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Abstract

The project CROME - cross-border mobility for etectvehicles — is the first European field demoaisin
introducing a standardised and interoperable dvosder charging infrastructure network in the Frenc
German Upper Rhine region. The main aim of thegatpfunded by different Ministries on both sidéshe
border, is to create and test a safe, seamless{friggally and reliable mobility with electric velies
between France and Germany. Fully public interdgereharging stations have been implemented ergsurin
easy access and charging of EVs all over the FrandrGerman CROME area. Solutions are developed and
tested about charging services enabling simplifiethentication, identification, billing as well eabarging

spot availability and reservation. The achieved GHOmarket place enables data exchanges and roaming
between different operators ICT back-end systersedan the Bosch service brokering platform. Fegdba
on customer acceptance of e-mobility and user negtigegard to charging is carried out.
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This is where the CROME-project comes into
1 Introduction play: As the market for EV is growing
successively, it is necessary to implement across-
the-border solutions for driving and charging on
both sides. Introducing a standardised easy-to-use,
reliable, safe and interoperable charging station
network in the French-German Upper Rhine
region; the project CROME is making this
scenario become reality.

Most industrialised countries set ambitious targets
for electric vehicle (EV) shares in the near future
E.g. Chinas target is half a million by 2015 and 5
million by 2020 and India even 6 million by 2020.
France’s target amounts to 2 million (about 6.7 %
of the fleet) by 2020 and Germany’s to 1 million
by 2020 rising to 6 million (about 14 % of the
fleet) by 2030. The objectives of these targets are . —
mainly motivated by decreasing oil dependency 2 T OJ€ct description

and cutting C@emissions in road transport [1]. The CROME project area spreads over the region
So far hardly any (reasonable) EV has beenAlsace and the dep_a_rtement Moselle in France (_with
offered in the market. This year, however, a wide & focus on the cities of Strasbourg, Thionville,
range of EV is becoming available on the market. Sarreguemines, Forbach and Colmar) and in Baden
Many countries have already reached effective Wurttemberg from Karlsruhe southwards  to
charging infrastructure and interface standards.Freiburgin Germany (see Figure 1).

The next challenge iS now tq_ reach cross—borderEspecia||y on the French part of the border, mybili
standards  allowing ~e-mobility beyond any s an important challenge where the EV could find a
boundaries. favourable ground, because of two characteristics:
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first, the predominance of the car; as a matter ofstarted officially in 2011 — and it is even based o
fact, car possession and usage are quite high inhe experiences since 2009 from the Kléber Projekt
Moselle and Bas-Rhin And second, the question in France [4] and MeRegioMobil in Germany [5].
of crossborder commuting; Germany and
Luxembourg are attractive areas for French borderThe CROME project now offers seamless charging
dwellers, leading to a daily substantial automobile opportunities on both sides of the borders to all
traffic?. cars involved in the project (currently over 100
battery electric vehicles (BEV) from Daimler
Mercedes, Smart, Porsche, Peugeot, Citroén,
0! Renault, Nissan and Toyota (PHEV) involved in
‘ 4 the CROME quantitative feedback and several
. hundreds of targeted EV users in France).
. The objective of CROME competes therefore with
b § other concepts for seamless charging throughout

3) European countries, e.g. [6,7,8].

3 Main achievements

;- { \\ During the last months, the project partners have

( e \ implemented all necessary conditions to ensure a

W cross-border charging functionality between France

\./ and Germany, including both hardware and
software.

Figure 1 : CROME French and German area Introduced interoperability of the CROME public
charging spot networks ensures that whatever the
EV model from CROME, whatever the charging
spot location in the CROME area in France and

"Germany and whatever the charging station

operator, EV users can connect their vehicle,

charge and pay when needed.

The CROME project consortium consists of major
carmakers (Daimler, Porsche, PSA, Renault)
energy suppliers as eMobility service providers
(EDF, EnBW), tier suppliers (Schneider Electric,
Siemens, Bosch) and research institutions
(Karlsruhe Institute of Technology (KIT), EDF
R&D and IFSTTAR) from France and Germany. . .
Associated partners including Nissan and Toyota?"1 Hardwar e inter operability

as well as Local Authorities (Communauté In the framework of CROME, 25 new CROME
Urbaine de Strasbourg, Région Alsace, Conseilpublic charging stations in Germany and 16 new
Général de la Moselle) in France and energycharging stations in France () have been instalfed
suppliers (E-Werk Mittelbaden, Stadtwerke to July 2013. 6 further stations are going to be

Karlsruhe, Stadtwerke Baden-Baden, operated in October 2013. Each of these are
Star.Energiewerke Rastatt) on the German side ofequipped with two charging spots respectively with
the border also take part. type 2 and type 3 socket-outlets in 1ISO 61851

“mode 3" charging (see Figure 2). Operation of at
The project is funded by French and German least 50 CROME charging stations is targeted.
Ministries with a strategic orientation role (in Each CROME public charging spot can deliver up
France: Ministére du Redressement Productif andto 22 kW (400 V, 32 A, AC triphase) in “mode 3”
Agence de I'Environnement et de la Maitrise de charging. Household E/F socket-outlets are also
I'Energie; in Germany: Bundesministerium fir available for “mode 2" charging in 230V single
Wirtschaft und Technologie, Bundesministerium phase (up to 3.5 kW).
fur Verkehr, Bau und Stadtentwicklung) and
Interoperable connection to the fast charging atati
network (6 locations : Hagenau, Sarrebourg,
! The part of people possessing at least one car is Strasbourg, lllkirch-Graffenstaden, Colmar,
84% in Moselle and 81,3% in Bas-Rhin (and 80,4% Mulhouse) introduced in Alsace by Nissan, EDF
in average in France). In Bas-Rhin, 60% of thestrip  and Cora (supermarket chain) was also implemented
are done by car [2], including short distances. in 2012. These fast charging spots offer 43 kw DC

? The modal split of border workers is highly car CHAdeMO (compliant with lon/CO, iMiev, Leaf, ...)
dominated (88% of their trips in 2007) [3].
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and AC triphase by “type 2" socket-outlet Actual business models are assessed within
(compliant to ZOE) charging. Another CHAdeMO CROME taking into account peculiarities of both

compliant charging station is installed in countries.

Karlsruhe, Germany. Furthermore, a study In France, the CROME public charging stations
comparing the Combo2 and CHAdeMO is have been provided through actual public calls for
accomplished by KIT [9]. All these public tender from the local territories (towns) based on
charging stations are in actual operation andthe CROME interoperability specifications. These
compliant to the CROME interoperability public charging infrastructures are owned by these
specifications. cities.

The charging infrastructure service is currently
offered for free by these local territories. Noad¥
of-charge schemes are however being determined
for potential implementation by end 2014 for the
global charging service. Due to the marginal
impact of consumed electrictyn the Total Cost

of Ownership and Use of the charging
infrastructure electricity will be integrated as@st

in the global price of the charging service offer.

EDF through its subsidiary SODETREL operates
this global CROME charging infrastructure
network in France and the CROME-connected fast
charging infrastructure financed by Nissan, Cora
and EDF. CROME RFID cards are to be bought by
the EV users. The use of the Kiwhi Pass which is a
national eMobility pre-paid card has also been
introduced as a possible interoperable access and
payment tool to the CROME charging
infrastructures.

Figure 2: CROME interoperable public charging
stations: 2 x “mode 3" (type 2 and 3) in Strasbourg
(left), 2 x “mode 3" (type 2 and 3) in Kehl
(middle), and 43 kW DC fast charging mode 4 in
France (right).

Technical overlayers to the mode 3 IEC 61581
standard were set up with the carmakers taking
part in CROME in order to ensure a proper
charging process with the “mode 3"-compliant
EVs. Therefore all the EV/IPHEV models currently
available on the French and German markets or the
tested EV/PHEV prototypes can be charged on the L
CROME charging stations (Smart ed, lon/Co, Leaf,
ZOE, PHEV Prius, PHEV Panamera, e A Class, ...)
(see Figure 3).

Access to all the CROME charging spots are
allowed through contactless cards using RFID
technology (Mifare Desfire, Mifare Ultralite) in

France and Germany. Round 200 EV users have  Figure 3: German Smart ed and French ZOE
already ordered CROME cards. charging in Strasbourg on a CROME 22 kW

station.
NFC cellphone identification will also be ©On the German side the stations have been

investigated. All the CROME charging spots are implemented by EnBW which is also the
remotely monitored and controlled by the Infrastructure owner and operator. EnBW has set

3.2 Tested business models % In France, the electricity cost of a charge isveen

1.5 and 2.5 € per 100 km
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to help then provide eMobility services to the
own customers.

This implies the possibility for each specific |
user — independent of themobility provider /
utility to have access tthe complete chargir
infrastructure on the German s.
The concept includeslso the distribution ¢
RFID-Cards. The customeeceives one month|
bill for all charging sessions.

The EnBW billing and tariff approach is bas
on “quality” of parking zones (Zone 1 to 4) :
on a time based billing moddtee Figured).
Each involvel partner utility ha however the
possibility to design its own tariff mod
independent from the EnBW price plan. EnE
Stadtwerke Baden-Baden, \WWerk Mittelbader
and star.energiewerk are using the time bi
pricing model. Stadtwerke Karlsruhe has ch
an exclusive flatrate model for their o
customers.

Elektronauten Ladekarte fir 4-Rader

Grundpreis 9,90 €/Monat

max. 1 €/h max. 15 Cent/h

2€/h 50 Cent/h

Ladekosten

75 Cent/h

Fiir 5 € im Monat ab
der 7. Anschlus
nur noch 25 ct/h

Viel-Lader
Upgrade Option

Erstlaufzeit 12 Monate, danach monatli

Figure 4: Example of EnBW'gharging tarift

3.3 Servicelnteroperability

Within the CROMEproject, EV users bene
from advanced eaobility services enabling a ft
and useffriendly access to all of CROME's pub
charging stations in France and Germz

» uniform access to charging stations w
contactless RFID card for u: identification,

» simplified crosshorder billing for paymer
and roaming betweenraebility opeators,

e customer-oriented webanc smartphone
applicationd (availability of the chargin
stations and optimiser route navigaticcf.
Figure 5), and

* EDF’'s CROMEsmart phone applicati can be
freely downloaded ahe following URL :
http://m.sodetrel/crome

 access to thfast charginqetwork..

Uniform and simplified access, identification &
authorisation of the EV user to the CROI
charging stations arenade possible through t
CROME market place between the French
German operatorsespectively EDF and EnBV
This organisation enables data exchanges
roaming between diéfrent operato ICT back-end
platforms (cf. Figure Bbased on the Bosch serv
brokering. In fact, a data is stored in the develog
market place but exchanged through a broa¢
inquiry. Customer accoumtata remain only know
by therelated operator. Data routing and brokel
are controlled by defined agreements betweer
different operators on the market pl:

1/7-924 2%TW seRa  147-924 70 20%m

NOUS CONTACTER CIOMESs wiser

:
Figure 5:EDF's CROME smarphone apps about
charging spot inforiation
(availability, direction, type, ...

Such a roaming organisation can be used
billing. In France howeverusage of contactle:
pre-paid carddike the Kiwhi Passwill be also
experienced as a complement for -registered
customers.

CROME marketplace help connect eMobility
service Providers. The Bosch eMobility Serv
Brokering Platform forms within CROME

reliable interconnected network of the partner
different countries and industries, thus it intégs
them in a barriefree Ecosyste. The strength of
the approach within CROME is that each par
stays the owner of his system and customer

and can run his business still autonomously
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addition each partner can accelerate his businessacceptance of EVs and the customer use and

growth by sharing integrated services with other
partners. Moreover each partner can negotiate
different service agreements with one, several or
all other partners. Through the interaction with
other eMobility projects like GreenEmotion
CROME is also going to demonstrate how
connection between different eMobility market
places can be organized and performed in order
to offer to EV/IPHEV users access numerous
charging infrastructure networks in Europe.
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Figure 6: Charging service “roaming” organisation
between CROME operators.

3.4 Feedback and dissemination

The CROME project represents a unique
opportunity to test and collect information on
these extensive cross-border functionalities with
fully interoperable public charging stations and a
huge number of EVs from different car
manufacturers crossing the border.

A gualitative and quantitative feedback is being
carried out and assessed both on the customer

satisfaction with the CROME interoperable public
infrastructure. More than 100 EVs of different car
segments from the CROME carmakers are
monitored with on-board data loggers which allow
to analyse the user acceptance and behaviour of
more than hundred users and several fleet
managers. The CROME charging infrastructure is
open for all EVs and PHEVs in the French and
German CROME area. E.g. for Alsace, more than
800 actual and “normal” EV users who bought
their cars from end 2012 are also likely to connect
and charge at the CROME charging station
network. Over 150 EV users have already ordered
CROME cards in France from March up to June
2013. Quite a lot of them are private EV customers
(B2C) but also B2B ones as a carsharing company
in Strasbourg.

At the KIT the accompanying scientific research of
CROME is based on an interdisciplinary analysis
and benefits from the support of EDF R&D on
both sides of the Rhine. Computer scientists,
energy economists, automotive  engineers,
jurisprudents and electrical engineers are working
together in order to give responses to questions
arising from different disciplinary origins.

The acceptance analysis, as part of the evaluation
concept (cf. Fig. 7), consists of repeatedly
guestioning the users and fleet managers of the
EVs by online surveys with different focuses
(expectations, first experiences and adoption of
EVs), as well as of face-to-face interviews with
some users and workshops with fleet managers;
this qualitative study aims to understand the
rationale of the individuals (ways of thinking and
behaving) concerning EVs and the charging
infrastructure, to consider their original quessipn
and to collect data from the observation of their
mobility  routines in  professional  sites.
Additionally, technical data on trips such as speed
and acceleration is collected by using data loggers
within the car and smartphones additionally. The
latter allows to track the GPS signal and make it
possible to conduct a short survey before each trip
asking e.g. for purpose, number of passengers, etc.
So far more than 4,650 trips and 50,000 km have
been tracked.
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Figure 7:Evaluation concept for EV us
acceptance in the CROME pro;j.

All these data samples can be reun
anonymoushby a unique user ID which allows
comprehensive impression on first u
experiences with EV and potential anxie
concerning crosberder trips. Economic issu
like prices and the profitability for users of E
are considered as well as sociological
cultural aspects that permit to identify natio
particularities concerning user acceptance
EVs.

About 170 fleet managerand users alreac
responded to the firstonline questionnai
(survey period September 2011 until April 2C.
The following results refer to thend of July
2012 more recent results can be found10].

Whereas the nationality of respondents
represent the assumed population properly (e
about 80), males are significan
overrepresented, with 72 @f the respodents.
Furthermore, compared to the national aver
respondents between 40 and 60 &
overrepresented, whereas respondeyounger
than30 and older than 60 are underreprese.

The household income within our sample seel
be above the national averages (Fre
participants: 3,588 €; German  participant:
3,766 €) [11]. Nearly all vehicles are usein
company fleets andan be useonly for business
trips and commuting (abo@d %). Nevertheless, a
third of the respondents do not exclude
potentiallycharge the EV at homThis refers to a
crucial point within the CROME project: Less tt
half of the respondents planned in 2012 toarge
the EV on public charging infrastructure (in
street and offtreet), andthis proportion was
specifically low amongGerman peoplelt must
also be taken into account in this analysis that
a few crosdorder charging infrastructures we
really available at that first inquiry period ofmg
in the geographical inquiry ar

Therefore, the CROME project foes currently
moreon the other half of the EV us, which plan
to charge at public charging stati. However,
users, which already axde experiences with E'
are much more confident about their suitability
daily useand, therefore, all users might incre
their electrified mileage. This could lead to
increase in the usage of the public char
infrastructure  also by pessimic users.
Furthermore, an implemented overview (a sin
table on the homepage and the applicatior
EDF)of charging stations might help to motiv
users to use them more frequently. Interestir
the knowledge about available charging stat
seems to @duce the range anxiety significan
The results from the questionnaiprovide an

optimistic forecast about EV penetraticonly%

could not imagine buyingn EV for personal us
in the following years. [1Q,1,12]

With respect to the city size, whiis often said to
influence the acceptance of EV, no 1
dependencies could be confirmed by dirst
survey. French respondes tend to live in
communities with less than 5,0(or more than
100,000 citizens (over 60% of the Frenc
respondents) whereas tfB&rmal respondents are
heavily overrepresented in towns with betw
5,000 and 100,000 citizens (over 80% of
German respondents)This might, however,
depend on thdocal conditions ofthe CROME
regions and thearticipating companie[10,11]. A
comprehensive overview on the results from
online questionnairen EV users’ experienc can
be found in [10,11,124nd for the results from tf
smartphones in [13].

In this context several questions ap| which are
focused by the ongoing questiorre. For
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instance, is the limited range a constraint for
these professional users? If they are familiar with
border travelling, is cross-border recharging a
fear for them? Are there measurable
dissimilarities between French and German
people, considering their positions on energy and
environmental issues and their relation to cars?

The qualitative study intends to address these
topics by following the same methodology in
France and in Germany (face-to-face interviews,
sample of approximately 20-25 users and fleet
managers on each country, with a common
guideline, etc.). The interviews conducted in
2012 underline the following results: the cars
have been provisioned in the companies and
institutions like conventional cars, i.e. allocated
by a fleet manager considering short and medium
distance trips. Some companies even use the EV
as a reward (e.g. for a successful project
completion employees get the EV for a few
days). Nevertheless, it is frequent that users are
allowed to commute by EV, and this flexibility
intends to encourage the employees to use the
new car. Most of the companies and institutions
involved in the project are interested in the
success of the EV deployment. Consequently, a
part of them install customized charging
infrastructure at the entrance of their sites.
Although the users appreciate a lot the driving
with an EV and the charging in familiar places,
they declare to miss an easy access to the
specifications of public charging infrastructure
(location, processes, available sockets, etc.).

New campaigns of interviews and questionnaires

this challenge already in 2010 and focused on the
interoperability of hardware (e.g. plug and socket
for mode 3 charging) and software (e.g.
authentication, billing, and services) in the berde
region of France and Germany and has been
therefore the first project to discuss this issue.

The CROME project has been developing and
implementing an interoperable charging station
system which allows charging within the project’s
region by a unigue authentication and billing
process, services and plugs — no matter in which
country. This concept includes:
« Installation of at least 50 interoperable 22 kW
“mode 3” charging stations and 7 fast charging

installations
< Implementation of a service roaming layer for
billing and service provision between

eMobility service providers

« Furthermore, a comprehensive user acceptance
analysis has been carried out and will be
completed in 2013-2014. The next
questionnaire will deal with long-term
adoption intentions of the participants, and the
next qualitative study will address the usage of
public infrastructure and give a specific
attention to the off-work users (people having
personally purchased an EV).

Actual business models are assessed within CROME
taking into account peculiarities of both countribs
Germany billing scheme are based on a time-based
tariff (pay per hour). In France charging on public
charging station is free of charge but could begqati

by the end of 2014.

are going to be carried out from Q4 2013 on. In Therefore, the CROME project delivers very
fact major changes have now to be taken into useful findings for other projects in this field.
account both due to the increase of available Dissemination of main achievements, learnings
CROME cross-border charging stations (at least and recommendations is one of the main CROME
50 stations by end 2013 + 7 fast charging goals. Further complementary information can be
facilities) and of the amount of sold EVs and of found on the CROME web site WWW.crome-
new users in Alsace (800 EV users likely to project.eu.
charge, important ZOE sales with 22 kW
charging capabilities) .
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A seamless mobility with EVs between European Stadtentwicklung in Germany and from Agence de
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Quantitative feedback on the use of the CROME
charging infrastructures is also going to be
assessed by 2013 as all the public charging spots
are monitored.
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