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1

INTRODUCTION

1.1 Objective
Electric vehicles of various manufacturers are being deployed throughout Europe. To recharge these
vehicles, an infrastructure of rechargers (E-CS, electric charging stations) is needed to enable charging at
both private and public parking facilities. Throughout the world and also within Europe, different charging
protocols, plug designs and billing systems have been developed and introduced. In fact, even within many
(European) countries, various networks with proprietary identification and billing systems have emerged
that do not fully allow electric vehicles (EV) drivers to roam between these networks yet. The variety and
incompatibility among these networks makes that EV drivers can’t use their EVs to their full potential and
that cross-border trips are sometimes impossible.
Besides the practical value of interoperability to EV drivers throughout Europe, one could also argue that
standardization is beneficial to equipment manufacturers and charging network operators as it provides
much needed clarity and brings about positive scale effects. Furthermore, standardization takes away some
of the uncertainties among potential EV drivers and, in a broader sense, position the EV as a viable option
today instead of presenting it as an underdeveloped future option.
The European Union (EU) has more than once called for standardization of EV charging systems, but only
recently a clear directive was published that provides clarity on the charging systems and plug designs that
are to become the new European standard, the Alternative Fuels Infrastructure Directive (Directive
2014/94/EU). Harmonization of the connecting hardware is however only a first step towards true
interoperability of European charging networks and much efforts need to be done to ensure that EV drivers
can actually charge their cars anywhere in the EU.
Studies and statistics show the same dynamic, more and more E-CS are installed and operated, not only in
the Alpine Space countries, but all over Europe. Governments are setting ambitious objectives to be reached
in the next couple of years, since the deployment of a robust charging infrastructure is considered as one of
the most relevant requisites to foster electric mobility and to convince drivers to shift towards EVs without
being afraid of the “empty battery” anymore.
However we could address some weaknesses to the current situation in the Alpine Space: the national plans
for the deployment of new E-CS barely consider the cross-border links with networks that are installed near
the borders and only focus on a local or national basis. Moreover, E-CS that are installed deliver several
charging power levels and do not comply with one single standard, since at least five different E-CS types
can be found in the Alpine Space: type 2, CHAdeMO, CCS Combo, Schuko and multi-standard E-CS.
This situation is about to change in a near future, since the European Union decided to adopt standards that
will apply from 2019 onwards. All new and renovated E-CS will have to comply with these standards.
Another challenge to be faced by the E-CS operators and charging networks is interoperability. This is one
of the objectives of the e-Moticon project. Standardisation is one of the steps towards interoperability.
Following the definition given by the e-Moticon project partners, interoperability can be defined as “a
characteristic of a product or system, whose interfaces are completely understood, to work with other
products or systems, present or future, in either implementation or access, without any restrictions”. The
definition of interoperability by the e-Moticon project partners deals with two main levels (two “main
domains”), described as follows:
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The “technical level of interoperability” focuses on the physical charging infrastructure (connectors
and plugs), on the access to the E-CS, such as the authorisation and the payment, and on the access to
the E-CS information from the distance.
The “systemic level of interoperability” with the five steps described in Part B – Business models
analysis: finding, informing, reservation, payment, and roaming.

One key condition for two systems to be interoperable is that they must be able to exchange data and to
present the data in such a way they can be understood by the users. However, there is another aspect of
interoperability that needs to be taken into account, namely the fact that the E-CS operators (and other
operators as well) do not only need to deliver the service to the customer, but they have to be able to deliver
their own services, meaning that interoperability focuses also on the links between the E-CS and the
operating systems. Here, it is about the ability to monitor variables, to form pricing policies, to propose
spatial planning or parking management; all in all, about steering the end-users.
A more specific definition has been given by the e-Mobility ICT Interoperability innovation group (e-MI3)
in its report (2015) “Electro-mobility, interoperability challenges” (cf. Appendix): “Interoperability is the
ability to enable various systems to work together”.
The e-MI3 association then distinguishes the definition and adapts it to the various stakeholders’ situation:
• “For the e-mobility market, interoperability leads to non-discriminatory e-mobility services, such as
charging and navigation, and makes it available through-out a defined territory [in the case of the eMoticon project, the Alpine Space] without limitation and with a coherent service quality level at an
optimized price”.
• “From customers’ point of view, interoperability is the ability to use the Electric Vehicle Charging
Infrastructure wherever it is located, whichever EV the customer uses, whoever operates the
charging Point. To meet these customer requirements, the ecosystem has to provide features that can
be segmented in four groups:
o Charging points technical features (authentication media, plug and socket compliancy …)
o Charging points functional features (markings, how to use …)
o System (system interconnection, data exchanges …)
o Business & legal features (roaming agreements between operators ...)”.
• “From an operator point of view, interoperability is the ability of an e-mobility service provider to
deliver its own services (search and find, charge, book, etc.) to its customers, using the infrastructure
of any charging operator under the umbrella of a B2B (business to business) relationship at
negotiated prices”.
The present report, being the third part of the e-Moticon project’s state of the art, analyses the current
charging infrastructures that are installed in the Alpine Space .The e-Moticon project concentrates on
electric mobility with BEVs and especially E-CS deployment strategies in the Alpine Space regions. A state
of the art analysis has been conducted with regard to electric mobility to identify the best solutions to be
integrated in the deployment strategy. After analysing the various European, national, and local policies that
have been defined and are being implemented (part A), and after analysing the various business models
adopted by the electric mobility stakeholders in the Alpine Space (part B), this report focuses on the
different technologies available on the market as well as on those specifically used in the Alpine Space. A
description of the existing E-CS as well as the tendencies and incoming trends will be given.
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1.2

Methodology

This third part of the state of the art report firstly focuses on the technical specifications of the charging
infrastructure and of the electric vehicles; here we are using the contribution sent by the Italian project
partners, especially the figures about the different types of plugs and the history of the standardisation at the
European level; but we also quote the scientific literature and the information provided by the various
international and European standardisation Committees that focus on the technical information and the
history background for the adoption of the European standards.
Concerning the tendencies and the trends, we will quote some of the remarks expressed by the stakeholders
that have been invited in Strasbourg for the second e-Moticon seminar, held on 5th and 6th July 2017.
Nonetheless, the dedicated information platforms and press will also help us sketching the incoming trends.
The second highlight of this report is the description and the analysis of the situation concerning the
deployment of the charging networks in the Alpine Space regions; the templates filled by the project
partners that aggregate the data of the publicly accessible E-CS and the statistics given by information
platforms such as ChargeMap (E-CS finder) will be of greater help for us in order to present the updated and
most precise situation of electric mobility deployment in the Alpine Space: counting the publicly accessible
installed E-CS, sketching the interoperability rates, i.e. the proportion of E-CS that are interoperable and
registered to at least one roaming platform in each region of the Alpine Space countries.

2

STANDARDIZATION OF THE TECHNICAL CHARGING INFRASTRUCTURE

2.1 European background
Standardization in the field of electric vehicles has become an important issue since the need for sustainable
and green energy and the support provided by smart grids have led to new European policies that encourage
the deployment of infrastructures to recharge (or replace) the batteries of EVs. International work on the
development of charger and connector standards is currently ongoing. It will be necessary to ensure that
international standards meet European needs, including (for example) compatibility with national rules for
wiring, i.e. “the requirements that are mandatory for the design, erection and proper functioning of
electrical installations so as to ensure safety of persons, livestock and property against dangers and damage
that may arise in the reasonable use of electrical installations” (CEN/CENELEC).
In 2010 the European Commission, recognizing the importance of electric mobility in achieving the climate
targets and in reduction of greenhouse emissions, issued a standardization mandate M/468 with the aim at
ensuring uniform charging methods for electric vehicles throughout the European Union and avoiding
isolated solutions by individual European member states. The standardization mandate was addressed to
representatives of the European standards organizations CEN, CENELEC and ETSI in June 2010.
In October 2011 the Focus Group on European Electro-Mobility established by CEN and CENELEC (2011)
produced, as a reply to Mandate M/468, a report on 'Standardization for road vehicles and associated
infrastructure' that represented the specific standardization requirements for European Electro-mobility.
Based on its previous recommendations, the standardisation committee pushed in this advisory report the
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European Institutions for the adoption of common European standards for the plugs and sockets of the
charging infrastructure, namely the Type 2 and CCS Combo that will be officially recognised as the
upcoming standards for the EU in the Directive 2014/94/EU. It is stated that the adoption of common
standards throughout Europe will ease the interoperability, and is at the same time “in the best interests of
the producers of electrical vehicles and of relevant appliances as well as the users of electric vehicles, [as
well as] for the adoption of electro mobility in general”, even if the standardisation committee states that
having one standard (then one unique and fully harmonised standard) wouldn’t be possible.
In March 2012 was held the first meeting of e-Mobility coordination group (eM-CG) established by CENCENELEC as recommended by Focus Group. This group includes representatives of CEN and CENELEC
members, organizations representing relevant sectors (automotive industry, utilities, consumers, etc.) and the
European Commission, who agreed to work together on reaching the objectives of Mandate M/468. The eMCG is responsible for making sure that standards necessary for e-Mobility are being dealt with in a coherent
manner by the relevant technical bodies and seeks to support coordination of standardization activities
during the critical phase of preparing new or updating existing standards.
As smart charging is seen as a necessity to optimize the use of electric grid for electric vehicle charging, the
CEN-CENELEC eMobility Coordination Group established a specific working group which developed a
report on smart charging (cf. appendix).
• Main focus of this report was the development of a new standard for data communication between
the electric vehicle supply equipment (EVSE) and the operators of this supply equipment. The EVSE
are the “chargers” and the protocols that have been established to create them; they enhance safety
by enabling two-way communication between the charging station and the electric vehicle.
o The term EVSE has been in use for a long time, and the 1996 NEC and California Article
625 defined EVSE as: “The conductors, including the ungrounded, grounded, and equipment
grounding conductors, the electric vehicle connectors, attachment plugs, and all other
fittings, devices, power outlets or apparatuses installed specifically for the purpose of
delivering energy from the premises wiring to the electric vehicle”.
o This two-way communication ensures that the current passed to the vehicle is both below the
limits of the wall charger itself and below the limits of what the car can receive. There are
additional safety features such as a safety lock-out that does not allow current to flow from
the wall charger until the plug is physically inserted into the car. While this new standard
does result in additional cost to the consumer (versus just plugging into any 240 volt socket),
there are benefits besides just safety. Adjusting the vehicle's on-board charger to make sure it
doesn't exceed the power limits of the circuit it is plugged into is no longer required with
EVSE. This is an important simplification to the charging process, and should help facilitate
adoption of EVs in the future for people who could care less what current, voltage or wattage
are.
• The CEN-CENELEC also focuses on the definition of a standard for data communication between
the EVSE Operators and E-Mobility Service Providers for standardized business transactions and
roaming issues.
• Finally, the standardisation committees also underlined the need for a standard concerning the
information that should be sent to the customers “in case of troubleshooting”, since “the quality of
service and reliability of the Smart Charging is of prime importance from the customer point of
view”.
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According to this report, smart charging can be defined as follows:
• “Smart Charging of an EV is when the charging cycle can be altered by external events, allowing for
adaptive charging habits, providing the EV with the ability to integrate into the whole power system
in a grid- and user-friendly way. Smart Charging must facilitate the security (reliability) of supply
and 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”.
• “The functionality of Smart Charging is to optimize the charging of the EVs taking into account
different goals like the requirements of the user, battery, grid and energy efficiency and other vehicle
needs (e.g. “thermal management” or pre- and post-conditioning). Therefore it describes the
compatibility of four components within a charging system which will ensure access to and use of a
safe and reliable charging process for an EV”.
• The exchanges between different stakeholders is directly linked with the concept of interoperability,
since in the context of smart charging, interoperability “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”.
In 2013, the European Commission’s Directorate General for Mobility and Transport launched the EU Clean
Fuel Strategy, containing a package of measures to ensure the build-up of alternative fuel stations in Europe.
In October 2014 was published the Directive 2014/94/EU on the deployment of alternative fuels
infrastructure in Europe, containing also a specific part about the recharging of electric vehicles. A part of
Directive 2014/94/EU concerns “electric recharging points for motor vehicles”, topic which is of particular
interest of the eM-CG.
In March 2015, CEN and CENELEC received a standardization request (M/533 - Commission
Implementing Decision C (2015)330) on the implementation of the above directive 2014/94/EU. The
coordination of the 'electric supply' part of M/533 has been allocated to the eM-CG.
2.1.1 Initiatives to reach international eRoaming
Ladenetz
Ladenetz originated from the cooperation between the local public services (Stadtwerke) of Aachen,
Duisburg, and Osnabrück; later on joined by another 18 ones. The focus of the initiative is to enable roaming
between the charging networks of the individual public services and in practice this means that drivers are
able to charge at any charger with a single RFID card. The protocol used is the so-called Open Clearing
House Protocol (OCHP) with which the individual networks communicate with each other to exchange user
data and to take care of the financial transactions. Having started as a national platform of semi-public
organizations, Ladenetz is now expanding the use of the protocol and was joined by Vattenfall for instance.
Internationally, Ladenetz has initiated the e-clearing.net platform on which the OCHP is used to enable cross
border roaming. In March 2012 the so-called ‘Treaty of Vaals’ was signed to confirm this international
cooperation and the treaty was signed by Ladenetz.de, the E-Laad foundation from the Netherlands,
BlueCorner and Becharged from Belgium, Estonteco from Luxemburg, Vlotte from Austria, ESBeCars from
Ireland, and Inteli from Portugal. All these network operators will use the OCHP for both national as well as
international roaming. In an earlier stage The New Motion, the largest service provider of the Netherlands,
was one of the first to join the e-clearing.net initiative. The entire Dutch network is therefore open to drivers
from abroad using an e-clearing.net compatible RFID card.
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Hubject
Whereas Ladenetz and e-clearing.net are not-for-profit attempts to realize interoperability, Ladenetz’ spinoff Hubject tries to do the same on a commercial basis. Hubject is a joint venture of BMW, Bosch, Daimler,
EnBW (the regional public energy service of Baden-Württemberg), RWE, and Siemens. It develops the socalled eRoaming platform that acts as a clearing house for network operators and service providers. Any
network operator or service provider can join the platform and by doing this allows customers from other
associated operators to charge at its stations. All charging stations of the Hubject system feature a QR code
that can be scanned using an app on a smartphone. The app then takes care of the identification of the driver
and the subsequent financial transaction between the user’s own provider and the local host. Hubject is quite
similar to Ladenetz protocol, but the two systems are not directly compatible. It is however thinkable that
both systems are used on top of each other and Ladenetz (or any other initiative of multiple network
operators) could for instance be coupled to the Hubject platform (”hubbing the hubs”). True ad hoc roaming
is however not possible since Hubject only acts as a platform for other operators/service providers and not
directly for customers.
Crome

One specifically interesting project was the DEUFRAKO CROME (Cross-border Mobility for EVs)
conducted from January 2011 to December 2013. This was a German-French cooperation to enable cross
border travel in the Alsace and Lorraine regions in France and Baden-Württemberg region in Germany.
Within this project, charging stations had been installed that can still be used with a single RFID card on
both sides of the French-German border. Strikingly, these stations offer both Type 2 and Type 3 sockets so
that
cross-border
travellers
do
not
have
to
carry
along
additional
cables.
=> http://crome-projet.fr/

Green eMotion
Finally, the EU funded Green eMotion project also aimed to develop a standard for interoperability between
charging networks. Interestingly, many participants in the project are also active in the other initiatives, and
especially in the CROME project and Hubject (e.g. Siemens and Bosch).

2.2 State-of-the-art for the plugs and connectors
There are three basic options for recharging an electric vehicle: wired, wireless by means of induction, and
by swapping its batteries. We will first focus on wired charging since this is currently the only option that is
used in practice and for which both cars and charging equipment are commercially available. We will come
to the topic of inductive charging in the tendencies part.
For wired charging, two options can be distinguished: AC- and DC-charging. Charging with alternating
current (AC) is used for conventional and semi-fast charging at homes and offices, and at the majority of
public recharging stations. Direct current (DC) is used for fast charging. Since all batteries require DC
power to be charged, the AC power that is delivered by the electricity grid needs to be converted to DC at
some point. An AC/DC convertor is thus needed between the grid and the battery. In the case of AC
charging with regular main power, power levels are low enough to install a small converter on-board of the
vehicles. For fast charging with higher power levels, a bigger and more expensive converter is needed that
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would not easily fit in a typical car. These high-power converters are therefore incorporated in the charging
station, and DC power is delivered to the car. Also, because of the higher power levels and related safety
concerns, DC charging cables are always fixed to the charging station and there is thus only one plug that
needs to be standardized. AC charging cables are often, but not always, loose cables with plugs on both ends
and standardization may thus be necessary for both plugs. In the following sections we will present and
discuss the emergence of the various AC and DC standards separately and also address the need for
standardization on the car- and wall-side.
For both AC and DC charging, multiple plug designs and charging modes have been developed and have
been deployed throughout the world. Next to that, an even wider variety of identification and billing systems
have been developed. In order to enable EV drivers to roam between networks and ultimately between
countries, interoperability, and thus standardization, is necessary between the various modes, plugs, and
identification and billing systems.
International standards and regulations play a key role in allowing a large scale introduction of electric
vehicles and are important in the elimination of technical barriers that can create market distortions.
2.2.1 AC and DC charging
AC charging
The first electric vehicle projects in the 2000s in which the new generation of vehicles were used and for
which recharging infrastructures were built, were projects in which car manufacturers and local utilities
cooperated to develop and test their vehicles and charging equipment. Often, a local government took part in
the project as well and, in case the utility did not produce its own chargers, a dedicated charging equipment
developer was also involved. Such local networks emerged mostly in Europe, Japan, and California and they
typically showed vertical integration in networks of different stakeholders in the emerging value chain. For
instance, a project in London brought together EDF Energy (the British branch of Electricité de France),
Smart (Daimler), the charging equipment developer Elektromotive, and the local transport agency Transport
for London. The structure of these local networks would by themselves not allow the exchange of
knowledge, let alone standardization, between multiple car manufacturers or multiple utilities.
However, the number of projects continued to increase and eventually many actors were involved in
multiple projects and they were able, in theory at least, to exchange knowledge between the different local
projects they were involved in. Next to the increasing numbers of cross linkages between these vertically
organized local networks, a number of horizontally orientated initiatives provided platforms for broader
knowledge exchange and ultimately for actual standardization activities.

In terms of formal standardization activities, the pinnacle of horizontal cooperation in this respect, the
International Electrotechnical Commission (IEC) has been the most important actor with regard to
electrotechnical standards. Several IEC-workgroups have been established in which OEMs, charging
equipment developers, and electric utilities were involved. In 2009, the IEC released a set of criteria with
which a common EV standard plug design had to comply. According to these criteria, a plug had to:
• be rated for all regular AC voltages and currents in use worldwide,
• be compatible with single and 3-phase electric grid,
• be compatible with specific communication protocols,
• be low-priced, durable and safe to use,
• be lockable to prevent theft and tampering,
• be able to withstand a range of weather conditions.
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As a result of the IEC’s efforts, a standard document was released in 2011 (replacing an earlier 2003
edition). The first part of this IEC 62196 standard specifies a number of technical and safety
requirements of the plug and socket and the second part lists three specific physical designs
(formally referred to as Types 1, 2, and 3 by the IEC) that had emerged by that time. We will focus
on Type 2, since this has become the European standard. The IEC 62196 standard has been adopted
in the EU through the name EN 62196 (European Norm); in the various Member States of the EU,
the national standardisation committees also adopted the same standard with its national name: NF
EN 62196 in France, DIN EN 62196 in Germany… In this report, we will refer to both IEC 62196
and EN 62196 which are the same standards, depending of the international or strict European
context. In Europe, the specifications of the American Yazaki plug were deemed insufficient as the
European electricity grid typically is more powerful and would allow faster recharging as compared
to the U.S.A and Japan. The main difference is in the availability of so-called three-phase power at
virtually all connections, including households. The idea of having fixed cables in public space was
also rejected out of fear for theft and vandalism. A European plug had to be designed for these power
levels and it had to be a plug that could be used on both the car side as well as on the infrastructure
side. Leading OEMs Daimler, BMW, Volkswagen, Fiat, Ford, GM, Toyota, and Mitsubishi, together
with electricity companies RWE, Vattenfall, EDF, E.on, Npower, Endesa, and Enel reached an
agreement on a standard plug for electric vehicles in 2009. This plug was developed by Mennekes
Elektrotechnik, a German manufacturer of industrial plugs, sockets and connectors. It was first used
in two pilot projects in Germany in which respectively Vattenfall and BMW and RWE and Smart
had cooperated in 2008.
o This plug became known as the “Mennekes plug”, but formally it is referred to as the Type 2
plug according to the IEC nomenclature (IEC 62196-2, which became EN 62196-2 in the
EU).
o As this plug was physically not compatible with the U.S. Type 1 (Yazaki) plug, some concern
was uttered over the lack of global standardization and compatibility. For instance, BMW,
Daimler and Volkswagen uttered their concerns at a Californian Air Resources Board
Technology Symposium in September 2009. They called for global standardization of the
charging infrastructure. The car manufacturers proposed to harmonize the (AC) charging
standards, because they felt this was necessary for electric vehicles to become mainstream.
Despite these calls, the Association of German Carmakers (VDA) agreed in 2010 that the
Type 2 was their preferred plug. Amongst its members are Volkswagen, Daimler, BMW,
Opel and the German division of Ford and Fiat. The association selected the Type 2 plug,
because it was the only plug available that complied with their criteria.

In some countries (France for example), type 3 was the de facto standard for a few years, meaning that many
first generation E-CS were installed using this standard, and have not been modified yet. That means that
locally type 3 may still be the only charging option available, even if these plugs are not installed anymore.
E.g., in France, the large majority of E-CS that have been installed by the OEM Renault in its garages still
comply with the Type 3 standard.
DC charging
The DC charging trajectory emerged later than the AC trajectory; the two trajectories have distinct
standardization dynamics. The AC trajectory started with many local projects after which standardization
efforts followed. The DC trajectory in contrast started with the definition of a standard. Only later projects
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started, around the world, in which the plugs were actually used. This standard definition was later
challenged by a large consortium of firms with their own standard. In contrast to the AC trajectory, for
which standardization was sought on a continental scale, the DC trajectory is characterized by a struggle for
global standardization.
- CHAdeMO plug: The development of DC fast charging systems was initiated by the Japanese power
company TEPCO as early as 2007. Their power grid, like that of the U.S.A, allows only charging at
110 Volt at most connections, and charging typically takes a lot of time (10-12 hours). Because
improvement of the grid in general towards 220 Volt or three-phase power was no option, the
Japanese took an interest in DC fast charging at a limited number of locations. By doing so, the
Japanese thus decided to leapfrog the three-phase AC solution that was being developed in Europe.
To define a standard for DC charging, TEPCO set up the CHAdeMO association in 2010. Its
members were both from the Japanese car industry (Mitsubishi, Nissan, Subaru, and Toyota) as well
as a number of electric utilities. The CHAdeMO standard prescribes the use of a fixed cable and plug
on the infrastructure side. Using loose cables for DC charging is considered unsafe and the cost and
weight of the cables (because of their high power rating) make that carrying the cables would be too
much a burden to drivers. This does mean however that a CHAdeMO charging station can only be
used for cars with a matching CHAdeMO inlet and that it is not possible to use alternative cables
such as for AC charging. No other manufacturers than the Japanese OEMs have adopted the
CHAdeMO DC charging standard. Still, even though it was originally a Japanese standard, the fact
that the Japanese EVs were globally marketed meant that the CHAdeMO standard had to be used at
American and European fast-charging stations as well and that it became the de-facto global standard
for DC fast charging. The plug design is however not (yet) recognized as such by the IEC even
though its power and safety ratings comply with the IEC 62196 norms. A major drawback of the
CHAdeMO standard is that it prescribes a separate vehicle inlet that is used for DC charging
exclusively. Another AC vehicle inlet is thus always necessary next to it. American and European
car manufacturers have therefore refused to adopt CHAdeMO and proposed an alternative plug that
combined AC and DC charging in one vehicle inlet.
- CCS Combo: Five German car manufacturers (Audi, BMW, Daimler, Porsche, and Volkswagen)
were the first to propose the development of a combined AC and DC plug. They were later joined by
GM and Ford. The Combo plug, as it was called, was formally announced in 2012 at the Electric
Vehicle Symposium in Los Angeles. There are two versions of the plug. The U.S. version combines
the Type 1 Yazaki AC design with the additional DC pins and the European version combines the
DC pins with the Type 2 Mennekes AC design. The European version therefore also allows threephase power AC charging. Like the CHAdeMO plug, the standard prescribes fixed cables, implying
that a match is always necessary between the car and the charging equipment.
The following figure provides an overview of the standards for conductive AC and DC charging:
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Figure 1: Standards for the wired charging of electric vehicles (Nationale Plattform Elektromobilität 2017)

2.2.2 Charging stations for electric vehicles
Several E-CS suppliers that have relevant market shares come from Europe. We will here give a short-list of
the most important E-CS suppliers, coming from the Alpine Space countries and from the rest of Europe.
The most known E-CS suppliers come from the Alpine Space region and export their products worldwide.

From the Alpine Space countries:
- KEBA AG (Austria)
- SMATRICS (Austria)
- Amperio GmbH (Switzerland)
- Demelectric (Switzerland)
- ABB (Switzerland / Sweden)
- Mennekes (Germany)
- Heldele (Germany)
- Swarco (Germany)
- Rohde&Schwarz (Germany)
- SIEMENS AG (Germany)
- Robert Bosch GmbH (Germany)
- Schneider Electric (France)
- Cahors (France)
- Legrand (France)
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-

DBT CEV (France)
Hager (France / Germany)
Gewiss (Italy)
Etrel (Slovenia)

From the rest of Europe:
- Circutor (Spain)
- Wallbox (Spain)
- Ensto Chago (Finland)
- EVBOX (Netherlands)
- eNovates (Netherlands)
- Efacec electric mobility SA (Portugal)
- Hybricon (Sweden)
- Charge amps (Sweden)
- ecoHarmony Ltd / Viridian EV (United Kingdom)
- Rolec EV (United Kingdom)
- POD point (United Kingdom)
In the following, a more detailed list of the most important standards for electric vehicles and relevant
charging infrastructure is reported.
2.2.3

Charging systems

IEC 61851-1: Electric vehicle conductive charging system - Part 1: General requirements.
It applies to on-board and off-board equipment for charging electric road vehicles at standard AC supply
voltages up to 1.000 V and at DC voltages up to 1.500 V, and for providing electrical power for any
additional services on the vehicle if required when connected to the supply network. The aspects covered in
this standard include:
- The characteristics and operating conditions of the EV supply equipment;
- The specification of the connection between the EV supply equipment and the EV;
- The requirements for electrical safety for the EV supply equipment.
IEC 61851-21: Electric vehicle conductive charging system - Part 21: Electric vehicle requirements for
conductive connection to an AC/DC supply.
This part of IEC 61851 together with part 1 gives the electric vehicle requirements for conductive
connection to an AC or DC supply, for AC voltages according to IEC 60038 up to 690 V and for DC
voltages up to 1.000 V, when the electric vehicle is connected to the supply network.
EMC requirements for on-board chargers and for off-board chargers are specified in the following sub-parts.
• IEC 61851-21-1: Electric vehicle conductive charging system - Part 21-1 Electric vehicle on-board
charger EMC requirements for conductive connection to AC/DC supply
• IEC 61851-21-2: Electric vehicle conductive charging system - Part 21-2: EMC requirements for
OFF board electric vehicle charging systems
IEC 61851-23: Electric vehicle conductive charging system - Part 23: DC electric vehicle charging station.
It gives the requirements for DC electric vehicle (EV) charging stations, also referred as "DC charger", for
conductive connection to the vehicle, with an AC or DC input voltage up to 1.000 V AC and up to 1.500 V
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DC according to IEC 60038. It provides the general requirements for the control communication between a
DC EV charging station and an EV. The requirements for digital communication between DC EV charging
station and electric vehicle for control of DC charging are defined in IEC 61851-24.
IEC 61851-24: Electric vehicle conductive charging system - Part 24: Digital communication between a DC
EV charging station and an electric vehicle for control of DC charging.
This standard, together with IEC 61851-23, applies to digital communication between a DC EV charging
station and an EV for control of DC charging, with an AC or a DC input voltage up to 1.000 V AC and up to
1.500 V DC for the conductive charging procedure. The EV charging mode is mode 4, according to IEC
61851-23.
2.2.4 Communication between EV and E-CS:
The ISO 15118 series specifies the communication requirements between EVs, including BEVs and PHEVs,
and the charging infrastructure (E-CS). The core of the standard consists of 3 parts:
• Part 1 - General information and use-case definition: it defines the purpose and main use-cases of the
standard.
• Part 2 - Network and application protocol requirements: it defines the highest communication layer –
application, which includes protocol specifications and message descriptions.
• Part 3 - Physical and data link layer requirements: it defines all the lower communication layers of
the standard: from physical (based on HomePlug Green PHY powerline communication standard) to
transport (UDP or TCP based).

It should be noted that IEC 15118 standard does not specify internal EV communications or
communications beyond the charging station.
The following parts, dealing with conformance testing of all communication layers, are under development:
• Part 4 - Network and application protocol conformance test.
• Part 5 - Physical layer and data link layer conformance test.
An additional Part 8 has been added to extend the standard with wireless communication: Part 8 - Physical
layer and data link layer requirements for wireless communication
2.2.5 Plug/Connectors
Accessories for charging, e.g. the type of plug/connectors are defined in the IEC 62196 series composed by
the following parts:
• IEC 62196-1: Plugs, socket-outlets, vehicle connectors and vehicle inlets - Conductive charging of
electric vehicles - Part 1: General requirements.
• IEC 62196-2: Plugs, socket-outlets, vehicle connectors and vehicle inlets - Conductive charging of
electric vehicles - Part 2: Dimensional compatibility and interchangeability requirements for AC pin
and contact-tube accessories.
• IEC 62196-3: Plugs, socket-outlets, vehicle connectors and vehicle inlets - Conductive charging of
electric vehicles - Part 3: Dimensional compatibility and interchangeability requirements for DC and
AC/DC pin and contact-tube vehicle couplers.
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In IEC 61851-1 the following charging modes are defined:

Charging Modes

Description
•

Mode 1

•

an AC charging method from
household socket/outlets
Supplying circuit shall be
provided with an RCD

•

Mode 2

Mode 3

1, 2 or 3 phase charging with AC
up to 32 A
• Charging cable is equipped with
an in-cable control box (IC-CPD)
which includes control and safety
related functionalities such as
restriction of the charging current
• IC-CPD provides extended safety
functionalities as mode 3
• AC supply from a dedicated EV
socket-outlet or connector
• 1, 2 or 3 phase charging with AC
up to 3x63 A or 1x70 A
• Extended safety functionalities
◦ Continuous
protective
earth
conductor continuity checking
◦ No proper connection, no voltage
• Extended control possibilities
(e.g. controlling the
• charging current)
• Feeding back electricity from
V2G.
•

Mode 4

•
•

DC charging from an external
charger
Fixed charging cable in a
charging station
Enables flexible and controllable
charging with 50 kW (future
developments up to 150 -350
kW).

Figure 2: Description of the four charging modes as defined in the norm IEC 61851-1
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The main characteristics, the standards and the relevant charging modes are summarized in the following
Figure 3.

Charging Plug/connector
Illustration
modes
(standard)

Mode 1

Schuko
(IEC 60884)

Mode 2

Schuko
(IEC 60884)

Type 1
(IEC 62196-2)

Type 2
(IEC 62196-2)
Mode 3
Type 3A
(IEC 62196-2)

Type 3C
(IEC 62196-2)
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Characteristics
Non dedicated power
socket
Power (AC) :
Nb of phases:
Imax:
Vmax:
Nb of pins:
Non dedicated power
socket
Power (AC) :
Nb of phases:
Imax:
Vmax:
Nb of pins:
Power (AC) :
Nb of phases:
Imax:
Vmax:
Nb of pins:
Power (AC) :Nb of
phases:
Imax:
Vmax:
Nb of pins:
Power (AC) :
Nb of phases:
Imax:
Vmax:
Nb of pins:
Power (AC) :
Nb of phases:
Imax:
Vmax:
Nb of pins:

2- 3,7 kW
single phase
10A /16A
220 V
2

2- 3,7 kW
single phase
10A /16A
220 V
2
3 – 7 kW
Single phase:
32A
250V AC
5
3,7 – 43 kW
Single phase/Three
phases
up to 70A / 63A
250V AC
/
480V AC7
3.7 kW
Single phase
16A
250V AC
4
3,7 – 43 kW
Single phase/Three
phases
16A , 32A, 63A
250V /480V AC
7
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Power (DC):
CCS - Combo 2
(IEC 62196-3)
Mode 4
Chademo
(IEC 62196-3)

Imax:
Vmax:
Communication
protocol:
Power (DC):
Imax:
Vmax
Communication
protocol:

50 kW DC (future
system: up to 350
kW)
up to 125 A
up to 850V
DIN 70121
50 kW DC (future
system: 150 kW)
up to 125 A
up to 500 V DC
CAN

Figure 3: List of Plug/Connectors - Mode, Type, Standards and characteristics

For normal charging (up to 7.4 kW), car manufacturers have built a battery charger into the car. A charging
cable is used to connect it to the electrical network with a 230 volt AC current supply. For quicker charging
(22 kW, 43 kW or even more), manufacturers have chosen two solutions:
• Use of the vehicle's built-in charger, designed to charge from 3 to 43 kW at 230 V single-phase or
400 V three-phase.
• Use of an external charger, which converts AC current into DC current and charges the vehicle at
50 kW (e.g. Nissan Leaf) or more (e.g. 120-135 kW Tesla Model S).
Charging time for 100 km of BEV range Power supply Power

Voltage

Max. current

6–8 hours

Single phase

3.3 kW

230 V AC

16 A

3–4 hours

Single phase

7.4 kW

230 V AC

32 A

2–3 hours

Three phase

11 kW

400 V AC

16 A

1–2 hours

Three phase

22 kW

400 V AC

32 A

20–30 minutes

Three phase

43 kW

400 V AC

63 A

20–30 minutes

Direct current

50 kW

400–500 V DC 100–125 A

10 minutes

Direct current

120 kW 300–500 V DC 300–350 A

Figure 4: Comparison of the charging time depending on the power of the charging station

The user finds charging an electric vehicle as simple as connecting a normal electrical appliance; however to
ensure that this operation takes place in complete safety, the charging system must perform several safety
functions and dialogue with the vehicle during connection and charging.
Thanks to the adoption of the Directive 2014/94/EU dealing with the development of an infrastructure
dedicated to alternative fuels, European standards have been defined:
• Alternate Current (AC) slow recharging points for electric vehicles shall be equipped, for
interoperability purposes, with connectors of Type 2 as described in standard EN 62196-2.
• Alternate Current (AC) fast recharging points for electric vehicles shall be equipped, for
interoperability purposes, with connectors of Type 2 as described in standard EN 62196-2.
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• Direct Current (DC) fast recharging points for electric vehicles shall be equipped, for interoperability
purposes, with connectors of Type "Combo 2" as described in the relevant EN 62196-3 standard.

2.3

Tendencies

2.3.1 Vehicle-to-grid technology
Reverse energy flow from the battery (V2G) is proposed as a possibility to optimise energy control and to
facilitate the use of renewable energies on the grid provided battery life cycle and degradation questions are
solved. Smart grid services will influence charging patterns and contribute to the optimisation of energy use,
for example, by:
• Aggregation of the power generated by a vehicle fleet.
• Management of energy and power balance (including EV).

This requires information transfer between the EV and the grid. The fact that vehicles are parked most of the
time offers the possibility to concentrate charging of electric vehicles on those periods when the power grid
has the greatest free capacity, i.e. during off-peak hours. Additionally, in the future, EVs and charge spots
may be designed to provide energy for the home or even provide energy back to the grid, with the objective
of improving reliability and decreasing the variability of the load of the whole energy system.
Standardization requirements on the communication between the EV and the smart grid will need to be
coordinated with the European Standardisation Organisation’s (ESO) Smart Grid Coordination Group.
Initially, this standardisation work would have followed the CENELEC TC 13 standardization activities for
energy metering (mandate M/441 of the European Commission), and IEC TC 57 for distributed energy
resources (DER) with demand response, in accordance with CENELEC TC 205 in charge of Home and
Building Electronic Systems.
Currently available standards and regulations do not include all necessary requirements to achieve the
sought interoperability for EV charging all over Europe. This more particularly concerns all the conditions
that apply to the control pilot, i.e. the connector cable used to transmit the communication information, and
the way it intervenes in the practical vehicle operation. Experience must be collected by the interested
partners in order to prepare a complete set of test specifications for this operation.
2.3.2

Smart charging

Smart charging refers to a controlled charging process that optimises the use of the grid and the available
electrical energy to minimise additional investments in the grid and facilitate the integration of RES.
Given the energy and climate goals set by the European Union in 2009, electricity generation is to change
drastically. 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 peaks in the electricity grid. Bi-directional communication between electric vehicles
and charging spots is therefore needed to streamline demand and make the best use of the available
electricity. This bi-directional communication will enable controlled charging procedures: the vehicle will
be charged “off peak” using available grid capacity. Smart charging therefore not only enables optimal use
of RES capacity, but it is also indispensable to avoid additional demand for electricity in high peak periods,
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which in turn would require additional power generation capacities. Indeed, EVs and their charging
processes could be used as an enabler for future bi-directional communication in the electricity grid (smart
grid and vehicle-to-grid, V2G) which will be key in future smart city concepts that pay a great attention to
the energy consumption management.
The control mechanism can be enabled by the grid, by the charging point, or 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 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:
• facilitate the integration of renewable energy sources 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.
2.3.3 The development of ultra-fast charging E-CS
The most relevant tendency to be highlighted when it comes to the evolution of the charging technology is
the upcoming deployment of “ultra-fast” charging stations which will deliver charging power of at least
150kW; in Switzerland, the project GOFAST (Gotthard Fast Charge) aims at installing a network of these
ultra-fast E-CS along the Gotthard bridge; the E-CS that have been installed deliver a charging power of
150kW; however, as the technology goes on, it will not be surprising to see E-CS delivering a charging
power up to 300 or even 350kW in a near future.

For instance, the project Ultra-E that is partially financed by the European Union aims at deploying a pilot
of 25 ultra-fast chargers (150-300 kW) complying with the CCS Combo standard, on TEN-T Corridors
connecting the Netherlands, Belgium, Germany and Austria, thus bringing direct benefits to EV drivers, and
using this pilot experience to promote the roll-out of ultra-fast charger stations in Europe. This will be done
by analysing market and business models, evaluating the pilot experience and defining an EU roll-out plan.
◦ The German E-CS operator Allego will operate this network from 2018 onwards.
◦ Other project partners are the roaming platform Hubject and OEMs, such as BMW, Renault,
Audi, and agencies like Bayern Innovativ.
In October 2016, the alliance of the German car-makers, namely Audi, BMW, Daimler, Porsche, and
Volkswagen, announced its willing to deploy a robust network of ultra-fast charging E-CS along the
European corridors (around 100 new E-CS); these E-CS will be able to deliver up to 350kW and will
comply with the European CCS Combo standard.
In July 2017, German car-maker Porsche installed its first ultra-fast E-CS in Berlin that delivers a charging
power of 350kW; it is now possible to charge up to 80% of the battery allowing a 400km range within 15
minutes; it is a commitment of the Porsche company to take part in the development of electric mobility but
it has also to be considered as a competition move towards TESLA.

European Regional Development Fund

Pag. 20/35

Report

These projects and announcements match with the development of electric mobility and aim at
accompanying the electric mobility market, which will be focused on the extension of the range of the
batteries.
2.3.4

The development of inductive charging

More and more, OEMs are interested in the development of new means of charging electric vehicles, and
specifically in the development of inductive charging. This technology works by transmitting energy
through the air, or, more precisely, through a time-varying magnetic field. The technology is essentially
based around two coils, with one built into a road, a parking space or a garage, and the other fitted to the
underbody of the car. In conjunction with suitable capacitors, these coils form a sort of resonant "antenna
system for energy transfer." The nearer the two coils are to each other, the more efficiently the energy is
transferred (Fraunhofer Institute).
The first projects have been initiated by German car-makers BMW in 2014 and Daimler in cooperation with
American chipmaker Qualcomm in 2015. The OEMs claim that this technology would be even more userfriendly, since there is no need for a connector and it would also allow the size reduction of the EV batteries
because the charging of the EV could happen more often, and could even happen when the car is driving if
the roads are equipped with induction systems, hence resolving one of the hurdles to the development of
electric mobility, namely the limited range of the EVs. Daimler announced in 2016 that it would
commercialize the first EV charging through induction from 2018 onwards (Daimler Company).
However, this induction technology is facing hurdles that are limiting this development:
◦ The development of a standard: in 2016, SAE International adopted the standard “SAE TIR
J2954 Wireless Power Transfer for Light-Duty Plug-In/ Electric Vehicles and Alignment
Methodology” to establish wireless power transfer between infrastructure, vehicle suppliers and
OEMs for PHEVs and BEVs.
o This standard defines acceptable criteria for interoperability, electromagnetic
compatibility, minimum performance, safety and testing for wireless charging of EVs.
o The current version addresses unidirectional charging, from grid to vehicle, but
bidirectional energy transfer, i.e. V2G also, may be evaluated for a future standard.
o At the moment, this standard only covers the stationary charging of EVs; in the future, it
could also cover dynamic charging applications, i.e. inductive charging from the road
while driving.
o SAE TIR J2954 establishes a common frequency band using 85 kHz (81.39 - 90 kHz) for
all light duty vehicle systems. In addition, four classes PH/EV of Wireless Power Transfer
levels are given today.
▪ 3.7kW specified in TIR J2954
▪ 7.7kW specified in TIR J2954
▪ 11kW to be specified in revision of J2954
▪ 22kW to be specified in revision of J2954
o However, this standard is not the only one that has been developed for the purposes of
wireless charging and SAE’s standard has to compete with the ones developed by the
Alliance for Wireless Power, the Power Matters Alliance and the Wireless Power
Consortium. These standards operate at different frequencies, thereby making it
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◦

◦

3

impossible for one wireless charging protocol to power a device optimized for a different
charging standard.
The necessary evolution of the technology: scientists underline that the amount of electricity that
should be transferred to the EV should be increased in order to maintain a sufficient power level
of the battery; technically, the continuous flow of electricity can only be maintained if some
aspects of the circuits, such as the frequency, are manually tuned as the object moves (Stanford
University). So, either the energy transmitting coil and receiver coil must remain nearly
stationary, or the device must be tuned automatically and continuously, which is a significantly
complex process. In June 2017, scientists from the Stanford University have resolved this
complexity by eliminating the radio-frequency source in the transmitter and replacing it with a
commercially available voltage amplifier and feedback resistor. This system automatically
figures out the right frequency for different distances without the need for human interference.
This shows that the technology is not fully mature yet and needs to be improved in the following
years, meaning that the generalisation of the inductive charging would only occur in a mid- or
long-term
perspective.

THE DEVELOPMENT OF A ROBUST ROAMING INFRASTRUCTURE
3.1

Roaming and interoperability

“Roaming” can be defined as the ability for a client, who already has a service contract, to obtain the same
service at any location, without the requirement to subscript to a specific contract with the operator of that
local service. It is of particular interest for telephony and similar technologies, where roaming is obtained by
simple bilateral or multilateral relations between service providers. The concept is also being proposed for
the charging of electric vehicles to enable EV users to charge in any city.
We could here remind that there are two main categories of accessing an E-CS:
- Local authorisation, e.g. thanks to a RFID card;
- Remote activation, mostly done by the EV driver thanks to an app, a SMS…
When an EV driver is willing to access a charging point, different stakeholders play specific roles:
- The EV driver has a contract with an electric mobility service provider facilitating the use of an ECS;
- Based on this contract, the e-mobility provider (EMP) gives the user the opportunity to use charging
infrastructures via a service that includes the detection and activation of charging stations
(identification and billing);
- The charging point operator (CPO, or E-CS operator) operates the charging infrastructure or a part of
it with legal responsibility and may issue invoices for its use. A charging point operator may draw on
other providers for its business, such as network operators, electricity providers, and charging station
manufacturers.
- The e-roaming provider connects the services offered by the EMPs and CPOs that cooperate with
him across regions. Along with the technical interconnection, he provides other services for his
partners, supporting them, for instance, with billing procedures.
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The roaming for electric mobility is based on B2B agreements; roaming is of greatest relevance from both
the charging point operator’s (CPO) and the electro-mobility operator’s (or electric mobility service
provider, EMP) points of view:
- from the electro-mobility operator’s point of view, subscribers from any operator can be given the
freedom to connect to charging spots and get charging services using subscribers’ credentials;
- From a charging point operator’s point of view, the subscribers with the appropriate credentials can
connect to his charging network, and benefit from using his charging points.
An interoperability hub (“clearing house”) or “roaming platform” is the neutral entity mediating between
two partners, to provide validation services for exchange of technical information, contract relations or
security certificates. Three major roaming platforms are to be found in the Alpine Space: Hubject, GIREVE,
and Plugsurfing since their geographical coverage exceed the national borders.
In order to enable roaming procedures and the interoperability, identification is a crucial issue, since an ECS is the only object that can actually be assigned to the charging of an EV; since 1st March 2014, every
charging point of an operator is assigned a worldwide unique EVSE ID given by the national authorities.
Along with every E-CS, every user must be uniquely identified as well. Only this makes the assignment of a
charging process to a user and the correct billing of the charging process possible. The user is identified
through the contract ID, which is also called EMA ID (e-mobility account identifier) or EVCO ID (electric
vehicle contract identifier).
The Italian National Electric Recharging Infrastructure Plan (PNIRE) envisages that Smart Card for
accessing to public E-CS has to be compatible with existing Cards for accessing public transport and
mobility services, extending the range of interoperability and opening up to the world of Mobility-As-AService (MAAS) systems.

3.2

The development of interroaming

3.2.1 The Pan-European initiative
On 24 March 2015, five roaming platform operators, namely e-clearing.net (Germany and the
Netherlands), GIREVE (France), MOBI.E (Portugal), Enel (Italy) and Hubject (Germany), decided to
launch a cooperation aimed at interconnecting these five major eRoaming platforms in Europe. The PanEuropean initiative engages to further simplify the charging of electric vehicles with single EV charging
supply contracts across provider lines and national borders.
eRoaming platforms are a link connecting different market participants in the e-mobility sector. These
business and IT platforms enable charge point operators to conveniently and cost-efficiently open their own
networks to additional users and thus get additional revenues by making contracts with e-mobility providers.
These connected networks allow EV drivers to seamlessly recharge their vehicles at charging stations
operated by connected charging operators, delivering value to users and all e-mobility providers and service
providers, namely EV electricity suppliers, vehicle manufacturers as well as other market participants.
The five platforms have each established their own eRoaming solutions and service offerings in different
European countries. The ultimate aim of the initiative is to reduce the existing barriers and provide a
European interoperable charging infrastructure.
th

As a very first step, the platform operators are embarking on a process of mutually exchanging the
geographical data required to locate the charging stations connected to their respective networks. The
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partners also planned to demonstrate their ability to enable users to charge their electric vehicles at networks
connected to any of these five eRoaming platforms through so-called “interroaming”, within 2015.
Moreover, by committing themselves to interconnect their individual platforms the members of the PanEuropean eRoaming initiative are following a path that is desired by policymakers, as fixed by the European
Commission in its “Deployment of Alternative Fuels Infrastructure” directive.
 Due to the large number of market participants in the relevant roaming platforms, this “interroaming”
is being implemented in several stages. The market partners are in unanimous agreement about the
long-term goal. The first stage will be to introduce the sharing of point-of-interest data, and then
another important step will be authentication, which is already being prepared. Drivers of electric
vehicles will find that the process of charging will become increasingly straightforward and more
standardised and long-distance mobility will become an increasingly achievable reality.
3.2.2

The Open Fast Charging Alliance initiative

In February 2017, five of the biggest Europeans operators of fast-charging networks, three coming even
from countries of the Alpine Space, namely Smatrics (Austria), Sodetrel (France), Gotthard Fast Charge
(Switzerland), Fastned (the Netherlands), and Grønn Kontakt (Norway), announced the creation of the Open
Fast Charging Alliance, which is the European complementary initiative of the Open Charge Alliance – a
consortium that already gathers a lot of American and European E-CS operators – but here specifically
dedicated to the interoperability between the most important European fast-charging networks. These five ECS operators count in total more than 500 publicly accessible E-CS that are installed in six European
countries. This initiative is open to any E-CS operator willing to join. The founding partners are willing to
set charging networks equipped with charging points delivering up to 150kW.
As stated, the objective of the Open Fast Charging Alliance is the development of roaming between all
partners’ networks; to do so, the partners are willing to adopt open standards and protocols, such as the Open
Charge Point Interface (OCPI) that allows direct communication between the networks and does not require
third parties for bilateral (commercial) agreements, and to create a common personal assistance service that
would run 24/7. This will enable the EV drivers to charge to the five networks by using only one charging
pass, and this initiative underlines the care of the E-CS operators for opening their networks on a crossborder perspective.

3.3

Identification and billing systems

The identification and billing system is the real challenge of electric mobility. This is the system that
identifies the driver (or the car) and subsequently communicates with the network’s back office to secure
payment or at least to check whether the driver is known to the central system. In other words, this system
provides the link between the driver and the network operator and/or service provider.
The Netherlands is the only country of the EU in which roaming is possible between the regular charging
networks, in other countries like Norway and Sweden ‘roaming’ is possible because there’s no billing
system at all. Even if the Alpine Space might be considered as a territory where the interoperability of the
charging stations is low, several roaming platforms of European relevance are active in the seven countries
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of the Alpine Space, such as Hubject, eclearing.net, GIREVE, and PlugSurfing to quote the biggest ones. In
the second part of the state of the art report dealing with the business models analysis, we saw that there was
not any homogeneity among the billing and identification systems that have been adopted by the E-CS
operators.
In other countries, there are at least two networks with their own identification and billing systems. In the
case of DC fast charging, roaming is only possible on an ad hoc basis. The two major initiatives to realize
international roaming, eclearing.net and Hubject, are incompatible and it is unlikely that they can exist sideby-side at individual charging stations or locations. Given the unlikeliness of the emergence of a single
European system for roaming between the networks, it would be best if charging point operators (CPOs)
would be able to include ad hoc identification of the customer and payment systems in their chargers (using
SMS or credit card payments for instance). This would be especially relevant for DC fast chargers to
facilitate cross-border trips. Alternatively, in those countries where a national roaming system emerges, it
would be convenient for foreign EV drivers to be able to purchase a (pre-paid) card with which they can
charge from the local network(s) during their cross-border trip. However, the legislation of the European
Union grants a free and unrestricted access to the charging points to all EV drivers, even for them who have
not subscribed to any commercial offer of an E-CS operator. Therefore, alternative means of payment
besides eRoaming should be fostered, even if some stakeholders, such as Mr. Arnaud Mora, CEO of
Freshmile, claim that setting a payment thanks to a credit or debit card system would be too expensive on
the charging network (second e-Moticon seminar in Strasbourg, 5th July 2017). eRoaming is considered as
the solution giving the best pros to the end-users, and easing the management of pricing and billing for the
E-CS operators - a kind of “win-win” situation.
Standardization of these identification and billing systems, or compatibility between them, is crucial to
realizing interoperability or roaming between the different recharging networks, both for national as well as
international interoperability. Interoperability between networks also requires a higher level system (equal to
a clearing house) that connects the back-offices of individual networks and that takes care of financial
transactions between the network operators (or service providers).
The most popular identification method today is the use of smart Radio-frequency identification (RFID)
cards. Identification by means of a mobile phone or direct communication between the car and the charger
are also in use or under development. Mobile phone identification can also be used for ad hoc charging by
means of an SMS payment and this option therefore provides, theoretically at least, more flexibility.
However, if one considers the quick evolutions in the automotive industry, especially the development of
connectivity and the integration of software systems in the vehicles, one could figure it would soon be
possible for the EV driver to plug-in the EV to a charging point and the EV would then automatically
identify to the E-CS, the latter authorising itself the charging process. EVs would then also become
interoperable platforms, concentrating all applications that are on smartphones at the moment.
All of these options can be used in subscription based systems in which the system ‘knows’ the driver and
can allow the driver to charge the EV. The driver is then also billed for the charging time or energy use
(when the membership does not include energy use on a flat rate basis). In case of roaming between
networks, the system should be able to acquire information about the user from its own network and send a
bill to that network.
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E-CS NETWORK DEVELOPMENT IN THE ALPINE SPACE

According to the aggregated data sent by the project partners, we can sketch the following situation in terms
of E-CS that have been installed in the Alpine Space countries. These data are meant to change and to be
corrected by new data.
As there is currently not one single unified platform registering E-CS at Alpine Space level, data had to be
collected on a national/regional basis, using different sources, which makes for an inconsistent database.
In particular, depending on the local situation, private E-CS (hotels, garages, small shops…) that are only
accessible to customers may play a very significant role, but may or may not be listed in the overall database
although in many rural areas they are the only ones currently available.
One must also note that the situation is evolving quite rapidly, with medium- and large-size networks being
set up right now in several regions or countries, both public (for instance 2017-2018 is a pivot period in
France due to the large ADEME funding that have just been awarded) and private (German OEMs have
started to get serious about E-CS networks).
As stated before, in some areas many earlier E-CS are already from an outdated type, either because they
have the wrong plug standard (type 3…) or because they are not physically capable to communicate with an
outside platform. Operators who were early adopters now face the financial burden to update or altogether
change their E-CS (which many of them are not willing to do in the near future).

4.1

Number and kind of E-CS installed in the Alpine Space region

According to the data provided by the different project partners, we can underline that at least 10.535
publicly accessible E-CS have been installed up to day in the Alpine Space (the figure below states the
number of installed E-CS, not charging points).
Concerning the charging power:
o 12% of the E-CS deliver a low-charging power (up to 3kW);
o At least 75% of the E-CS deliver a normal charging power (up to 22kW)
o 13% of the publicly accessible E-CS are fast-charging E-CS in the Alpine Space
Concerning the plug standards that are used:
o 50% of the E-CS are normal-charging power E-CS that comply with the European
standard Type 2
o 4% of the E-CS comply with the CHAdeMO standard
o 4% of the E-CS deliver a high-charging power and comply with the European standard
CCS Combo
o 3% of the total E-CS are high-power charging and multi-standard
o 2% of the E-CS belong to the private network installed and operated by TESLA.
Concerning the evolution of the charging networks:
◦ A large majority of the E-CS that have been installed in the Alpine Space region and that are
accessible to the public deliver a normal charging power, i.e. below 22kW and even 3kW.
o Around 86.8% of the total of the installed E-CS deliver a charging power up to 22kW.
o Among them, the Type 2 socket corresponding to the European standard is the most
common socket in Germany, Austria and Slovenia.
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◦

o France and Italy firstly chose to prefer installing E-CS delivering a low-charging power
(3kW).
But more and more fast-charging E-CS, delivering a charging power over 22kW are installed and
operated.
o Among them, the CCS Combo socket and multi-standard sockets are favoured; the
CHAdeMO socket (Japanese standard) is allowed until 2019.
o Besides these technologies, TESLA deploys its own charging infrastructure network in an
independent mean.
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(EAFO)

Interoperability levels of the installed E-CS in the Alpine Space

The following figures presents the interoperability rates of the publicly accessible E-CS that have been
installed in the different regions of the Alpine Space countries (numbers to be checked again), i.e. the
proportion of the interoperable E-CS vis-à-vis all installed publicly accessible E-CS in each Alpine Space
region.
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Alpine Space Regions

Interoperability %age for the E-CS
FRANCE (59%)

FR42 Alsace
FR43 Franche-Comté
FR71 Rhônes-Alpes
FR82 Provence-Alpes-Côte d’Azur

64%
59%
57%
54%

GERMANY (46%)
DE21 Oberbayern
DE27 Schwaben
DE14 Tübingen
DE13 Freiburg

34%
45%
63%
73%
SLOVENIA (57.77%)

SI031 Pomurska
SI032 Podravska
SI033 Koroska
SI034 Savinjska
SI035 Zasavska
SI036 Posavska
SI037 Jugovzhodna Slovenija
SI038 Primorsko-notranska
SI041 Osrednjeslovenska
SI042 Gorenjska
SI043 Goriska
SI044 Obalno-kraska

41.18%
67.90%
80%
31.48%
55.56%
40.91%
68.42%
76.92%
76.22%
34.78%
40.68%
55.56%

AUSTRIA (75%)
AT11 Burgenland
AT12 Niederösterreich
AT13 Wien
AT21 Kärnten
AT22 Steiermark
AT31 Oberösterreich
AT32 Salzburg
AT33 Tirol
AT34 Vorarlberg

66%
68%
87%
73%
30%
74%
72%
68%
97%
ITALY (39%)

ITC4 Lombardia
Rest of the country
LIECHTENSTEIN (12%)
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4.3

Comments on the deployment of the charging infrastructure in the Alpine Space countries

4.3.1 Austria
Considering the statistics given by the Austrian project partners, around 75% of the E-CS that are publicly
accessible throughout the country are already interoperable. The Vorarlberg region is the most advanced on
that issue, with 97% of the installed E-CS that are interoperable. Interesting is that this region is located at
the Swiss, German and Liechtenstein’s borders, enabling a cross-border charging for EVs’ drivers. The other
Austrian regions have interoperability rates comprised between 30% (Styria) and 87% (region of Vienna).

In average, there are 6 EVs registered per publicly accessible charging station in the country, with 7 EVs/ECS for the normal-charging power E-CS and more than 35 EVs/E-CS for the high-power charging stations.
4.3.2 France
The statistics on E-CS reflect only those that are installed in the former administrative regions covered by
the Interreg Alpine Space program, i.e. the regions Alsace, Franche-Comté, Auvergne-Rhône-Alpes (new
region) and Provence-Alpes-Côte d’Azur. These data have been gathered by the French project partners.

A new situation will emerge over the years 2017 and 2018 concerning the installation of publicly accessible
E-CS, especially in the departments of the former Franche-Comté region, since the charging networks will
be installed thanks to the financial support of the ADEME agency. These charging networks will be installed
by the departmental energy syndicates and will be then operated by E-CS operator Freshmile. The E-CS will
be fully interoperable as the departmental energy syndicates have signed agreements with the French
roaming platform GIREVE. Making the charging networks interoperable is also one of the conditions to
receive funding from ADEME. Other conditions are
- the compliance of the sockets with the European standards (Type 2 and CCS Combo at least, E-CS
that are equipped with Shuko and CHAdeMO plugs have to be multistandard and complying with
European standards);
- the size of the project, since each financed project needs to install at least 20 charging points, and at
least 4 per charging station;
- the free parking granted for EVs;
- the granted access to the E-CS with an RFID card (other means are accepted);
- each E-CS has to be communicative in order to manage electricity consumption (smart charging).
- The E-CS have also to be registered on the official data portal of the French Government and the ECS operators has to give the technical details of the E-CS to at least one roaming platform.
If all these conditions are granted, the ADEME agency finances up to 50% of the installation costs of an ECS delivering a normal charging power (between 7 and 22kW) without exceeding 3.000€ and up to 30% of
the installation costs of a fast-charging E-CS (up to 12.000€). However, the project have first to focus on
normal power delivering charging points, since up to 10% maximum of the installed E-CS can be fast
charging E-CS.
We give here as a reminder the figures provided by the EAFO for the publicly accessible E-CS that have
been installed on the French territory (as updated at the end of July 2017):
- 14.407 E-CS delivering a normal charging power;
- 1.722 fast-charging E-CS.
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In total, France counts 16.129 publicly accessible E-CS on its territory.
4.3.3 Germany
The statistics given above are only related to the four Alpine Space regions identified in Germany, i.e. those
located in the southern part of the country, namely regions Freiburg, Tübingen, Schwaben, and Oberbayern
and do not reflect the global situation of the country in terms of publicly accessible charging infrastructure.
The data have been provided by the German project partners.

We give here as a reminder the figures for the publicly accessible E-CS that have been installed throughout
Germany:
- 18.334 E-CS delivering a normal charging power
- 1.961 charging stations that are fast-charging E-CS.
In total, Germany counts 20.295 E-CS on its territory.
4.3.4 Italy
Like France and Germany, the statistics we are publishing here for Italy deal with the northern regions of
Italy, namely these covered by the Alpine Space Interreg program. The data published here have been
provided by the Italian project partners.

As we have done it for France and Germany, we also give the national statistics concerning the installed
publicly accessible E-CS; in total, by mid-2017, according to the EAFO statistics, 2.228 E-CS have been
installed in total, composed as follows:
- 1.980 E-CS deliver a normal charging power
- 248 are fast-charging E-CS.
4.3.5 Liechtenstein
No specific comments to be added; cf. figures in the chart above.
4.3.6 Slovenia
The first E-CS that have been referenced by the EAFO have been installed from 2014 onwards. Slovenia is a
developing market taking seriously into account the need for a robust charging network, since there are more
E-CS than EVs! In average, there is a “perfect” rate of one EV per E-CS (5 EVs per fast-charging E-CS
according to the EAFO data). According to the data provided by the Slovenian project partners, which differ
a bit from the data issued by the National Strategy on alternative fuels development, the 286 publicly
accessible E-CS represent 547 sockets.
4.3.7 Switzerland
Switzerland has a robust charging infrastructure network that has been deployed over the last couple of years
since the number of E-CS has more than doubled between 2014 and 2015.
In average, each publicly accessible E-CS in Switzerland is used by four EVs; whereas each fast-charging
power E-CS is used by more than 46 EVs. Data published in the above figure come from the EAFO
statistics.
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CONCLUSION

As we stated at the beginning of this report, too much variety and persistent incompatibility among the
networks are the main reasons why the EV drivers may have the feeling they cannot use their EVs to their
full potential and that cross-border trips look sometimes impossible. Nowadays, there are indeed still major
differences between the national charging networks in the Alpine Space; only 50% of the installed E-CS
comply with the European Type 2 standard. This latter socket is the most common used socket in Germany,
Austria, and Slovenia, but in France and Italy, former Type 3 sockets for instance are still widely spread,
since this standard was used at the beginning of the electric mobility uptake, and the E-CS equipped with
these sockets have not been replaced yet.
By the end of the first semester of 2017, around 10.535 publicly accessible E-CS were installed in the
Alpine Space. With the area counting more than 250.800 EVs, it means that, in average, there are 24 EVs
per E-CS, even if national and regional discrepancies are common; although this ratio is over the average
advised by the European Commission, which should comply with the principle “one E-CS for ten EVs”, we
cannot deny that over the past couple of years, some progresses have been made in each country, in terms of
deployment of charging stations, but also in terms of technical standardisation, and therefore, in terms of
interoperability.
These progresses first follow the adoption of the Directive 2014/94/EU on the development of an
infrastructure for the alternative fuels, the Member States of the European Union being committed to comply
with the European legislative prescriptions, and first of all with the adoption of the common standards as
described in the standard IEC EN 62196-2 and IEC EN 62196-3 (Type 2 and CCS Combo plugs,
respectively for the normal-charging and the fast-charging E-CS). Even Switzerland and Liechtenstein that
are not Member States of the EU have decided to adopt the standards of their neighbours, giving here the
possibility to build a homogeneous cross-border charging network. These common standards will fully enter
into force from 2019 onwards. The planned E-CS, and we could assume that the existing ones which will be
maintained, will be more and more equipped with the same plugs, enabling the EV drivers and the EV
manufacturers, and the electric mobility market in general, to benefit from the standardisation.
When it comes to the state of the charging infrastructure deployed in the Alpine Space, we saw that 75% of
the installed E-CS deliver a normal charging power comprised between 3.7 and 22kW; 13% of the E-CS are
delivering a fast-charging power, over 22kW. But we underline there is a booming tendency around the
installation of fast-charging networks that will be able to deliver at least 150kW and up to 350kW, in order
to comply with the battery technology of the EVs that will support higher charging power but also to reduce
the relatively high charging times, which are still considered as a major obstacle to the better development of
electric mobility for the end-users. This tendency is undertaken by private E-CS operators and OEMs.
Among other current technical tendencies, we can add the care shared by more and more E-CS operators to
deliver electricity produced from renewable sources of energy to their charging points, as well as the
introduction of “smart charging” technologies allowed by a bi-directional communication between the EV
and the charging infrastructure, managing the time of the charging process as well as the power delivered in
real-time in order to finally manage the electricity consumption and to optimise the global energy efficiency.
Another obstacle we have highlighted in this report but which is beginning to subside is the heterogeneous
level of interoperability between the charging networks, not only on a transnational basis, but also on a strict
national basis, EV drivers sometimes feeling compelled to subscribe to different offers from several E-CS
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operators to be able to drive on long journeys. Here again, the adoption of the Directive 2014/94/EU on the
development of alternative fuels infrastructure has clarified the regulatory framework and stressed on
allowing the access to the charging points to any EV driver, even if the latter has not subscribed to any
contract with an E-CS operator. Nowadays, identification of the users and of the E-CS through unique IDs is
mainstreamed, even if the means of identification of the EV drivers (local identification with RFID card or
remote one thanks to an app, for instance), are chosen by each operator and does not benefit from
homogeneity through common agreements between the stakeholders. Yet it is acknowledged that reaching
full standardisation on the identification and billing systems will be difficult.
This specific obstacle has also been overcome thanks to the activities undertaken by the roaming platforms
that have launched initiatives to foster the interconnection between these platforms over the past years, the
so-called “interroaming” tendency. This tendency will enable a better transfer of the information and of the
data between the European players, it will ease the billing for the end-users but also for the operators which
need to be paid back and it will also allow the drivers to drive across the borders; this latter possibility could
become a reason for the network owners to plan a cross-border development of the charging infrastructure.
Relevant to stress on is the fact that several stakeholders from the Alpine Space are at the forefront of the
development of roaming and interroaming, which again underlines the assets of the Alpine Space in the field
of electric mobility.
Taking up the definition of interoperability we gave at the beginning of the report, we can now summarize
three current aspects of electric mobility in the Alpine Space:
- Considering the electric mobility market, the European legislation allows the supply of nondiscriminatory and coherent service quality level electric mobility services, such as charging and
mapping, to be bought by the EV drivers at an optimised price. The electric mobility market is also
consolidating with the advent of stakeholders of European relevance;
- From the EV drivers’ point of view, the existence of the roaming platforms and the fact that the
CPOs and EMSs sign B2B agreements with the platforms give them more and more the ability to
charge at E-CS wherever it is located, whoever operates the charging point. But progress is still
needed, since a lot of charging points neither are still not interoperable nor connected to roaming
platforms. Most of the time, the end-user has the possibility to charge at the E-CS whichever EV is
driven, even if we saw in the Part B of the report that some charging networks are exclusively
deployed for some EVs models (such as Tesla or BMW i);
- From operators’ point of view, the functioning of the electric mobility market gives them more and
more the ability to deliver their own services, using the infrastructures of any charging owner and /
or operator, thanks to the signature of B2B agreements. This makes roaming platforms, CPOs and
EMSs better interconnected.
As a final statement, we could stress on the need to avoid the development of a “two-tier” electric mobility
in the Alpine Space, with a well interconnected and open (interoperable) charging infrastructure operated by
“big players” on the one hand, and local and “closed” networks delivering a low charging power on the
other hand. This would break the current dynamic towards a robust and mature charging network that is
ongoing. It may be here the responsibility of the e-Moticon project partners to integrate stakeholders and to
push them towards a better integration and interconnection with the other established European players.
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GLOSSARY

A
AC
B2B
BEV
CCS
CEN
CENELEC
CHAdeMO
CPO
CROME
DC
DER
E-CS
EM-CG
E-MI3
EMP
ESO
ETSI
EU
EV
EVSE
IC-CPD
ICT
IEC
IT
km
kW
OCHP
OEM
PHEV
QR
RES
RFID
SMS
TEN-T
USA
V
VDA
V2G

Ampere
Alternating current
Business to business
Battery electric vehicle
Combined charging system
Comité européen de normalisation, European Standardisation Committee
Comité européen de normalisation en électronique et en électrotechnique,
European committee for electotechnical standardisation
Charge de Move
Charging point operator
Cross-border mobility for electric vehicles
Direct current
Distributed energy resources
Electric vehicle charging station
Electric mobility coordination group
Electric mobility ICT Interoperability innovation group
Electric mobility service provider
European Standardisation Organisation
European Telecommunications Standards Institute
European Union
Electric vehicle
Electric vehicle supply equipment
In-cable control box
Information and communication technologies
International Electrotechnical Commission
Information technology
Kilometre
Kilowatt
Open clearing house protocol
Original equipment manufacturer
Plug-in hybrid vehicle
Quick response
Renewable energy sources
Radio frequency identification
Short message service
Trans-European Transport Networks
United States of America
Volt
Verband der Deutschen Automobilindustrie, Association of the German
automotive industry
Vehicle to grid
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APPENDIX
i.
ii.

European E-CS suppliers description (collection of templates)
Mapping/overview of E-CS in alpine countries
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