 kW in one phase. The equipment can both supply power while grid-connected
and in islanding mode.

The AC 150 has a set of digital interfaces that allows controllers, such as the VSL,
access to the operation of the charger and power converter of the vehicle.

Figure 58. AC-150 Gen-2 EV Power System

The university has developed an aggregation server in order to coordinate the vehicles
(dis)charging behaviour and has demonstrated how electric vehicles can be used to provide
ancillary services. Specifically, the university has provided regulation services within the PIJM
area. PJM is the largest Regional Transmission Organization (RTO) in the states and the
university is paid a capacity payment for participating in the market.

The most recent vehicle OEM cooperation UD has engaged with Honda where V2G is
demonstrated using the Accord Plug-In Hybrid.
5.2.2 V2G demonstrations and product by Nissan

As part of their Zero Emission strategy, the Nissan Motor Company has launched a
number of projects and initiatives around their battery-based vehicles.
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Figure 59. Leaf To Home

In Japan, Nissan has launched the V2H (Leaf to Home) system which went on sale from
August 2012. This technology has been aimed at peak shaving, PV charging and emergency
backup. The system relies on a special bi-directional charging station that connects to the
DC outlet of the Nissan Leaf. The station also includes a 10 kWh battery that can serve as a
buffer for PV production.

The Nissan e-NV200 van can provide power to loads directly connected to the vehicle.
This could, among other things, be used to recharge battery-based power tools for
electricians and technicians.

5.3 V2G functionality

The EV infrastructure will be used in the power system operation when all actors
responsible for the cooperation will be interested in its effects. The scope of this cooperation,
i.e. the functionality of V2G application, depends on the features of AC/DC power converter.

Uni-directional AC/DC power converters give a limited functionality to a network
operator. The system operator may use an on-board charger and uni-directional external
charger with AC/DC power converter as an element of the automatic load shedding system.
When the power deficiency in the system occurs causing the decrease of frequency, under-
frequency relay may shut down the power converters and pause the charging process. For
the system operator this function may be particularly effective for quick improvement of the
power balance, if fast high power charging is stopped. Effects of a slight delay in the
charging process, which is resumed after the operator is able to control the disturbance,
should be omitted.

Bi-directional AC/DC power converters provide the V2G application a wider scope of
support for the power system. Rather than build, exploit and maintain the existing pumped-
storage hydroelectricity, the power system operator (TSO) may use EV batteries connected
to the supply system by bi-directional power converters as a distributed power plant and thus
obtain power balance in the system. To achieve this, the operator must manually control the
load of power converters by a respective information system.

The following shows a demonstration done in the Danish EDISON project where a V2G
enabl ed Toyota Scion is used to provideanshhe Tfisec
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TSO. The secondary reserve signal is a MW value sent from the TSO to a group of providers
and is positive or negative depending on the need of either up or down regulation.
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Figure 60. Demonstration of secondary reserve service used by TSO [94]

It can be seen from the figure that the EV precisely follows the aggregated regulation
signal. The regulation signal in question represents a period with many fluctuations with a
close to equal amount of up and down regulation periods. This has a positive impact on the
State-Of-Charge (SOC) which stays close to 50 percent throughout the whole period.

The network operator (DSO) may use EV batteries to balance the network power or
correct power flow. The operator must therefore control battery power converters, which are
currently connected to its network, and in order to correct power flow the operator must know
the site where each battery is connected to the network. Where power converters must be
controlled by both TSO and DSO, they must build a common control system having a target
hierarchy in mind.

Effective use of the battery requires delivering the following information to the operator:

1 site of connecting battery to the network (site of connecting the battery power
converter),
1 nominal power of the battery and power converter assembly,
1 value of energy transmitted from the battery to the system, considering the limitations
specified by the EV user,
1 value of energy the battery may collect from the system considering the limitations
specified by the EV user,
1 based on the foregoing information the operator makes a decision and sends the
following information to the battery power converter:
o value of power of a power converter connected to a particular battery,
0 power direction.

The owner of the battery connected to the bi-directional power converter may get
economic benefits during EV stops at any site by charging the battery with cheap energy
collected at a night rate and selling it at the peak of system load in any other site. The power
converterbés work schedule is determined by
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the selected rate. The owner may also give the battery to the operator to use it against a fee
and during the term specified in the agreement. In this case the operator controls the power
converter, while the owner makes additional profits from various rates of energy exchanged
with the supply network as requested by the operator.

Energy involving financial settlements must be made based on certified energy meter
installed by the owner of the supply network to which the battery power converter is currently
connected. Mobility of the EVs battery may complicate the settlement process. Settlements
should be therefore made by the centre for financial settlements, including national and
international roaming.

The centre must be provided with the following information:

battery and owner identification number,

battery localization,

connection time,

counter indication for all rates following the connection of the battery power converter
to the supply network,

disconnection time,

1 meter indication for all rates following the disconnection of the power converter.

=a =4 —a -8
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A smart meter transmits information to the centre. This transmission is initiated by
connecting and disconnecting the EV from the socket behind the meter i socket with IT link.

The owner of EV and battery with bi-directional power converter connected in the
garage to the home system may have an emergency power source (emergency power
system). Opportunities offered by EV and PHEV may be particularly attractive to rural
recipients during power shutdowns because of various failures, especially during winter. To
serve as an emergency power source, the power converter must be equipped with the
islanding function. After turning off the switch separating home installation from the supply
network, the power converter must change its mode of operation to a voltage source in order
to balance active and reactive power and maintain the nominal voltage value and frequency
in the islanding network (installation).

Furthermore, the possibility of using a bi-directional AC/DC power converter built in the
PWM technology to work as an Active Power Filter is worth mentioning. Connected
permanently to the power network as an external charger with its respective controller, it may
function as a passive power compensator, high harmonics filter and a load balloon for the
network.

Finally, the EV owner may have a need for electric energy in places where an access to
the general electricity grid is not possible or practical. Access to the battery energy for
applications other than driving could be a service to the EV owner.

In this Vehicle-To-X (V2X) service, energy is drawn from the vehicle battery directly to a
connected load. Examples of applications can be vehicle-to-vehicle and vehicle-to-electric
tools.

Table 17 shows functions essential for the power system operation which may support
the EV infrastructure depending on its configuration.
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Table 16. V2G functionality

Battery On-board charger External charger
At the
Inacar, |nacar,| 9% | acoc |, PF ACIDC |.. . .
embedded | replace station ower directional ower bi- directional
P waiting | P acioc | P AC/DC power
permanentl | d at the converte converte
: to be power converter
y station r r
replace converter
d
CtriStorag CtriStorage
Garage X X ALS e ALS EPS
EPS APF
5 Car park X X ALS CtrIS;orag ALS CtrIStorage
g
(8}
o
2 | Charging
= | station at the
6 motorway X ALS
(fast
charging)
Charging
station at
CtrIStora
the X ALS ] g
motorwa
y

ALS T Automatic Load Shedding i switching off the charger in case of sudden power shortage in
the power system and frequency decrease

CtrIStorage 1 Controlled energy Storage i system consisting of EV battery and bi-directional PWM

power converter, controlled remotely by the system operator. CtrIStorage can operate similarly to
micro pumped-storage units.
EPS i Emergency Power System i system consisting of the PWN power converter, that operates as
the voltage source stabilizing the frequency and voltage in the load node
APF T Active Power Filter i shunt active power filter consisting of PWN power converter, that
operates as current source and compensates reactive power, reduces asymmetry and mitigates
harmonic current in the power system

5.4 V2G perspectives

Technical, IT and financial aspects will determine the potential of possible common use
of the EV infrastructure for V2G services. At the moment of writing this report, a combination
of these aspects are hampering a commercial roll-out of V2G.
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One technical/commercial issue is that offering V2G related services will imply extra
cycles for the battery of the involved PHEVs or EVs. With the current combination of battery

prices (consumer prices ranging from 200-5 0 0 U , including VAT) and

(in access of 3000 80% DoD cycles) it is not attractive to provide services that will result in
deep SoC cycles (see Figure 13, [105]). The introduction of new battery technologies and/or
significantly lower kWh prices for batteries might change this.

Presuming the currently used (PH)EV battery technologies/chemistries, services that
typically involve only shallow DoD cycles are expected to become economically feasible first.
This means that (PH)EV involvement in offering primary regulating power is expected to be
amongst the first commercially attractive V2G applications.

The purchase of EVs and giving its storage to the network/system operator may be also
stimulated by providing subsidies to the EV owners and advantageous charges for the lease
of EVs acting as controlled energy storage. The grid operators may contribute to these
subsidies by paying the avoided costs associated with the equivalent system storage (such
as spinning reserve facilities). In the long run profits from trading energy, collected and
transmitted with a respective difference in fees based on different rates, may become the
basis for the incentive to the EV owner.

To become broadly accepted, such a vehicle operation and financial settlement must be
implemented in a very user friendly way. This means that it must be supported by the
information system in order to minimize the burden for the EV owner, and be effectively
used, irrespective of the vehicle localization and supported V2G services. The ability of the
EV to cover a planned/desired distance is most important for the user. Whenever the system
fails to provide enough electric energy in the battery of the (PH)EV to drive a planned/desired
trip, the willingness of the EV driver to participate in any demand-side response program,
peak-load power services and/or ancillary services is expected to degrade rapidly.

The EV usero6s activities should be |-boardt ed
computer (directly by HMI or by the smgmtphone:

cable to a respective socket. Preferably,
agenda. The on-board computer shall in that case plan the trip(s) in enough detail to be able
to determine the (worst-case) energy demand and the corresponding constraints on the SoC
as a function of time. The on-board computer, together with the system of monitoring the
battery condition, shall transmit the SoC constraints through an IT link to the charger (on
board or external). This information, complemented by the charger and battery constraints,
shall be transmitted to an EV charge management system/aggregator/service-provider,
which offers its power reserve services to the involved DSOs. Such EV charge management
system/aggregator/service-provider will either directly or indirectly (e.g. via a pricing strategy)
control the contracted EV chargers and will also be responsible for compensating the EV
owner for the offered services.

V2G applications may have the highest service range if they use bi-directional AC/DC
power converter built in the PWM technology. With respective controllers such power
converter may be used in all situations shown in Table 16.

Looking to the nearest future, it can be concluded that the role and the importance of
V2G solutions will depend on technical improvements not only of AC/DC power converters,
but also of batteries and charging stations. If today thinking of reverse energy flow (i.e. losing
charge for the user) could appear quite challenging for an EV that guarantees only 100-150
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km after 8 hour charging, this should not necessarily be the case for EVs that will have more
battery capacity and faster ways of charging. In that case, indeed, losing some percentage of
the battery charge to provide useful and remunerated services to the grid will undoubtedly
represent a smaller issue. The latter is T of course- already the case for PHEVs that can
always fall back on the energy from the range-extender.

Also the charging procedure and future business models will remarkably affect the V2G
possibilities. Credit card-paid, ten minutes long and high powered charging procedures will
probably decrease the leeway for V2G solutions, while contract-paid, slow charging at
home/office will guarantee more flexibility to the grid operator.

Although not explicitly considered in this section, it is also worth consider briefly the
perspectives of the AVehicle to Home possipbH) ¢ o n
(temporally) satisfy the electricity demand from a household through the battery of an EV.

This may help alleviating consumption of power in peak periods, may help in maximizing the

use of privately produced renewable energy and may serve as backup power supply during

major power black-outs. This concept is related to the V2G concept because similar
capabilities from the (PH)EV6s battery charger
a (PH)EV that would support V2H applications would also comply with the standards that will

be required for V2G applications (such as IEC 15118), as little additional costs need to be

incurred for this purpose.

At the moment of writing this report, owners of PVs in the West-European countries are
typically allowed to NET-out their produced electricity (including energy taxes) with electricity
used. It is expected that (at least in a few countries) this will change in the near future, and
PH owners are expected to get significantly less for their produced energy when delivered
back to the grid. In that case it may become appealing to use a (PH)EV for storing the
excess of energy and using this energy when otherwise energy from the grid would have
been required. In that case there may be a business-case for EV owners that use privately
produced PV (or wind) energy. This may translate into business opportunities for EV OEMSs,
offering a V2H/V2G capable on-board charger. When this happens, it is considered to be an
enabler for V2G related services as it will overcome the chicken-and-egg problem around
V2G capable vehicles and V2G capable infrastructures.

5.5 Interoperability problem avoidance according to the PowerUp
7FP project achievements

According to the recent changes in European approach to the power system
management in case of Distributed Generation and Renewable Energy Sources it is
essential to replace uncontrolled operation of all units and systems such as Distributed
Generation, Renewable Energy Sources, active loads, Demand Side Response by
coordinated systems with the right set of services improving market competitiveness and
supporting the grid operation (Ancillary Services). It is therefore essential for the viability of
all developments in the mentioned fields to provide better coordination between electricity
production and demand side. The Vehicle-to-Grid (V2G) interface concept is an essential
mechanism for such coordination.

Regarding the automotive aspects of electric vehicles, their limited driving range is one
of the biggest deployment challenges. For mitigating this restriction, it is essential that
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owners should be able to recharge their electric vehicles not only at home but also at their
destination, namely at parking garages near their offices or near train/subway terminals. The
Vehicle to Grid (V2G) interface concept is a mechanism for supporting this paradigm of
nomadic electricity consumers. However, it raises questions about the architecture of
measurement and billing components, as well as the involved value chains. A suitable design
of the V2G interface shall support nomadic electricity consumption under any foreseen
arrangement of the billing architecture or value chains.

For achieving the anticipated V2G-enabled benefits, the PowerUp project has developed
and validated the V2G interface. PowerUp has also progressed through a full development
cycle of physical and link-layer V2G interface specification, protocol design for scheduling of
recharging and for accounting control, prototype implementation, conformance testing,
integrated field trials, and standardisation.

PowerUp has contributed its results to the following highlighted standardisation

activities:
; Price Demand EV Route
Power capacity Brokera ; i
; ge aggregation by EV guidance and
aggregation . ™~ manufacturer optimisation
N EV recharging spot /K
Authorisation ificati i EV‘battery
and billing notification i charging control
V2G-capable H .
Load balancing VZ_‘(jB-_rc;ady smart- Automated O \?;éon;otwe
S T grid infrastructure |[* Meter ( )" adapter
Infrastructure Automotive
domain domain
Ongoing standards development: Planned development of conformance and

O ISO/IEC 15118 interoperability testing standards:

() ETSI ITS committee
O ETSI ITS committee —

Figure 61. PowerUp related standardisation activities [106]

5.5.1 Achievements of PowerUp in V2G from the COTEVOS
perspective

The PowerUp achievements can be summarized as listed below and presented in
Figure 62 [108] :

1 Aligning V2G procedures to match automotive procedures; main investigated issues
are concerning DC charging and power re-negotiation
1 Automotive integration of the V2G system (focus on AC and DC charging)
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1 Development and standardization of EV-specific extensions to the DLMS smart-
metering protocol model

1 Development and testing of UPA modems for V2G interface, along with two types of
PLC couplings and filters

1 Development of a control unit for identifying which vehicle is connected to which

charging spot

Development of HMI for recharging control of buses, passenger cars and vans

Development of HPGP/G3 media conversion

1 Development of SNMP messages for link control (alternative to the Pilot Control
Function, without the need for dedicated pilot line)

1 Development of test cases for validating conformance and interoperability with the

ISO/IEC 15118 protocols

EV Load Balancing algorithm development

Interface development between the Smart Meter and the EVSE

1 Proving that coexistence between HomePlug-GreenPhy and UPA technologies is
feasible

1 Specification of power re-negotiation procedures

1 Specification of the V2G architecture for interoperability with existing smart-grid
systems [107]

1 Development of V2G Interface specifications between the electric vehicle, the local
smart meter, and ITS service providers (DLMS/COSEM) together with proposals of
specifications for the enhancement of existing smart metering protocols

I PLC and 5.9 GHz wireless media for the V2G interface, with real-time switch-over
possibility between them

1 V2G interoperability testing capability; relevant for compatibility of follow-up
multivendor products

= =

= =
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DLMS/COSEM
(IEC 62056 with EV
specific extensions)

[ | Ik\ (ISOIIE‘(,:Z‘(I; 5118-2)
\
T g k@ @

Battery
Management
System

G5 wireless -
y link

Figure 62. Overview of the PowerUp achievements [108]

In fact, all achievements of the PowerUp project contribute to the avoidance of the
interoperability problem in case of e-mobility. Specification of the interfaces, development of
a series of updates and inputs for e-mobility subsystems, aligning procedures in the field of
V2G are somehow a step forward. However, the most important for the interoperability issue,
from the COTEVOS perspective is:

1 PowerUp development of V2G architecture [107]

1 V2G Conformance Test Specifications [109] for the V2G interface; Protocol
Implementation Conformance Statements (PICS), Test Suite Structure and Test
Purposes (TSS&TP) and Abstract Test Suite (ATS) by following the ISO 9646 testing
methodology and ETSI recommendations and relying on the V2G base specifications
from the standard ISO/IEC 15118-2

1 V2G interoperability testing framework [110]

5.5.2 Interoperability Testing Framework

PowerUp project has progressed much on the interoperability testing, however it is only
a starting point as many aspects are still not solved. It has developed an interoperability
testing framework for the Vehicle to Grid (V2G) interface, mainly based on the standard
ISO/IEC 15118-2 and PowerUp V2G architecture (Figure 63 and Figure 64), which can be
used for further interoperability test specification development also in COTEVOS project.
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Figure 63. Abstract of PowerUp System Architecture [107]
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Figure 64. PowerUp System Architecture [107]

Interoperability testing is usually considered as the next step in the logical process of the
testing cycle. Essentially, interoperability may be viewed from two perspectives:

1 For a manufacturer, this is the activity of proving that end-to-end functionality
between (at least) two communicating systems is as required by those systems' base
standards.

I For a consumer, interoperability means the ability to acquire the relevant terminal
device and begin to use it with another device implementing the same technology.

The purpose of interoperability testing is not only to show that products from different
manufacturers can work together but also to show that these products can interoperate using
a specific protocol. In certain situations some limited conformance testing with extensive
interoperability testing may be sufficient.
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Multi-vendor compatibility is crucial for the success of V2G technology, so that the
recharging of any fully electric vehicle brand could be controlled by any electric network in
the European Union.

5.5.2.1 Overview of the V2G Interoperability Testing Framework

PowerUp interoperability testing framework for the V2G interface is based on the
standard ISO/IEC 15118-2, V2G architecture [107] and demo stories (test cases) [110]
developed in the project. The methodology assumes 4 steps [110]:

1 Identification of candidate Equipment Under Tests (EUTS)
9 Identification of Test Scenarios

1 Specification of Test Bed

1 Development of Test Descriptions

Particularly developed testing framework considered as Equipment Under Tests the A-
V2G and the A-PLC on the vehicle side (A_EUT), and the Wallbox and the I-V2G on the
infrastructure side (I_EUT). Names refer to the V2G architecture depicted in the Figure 64.
Additional Equipment Under Tests defined in the PowerUp is presented in the Figure 65.
Descriptions and abbreviations come directly from the PowerUp project documents.

HMI/BMS/
Gateway

Figure 65. PowerUp EUTs

5.5.3 Field test findings

The PowerUp developments have been extensively tested and proven at two
independent trial sites, with two completely different charging regimes and baseline
equipment to be integrated with.

There have been a huge number of learnings during this process; from small issues
such as the types of connectors that individual manufacturers prefer, through medium ones
such as the differences between inductively and capacitively coupled PLC to very significant
ones such as proving that the structure proposed in 1ISO15118 is applicable both to its
intended domain (AC charging) and beyond it to the high current DC charging environment
[111], [112].
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5.6 Summary

According to the introduction to the Chapter 4 (Smart Charging), problems such as
Smart Charging and vehicle to grid are permeating each other. Therefore, following chapter
sums up both V2G and Smart Charging.

Well designed and implemented procedures for the Smart Charging can provide benefits
for:

1 EV battery, if procedures take into account charging parameters affecting battery
lifetime

1 EV user, if procedures support following the charging schedules with minimization of
the electricity cost (from the network, during charging)

1 Electricity grid, if the charging is controlled for avoiding network branches overload

1 Power system, if multiple charging is stopped temporarily in order to maintain the
power/energy balance in the system and prevent from outage

Similar procedures applied for the V2G can provide even higher benefits for:

1 EV user, who can gain the additional profit from the energy trade i charging the EV
battery during the off-peak and discharging in the peak

9 Electricity grid that can be prevented from the overloads due to the peak shaving,
without load shedding

1 Power system, while large number of the EVs, controlled for V2G services, reaches
the cumulative power of the micro pumped storage unit and supports the power
system operation

Procedures must take into account priorities in the fulfilling the control objectives.

Providing the Smart Charging requires controllable uni-directional charger. In case of the
V2G, controllable bi-directional power converter is indispensable. For both services and
technical solutions for charger and bi-directional inverter, it is advisable to deploy 3-phase
PWM invertor, as it introduces low disturbances to the electricity network.

Designing the bi-directional charger as the on-board, allows for the use of simpler and
less expensive EVSE. It should facilitate introduction of the large number of EVSE. As a
result, the probability of the Smart Charging and V2G use, increases. Additionally, large
penetration of the EVSE allows for a selection (by the system operator) the network nodes,
where the services are needed most.

The on-board bi-directional charger design, simplifies the communication between EV
and EVSE. The only information that is sent reflects to the service (Smart Charging, V2G).
Information about the battery, preferred charging pattern etc. are fully internal.
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6 USER EXPECTATI ONS FOR FUNCTI
CHARGI NGT BEM&BSUMMARY OF STUDI
ON QUESTI ONNAI RES

6.1 Assessment of functionality of charging systems from user
point of view

Today and future EVs are designed with a wide range of specifications to satisfy
different customer preferences. Their impact on power grid operations will heavily depend on
their market penetration [58]. Currently EVs are equipped primarily with lithium-ion batteries,
with energy capacity range from 16 kWh to 80 kWh for high performance EVs. Pure EVs
clearly show different consumption behaviour from plug-in hybrid electrical vehicles (PHEVS)
which use conventional fuels, as well. They have smaller batteries compared to the pure EVs
(ranging from 4 kWh up to 16 kWh) and their conventional fuel engine eliminates range
anxiety. In the presented research we are focusing on the pure EVs, since these users are
dependent of the charging system and are therefore expected to be more critical about its
functionality. Charging EVs is rather a slow process, as even fast charging takes at least half
an hour for charging a depleted battery to 80% SOC. A research article revealed that running
out of "energy" on a highway, or in a risky situation, is the maost important reason for people
considering the purchase of an EV not to do this [62].

The average driving distance is 38 km per day in Norway [59], 39 km per day in
Germany [60], 35 km per day in Slovakia/Austria [61] and 40 km in US [64]. The need to
recharge EVs frequently and for an extensive period of time imposes drivers with extra
constraints that are linked with the desired vehicle range. An Accenture study [69] with 7003
respondents from 13 different countries, who had no experience with electric cars, has
revealed that:

1 the availability of a home charging point is very important;

1 50% of the respondents indicate the need to have a fast charging option;

1 49% of the respondents wanted to have the ability to charge at work or in public
parking slots;

65% of the participants wanted to charge their car at home;

13% on Agasod stations;

11% in a street;

6% in working parking lots;

5% in public parking lots.

= =4 -4 —a -

The corresponding overview is displayed in Figure 66:
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At home 65%
At gas stations 13%
In the street 11%

In work parking lots 6%
In publie parking lots 500

Base: All respondents
Note: The term electric vehicle (EV] is defined as plug-in EVs (PEVS), including both full EVS and plug-in hybrid EVs
(PHEVs).

Figure 66. Accenture end-consumer survey on the electrification of private transport

6.2 Home charging

A study conducted in England with 40 non-commercial drivers driving an EV for one
week showed that the majority of the drivers considered the charging process as
straightforward and convenient. One of the most appreciated features was the ability to
recharge the vehicle at home. Most of the private users use home charging devices for
charging their e-cars [65]. The EV driving distance is enough for mos t of customer 6s
needs. A lot of EV users charge their cars seve
have problems with their home charging solution. Some of the progressive EV users would
appreciate more intelligent charging devices, allowing them to automate the registration, to
(remotely) monitor the power consumption and to specify the charging profile (start time,
duration, max. power [63].

After a trail period of 6 months in Berlin, 71% of the 80 MINI E drivers preferred
recharging (at home or at a public charging sites) compared to refuelling at a gas station, and
87% agreed that charging was easy although. However 57% of the respondents found the
charging cable cumbersome. Despite these positive aspects, some drivers experienced
di fycultly with I6nhgthy charging ti mes

During a 7 day trial with 20 PHEV and 20 EV, some of the 40 drivers/respondents had a
negative perception of the time it took to charge the EV (compared to the 5 min it takes to
refuel a conventional vehicle). Participants perceived this time waiting for the car to charge
as O6dead ti med, thus compromising the f roefefdiom of
[65].

Another pilot project and study included nine types of EVs, which were driven in the UK
by 207 private drivers during a 3 months period. The study compared interviews before and
after the trial period. Users were asked for their experiences with charging including
differences between driving an EV compared to a conventional vehicle. -n the
expectationod phase, the majority of drivers did
would be a difycult task. Aprdcesgrelated goestrainesforc3i ng t h e
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mont hs, signiycant dyhe ddepraton to dhe ichargimgsschéme withe
vehicle easily [67]. The summary is shown in the Table 17:

Table17. 207us errdesx pect ati ons and EVs user Otdal experi ence

Level of agreement in percent to the questionnaire items.

Questionnaire statement Time N Disagreefstrongly disagree  Neutral Agree/strongly agree  Sig
point {not important) (important)

Recharging versus refuelling

Adapting to charging the vehicle will befwas a difficult task ~ Pre 93 73 15 12
3m 88 6 6

I prefer charging my car than going to a petrol station 3m 135 3 12 85

I'would like a text to be sent to me when my car has reached 3 m 103 13 28 59

full charge
I would prefer an automatic charging system 3m 135 14 30 56
The time it takes to fully charge the battery has limited my 3m 135 54 12 34

use of the EV

Recharging routines

I typically recharge my EV at a regular interval 3m 134 43 8 49
I typically recharge my EV when the state of charge falls 3m 133 39 7 54
below a certain level

I typically recharge my EV whenever | get a chance 3m 134 135 10 55

Public charging infrastructure

Having a supportive PCl is essential for people with EVs Pre 93 8 3 89
3m 15 73

I can complete my daily trips without a PCI Pre 74 7 17 76
3m 7 8 85

I would buy EV in future if only place to charge was at home 3 m 103 30 9 61

Environmenral impact
How important would CO; emissions be if you were to Pre 36 44 17 39
purchase a plug-in vehicle?

im 3 5 92
Renewable energy should be used to power EVs Pre 91 5 18 77
3m 5 18 77
Widespread use of EVs would result in lower carbon Pre 91 6 2 92
emissions in the UK
im 31 5 64
I would be willing to pay more for a vehicle that [ knew was ~ Pre 89 29 20 51
less harmful to the environment
3m 11 15 74

Significant pre-3 month comparison at p <.05.

Also users found similarities between the ease of recharging the EV and recharging the
other common appliances such as mobile phone or laptop. The simplicity of charging helped
to shape a positive consumer perception of EVs. At the end of the trail period, users were
investigated whether they preferred recharging at home or refueling on petrol station. 85% of
the respondents preferred to plug-in their car at home, compared to refueling by visiting a
petrol station. Respondents described convenience, cleanliness, independence, time and
cost effectiveness, and not paying for the cost upfront for the preference of home charging.

Some of the users felt satisfied with the fact that they do not need to visit petrol stations
[67]. These findings are similar to previous researches represented users experiences with
charging like simple and convenient [65], [66], [68].

6.3 Public charging infrastructure (PCI)

In the pre-phase of a UK based trial with 207 private EV users it was shown that 89% of
these EV users were expecting that a recharge of their EV using PCI would be required for
fulfilling their daily travel needs. After 3 months this number was reduced to 73%. Drivers
were also asked how many times during the trial they had used the PCI:

1 39% indicated: never;
T 47% indicated: between 1 and 5 times;
1 14% indicated: more than 5 times.
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From the drivers that used the PCI at least once, the majority (78%) had difficulty finding
a charging point and of those drivers 46% indicated that it was easy to use [67].

In the (earlier mentioned) 80 MINI E Berlin trial that lasted 6 months, 83,7% of the
charging events took place at the drivers” own private charging station and only 4,8% took
solely place at a public charging station [66]. In the early stage of using an EV, users are
charging whenever they can. After few months of using the EV the EV users have more
confidence and experience in judging the remaining range, given the battery SOC.

The users perceived the slow public charging infrastructure as a psychological support
for their energy needs in the case of a low battery state-of-charge. This anxiety is reduced
even more by extension of the network of fast chargers [61]. Public EV charging is attractive
for consumers who might be out and about running errands and require their EV's battery to
be recharged [63]. As people indicated to drive mostly small distances each day, it can be
sufficient to charge at public charging points at e.g. shopping centres, car parks at railway
stations, parking lots of office building [49].

Workplace charging opportunity

The Electric Power Research Institute (EPRI) estimated that 54% of non-residential
parking occurs at the workplace where the layover is often between 4 and 8 hours. This
extended period where vehicles are standing still is the perfect time to provide EV owners
with an extension in range. Workplace charging could provide EV owners an extra 151 70
miles of range depending on the SOC and available charging infrastructure. This matches
well with the characteristics of typical commuters today, of which 90 percent drive less than
40 miles one-way to work [64].

Fast charging

70 % of customers say that charging for full EVs is too long. There is clearly a market to
satisfy and fast charging provides opportunities for premium pricing [69].

Battery swapping

Accenture study also showed that 62% of the potential consumers prefer charging their
battery, whereas 38% prefer swapping an empty battery for a fully charged battery [69].
Figure 67:

Swap empty battery for
fully charged battery

380%

Charge the battery

Figure 67. Cu s t o meeferénses between battery swapping and battery charging
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Charging point operator decision when customer can charge

Participants of the Accenture survey were also questioned about possibility of allowing a
charging point operator to determine when to charge the electric vehicle. 67% of the

respondents answeredthat t hey donodt prefer this option, a

they want/need. 20% of the respondents accept this option only if they can decide about a
predefined charging timeframes [69]. Figure 68:

Yes, | have no concern about this

Yes, but only if the vehicle is
charged within predefined timing 209
of my choice (e.g., between 8 pm
in the evening and 7 am in the
marning)

No, | want my vehicle to be
charged whenever | need

Base: All respondents

Figure 68. Cu s t o meeferénses in the determination of charging time by charging point operator

The Grid for Vehicles (www.g4v.eu) survey conducted on 1899 non-EV
users/respondents in 8 European countries also investigated the interest in joining delayed
charging schemes (off-peak times 22.00 i 06.00). Here the respondents answered positively,
with an average of 5,74 on a scale from 11 7. Being afraid of not having the possibility to use
their car at any moment in time is the most frequently given reason not to be interested.
Faced with the option of having their battery partially recharged immediately, the options to
charge 40km (20 ) , kn8®50) orkm@BzaQ f ul | range) were
by the respondents, with a slight tendency for a full battery immediately.

Interest in the participation in vehicle-to-grid (V2G) initiatives is above average with 4.38
on a 1-7 point scale, with UK and Portugal showing highest interest. Compared to the
interest stated for delayed charging schemes this is however a significant lower interest.
Through a follow-up question regarding the reasons of not being interested to participate in
V2G, it became clear that the low level of benefits that are expected to be received as a
result of participation in such a scheme is the prime reason (45% of respondents). Offers to
choose between 20 G or 60 U showed that a significantly higher benefit has a significantly
higher impact on people and stimulates participation. 71% of the respondents that were
interested in the V2G services also indicated that they would accept a minimum battery
capacity of 120 km or less when their car battery is used for balancing the grid [49].

64 Cust omer 0s epin gefviee pgaviders
The Accenture survey also asked respondents which charging service operator they

would prefer. The majority (79%) had the utilities operators in their top three list (see Figure
69). Traditional oil companies/gasoline and diesel service stations came out secondly in this
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top three list. Retailers and local governments were in the top three list of half of the
respondents [69].

Top three preferred providers®

Utilities 79%

Traditional oil companies/gasoline

. 1%
and diesel service stations

Retailers 510k
Local governments 480
Vehicle leasing companies 21%

Internet service providers 200

*All providers appeared among respondents’ top three

Base: All respondents

Note: The term electric vehicle (EV) is defined as plug-in EVs (PEVS), including both full EVs and plug-in hybrid EVS
(PHEVS).

Figure 69. Customers in the Accenture survey were questioned about preferences in the charging
operator

Charging payments

71% of the Accenture survey participants prefer to pay as they charge their vehicles,
thereby using a credit or debit card. Less than a third would opt for a periodic bill. This could
be a challenge for utilities and an opportunity for new-entrant charging service providers (see
Figure 70). When the complexity of roaming networks for charging are taken into account,
utilitiesd ability to maintain a consumagly
challenging [69].

Pay as you charge
(credit/debit card)

Periodic bill (e.g., monthly bill)

29%
and automatic payment

Base: All respondents
Note: The term electric vehicle (EV) is defined as plug-in EVs (PEVS),
including both full EVs and plug-in hybrid EVs (PHEVS).

Figure 70. Accenture survey customers charging payments preferences

Preferred charging location

In the Grid for Vehicles survey (www.g4v.eu) respondents were questioned about their
preferred charging location. The majority of respondents in all countries have a private
parking place at home or at work where they would charge their car. In France and Germany,
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most prefer to recharge their car only at their private parking place. Private recharging in
combination with the use of public recharging spots is preferred by the majority of the
respondents in Italy, Spain, the Nederland, Portugal, UK and Sweden. The majority of
who dondtacda ome aa at warkitorcharge thgiraar,k i ng p |
are in most countries afraid that they will not find a public charging place. The majority of
users in Italy and UK without a private parking place expect that they will charge their cars on
public charging points [49]. See also Figure 71:
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= | don't know

| don't have a private parking
place and I'm afraid | will not find
public places to charge my car

m | don't have a private parking
place, therefore | will only charge
at public places

m | have a private parking place, but
| will also need to charge my car
because of long distances

| have a private parking place, but
I will also carge my car in public
places

m | have a private parking place and
| will prefer to only charge my car
here

Figure 71. Preferences in charging location according to G4V survey
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Based on the Deloitte survey results [125] conducted with 13 000 individuals in 17

countries
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Respondents were inquired about the longest acceptable time for fully charging a battery.
The majority of the respondents expected electric vehicles to be recharged in two hours or
less. See the results in Figure 72.
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Figure 72. Deloitte survey - individual requirements for the full charging battery capacity

Respondents also expect new tools/apps to support the dissemination of information
about charging. Users want to use smartphone connected to the vehicle by telematics where
they can receive an indication on the state of charge of its battery in real-time.

The electric vehicle market research study in Canada conducted on 200 residents in the
city of Guelph showed different results. In this study 24% of respondents require charging
duration in the time 1-2 hours, 30% require 317 5 hours and 22% require charging time from
6 to 8 hours. The average customers charging time expectation is 4,3 hours to charge full
battery capacity [63]. See the summary of these results in Figure 73:

Time Required to Charge

Total Sample
Average #
of Hours

4.3

30%
0,
24% 229%
15%
0,
56 3% 3% l

<1 hour 1-2 hours 3-5 hours 6-8 hours 9-11 hours 12 or more Don't
hours know

Figure 73. Ther esi dent s® requirement on chargi Gapadai me dur at

Charging times preferences

93% of the respondents in the Electric vehicle market research study in Canada prefer
charging at home. 72 % of all respondents prefer charging somewhere between 9 pm and 8
am [63]. This is a clear co-incidence with the preferred home charging system, which offers
Smart Charging options (not explicitly included in the study). See also Figure 74:
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Time of Day Most Likely to Charge

Total Sample

0,
37% 359
13%
5% 5% 6%
Between Between Between Between Midnight Not sure
8am - noon noon - 4pm 4pm - 9pm 9pm - to 8:00 am
midnight

Figure 74. The preferences of residents in car charging times

6.5 Summary

The majority of consumers drive short distances most days and as a consequence do
not require the battery to be fully charged before each trip. Most of the urban dwellers can
fulfil their daily travel needs without using the public charging infrastructure. New bee EV
drivers often have non-realistic expectations from the charging infrastructure as they often
expect their car to be charged at a faster rate. EV drivers prefer to charge their EV at home
and be free to charge at a time that suits them.

Functional requirements of future charging system from users point of view

New technical possibilities to recharge electric cars might be able to offer solutions to
current perceived limitations concerning vehicle driving range. Fast charging moves the
recharging process closer to a time span people are used to from conventional liquid fuels.
Battery swapping stations are another solution for long-distance travel, but also require a
great deal of infrastructure [49] and is not favoured by the majority of the EV drivers. Third
future option is the wireless, inductive charging integrated in roads.

Questionnaires have revealed that EV drivers appreciate (highly) automated charging
systems. EV drivers for example appreciate that the charger sends a message whenever the
battery has reached a prescribed state-of-charge. From this the expectation is that (reliable)
highly automated charging systems that guarantee a SOC that is high enough for all planned
trips (and preferably also for a few unplanned short trips), and at the same time minimize the
costs for charging, will be appreciated by most EV drivers. Next to minimizing costs (which is
always appreciated), questionnaires revealed that EV users prefer the use of renewable
energy for powering their EVs. Around 50% of the EV users are even willing to pay more
when they can charge their EV with renewable energy.

Summary - current EV users expectation based on the survey conclusion, including
conclusions not directly linked to this chapter, but discussed in COTEVOS project:
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1. Standardization of charging connectors

Standardized plugs and sockets on charging points are the prerequisite for EV users to
get unlimited access to the charging service. This is considered as the biggest burden for the
spread of EVs in the public.

2. Openness, flexibility and interoperability of charging stations

Access to public charging services is the second precondition. Users expect to get
access at any charging station without a heavy administrational burden. Authentication at the
stations is a matter of the EVSE operator and it has to be convenient for the customers.

3. Home charging vs. public charging

Home charging is the most preferred charging solution; it is considered as the most
simple and most secure way of charging an electric vehicle. Without significant incentives,
immediate charging and full driving capacity is preferred comparing to offering services like
V2G. In none of the questionnaires a clear statement towards the EV user was (could be?)
made on the effect for the EV user when a V2G service would be provided. Therefore an
underpinned conclusion on this subject cannot be drawn without further investigation.

4. Availability of public charging infrastructure and parking

A wide (European) and sufficiently dense network of publicly accessible charging
stations offer psychological support for the EV users and therefore facilitate the spread of
EVs. EV users expect online access to charging station information comprising its
availability, reservation options, supported connector type(s), power output and supported
payment methods. Mobile applications, web portals and smartphone apps are the
usual/expected information channels.

5. Charging payment, reporting, cross-border charging possibilities

Easy to find interoperable chargers supporting various payment options (such as
roaming and cash) is what EV users are expecting.

6. Electric vehicle in smart home solution like battery storage

Only few of EV users are interested in using their electric vehicle battery as an energy
storage system within their home. Users expect that EVs become part of their home energy
systems, where several appliances are managed. Smart Charging is more preferred solution
comparing to the EV as battery storage.
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7.1 Interoperability in the Smart Grid context

The intermediate report of the SG-CG interoperability group [73] introduces profiles and
discusses how the SGAM model can help reach interoperability in the Smart Grid domain.

From an interoperability point of view, two or more systems are interoperable if they are
able to perform cooperatively a specific function by using exchanged information.

As introduction to this section, the next table presents interoperability (IOP) levels
according to different models such as the Smart Grid Interoperability Maturity Model
(SGIMM), the GWAC Model (GridWise Architecture Council) and the Smart Grid Architecture
Model (SGAM). The SGAM will be further described in the next section.

Table 18. I0P level SGIMM mapping from GWAC to SGAM

IOP level according to

SGIMM Addressed GWAC \els Addressed SGAM levels

Level 5: Plug and Play Layers 1-8 and CSF requirements | Layers 1-5 and all CSF requirements

implemented implemented
Level 4: Certified, minor but | Layers 1-7 and CSF requirements Layers 1-5 and CSF requirements
planned integration efforts mostly implemented without regulatory issues implemented
Level 3: emerging Layers 1-5 and CSF requirements Layers 1-4 and CSF requirements

without business procedures

interoperability implemented implemented

Layers 1-3 and CSF requirements Layers 1-2 and CSF requirements

Level 2: initial interoperability implemented implemented

Level 1: non interoperable No awareness of levels No awareness of levels

7.1.1 Profiles

A profile is a specification that governs information exchanged within a specific business
exchange context.

Profiles could be developed to serve the information needs of specific user groups, for
instance, European TSOs, German DSOs, etc. Individual companies like utilities or OEMs
can also develop their own profiles, as subset of the more generic profiles of a user group.

One of the most important purposes of a profile is to help ensure interoperability
between systems. Since Open standards can be vague, the use of profiles can enforce one
of the possible interpretations.

The companion standard is a profile but referred to a base standard. An example of
companion specification is COSEM, which includes a set of specifications defined by the

COTEVOS_D1.1 needs_for_interoperabilityl.0 170358 EU Project no. 608934



COEJOS

SEVENTH FRAMEWORK
PROGRAMME

DLMS protocol, or the IEC 60870-5-104, which describes how the tele-control standard IEC
60870-5 is used over TCP/IP.

The process to create a profile starts with a business problem, identifying the need for
standardized interaction among a group of systems/applications to accomplish a business
purpose. It is similar to that of developing an open standard and it will follow the process of
requirement analysis and use-case development described below.

The profile definition methodology covers only a part of the overall process of defining
business interoperability. The following steps should have been already carried out:

I Business problem analysis identifying the functional exchanges that need to be
standardized.

1 Identification of data requirements of each functional exchange.

T Amendment of the canonical information model in order to express all data
requirements.

The profile methodology must produce a precise and testable specification of exchanges
among parties. Two things are required:

1 Semantic model: specifying the structural elements that capture the information
content.
1 Syntactic model: it specifies how the semantic model is serialized to be transferred.

7.1.2 Methodology to reach interoperability at Smart Grid Systems

The use of open standards results in interoperability-by-design when applying the
correct methodology.

The main steps of the proposed methodology in [73] are described in the following
sections.

7.1.2.1 System design

The IT Software/System development Life Cycle is proposed. Five stages are identified
in it:

1 Requirement analysis: description of the system or software behaviour, technical
feasibility might be accessed. It can be accomplished through use case description.
Interoperability requirements for all layers (e.g. SGAM layers) must be also captured
at this stage.

Design: solution concept and architecture will be considered.

Implementation: realization of the solution.

I Testing: the implemented solution will be validated. Defects will be reported and
corrected.

9 Evolution: after the system is launched practical experiences during operation and
maintenance will be gathered. New requirements can be collected.

= =
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Each stage has its own activities, tasks, inputs, outcomes and deliverables. Depending
on the method used (waterfall, V model, agile model, etc.) the process can be slightly
different.

7.1.2.2 Use case identification, creation and selection

A use case is a description of the possible sequences of interactions between the
system under discussion and its external actors, related to a particular goal.

Use cases provide a basis for identifying a system, its functionality, interaction and
interfaces. In order to define generic use cases the SG-CG/SP (Smart Grid Coordination
Group - Sustainable Processes) adapted the use case template originally defined in IEC PAS
62559:2008-10 for its purpose [7]. Taking this as basis, the TC8 updated the original
IEC62559. Although the main purpose of the template is the development of standards, it
may also be used for the realization of projects with complex systems, including testing. The
main sections included in the use case template are the following:

1 Description of the use case: scope (limits), objectives (goals), related business
case(s), narrative (short and complete description)

i Diagrams of the use case: graphical description of interaction between the system
under discussion and external actors to its boundary. One example related to the
FLISR (Fault Location, Isolation, System Restoration) case is shown below.

Figure 75. Diagram of use case (FLISR example) [73]

9 Technical details: actors (anything in the system that communicates) are described.
I Step by step scenario: to achieve interoperability, steps description should focus on
interactions and information flows between actors. All interactions and information

flows must be compliant to the Smart Grid standard (SG-CG/SS).
0 Scenario conditions are defined by a name, a primary actor, a triggering

event, a pre-condition and a post-condition.

0 Scenario steps: For each scenario, all steps involved are described by the
event that starts the step (e.g. "fault occurs in the grid"), name and description
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of process or activity, service (create, report, get, change, delete, cancel,
execute, timer, repeat, etc.), the information producer, information receiver,
information exchanged and the Requirements (ID's).

1 Information exchanged: name of information ID (link to the scenario steps
information), description of the information exchanged (using canonical data models
is recommended) and requirements to information data (requirements referring to the
information and not to the step). Reference to standard data model and specification
of information should be done.

1 Requirements (optional): requirement ID (link to the scenario steps information) and
requirement description.

The sections represented by the "step by step scenario”, "information exchanged" and
"requirements" is the basis for defining the profile for testing purpose.

The next steps after use case definition are the following:

T Review and validation of the use case narrative: check whether the narrative is
mapped to SGAM domain.

1 Validation of key use case actor and roles: the definition of actors and roles must be
in line with standard definitions by the SG-CG.

9 Discussion of scenarios or steps to be included in the use cases: standard interfaces
and protocols must be used for information exchange between the systems.

The SGAM mapping process can be used to select relevant standards, interfaces and
protocols. The first step for mapping, according to the interoperability group [73], will be the
identification of domains and zones affected by the use cases. Systems and components
should be distributed (component layer). The information layer requires identifying which
data or information is to be exchanged between components. The final step is to develop the
communication layer.

7.1.2.3 Testing according to the V Model

The V model represents a system of software development process proposed in the late
80s. It demonstrates the relationships between each phase of the development life cycle and
its associated phase testing:

T Unit testing: a unit is the smallest testable part of an application. This test focuses in
each component individually. The purpose is to verify the internal logic code.

1 Integration testing: the separate units will be tested together to expose faults in the
interfaces and in the interaction between integrated components. Integration can
validate the system interoperability at SGAM information and communication layers.

1 System testing: the test is performed on a complete, integrated system to check if
the product meets the specified requirements for the customer and final users.

1 Acceptance testing: it means customer agreed tests of the specifically
manufactured system installation or its parts. The factory acceptance test (FAT) takes
place before installation of the concerned equipment, it includes: check of
completeness, verification against contractual requirements, a proof of functionality
and a final inspection. The site acceptance test takes place at customers' location.
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Figure 76. V Model [73]

7.1.2.4 Testing to achieve interoperability

The two main types of testing to achieve interoperability are the following:

1 Conformance testing: determines whether an implementation conforms to the
established specifications or profile. The term conformance is generally associated
with testing programmes that are of a voluntary or market driven nature, while
compliance is more closely associated with mandatory or regulatory oriented
programmes. A typical procedure for conformance testing includes:

o Identification of candidate "implementations under test" (IUT), protocol
implementation considered as an object for testing, which is normally
implemented in a System Under Test (SUT).

o Identification of reference points: interfaces where test systems can be
connected.

o Identification of the Abstract Test Method (ATM): abstract protocol tester and
implementation of the abstract test architecture.

o Development of conformance test specifications.

1 Interoperability testing: it connects two or more implementations together and
determines whether they can successfully interoperate. Devices/systems in should be
tested according to the same profile. The systems need to fulfil both syntactic and
semantic interoperability. A typical procedure for interoperability testing includes:

o Identification of candidate Equipment Under Test (EUT), which is a physical
implementation of an equipment that interacts with other EUTSs.

o0 Identification of test scenarios: supporting of the same use cases is required.

o Definition of test bed architectures: abstract description of logical entities as
well as their interfaces and communication links involved in a test.
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o Identification of test bed interfaces: interfaces where data is exchanged,
control of the various entities in the test bed and control of the test bed control
module (test operator).

o Development of interoperability test specifications: developing interoperable
function statement (IFS) and test descriptions (TD) from base standards.

A generic methodology for conformance and interoperability testing is described in detail
in ETSI EG 202798. Based on it, the next figure illustrates how it is applied to smart grid and
the interactions between smart grid base standards and smart grid test specifications.

Smart Grid base standards

¢ ¢ \

SG test SG testing SG test
specifications for framework specifications for
interoperability conformance
Abstract

|OP test |~ Test ~
bed el Methods [
Development
>7 of test §<
specifications
IFS | / i \\ PICS
Identification
TDs / of IUTs and \ TPs
EUTs
|

IUTs and
EUTs
Figure 77. Smart grid testing framework interactions [73]

TTCN-3 is a test specification language. It provides all the constructs and features
necessary for black box testing and, as a result of its intrinsic extensibility, it is able to import
external data and type specifications directly. Several mappings of external data and type
specifications such as ASN.1, IDL and XML are already standardized.

Some key examples for existing standardized testing procedures to reach
interoperability are referenced below:

1 IEC 61850 series: part 5 standardizes the communication between intelligent
electronic devices (IED) and defines the related system requirements to provide
interoperability between functions residing in the equipment from different suppliers.
Since the goal of the standard is interoperability, conformance with the standard
means that interoperability is proven. The conformance test specification shall
describe what tests have to be applied to the device and the pass criteria will have to
be defined. Building interoperable systems requires standardized configuration files to
be exchanged between engineering tools, therefore, they will have to fulfii some
minimum requirements. Part 10 specifies standard techniques for testing of
conformance of client, server and sampled value devices and engineering tools.
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1 IEC 61870-5: part 101 applies to remote control equipment, 103 to protection
equipment and 104 presents a combination of the application layer of 101 and the
transport functions provided by TCP/IP. Although these companion standards define
the most important user functions, it cannot guarantee complete compatibility and
interoperability. An additional mutual agreement is normally required between
concerned parties regarding the methods to use for defining communication
functions.

1 IEC 61400-25: it defines the information and information exchange using abstract
models (independent of a concrete implementation). Part 5 introduces the
conformance testing procedure for wind power plants.

1 IEC 62056: these are the international standard versions of the DLS/COSEM
specification.

I ETSI: ETSI TS 102237-1 gives general guidance on the specification and execution
of interoperability tests for communication systems in next generation networks. It
provides a framework within which interoperability test specifications for a wide range
of product types can be developed.

1 Common Information Model (CIM): it is an abstract information model that provides
data understanding through the identification of the relationships and associations of
the data within a utility enterprise. CIM companion standards such as IEC 62325,
IEC61970 and IEC61968, provide extensions and specifications that, when used in
conjunction with the CIM models, provide a framework for the exchange of static
model, transactional messages and full enterprise integration. CIM interoperability
tests are organized by ENTSO-E and UCAlug.

1 ENTSO-E interoperability tests: they perform at least two types of tests, those to
validate a CIM standard as part of the standard development process and test to
validate the conformity of available software solutions with an approved standard.

1 UCA user Group CIM interoperability test: this group evaluates the interoperability
of EMS and third-party vendor products through the administration of formal test
procedures.

1 ISO/IEC 15118: FP7 PowerUp R&D project aimed to develop the interface for EV
charging, involving a full development cycle of physical/llink-layer specification,
charging control protocol design, prototyping, conformance testing, field trials and
standardization.

A list of the main user groups interested in defining interoperability testing procedures is
presented below:

1 DLMS UA (Device Message Language Specification User Association).

T UCAIug (UCA International Interest group): UCAIug organization and CIMug (CIM
user group).

1 ENTSO-E (European Network of Transmission System Operators for Electricity).

1 IEC 60870-5 User group mail list.

7.1.3 Process for building interoperable system

Standards are recommended to build an interoperable smart grid system. A utility should
define the scope of the smart grid project, developing business and use cases.
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Figure 78. Timeline for project conceptual demonstration [73]

After that, it is necessary to identify available standards and profiles. The I0P tool [73]
can be an important help in this process. Based on the use case and the identified
standards, a profile can be developed. This should include references to the selected
standards and reduce the amount of open options defined in them. If the standards do not
provide facilities for all business requirements as defined in the use case, the profile should
describe extensions to add additional functionalities while respecting the guidelines.

7.2 Smart Grid Reference Architecture

Based on the content of the M/490 EU Mandate (EC Directorate General for Energy [5] ,
CEN, CENELEC, and ETSI were requested to develop a framework to enable European
Standardization Organizations to perform continuous standard enhancement and
development in the field of Smart Grids, while maintaining transverse consistency and
promote continuous innovation.

The SGAM Framework was developed in this context and, according to (SG-CG
Reference Architecture [9]), it aims at offering a support for the design of smart grids use
cases with an architectural approach allowing for a representation of interoperability
viewpoints in a technology neutral manner, both for current implementation of the electrical
grid and future implementations of the smart grid.

7.2.1 Interoperability in the context of smart grid

Interoperability is seen as a key enabler of EVs as well as of smart grids. The SGAM
model addresses inherently interoperability.
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Interoperability is defined by [9] as the ability of two or more devices to exchange
information and use it to perform a specific function. For the realization of an interoperable
function all categories shown in the next figure should be covered by means of standards or
specifications.

Interoperability Categories Cross-cutting Issues
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Figure 79. Interoperability categories and cross-cutting issues [9]
Cross-cutting issues are topics that need to be considered and agreed on when
achieving interoperability.
7.2.2 SGAM Framework elements

The previously described categories are aggregated into five abstract interoperability
layers.

Economic / Regulatory Policy .
= pe— R T Business Layer
‘Business Objectives )
< Business Procedures - Mmoo Function Layer
e Business Context £
- Inf tion L

"(75 Semantic Understanding B WSROI SR
> >
2 Syntactic Interoperability U)

e Communication Layer

Network Interoperability

Basic Connectivity =~ -———--- Component Layer

Interoperation
Figure 80. SGAM Interoperability layers [9]

A short layer description is provided below [9]:

1 Business layer: it represents business view on information exchange related to
smart grids. It can be used to map regulatory and economic (market) structures and
policies, business models, business portfolios (products & services) of market parties
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involved. Also business capabilities and business processes can be represented in
this layer.

1 Function layer: it describes functions and services including their relationship from
an architectural point of view. The functions are represented independent from actors
and physical implementations in applications, systems and components.

1 Information layer: it describes the information that is being used and exchanged
between functions, services and components. It contains information data models
and the underlying canonical data models. These information objects represent the
common semantics for functions and services in order to allow interoperable
information exchange via communication means.

1 Communication layer: it describes protocols and mechanisms for the interoperable
exchange of information between components.

1 Component layer: it is focused on the physical distribution of all participating
components in the smart grid context. This includes system actors, applications,
equipment, network infrastructure (communication connections, routers, switches,
serversé)

In addition to layers, the SGAM framework is also represented by domains and zones,
which define the smart grid plane:

1 Domains: five domains are considered, representing subsystems of the electricity
network infrastructure: bulk generation, transmission, distribution, DER and customer
premises.

1 Zones: they represent the hierarchical levels of power system management:

0 Process: physical, chemical or spatial transformations of energy and the
physical equipment directly involved (generators, transformers, circuit
breakers, lines, etc.).

o Field: equipment to protect, control and monitor the processes of the power
system (protection relays, data acquisition and processing devices, etc.).

o0 Station: aggregation for field level (substation automation, local SCADA
systems).

0 Operation: power system control systems (DMS, EMS, VPP and Microgrid
management systems, EV fleet charging management systems).

o Enterprise: commercial and organizational processes, services and
infrastructures for enterprises (asset management, logistics, customer
relation, billing).

o0 Market: market operations management (energy trading, retail market).

An actor (a service provider, for example) could be located at any segment of the smart
grid plane according to the role he has in a specific case.

7.2.3 SGAM framework

Merging all three dimensions, layers, domains and zones, a three dimensional model is
obtained and this constitutes the SGAM framework.
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Figure 81. SGAM Framework layers [9]

The above described cross-cutting issues have an impact on all the layers of the model.

Since electrical vehicles (EV) will be part of smart grids and they should be integrated at
all levels in their framework, this model will be used to analyse interoperability aspects
related to information exchange, communications and protocols among players and systems
in the EV service provision environment. In the next sections, the above mentioned SGAM
layers will be defined more in detail according to the EV case and the work already
developed at EU standardization level will be used as basic reference.

7.2.4 SGAM methodology

The main objective of the SGAM methodology is to identify gaps in standardisation. This
is done by mapping use cases, functions or services, through involved entities, into the 3D
model. When a layer remains open, it implies that there is no specification or component
available to support the use case, function or service.

The consistency of an interoperable interaction can be represented by a consistent
chain of entities, interfaces and connections in the SGAM layer.

The process of mapping use cases to the SGAM framework can be accomplished
through the following steps (constraints may have an impact on their sequence):

Use case analysis: it must be checked that the information on the use case is complete
before starting with the mapping [7] provides a suitable use case template):

o Name, scope and objective
0 Use case diagram
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Actor names, types

Preconditions, assumptions, post conditions
Use case steps

Information which is exchanged among actors
Functional and non-functional requirements

(0]
(0]
(0]
(0]
(0]

Component layer: its content is derived from the use case information on actors, since
these can be of type devices, applications, persons and organizations.

Business layer: it must include business processes, services and organizations. Also
business objectives, economic and regulatory constraints.

Function layer: functions stem from the use case by extracting its functionality. Typical use
case consists of several sub use cases with specific relationships.

Information layer: it describes the information that is being used and exchanged between
functions, services and components. The information objects are defined in form of use case
steps and sequence diagrams.

Communication layer: it is used to describe protocols and mechanisms for the
interoperable exchange of information between the use case actors.

7.3 SG-CG use case mapping on SGAM

The Smart Grid Coordination Group carried out some smart grid use case mapping work
into the SGAM, which could be used as framework and reference for EV use case mapping,
if we consider the EV as a device part of smart grids. This work was intended to build a first
list of standards to support smart grid systems in Europe [8] as requested though the M/490
mandate.

7.3.1 List of systems

The following table lists a set of smart grids systems identified in [8]. A column has been
added to address the possible link with e-mobility.

Table 19. List of systems and link with e-mobility

Domain or function System Link with emobility
Generation Generation management system no direct connection
Substation automation system no direct connection

Wide Area Measurement System . .
no direct connection

Transmission and management (WAMS)
system EMS SCADA System no direct connection

Flexible AC Transmission Systems . .
no direct connection

(FACTS)
Substation automation system no direct connection
Distribution management Feeder automation/smart reclosers . .
no direct connection
systems system

Distributed power quality control system| related to EVs if they offer V2G
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DMS SCADA system and GIS system no direct connection

FACTS system no direct connection

DER operation system when EV charge can be controlled
DER management systems

DER EMS and VPP system when EV charge can be controlled

related to EVSEs and residential

AMI system EV charge

Smart metering systems

Metering back office system related to EVSEs and residential

EV charge
Dema}nd and generation Aggregated prosumers management when EV charge is controlled
flexibility systems systems
Marketplace system EV services market place
Marketplace system : :
Trading system Trading systems for EV charge
E-mobility (connection to grid) E-mobility systems direct connection

Asset and maintenance mgmt. system | related to EVSE operators

communication network management related to all actors with
system communication systems

required for real time operation

Clock reference system .
when no external clock is used

Administration systems Authentication authorization accounting | related to the access to EVSE for
system charging
related to EVSE operators or
Device remote configuration system OEMs (though they have own
systems)
Weather observation and forecast related to services offer for EV
system users

If these systems were positioned in the SGAM grid plane the following figure would be
obtained.
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Figure 82. Mapping of smart grid systems to the SGAM model [8]

7.3.2 Smart grid generic use cases

added for e-mobility link identification.

The next table shows an extract of the smart grid high level use cases in [8], including
only those that could be relevant for e-mobility. Here also an additional column has been

Table 20. Summary list of Smart Grid Generic use cases

Provision of black start facilities for grid restoration

N° Use Case High level use cases Link with e
Cluster mobility
1. (AMI) Billing Obtain scheduled meter reading Energy suppliers,
— EVSE operators,
Set billing parameters EVSP tasks
Add credit
Execute supply control
2. Billing Obtain meter reading data Residential charge
- - and EVSE operators
Support prepayment functionality
Manage tariff settings on the metering system
consumer move-in/move-out
supplier change
3. Blackout Black-out prevention through WAMS EV provision of
management ancillary services

through an
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Restore power after blackout

Shedding loads based on emergency signals

Under frequency shedding

aggregator

4, (AMI) Collect Manage supply quality Energy suppliers,
events and status EVSE operators,
confirmation EVSP tasks

5. (AMI) Configure Configure meter events and actions Energy suppliers,
events, statuses EVSE operators,
and actions Manage events EVSP tasks

Retrieve AMI component information
Check device availability

6. (AMI) Customer Provide information to consumer Energy suppliers,
information EVSE operators,
provision EVSP tasks

7. Demand and Generation forecast EVs can provide
generation flexibility g demand (and

Load forecast generation if V2G is
Load forecast of a bunch of prosumers in a DR available) flexibility
programme (from remote) to the network
Managing energy consumption or generation of DERs via

local DER energy management system bundled in a DR

programme

Managing energy consumption or generation of DERs

and EVSE via local DER energy management system to

increase local self-consumption

Participating to the electricity market

Receiving metrological or price information for further

action by consumer or CEM

Registration/deregistration of customers in DR

programme

Registration/deregistration of DER in DR programme

8. (AMI) Energy Manage consumer moving in Energy suppliers,

market events - EVSE operators,
Manage consumer gained EVSP tasks
Manage customer lost
Manage customer moving out

9. Exchange of Measure collected data Energy suppliers,

metered data - EVSE operators,
Measure for imbalance settlement EVSP tasks
Measure for labelling
Measure for reconciliation
Measure, determine meter read
Measure, determine meter read for switch

10. Generation Ancillary services and reserve products control Only if EV could offer
operation H q rodul V2G and market
scheduling Day-ahead fleet scheduling penetration would

Day-ahead hydro plant valley scheduling

Fuel and other resources allocation, cogeneration and
other by-products production

allow high capacities
(reduced impact in
the short term)
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Intra-day fleet scheduling

Plant scheduling

11.

(AMI) installation
and configuration

AMI component discovery & communication setup

Clock synchronization

Configure AMI device

Security configuration management

Energy suppliers,
EVSE operators,
EVSP tasks

12.

Maintaining grid
assets

Archive maintenance information

Monitoring assets conditions

Optimize field crew operation

Supporting periodic maintenance (and planning)

DSO or EVSE
operator tasks

13.

Manage
commercial
relationship for
electricity supply

Further from ESMIG

Further suggestions to market

Invoicing customers

Registration/deregistration of customers

EVSP and retailer
tasks

14.

Monitor AMI event

Install, configure and maintain the metering system

Manage power quality data

Manage outage data

Manage the network using metering system data

Manage interference to metering system

Enable and disable the metering system

Display messages

Facilitate DER for network operation

Facilitate demand response actions

Interact with devices at the premises

Manage efficiency measures at the premise using
metering system data

Demand side management

Energy suppliers,
EVSE operators,
EVSP tasks

15.

Operate DER

Aggregate DER as commercial VPP

Aggregate DER as technical VPP

DER performance management

DER process management

DER process management with reduced power output

DER remote control (dispatch)

Registration/deregistration of DER in VPP

Store energy from the grid

EV as DER. Retailer,
EVSP, aggregator,
EVSP tasks

16.

System and
security
management

User management

Role management

Rights/privileges management

Key management

DSO, EVSE operator
tasks
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Events management

Configure newly discovered device automatically

Discover new component in the system

Distributing and synchronizing clocks

Trading front office
operation

Bid into energy markets

EVSP, aggregator

Compute optimized assets schedules to match
commercial contracts

tasks

Send assets schedules to operation systems

Bid into ancillary services markets

Purchase transmission capacity rights

Nominate schedules to system operator

Send market schedules to operation systems

Publish market results

18.

Trading back office
operation

Perform M&V

EVSP, aggregator
tasks

Perform shadow settlements

19.

Weather condition
forecasting &
observation

Wind forecasting

EV user services

Solar forecasting

providers

Temperature forecasting

Providing weather observations

Situational alerting

7.3.3 List of components

Smart grid components are specified in [8], based on IEC SMB SG3 work. In the next figure,

components are mapped into the SGAM grid plane and the following table lists and describes those
that may have a link with e-mobility.
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Figure 83. Component mapping on Smart Grid plane [8]
Table 21. Smart grid component list
Component Description Link with e-mobility
AMI Head end Back-end for metering communications. Controls and Meter operator, DSO and
monitors the communication to meter devices EVSE operator may use it
Appliances Appliances within buildings providing an interface to The EV could be

influence their consumption behaviour

considered an appliance

Asset management

Application optimizing the utilization of assets, regarding
loading, maintenance and lifetime

DSO and EVSE operators
could require it

Billing Application which creates the energy bill information EVSE, retailers, EVSE
based on received metering information operators could use it
Building A system consisting of several decentralized controllers It might control EV load in

Management System

and a centralized management system to monitor and
control facilities within a building.

building environments

Charging control

Controls the charging of one car at a residential customer
side according to set poinf
energy management

directly related

Charging station

Single or multiple power outlets specially designed to
charge the battery of cars. Typically including also
facilities to meter the energy consumption and to
authenticate the owner of the car for settlement reasons

Directly related
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Component Description Link with e-mobility
Communication Application or system providing communication with the General scope system that
Front End substations to monitor and control the grid could be used for e-mobility

Customer Energy
Management System

EMS for energy customers to optimize the use of energy
according to supply contracts or other economic targets

It might control EV load in
residential, industrial and
commercial environment

Customer
Information System
(CIS)

System or application which maintains all information for
energy customers. For example, call centre software to
provide customer services like hot-line

EVSP, retailers,
aggregators might require it

Customer Portal

Web-server application which allows utility customers to
register and login to retrieve information about their
tariffs, consumption and other information

EVSP, retailers,
aggregators might require it

Demand Response
Management System
(DRMS)

System or application which maintains the control of
many load devices to curtail their energy consumption in
response to energy shortages or high energy prices.

DSO, EVSP, aggregators,
EVSE operators might use
it

DER control

It allows the adjustment of its active or reactive power
output according to a received set point

Only if V2G was deployed

Distributed Energy
Resource (DER)

A small energy generation unit connected to the
distribution grid. Loads able to follow external set points
are often considered DER

EVs can be considered as
DER if controllable

Distribution
Management System
(DMS)

Application server of a DMS which hosts applications to
monitor and control a distribution grid from a centralized
location, typically the control centre. A DMS typically has
interfaces to other systems, like an GIS or an OMS

DSOs tool. It could interact
with EV or EVSE
management applications
and systems

Energy Management
Gateway (functional)

Gateway used to interface the private area with remote
service provider and smart metering system

Used to control EV load in
residential, industrial and
commercial environment

Energy Management
System (EMS)
(application server)

Application server of an EMS hosting applications to
monitor and control a transmission grid and the output of
the connected power plants from a centralized location.
An EMS may have interfaces to other EMS.

It could also control EVSEs

Energy Market
Management

Application of system which manages all transactions
and workflows necessary to implement an energy market

For market place operators

Energy Storage

An electrical energy storage installed within the
distribution grid or DER site and operated either by a
utility or energy producer

The EV could be used as
storage for the grid in the
future

Energy trading
application

Application/s used to trade energy in corresponding
markets. They support the dispatcher in the decision to
buy, sell or to self-produce energy and provide facilities to
exchange the information with energy market IT systems

EVSP, aggregator may
require it

Enterprise Resource
Planning (ERP)

These systems integrate internal and external
management information in an organization, embracing
finance/accounting, manufacturing, sales and service,
customer relationship management, etc.

It could be used by any
company

Front End Processor
(FEP)

System in charge of interfacing widely spread remote
sub/systems or components usually communicating over
WAN, to a central database

It might be used by EVSE
operators, aggregators

Geographic
Information System
(GIS) (application
server)

Server hosting an application designed to capture, store,
manipulate, analyse, manage, and present all types of
geographical data. GIS is the merging of cartography,
statistical analysis, and database technology.

It might be used by DSO,
EVSE operator, fleet
operator
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