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Executive Summary
This document describes the trial test sites, the ongoing trials from trial phase 1 and the
upcoming trials from trial phase 2.
From the trial test sites perspective, it shows the trial support, occurring problems and forecast
for trial phase 2 for E-WALD (Germany), E-Šumava (Czech Republic) and BCNecologia
(Spain).
The ongoing trials consist of the grid pressure trial (WP4), the charging influence and state of
health trials (WP5), the eco-button trial (WP6) and the development of ADAS AI (WP7).
They describe the trial setups in regard to the required infrastructure and hardware, the EVs
and charging stations and the data management and data processing between the
participating stakeholders. Due to the time-based reason, that a functional ADAS UI was not
available at the start of the trial phase 1, the trial setup was influenced by existing data,
hardware and measurement devices.
In an outview perspective, the stakeholders present the upcoming trials for trial phase 2 and,
in case it is required, a modification of ongoing trials for trial phase 1. This outview provides a
summary about the requirements of the trial setup for the participating stakeholders in the trial
test sites.
The collected results from trial phase 1, which was performed in the past six months, will help
in this regard to point out the strengths and weaknesses of the test sites to ensure a smooth
performance in trial phase 2.
Based on these results the collected data helps WP2 for a solid scenario remodelling where
this is required.
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I. INTRODUCTION
I.1. Purpose and organization of the document
This is the second deliverable (D8.2) released by ELECTRIFIC WP8 and provides an overview
of the the ongoing trials and the plannings for upcoming trials. It consists of the result of
activities performed in this work package (Task 8.2) and considers the variations: Countries
and regions specifics, various user groups, various EV fleet portfolios, regional and user
mobility requirements. The result of this deliverable will help WP2 for a possible scenario
remodelling in perspective of next trial phase.
The deliverable consist of three major parts: the first chapter describes the activities of the
associated stake holders which are in responsible to provide the required infrastructure for the
trials. The second part reflects the ongoing trials and so far achieved results and analysis from
the trial-research partners (WP4, WP5, WP6, WP7). The last chapter gives an outlook for the
upcoming trials in the next trial phase.

I.2. Scope and audience
This deliverable is considered as a public document to the ELECTRIFIC project. It provides a
description of the status quo of ongoing trials and the planning for Trial phase 2.
This deliverable is primarily intended for EC Officers and project-appointed reviewers. Further,
the document is relevant for project members involved in the scenario modelling (mainly WP2)
as it shows chances and risks of trial phase 1.
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II. TRIAL TEST SITES
II.1. E-WALD (Bavaria)
II.1.1. Trial support
II.1.1.a.1. General Information
E-WALD provided for the ongoing trials an amount of 13 electric vehicles (2 Nissan Leafs and
11 Renault ZOEs) to fulfill the trial’s parameters in matters of research. The Nissan Leafs are
located in Deggendorf and are used for the WP5 battery health trial, while the Renault ZOEs
are in usage for the WP6 eco-button trial in Passau, Deggendorf (2 EVs), Pfarrkirchen, Regen,
Furth and Eggenfelden, which are located in Bavaria, Germany. Four additional Renault ZOEs
are in the city of Friedrichshafen (Baden-Wuerttemberg).
Additionally E-WALD provides all their public charging stations (>300) for the required charging
processes of the trial EVs and the charging station data for ongoing trials in WP7 and the
development of the ADAS in WP3 and WP4.
For the eco-button trial, E-WALD produced more than 500 stickers and found cooperative
persons from participating municipalities, which are responsible of changing stickers in the
eco-button trial. Additionally an information brochure about the trial setup was given to those
contact persons, which explained when the stickers had to be changed and what additional
work had to be done.
For WP4, E-WALD made an analyzis for possible locations of the charging stations. It had to
be determined which charging locations could be used for the planned measurings. Additonally
it had to be ensured, that in regards to the grid, the charging stations could deliver the charging
data.
For the development of the charging scheduler of WP5, E-WALD granted access to their
charging software backend and helped to develop a shim interface for bookings with the
ELECTRIFIC ADAS UI.

II.1.1.a.2. Tablet Assembly in EVs
Besides the reengineering and software changes for the Eco-Button trial (as described in
sections VI.4.1.a and VI.4.1.b of deliverable D6.1), all EVs included in the eco button trial need
to be equipped with the necessary hardware to provide EV driving data. By this way, the Data
Collection of THD, which is described in more detail in section II.1.3 of deliverable D5.1, is
extended by the Eco-Button state parameter. The Data Collection priory enabled the
acquisition of parameters such as SoC, speed and other EV parameters to a central storage
server at THD, which is the Data Log Server. However, due to the necessity of the button state
for the Eco-Button trial a reengineering of Renault ZOEs for the Eco-Button parameter was
needed. This reengineering process is described in deliverable D6.1, section VI.4.1.a.
Each of the TomTom Bridge tablets has an assigned ID specified by THD internal infrastructure
besides the other operating tablets, thus enabling a mapping of EV driving data through a
specific tablet. So the matching of Tablet and EV needs to been done as a first step.
The tablet assembly process is done by THD and illustrated in Figure 1, where the left upper
photo shows the second step. Here, the tray in the centre console is shown with the tray floor
removed. The OBD interface can be seen in yellow. This is where the OBD module (Figure 1,
second upper photo from left) is being connected to in a next step after plugging in the OBD
module, an LED in the module needs to light up; this signals a successful boot routine. From
this point on, it can provide EV driving data via Bluetooth. To secure the module, fixing foam
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is being placed over the module (Figure 1, second photo from right) and the tray bottom is then
placed over it.

Figure 1: Assembly of the OBD module and THD tablet.

In the next step (Figure 1, upper right photo) the tablet is connected to a five volt power supply
from the cigarette lighter to ensure permanent operation during a trip. After powering up the
tablet, the OBD module and the tablet are paired for Bluetooth communication. The correct
functionality of this data link can be checked by powering up the EV and watching the
dashboard of the InCarApp. After a few seconds, the values transmitted from the CAN-bus are
listed.
The tablet is mounted above the dashboard of each Renault ZOE, as shown in Figure 1 (lower
photo). For this, a custom designed tablet mount is used, which is 3D-printed at a research &
technology campus of THD. These mounts were specifically produced for the ZOEs and are
used in the EVs of the eco-button trial shown by the location marks in Figure 2.
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Figure 2: EVs used in the eco-button as well as the fast and slow charging trial.

All EVs shown as location marks in light green starting with the license plate “REG-ZE 77E”,
on the left side of Figure 2, are located in the city of Friedrichshafen, around 337 km away from
THD. The other EVs are located in the administrative region of Lower Bavaria. Overall, the
team of THD travelled around 1000 km for the assembly and configuration of the tablets for
each EV in the eco button trial.

II.1.2. Problems
II.1.2.a.1. General Problems
During the Eco-Button trial phase major problems occurred with the on-board tablets. User
tended to unplug them and made a data collection complicated. This lead to the fact, that a
discussion about the installation method of the tablet was started. The place for the tablet,
which was before in the front part of the EVs, will be in the glove box. This will help to keep the
tablet be invisible and prevent unplugging.
Additionally several discussions with the ELECTRIFIC stakeholders had to be done, in which
way the ADAS UI will be implemented in the EVs. The stakeholder consortium agreed to use
both devices, tablets and user’s smartphones to use the ELECTRIFIC ADAS UI for further
trials. The EVs will require a modification to install the tablets in the glove-box. An installation
guideline was done by E-WALD and provided to THD, as their staff will install the devices into
the E-WALD EV fleet, participating in the trials.

II.1.2.a.2. Delays in setting up the measuring infrastructure for
ELECTRIFIC
Project start:


Bayernwerk hosts the ELECTRIFIC project within the Bayernwerk AG. As in the
ELECTRIFIC project no budget for measuring infrastructure was planned initially, there
was no need for the project to be hosted by Bayernwerk Netz GmbH, which is a
subsidiary company of Bayernwerk AG that is responsible for only the power grid
infrastructure. Due to this reason, no budget was planned for ELECTRIFIC in
Bayernwerk Netz GmbH. In Bayernwerk AG there were already efforts to be active in
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the context of e-mobility and to offer charging infrastructure to the market. Thus, the
connection of the ELECTRIFIC project combined with their own endeavors makes
sense to host ELECTRIFIC in the Bayernwerk AG.


In addition, no PMs in the Trials were planned for Bayernwerk.

Necessity of measurements:


In the project, the decision was taken to install a measurement infrastructure without
substantiating the exact data points, resolution and how the data are processed.



In order to define these points, and in specific the boundaries of the project with
sufficient details, an in-depth input of WP2 was required. In addition, the input of other
WPs (WP4, 5, 6, 7) was necessary to determine which data basis is required. This
information was not available from the beginning.



Additionally, concrete use-cases, which the project should fulfil and which should show
the project boundaries, were missing in the beginning. These questions to multiple
partners lead to delays.

Verification of a suitable charging infrastructure (measurement region)


Bayernwerk and E-WALD checked, which locations for charging infrastructure
could be interesting for the project.



Bayerisch Eisenstein (near the border of Czech Republic) was mentioned in the
beginning, as the area where cross-border charging could be tested. The idea of
the cross-border trials was discarded later on due to multiple reasons: on the one
hand, the charging station in Bayerisch Eisenstein was not frequented very often
and on the other hand, the power grid was not suiting our purpose very well in terms
of grid characteristics. Further, Bayerisch Eisenstein is not located near to arterial
routes or cities. Therefore, it would be really hard to find drivers for controlled tests.



Additionally, the lack of charging infrastructure and EVs on the side of e-Šumava
lead to this decision.



With regard to the route planning, an overall concept including as much as possible
different power grids along an arterial road seemed to fit best for the trials. This
should also provide the ability to drive to locations due to self-interest for our test
drivers (e.g. realistic targets like shopping facilities)



The preliminary result of this assessment were 8 measuring regions (Bayerisch
Eisenstein, Bogen, Regen, Deggendorf, Seebach, Vilshofen, Freyung, Ruhstorf an
der Rott).

Checking the budget


A proactive internal check was done in order to get all possibilities for financing the
measuring infrastructure.



Although no budget was planned, it was discussed with Bayernwerk and Maria,
which funds could be spent on the measuring infrastructure in theory. The amount
of the fund was referred to approximately 20.000,-€ – 25.000,-€, which corresponds
to approx. 20 measuring devices (Note: only procurement costs are considered
here, no installing, cabinets or other costs).



With regard to possibly releasable funds in the project, this sum seems to be
acceptable.
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Requirements for the measured power grid


With the projects progress and clearer boundaries, different locations for the
charging stations within the power grids were reviewed. An important point here are
the locations that are of interest for the grid side. This was also done in regard to
the options to include the needs of possible drivers and the options of E-WALD to
place their cars.
o



Requirements:


Most simultaneous and highest load on the same transformer as
possible



Charging stations, connected directly to the transformers bus bar in
order to reduce correlation effects of nearby grid participants



Charging stations, connected central and at the worst connection point
in the power grid in order to test worst-case scenarios



Industry, businesses, households, few and much PV penetration, in
order to get different results of our test grids at different scenarios.



Combination with existing measuring infrastructure (Seebach) and
historical data of the grid.



Different size of power grid or rather supply line length in order to see
different grid effects.



Comparison between city and rural low voltage networks.

Results (measuring regions):
o

Vilshofen: industry, businesses, households, few PV, charging stations directly
near the transformer bus bar, comparable short supply lines, city area.

o

Langenisarhofen: mainly households, a lot of PV, charging stations can be
placed anywhere, correlated with the Seebach project, comparable long supply
lines, rural area.

Determination of the minimum necessary measurement points in the grid sections


After it was fixed in which measurement regions the project wants to do the
measurements, we were able to start working on the concept, which measurement
points are necessary in the grid sections in order to find a conclusion about the grid
status and to obtain enough information for the components of the project (e.g.
CapacityPredictor, VoltagePlanner und PQIndicator)



We fixed the measurement points to the secondary side of the transformer, the
output of the busbar of the transformer, at each charging station directly and at the
worst point in the low voltage network. Therefore, we defined the number of
measurement points for both grid sections as follows:
o

Vilshofen: 8 Measurement Devices

o

Langenisarhofen: 4 Measurement Devices
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Figure 3: Visualization of the measurement points in the grid section.

Clarification of some organization barriers regarding the chosen grid sections


The grid section in Vilshofen is not fully part of Bayernwerk Netz. Therefore, setting up
the measurement infrastructure needed to be accepted by the municipal utilities of
Vilshofen first. In order to obtain this confirmation, the whole project was presented
including a detailed description of the intention of the measuring and the confirmation
that the data is used for research purposes. The municipal utilities of Vilshofen are
highly interested in the experiments of the project.



Since there was no digital version of the grid plan, first of all one engineer of Vilshofen
had to manually create a plan of the relevant grid section.



In order to protect the measurement infrastructure from environmental effects (wind
and weather) additional cabinets needed to be installed and a planning permission was
needed to be obtained.



Because of the size of the protection cabinets, some placing problems needed to be
solved



The fundament of the protection cabinets need to outwear the whole project duration
and therefore a suitable construction company was instructed.

New Requirements


After the decision to monitor and record the data of the measurement devices
constantly and over the whole project duration (e.g. to optimize the predictions), the
requirements changed. The PQ measurement devices need to be resistant to all kinds
of weather. Therefore, the protection cabinets needed to be equipped with cooling and
heating components in order to guarantee their reliability.



Manufacturing cost per protection box: ca. 5.000 €. Initially, 12 protection cabinets were
needed -> 60.000 €. Additionally, the construction time is between 6 and 10 weeks.
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Firstly, it was to clarify how to manage this huge additional costs.



Bayernwerk Netz tried internally to reuse some protection cabinets from other ongoing
projects. Otherwise, the whole measurement infrastructure needed a refactoring, with
a huge impact on already developed components, e.g. the forecaster. The result would
be a radically restructuring of concepts and methodologies inside ELECTRIFIC.



Fortunately, is was possible to shift some protection cabinets from other projects
towards ELECTRIFIC, such that we can stay with our proposed measurement
infrastructure. For the installation of the protection cabinets digging work would be
necessary, especially in Vilshofen. For this, a suitable company has to be found.



Simultaneously, the connection of the measurement devices to the ELECTRIFIC
environment was designed.



The main point of discussion was the scalability for wide area and a huge number of
measurement devices.



The solution is not limited to only software data gathering, but also what kind of
hardware should be used, e.g. router that support encrypted communication, cabling
between the measurement devices and the router and the data communication over
the internet. Since the protection cabinets isolates radiation very well, additional
antennas are probably needed for communication via radio/wireless.



Since not all measurement points can have a DSL connection, we needed to rely on
mobile data communication. Depending on the network coverage of the different mobile
standards we checked which mobile contract is suitable for which location. The result
is, that in Vilshofen 3G is suitable and in Langenisarhofen only LTE. For sure, the
different techniques have different costs.

Selection of Measurement Devices


After deciding to support real-time data measurement, as well as gap less data
recording for the forecasts, we could determine the type of the measurement devices.



We chose the PQI-DA-Smart devices from A-Eberle. Besides providing a sufficient
number of measurement channels, these devices can record all data on a SD card as
well. In case the communication link (e.g. wireless via mobile data) is broken, we can
obtain the data by reading from the SD card manually. The devices also support remote
configuration, such that we can change the measurement settings without the need to
drive to each device separately. This kind of measurement devices were successfully
used in previous projects from Bayernwerk, e.g. within the Seebach project.



In order to establish the wireless connection, we need additional hardware. We needed
to analyze which UMTS/LTE sticks can be used with the chosen routers and which can
be ordered from the contractual partners of Bayernwerk Netz. For the reason of cost
efficiency, we tried to find out at which locations we can reuse the existing infrastructure
of E-WALD at their charging stations. Therefore, we needed to get insight in their
communication system, e.g. whether the communication should be tunneled through
the servers of E-WALD or can access the internet from the measurement location
directly. As a result, we can use the internet connection of E-WALD in Vilshofen at the
train station. For the other charging stations a wireless connection (including the
inspection of network coverage and necessary transmission technology) is used.

Funding of the Win-PQ-Software


Beside the installation of the measuring infrastructure, it was required to elaborate how
to handle the transmitted data inside our project. There were two options: a self-
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development of the software component or the usage of the available Win-PQ-Software
from A-Eberle.


After a detailed examination, we decided to use the Win-PQ-Software because a selfdevelopment was correlated with too much effort and uncertainty. The Win-PQSoftware fulfills all the requirements for our project (please see the “Win-PQ software
evaluation”).



After this decision, it was an open issue how to purchase this software.



We received a special offer from the company of Win-PQ A-Eberle for our research
project (4.950 €)



After several internal discussions, Gfi took over the costs.

Funding of the measuring infrastructure


After clarifying the points regarding the needed measuring infrastructure and the WinPQ-Software, we had now a real amount of costs to deal with. Therefore, the next task
was to find a suitable way to fund the measuring infrastructure.



For this purpose, it had to be clarified whether the structure of the measuring
infrastructure was treated as a third-party business or it fell under the regulated network
business. In the case of a third-party transaction, the ELECTRIFIC Project would be
charged for all costs. But in fact that there is no interest from Bayernwerk Netz to sell
data about the power grid, this was not a suitable approach. For this reason, the
infrastructure will be handled under the normal network business. It has been decided
to continue to use the measuring infrastructure internally, which means that this
investment is considered as an investment. The costs incurred are only charged for the
duration of the ELECTRIFIC project, which reduces the total price since only the
depreciation of the measuring instruments is paid.

Service order


The service order from Bayernwerk AG to Bayernwerk Netz in terms of the measuring
infrastructure had to be discussed with the purchase department and the controlling
department, too. The contract structure as well as the information content must be
(legally) correct. All these points could only be discussed, when the requirements and
the charging infrastructure concept was 100% clear.



On the one hand, these parties demanded a legally valid concession agreement with
the public services (Stadtwerke) in Vilshofen as well as the clarification of the question
who takes over the costs for the grid connection (5.100 €) for the two separate installed
charging stations of E-WALD in Langenisarhofen. In order to clarify the last question,
E-WALD checked internally if it is planned to leave the charging stations in
Langenisarhofen after the project ended or not.



Once, the measuring devices are ordered, Bayernwerk Netz firstly checks whether the
connection of the measuring devices and parameterization works under a controlled
laboratory situation. This also requires a working VPN configuration to our server for
data recording.



After successfully testing one measuring device and the whole configuration, one
measuring device can be installed in the field, to repeat these tests. When the
measuring infrastructure is also working in the field without problems, the measuring
infrastructure can be completely installed (all 12 measuring devices).
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General points


Any planning inaccuracy in the planning phase leads immediately to an additional delay
in terms of installing the measure infrastructure. Incorrectly installed configurations lead
to additional overhead, as a service technician has to drive to each of the single devices
(12 in total) and perform necessary changings. This needs be done, if the infrastructure
does not work without problems. Therefore, a very accurate planning phase is
indispensable to reduce the costs as good as possible.



Performed actions of a DSO are regulated by the BNetzA (NRA of Germany).
Therefore, we had to find a suitable way that Bayernwerk Netz is installing this measure
infrastructure for our project, by simultaneously staying inside the allowed boundaries
of the assigned regulations.



In addition, even if money is available, a DSO is not obliged to build up a measuring
infrastructure for a third party at any time. Therefore, we (Gfi) guaranteed that
Bayernwerk Netz will benefit from the project results in several aspects, always
following the terms and conditions defined under the Consortium Agreement.



Choosing another DSO would not improve the situation, because all DSOs would have
to deal with the same issues. In addition, it would be even more complex, because a
DSO is officially allowed to only measure in his own grid.



Vacation periods led to further delays.

II.1.3. Forecast
For the ongoing trials no further delay is expected from the trial partner’s side. The grid
pressure trial will start within this year, while WP5 trials are on track concerning timing. WP6’s
Eco-Button-trial will continue, as the tablet-devices are installed into the gloveboxes of the
required EVs.
For the next iteration of trials, upcoming in 2018, some issues need to be solved. For the
required amount of Charging Stations, Electric Vehicles and participating numbers of
customers owning an own EV, E-WALD requires the help of other trial partners as well.
Therefore it will be important to align the upcoming trials with E-Šumava and BCNecologia
ECOLOGIA Ecologia to combine the available ressorces.

II.2. E-Šumava (Czech Republic)
II.2.1. Trial support
E-Šumava owns or operates electro vehicles and charging stations, which can be included in
trials. E-Šumava also has a interface to its booking system via API developed in WP5. For
WP6 trials, a Czech version of the questionnaire was prepared.
WP6 trials, a Czech version of the questionnaire was prepared.
Since the e-Šumava charging stations have not been equipped with a compatible data
interface, and EVs also do not have an interface for online connection, they have not yet been
involved in physical trials. As described below, the charging stations have already been
upgraded and e-Šumava is working on a solution for its EVs.
Electric cars
E-Šumava has two service e-cars with a small range of lead-acid accumulators. The vehicles
are not suitable for the ELECTRIFIC project in the current configuration. E-Šumava plans to
replace lithium batteries. This makes them more suitable for ELECTRIFIC. E-Šumava is
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negotiating conditions of the replacement with two subject – a) VŠB - Technical University of
Ostrava (public body) b) EVSELECT s.r.o. (private body). After receiving their conditions of
the replacement of the lead-acid batteries for lithium then e-Šumava will be able provide more
reliable information.
E-Šumava runs 1 to 2 electric cars that are provided by sponsors on an irregular basis. Another
electric car suitable for trials is in buying process. E-Šumava is about to buy a Nissan Leaf
(24kWh). The purchase should be done in second half of September of 2017.
Electric scooters
There are two scooters with Li-on batteries located at renting point Chata Rovina that can be
integrated into trials.
External devices such as a smartphone can monitor the route travelled. Due to the commercial
and service conditions of the scooter owner, battery parameters cannot be measured.
Electric bikes
At present, ELECTRIFIC is not aimed on e-bikes. However, if necessary, e-bikes can be
involved in trials. It is possible to measure battery parameters in offline mode, i.e. during their
presence on their home site. An external device, typically a smart phone with the appropriate
application, can measure route parameters.
Charging stations
E-Šumava has ensured installation of a new charging column (see picture XX) in the location
Větrník of its rental network. The charging column is equipped with two type 2 connectors, has
Internet connectivity, and standard OCPP 1.5 protocol. In addition, it is connected via special
HW and SW to the Czech network of EVMAPA charging stations (www.evmapa.cz). The
charging station is ready for trials, data are available online and offline, either via the OCPP or
using EVMAPA technologies.

Figure 4: Charging station in Větrník.

The second e-Šumava charging station at Chata Rovina was updated and connected to the
EVMAPA network and can also be used for trials, including the possibility of data collection.
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Figure 5: Charging stations of e-Šumava in EVMAPA network.

API interface (Shim)
E-Šumava implemented an application program interface (Shim) into its reservation system for
communication with charging scheduler module, which is being developed in WP5. The Shim
is currently ready for functionality testing. The charging scheduler gets information on
individual vehicle bookings through APIs. The vehicles available for the charging process are
included into charging planning.
Questionnaire
As part of the WP6, a survey questionnaire for WP6 trials was developed, the questionnaire
was translated into the Czech language and it is ready to be used.

Figure 6: An example of the translation into Czech.

Measurement on grid
E-Šumava has opened the possibility of data measurement on Czech grid with the largest
distribution system operator in the Czech Republic, ČEZ Distribution s.r.o.. We got their
declaration of interest in cooperation.
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II.2.2. Problems
In the rental network e-Šumava, we especially encounter the problem of online data
measurement and the possibility to obtain a statistically significant amount of collected data.
Currently, e-Šumava is trying to get online access to systems in its EVs and ensure a database
of EV users as described below.
E-cars provided by sponsors are available irregularly and it is difficult to guarantee that they
will be available at the required time for trials. In addition, we cannot mount THD monitoring
device to that EVs, so measurement of data is possible only offline when the EV is at its home
location.
Therefore, e-Šumava decided to buy another electric car – Nissan Leaf. The intention was to
make it possible to participate in the ELECTRIFIC project. During the talks with TÜV SÜD in
Prague about the possibility of installing the THD monitoring device, we encountered a problem
with the installation permission so that everything is in accordance with Czech regulations.
Installing a car measuring device is only possible if the vehicle so modified is operated in a
special mode outside of normal roads (e.g. test circuit) or we had to go through process of car
rebuilding which is not feasible. This problem has not yet been resolved. To solve this issue,
e-Šumava has decided to discover whether it is possible to register the car in Slovakia and
obtain permission to install the equipment under their laws.
E-scooters operated by E-Šumava are provided by E.ON, which does not allow access to
batteries. Therefore, no measurement is possible on e-scooters. These e-scooters should be
upgraded to have interface to their batteries.
For trials planned from WP6, it is problematic to provide enough respondents according to
survey requirements so that surveys would be of sufficient value. E-Šumava is currently looking
for a partner with a large enough contact database that we could use for ELECTRIFIC as
described in the following chapter.

II.2.3. Forecast
E-Šumava is ready for trials of ELECTRIFIC application using ADAS AI for route planning and
charging scheduler module. We have prepared list of points of interest for tourists. These
touristic targets are on both sides of the border between the Czech Republic (Figure 7) and
Germany (Figure 8).
The individual places were proposed to be attractive for tourists and could be visited using
EVs. The route plan will be designed using ELECTRIFIC ADAS AI.
On the site of the selected tourist destinations there are possibilities of visiting museums, small
zoological gardens, historical buildings, virgin forest and more. Also, there are opportunities
for interesting trips to nature in that localities.
List of points of interest in the Czech Republic:
1

Hartmanice / Dobrá Voda

2

Modrava

3

Čeňkova Pila

4

Srní

5

Kvilda

6

Borová Lada

7

Železná Ruda

8

Kašperské Hory / Hrad Kašperk
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Figure 7: Points of interests in the Czech Republic.

List of points of interest in Germany:
1

Lohberghütte

2

Velký Javor (Großer Arber)

3

Bayerisch Eisenstein

4

Zwieslerwaldhaus

5

Ludwigsthal

6

Bodenmais

7

Frauenau

8

Neuschönau / Lusen

9

St. Oswald Draxlschlag

10

Finsterau

11

St. Englmar
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Figure 8: Points of interests in Germany.

Online data monitoring:
E.ON is working on developing a data interface on e-scooters. The interface is designed to
enable Wi-Fi or USB cable communication. Scooters should also be equipped with batteries
that are more powerful.
E-Šumava has obtained a preliminary promise of E.ON to deploy the innovated scooters in its
network. These innovations extend the possibilities to measure data and plan more complex
routes, including the possibility of cross-border tourism in the Bavarian part of Šumava
Mountain.
E-Šumava is trying to find out whether it would be possible to mount the THD monitoring device
on a car registered in Slovakia and to buy the Nissan Leaf there.
Questionnaires:
In order to provide enough respondents for the questionnaires, we have started a discussion
with potential partners operating in the field of electromobility.
One of the promising options is to get permission to reach customers of the EVMAPA charging
station network. There are more than 1 thousand registered members in their system. EŠumava is also a member of this network with its charging stations. Getting access to this
database will allow us to apply ELECTRIFIC surveys defined within WP6 and to get valuable
data about Czech users of EVs.
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II.3. BCNecologia (Spain)
II.3.1. Trial support
Trials in Barcelona will take place in two different companies with very different business
models:
-

An urban e-scooter sharing system company. At this moment there are four different
companies in Barcelona, which work in a free flow model, where trips are commonly
an average of ten minutes long and the charging scheme is done by the company’s
staff in a model of swapping the batteries on location and taking them to the company’s
premises for being charged. The e-scooters sharing company with whom we have been
working with this trial definition is Motit.

-

Transports Metropolitans de Barcelona - TMB, the main public transport operator in
Catalonia, who manages the metro and bus networks in the city of Barcelona, which is
incorporating electric buses to the fleet, which need to be scheduled as the rest of the
fleet for giving the public transport service to the commuters.

Both companies will offer access to their management systems in order to get the data needed
for the development of the project. They are also open to offer all their fleet for developing the
studies proposed, as far as it doesn’t affect the operation of the system.
E-SCOOTERS TRIAL

Figure 9: Motit’s e-scooter.

1. Charging scheduler trial: ELECTRIFIC will design a Charging Scheduler prototype
(WP5) able to centralise the management of the charging process of the batteries that
are going to be charged in different locations of the city (charging premises owned by
the company where batteries are connected in order to be charged). This scheduling
of the charging process will minimize the power required and the cost of energy, as
well as increase the batteries SoH, as the scheduler will define which batteries need to
be charged, when and how, regarding SoC, SoH and batteries demand in each
moment. Motit will offer all their fleet, batteries and managing system to support this
trial, which consists in:
a. About 200 e-scooters (entire fleet) with tablet installed (navigation system,
dashboard for speed and SoC level, touristic routes and other functions)
b. About 240 batteries (entire sum) with BMS inside
c. About 18 chargers per charging location, but capacity for more
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d. 2 different charging locations in the city where chargers are placed
e. A centralised system to control and manage the sharing system: position in the
city and other issues as bookings, level of SoC etc. of their fleet. ELECTRIFIC
has designed a shim in order to have access to the data needed for the project.
f.

Users and staff use their own Motit App for smartphones, in order to book a
scooter, turn it on and off, lock it, finish the trip, etc.

The chart below summarizes this information:
Table 1: Cooperation of Motit & ELECTRIFIC for the charging scheduler trial.
Concept

Motit’s effort for the project

ELECTRIFIC purposes

EVs - fleet

200 e-scooters (entire fleet)

Dimensioning the charging
scheduler

EVs’ tablets
(users)

navigator, speed and SoC level information,
touristic routes, turning on/off, etc.

(Centralised in management
system)

Batteries

240 batteries (total number) with BMS
inside

Studying SoH parameters
and dimensioning

Chargers

About 18 per location (but capacity for
more)

Dimensioning the charging
scheduler

Charging
locations

2 locations in the city (soon will be 3)

Dimensioning the charging
scheduler

Management
system

Centralised: GPS position of EVs,
bookings, SoC level of EVs, etc.

Shim designed to get the
relevant data

Motit Mobile App

Users and staff. To book a scooter, turn it
on and off, lock it, finish the trip, etc.

(Centralised in management
system)

2. Incentives for users trial – involve users in the charging process: ELECTRIFIC
will develop an API for Motit mobile App able to offer different kind of incentives for
users that are keen on approaching EVs with low SoC level to a charging location, so
that the system will save energy in the battery swapping process and increase the
sustainability of the service (less kilometres done with e-scooters by staff for the battery
removal and more options to decide when to charge batteries regarding the SoH and
the renewables on the grid). This API (WP3 and WP6) will be offered to a subset of
users specially chosen to collaborate with ELECTRIFIC. These users will be also
invited to fill in a survey (WP6) in order to better evaluate the acceptation of the
incentive in that particular trip, and also to have a user profiling and draw conclusions
about those responses. The project will study the degree of acceptation of particular
incentives regarding, between others, the user profile or the extra-distance to be done
by the user for getting incentivised. For that purpose, the company Motit offer to the
project:
a. The mobile App from which the API will be developed
b. Access to booking data from the centralised management system (shim) in
order to calculate the incentives to be given regarding the start/end point of the
trip (distances from the user location to the booked scooter and from the chosen
destination and the one proposed by the API to the user)
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c. A subset of users (suitably anonymized for the project) with which the incentives
trial will take place
The possibility to send a link to the survey through all their users in order to have a user profile
for those kind of e-sharing systems for ELECTRIFIC
The chart below summarizes this information:
Table 2: Cooperation of Motit & ELECTRIFIC for the user trial.
Concept

Motit’s effort for the project

ELECTRIFIC purposes

Management
system

Centralised: GPS position of EVs, bookings,
SoC level of EVs, etc.

Shim designed to get
the relevant data
(related to incentives)

Motit Mobile App

Users and staff. To book a scooter, turn it on
and off, lock it, finish the trip, etc.

API to offer incentives
to users

Users

Selection of a subset of users to collaborate
with the incentives trial

Study responses to
incentives among users

Survey

Diffusion of survey (link) among users and
others through social networks, website, etc.

Study of users profiling

E-BUSES TRIAL

Figure 10: Electric bus Solaris Urbino 18.

1. Charging scheduler trial: ELECTRIFIC will design a Charging Scheduler prototype
(WP5) able to centralise the slow mode charging process done in the buses depot
during the night time. This scheduling of the charging process will minimize the power
required and the cost of energy, as well as increase the batteries SoH, as the scheduler
will define which buses need to be charged, when and how (power given), regarding
SoC, SoH and buses needed to cover the scheduled public transport services foreseen
for each day. The company offers all their e-buses fleet and the access to the data
needed to support this trial from their centralised managing system (shim), which
consists in:
a. Their entire electric buses fleet: 4 e-buses (the actual e-fleet: 2 can only be
charged in slow mode, and 2 can be charged in fast and slow mode) plus 7 e-
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buses more by the end of June 2018 (all of them will be able to be charged in
slow and fast mode). They are expecting to have 22 in the next future.
b. One charging station per e-bus: the 4 existing CS are prepared to be connected
through a CCS-Combo connector, and the 7 new ones will be prepared to
connect buses through a pantographic system (see D5.1, section III.2.3 for
more details). Expecting to have 22 in the next future (the scheduler design
must take this into account).
c. Access to data from their centralised management system, which controls and
manages the total bus fleet scheduling: The SAP system controls the
scheduling of all buses fleet of the network, the buses maintenance and
availability; The SCADA system, that connects to the traffic control centre
(position of buses, etc.); and all chargers that are connected to the depot grid,
which share all the charging information via the OCCP 1.5 protocol to the
centralised management system. ELECTRIFIC has designed a shim in order to
have access to the different data sources needed for the project.
The chart below summarizes this information:
Table 3: Cooperation of TMB & ELECTRIFIC for the buses trial.
Concept

TMB’s effort for the project

ELECTRIFIC purposes

EVs - fleet

4 e-buses (entire existing fleet)

Dimensioning
the
charging scheduler

11 e-buses June 2018
22 e-buses in next future
Chargers

One slow mode charging station per bus
(4, 11 and 22)

Dimensioning
the
charging scheduler

Charging
locations

1 location in the city (bus depot for night slow
charging)

Dimensioning
the
charging scheduler

Management
system

Centralised: bus scheduling service (SAP),
geoposition and traffic (SCADA), charging
information (OCCP 1.5)

Shim designed to get the
relevant data

II.3.2. Problems
Third parties’ involvement
As the companies taking part from the trials are not inside the Consortium of the project, there
is always the risk of low dedication of the third parties to ELECTRIFIC goals and therefore low
involvement.: They will participate as far as they take somehow a benefit from the project or,
at least, if that commitment doesn’t imply too much dedication by their part.
On the other hand, this can be considered as a positive point, as then ELECTRIFIC will detect
easily if the product that we are designing is interesting from the business point of view.
We count also on the risk, especially in the case of scooters sharing companies, who are very
young businesses with quite short experience, with short timings for implementing changes
and also with certain competition pressure between them, that this relationship with the project
can fail. The advantage is that, in case it happens, the scooter trial could be adapted quite
easily to another of the three other existing companies, as they all develop a similar business
concept.
This kind of voluntary involvement of trial companies in the context of Barcelona can enlarge
times and planning, especially by the fact that we cannot count on the same level of demand
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with them as with the companies that are directly participating in the Consortium. This reason,
and also the fact that some of the trials already initiated demand a high amount of work in this
first period, have led the Barcelona trial to be started during the second year period of the
project.
Technical problems will be addressed in the different WP trial description chapters.

II.3.3. Forecast
For the reasons just referred in the point above, Barcelona trials will be started at the second
yearly period of the project, probably from October onwards.
Next steps will be:
-

implementing (both trial companies) the shim to allow ELECTRIFIC getting data from
the different management systems of the companies (according to swagger hub
definition)

-

Studying (technical partners – WP5) the best solutions adapted to the needs of each
one of the systems: e-scooters and e-buses

-

Implementing and testing the ELECTRIFIC Charging Scheduler prototype (technical
partners – WP5)

-

Negotiating with e-scooters sharing company (ELECTRIFIC and e-scooter company)
the different possibilities of the incentives to users’ trial

-

Studying (technical partners – WP3) the technical constraints to design the API for the
user’s App in order to get incentives when users approach an almost empty scooter to
a charging location

-

Establish a subset of users (e-scooters sharing company) able to collaborate with
ELECTRIFIC for the incentives trial

-

Design a survey (WP6 partners) for getting some extra data from users and trips in
order to correlate their response to incentives to different parameters: profiling, walking
distances or others

-

Ensure (e-scooter sharing company with the close support of ELECTRIFIC
Consortium) the protection of personal data according to the European legal
framework. Any data given must be previously anonymized

-

Study the results of the response to incentives trial (WP6 partners)

BCNecologia will support and follow all these steps in order to get the best opportunities for
ELECTRIFIC, taking into account that finding good solutions for companies that are working
on the ground, with such different systems as a bus network or a free flow e-scooter sharing
system, will highly contribute to design a final product adaptable to different situations and
business models.
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III. GRID PRESSURE TRIAL (WP4)
The trial design includes the complete sketch for the test setup and the test phase, which will
be performed in the context of WP4. Beside the fundamental concept, detailed information
about the used infrastructure, the individual field tests, a chronological execution plan, as well
as the data flow and the desired knowledge gain are given. For the field test, we defined two
suitable regions (Vilshofen an der Donau and Langenisarhofen in Germany/Bavaria), which
already provide appropriate charging and measuring infrastructure or where they can be
installed easily for the project. Both these comparable regions show big differences concerning
the power grid and thus enable the ELECTRIFIC project to run a wide area of different studies.
The field tests provide the basis for a suitable design plus configuration of the central software
components of WP4 (e.g. PQ-Indicator, Smart Charger, etc.)
The four research areas and main goals of the practical investigation are:
1.

Understanding of individual system perturbations and effects on the power grid
due to EV charging processes.
The main point of interest is to understand the perturbations of EVs towards the grid
during the charging operation. Additionally, we want to investigate how the perturbations
propagate in the grid and how they add up if we have parallel charging operations with
several cars. This knowledge forms the basis for developing a smart charging algorithm
that supports the grid and charges the EVs grid friendly.

2.

Prediction of power grid situation (in terms of current, voltage and further power
quality parameters)
Making a prediction for the situation in the power grid means making a statement about
expected future events. Therefore, information is necessary based on which future
events can be derived. Recurring situations, occurring problems and disturbances have
to be understood as well as repetition effects can be expected. Possible uncertainties in
the forecast have to be compensated to allow a certain degree of planning accuracy for
allocation of charging processes. Furthermore, the predictions serve as an indicator of
how well the network has been understood, or respectively which forecast errors can be
expected.

3.

Evaluation of power grid situations
Beside the predictability of individual power grid situations, the evaluation of the situation
of a power grid is a further important task. This means that an objective statement can
be made about how positive or negative the power grid situation (current or future) is for
electrical devices in the network. This includes, in addition to the available capacity and
voltage values, also other power quality parameters like flicker or harmonics. The basis
therefore is on the one hand the EN 50160, which defines limits for the different values.
On the other hand, also expert knowledge regarding the individual prevailing grid
situation is necessary. The classification of power grid situations is intended to give an
objective view of the situations; which action is required or desired in order to achieve a
change in the network state.

4.

Actively influence of critical situations
After a valid forecast as well as an evaluation of power grid situations, it is necessary to
elaborate how control actions in the field of electric vehicle charging can influence power
grid effects and to which degree the effects can be changed. The knowledge about which
influencing factors have which impact on the grid allows optimizing booking processes
in terms of grid friendly charging. It is also possible to use the Smart Charger to make
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changes during charging processes in order to compensate inaccurate predictions. In
addition, this classification of possibilities to influence the power grid by means of suitable
decision-making processes serves to improve the power grid situation.

III.1. Trial area
The test grids for the project are Vilshofen an der Donau and Langenisarhofen (in
Bavaria/Germany), see their location in the map in Figure 11. Vilshofen is a municipal area,
while Langenisarhofen can be classified as a rural area. As in a typical urban power grid,
supply routes in Vilshofen are rather short (a few hundred meters). On the other hand,
Langenisarhofen has longer supply routes. As urban power grids grow continuously over the
time, often much different grid techniques are used. Regarding the connection lines, there is a
huge diversity of different cross-sections: 150mm², 95mm², 50mm², 35mm², 25mm² and
16mm². Rural areas, like Langenisarhofen, often features similar power grid structures, e.g.
150mm² and 50mm². In urban areas, the transformers are usually less heavily dimensioned as
in rural areas, because of the short distances where loads are connected. In rural areas, on
the other hand, PV expansion is much more likely, as more space is available there. Since
load flow reversals to the medium voltage grid appear more often, the transformer has a higher
power requirement. In Table 4 and Table 5, individual power grid information are listened.
Table 4: Grid characteristics of the power grid of Vilshofen.
Vilshofen an der Donau
Grid element

Amount

Characteristics

Transformer

1

400kVA

household

19

industry/Business

20

PV-plant

3

2x20kW und 1x10kW

Cable

64

150mm², 95mm², 50mm², 35mm², 25mm2, 16mm²

Table 5: Grid characteristics of the power grid of Langenisarhofen.
Langenisarhofen
Grid element
Transformer

Amount

Characteristics
Data will be handed in as soon as it is available

Household
Industry/Business
PV-plant
Cable
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Figure 11: Map of trial areas.

III.2. Measuring infrastructure
In order to define the current power grid status and every important PQ value, an efficient
measuring infrastructure is required. The decision was taken to use the PQ-DA smart devices
from the company A-Eberle for measuring the grid (see D4.1). In Figure 12: Overview of the
measuring infrastructure, an abstract overview of the measuring infrastructure and its
connection for data collection is given

Figure 12: Overview of the measuring infrastructure.

In the Project ELECTRIFIC, we measure each transformer of the test grids on secondary side
to calculate the overall load of the whole transformer. In order to observe how PQ issues,
propagate through the grid, a measuring device will be installed at the bus bar connection of
the whole subnet, which provides the grid connection to the charging stations. (e.g. in Vilshofen
all the charging stations are connected to the cable, which connects the bus bar with the trail
station). To be flexible during the project, this device will be installed in a way, that we are able
to reattach the device also to other bus bar connections manually. Beside the transformers,

31

D8.2 – Report on the results of preliminary experiments

Version 0.9
Date: 25/08/2017

there will be measuring devices at all charging stations, as source of our treatment concerning
PQ. To complete the measuring device setup, we are going to install one device at the worst
point, which is often the longest path in the grid.
We are going to use the measuring infrastructure over the remaining time of the ELECTRIFIC
project. Therefore, the expensive devices must be protected against all kind of weather
conditions. To achieve this, special outdoor cabinets are used. In each cabinet, there is place
for one measuring device including the transducer and one Internet router if required. The
cabinets are equipped with heating and cooling units in order to regulate the internal
temperature and therefore prolong the devices lifetime. Unfortunately, the cabinets shield radio
signals so we have to use external antennas for our mobile Internet connections. To install the
cabinets including the measuring devices and its cabling, underground construction is
necessary.
Concerning the communication, we use OpenVPN tunnels over 3G, 4G and DSL channels to
secure the data exchange. On the side of the measuring devices Asus routers, which provide
this functionality, are utilized. The OpenVPN tunnel is established using a client certificate at
each router. To connect the measuring devices with the routers, we use LAN cables and
switches within the cabinets. Whenever it is possible, we connect multiple measuring devices
to one router in order to reduce the costs. At the trail station in Vilshofen, E-WALD already
uses a DSL modem to connect their charging stations. At this point, we use the existing
infrastructure and tunnel our traffic through the E-WALD router.
The gathering of measuring data will be done over the whole project term. In doing so, charging
processes of customers, which are not using ELECTRIFIC, will also be examined. Beside the
individual system perturbations of the charging processes at different time, the data will also
be used for predicting future grid situations. Due to the continuous data recording, we want to
improve the valuation of the situation of the present and the future grid.
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III.3. Dataflow chart

Figure 13: Data flow in grid pressure trial.

The diagram in Figure 13: Data flow in grid pressure trial depicts the data flow in these trials.
The Win-PQ software collects the measured KPI values from each measuring device, which
are directly accessible over a VPN tunnel. The communication between measuring device and
Win-PQ is via an OpenVPN tunnel as described in the previous section. The data collector,
which is a part of the ELECTRIFC system, reads the KPI values directly from the Win-PQ
database and uses an event-driven architecture (KAFKA architecture in ELECTRIFIC) for
sending a new event to the PQ-Indicator at every update of the measured data. The PQIndicator should analyse this data and notify the smart charger about required actions. During
the first trials, the data analyser has direct access to the database of the Win-PQ server and
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tries to understand the impact of the repercussions produced by EV charging operations
towards the grid. Besides this, the data analyser can use simulation results from the power
simulation tool PowerFactory. Furthermore, the data analyser should get information from the
drivers about the different variables of the test cases e.g. initial/end SoC, type of car, time of
charging (start, end), and charging circumstances (e.g. other unplanned charging operation).
Further sections detail the individual tests for the trials. The structure is also build on the
chronological sequence of the single tests. This is due to the reason, that preceding test and
the therefore gained knowledge are usually required as basis for successive tests.

III.4. Trials
In the trial structure, we have several tests that rely on each other. For each main test, we give
a textual description of the single sub test routines, followed by a table, which summarizes the
major objectives. A total overview of the planned structure of the trials concerning the power
grid is given in Figure 14 :Trial Overview.
Note: All subtests have in common, that it must be ensured that no unforeseen charging
process, initiated by a common customer, takes place. This is especially critical in the single
EV-Test charging, as it would distort the results. In addition, each charging process should
start at a similar battery SoC of approximately 10%. At least it must be guaranteed by the SoC
that charging with nearly constant charging capacity can be done for 10 minutes. This ensures
that we have the maximum load after starting the charging process and the results of the single
tests are comparable.

Figure 14 :Trial Overview.

III.4.1. Warm-up Phase
III.4.1.a.1. Simulation
During the practical trials, we will test the grid behaviour using the same parameters within a
power simulation tool in parallel. This combination enlarges the knowledge gained from the
practical trials and helps to understand the impact of EV charging on the grid to a better extend.
This section shortly explains the setup and configuration of the used power grid simulation tool
PowerFactory from DIgSILENT. Among other functions, Power Factory supports load flow
calculation and power quality analysis, mainly voltage drop, power factor and harmonic
propagation, which are the main interesting aspects we need for our trails.
First, we need to model the utility network for the two trial regions within the simulation
software. The network plan includes details of type and length of each cable, the number and
the connection points of all registered loads, e.g. households and industries. Additionally, all
PV systems and all charging stations are modelled within the simulation environment.
For the load flow calculation, we need to specify the load profiles of consumers (households
and industry), as well as the generation profiles for power feed-in (e.g. PV systems). There are
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several load profiles available. We describe three different load profiles that we consider to
use for the simulation of the grid:
1) The ‘Bundesverband der Energie- und Wasserwirtschaft’ (BDEW) in Germany provides
default load profiles for different types of loads, e.g. households, industry and
agriculture [1]. The energy supplier normally uses these load profiles to estimate the
load of their customers. The profiles provide season depending data on a 15-minute
basis. PowerFactory can directly use the predefined profiles for the simulation. The
BDEW load profiles distinguishes between the following types of loads:
a. H0: Household
b. G0: Average of the industry
c. G1: Industry mainly on working day 8 a.m. until 6 p.m.
d. G2: Industry with high consumption in the evening, e.g. restaurant
e. G3: Industry
f.

G4: Shop

g. G5: Bakery
h. G6 *: Industry with weekend consumption, e.g. cinema
i.

G7 *: Mobile base station

j.

L0: Agriculture

k. L1: Agriculture with dairy framing or small animal breeding
l.

L2: Remaining agriculture

* Not available in PowerFactory
2) The Software ‘LoadProfileGenerator’ designed by Pflugradt, N. et. al. [2, 3, 4, 5] can
generate profiles for water and electricity based on the specified inhabitant behaviour.
This tool provides over 60 predefined households and can generate customized load
profiles, too. The ’LoadProfileGenerator’, as the output of a PhD. Thesis, is free to use.
3) The University of Applied Sciences HTW Berlin built synthesized household load
profiles based on three-phase measurements at households in Austria with the
granularity of up to one second [6]. The data set includes the electricity loads of 74
representative households. In average, these load profiles correlate well with the
BDEW default load profiles, however providing a very detailed data resolution and are
free to use as well.
An accurate load flow calculation also requires generation profiles for all energy sources in our
simulation grid. Since we only have PV systems as local renewables in our two trial areas, we
can go with some predefined generation profiles for them. For this purpose, we have two
options:
1) PowerFactory internally provides a PV System Model. Within this model, we can
specify the exact PV installation setup with the number of photovoltaic panels, the
number of parallel inverters and the location of the PV system, as well as the systems
orientation and angle. Depending on this setup, PowerFactory uses a generated profile
for the quasi-dynamic simulation, taking into account the simulation date, in order to
simulate a whole day, week or year. Since this PV model does not consider weather
conditions, we probably need to enhance the generated profiles, e.g. depending on the
cloud situation during the trials.
2) In order to sharpen the PV generation profiles towards weather information integration,
we can use anonymized PV profiles containing 15-minute average generation values
and the weather data from the locations of those PV systems. These daily profiles will
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be mapped according to the weather situation at the trial locations and simulation time,
the season (or the month) and the peak power of the PV system.
The power quality simulation in PowerFactory can simulate harmonic propagation in the grid,
using specified harmonic intrusion characteristics at each load and generation. In general,
PowerFactory can calculate the harmonic intrusion of Thyristor rectifiers, PWM-converters,
synchronous machines, any kind of generic generators and generic loads, as well as the
external grid connection (in case we are simulating a low voltage grid). PowerFactory provides
the specific harmonic characteristics of 2-pulse Bridge, 6-pulse Bridge and 12-pulse Bridge
converters. Households have a huge number of different harmonic sources, e.g. microwaves,
refrigerator, energy saving lamp and any kind of non-linear load. Since we cannot predict the
usage of each individual harmonic source, it is very hard to generate a common harmonic
characteristic for a household. This is also reflected in literature, where only different harmonic
sources are compared [7, 12]. We decided to use an ideal harmonic characteristic for each
household and industry, because we want to investigate the propagation of harmonics of the
charging process in particular. There are many studies concerning the intrusion of harmonics
from an EV charging process [8, 9, 10, 11]. From their results, we can derive one harmonic
characteristic that we will use provisional during the power quality simulation in PowerFactory.
After the first trials, we can replace these harmonic characteristics with our own measurement
values.
During the warm-up phase, we can start simulating the grid situation without the EV charging
operations using the given load and generation profiles in order to validate the simulation tool
and the measured values from the measurement devices.

III.4.1.a.2. Measurement Infrastructure
The warm-up phase is considered to be executed before the remaining trials. The intension of
this phase is to test the complete measurement infrastructure setup, including hardware
installation, parameter configuration, fine-tuning of trigger thresholds and the remote
connection of all measurement devices. The warm-up phase will last approximately 4 weeks,
starting prospectively from mid of September. During this time, we want to assure that the data
measuring can be carried out without any problem. This includes the complete data transfer
chain from the measurement devices to our data servers. Additionally, we want to fine-tune
the data to record, in sense of which data channel is required in which granularity.
The warm-up phase gives us the opportunity to detect potential source of errors. This is needed
in order to execute the physical tests with the electrical cars without any disturbances and
unnecessary retries are avoided. Therefore, all tests that need the measurement infrastructure
can only be started after successfully completing the warm-up phase. Table 6 shows the
iterations of the warm-up phase step-by-step.
Table 6: Test procedure of the measurement infrastructure.
Test

Description

Location

Preconditions

Time per
single
test

Overall
time

W.s.a

Test the remote access
(including
remote
configuration)
to
all
measurement devices via
the VPN tunnel.

ELECTRIFICSystem

Installed
measurement
infrastructure

approx.
1h

approx.
12h
(approx. 1
day)

W.s.b

Test the data request to
each measurement device
through the VPN tunnel. In
addition, it will be also

ELECTRIFICSystem

W.s.a

approx.
30 min.

6 hours
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tested, if the SD cards are
accessibly.
W.s.c

Check
whether
the
requested data is correctly
stored inside the MySQL
database.

ELECTRIFICSystem

W.s.b

approx.
30 min.

6 hours

W.s.d

Check
whether
the
returning data values are
plausible
and
the
recording of the data
stream is working

ELECTRIFICSystem

W.s.c

approx.
1h

approx.
12h
(approx. 1
day)

W.s.e

Check if the saved data is
published to the correct
topic of the Kafka cluster.
Verify if the IDs and the
values
to
this
measurement
devices
match.

ELECTRIFICSystem

W.s.d

approx.
30 min.

6 hours

W.s.f

Check, whether reading
the data from the Kafka is
possible and whether the
ordering is correct. (E.g.
only read values from one
specific
low
voltage
network.)

ELECTRIFICSystem

W.s.e

approx.
30 min.

6 hours

W.s.g

Test the system at least
one week and verify
whether it can measure,
request and publish data
to Kafka without any error
for the duration of one
week.

ELECTRIFICSystem

W.s.f

1 week

1 week

After successfully completing all the tests of the warm-up phase, we can go on with the test
scenarios using the electric vehicles in the field.
Note: The single components of WP4, like the Power Planner, Voltage Planner or PQ Indicator,
are not implemented at this stage. These components will be developed in the Note: The single
components of WP4, like the Power Planner, Voltage Planner or PQ Indicator, are not
implemented at this stage. These components will be developed in the second year of the
project using the gained knowledge of the first trial phase.
III.4.1.a. Analysis of the Power Grid
With the data from the warm-up phase we have the possibility to learn something about the
grid in general. This includes the typical daily profiles of the grid load and general problems of
the selected grids. From the measured values, we can extract the minimum and maximum
values of the different power quality KPIs and analyse the peak load times of the two grid
sections. Furthermore, the measured data can be used to extract information for more accurate
photovoltaic modelling and provide the basis for developing grid status indication techniques
and grid situation forecasting methodologies.
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III.4.1.b. EV Characteristics Trials
Before performing the single-car tests, it is necessary to investigate if the charging behaviour
and the system perturbations of our trial cars are the same or at least comparable. In particular,
the goal is to examine how the Battery Management System of the EVs reacts to the charging
processes and weather significant differences occur. The existing data, gathered via the
measuring infrastructure while warm up phase, will be used to identify suitable and comparable
off-peak phases during the week. Since the charging process depends primarily on the voltage
in the power grid, the charging time should be chosen, where a stable voltage is available.
If the results show, that there are no critical deviations between the same trial car models,
these cars can be used in parallel for the single-car tests in Vilshofen as well as in
Langenisarhofen. If the value deviations are too large, this has a direct effect on the single-car
tests. For a better comparability, the car charged in Vilshofen must also be the same as in
Langenisarhofen.
Based on the known off-peak phases, two comparable working days and periods in Vilshofen
are selected. On one of these two days four Renault ZOEs are tested and on the other day
four Smarts. The cars must have a comparable SoC (approx. 10% as mentioned before). Each
car will be charged for 10 minutes. Afterwards, a two minutes’ break is required to ensure that
the effect of the first car will have no effect on the second car. Then the second car is loaded
and so on. An overview of the test procedure can be found in Table 7: Test procedure of the
EV characteristics Trials.
Table 7: Test procedure of the EV characteristics Trials.
Test

Description

Location

Preconditions

Time per
single
test

Overall
time

W.t.a

Elaboration of suitable offpeak phases as well as
comparable working days in
Vilshofen for the EV trials.

ELECTRIFICSystem

Installed
measurement
infrastructure

W.t.b

Test
regarding
the
perturbation behaviour of
the BMS of 4 Renault ZOEs.

Typ-2
connector at
train station in
Vilshofen

W.t.a

approx.
10 min

approx.
1h

W.t.c

Test
regarding
the
perturbation behaviour of
the BMS of 4 Nissan Leafs.

Typ-2
connector at
train station in
Vilshofen

W.t.b

approx.
10 min

approx. 1
hour

approx. 1
Week

III.4.2. Grid Trial Phase
III.4.2.a.1. Simulation of EV Charging
Independent of the hardware trials, we will simulate the behaviour of the two selected trial grid
sections and verify whether the measured values from the measurement infrastructure
correlate with the simulated ones. We first focus on the scenarios without EV charging
processes. The ‘normal’ situation can provide us an insight into the specific grid behaviour
without any ongoing charging operation. This simulation is followed by separate simulation
runs for all of the different trial scenarios that are described in the next sections. For all these
tests, we carry out the load flow calculations, as well as the power quality analysis.
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In order to refine the simulation results, we will rerun the simulations using measurement data
from the physical trials to configure the simulation environment, e.g. the harmonic
characteristics of the external grid connection or the accumulated load at the busbar of the
transformer.
Furthermore, the results of the simulation runs can directly be compared with the measured
values from the physical trials, e.g. the active and reactive power or the harmonic propagation
inside the low voltage grid. The first intermediate result is the evaluation of the simulation tool,
as well as its input parameters, such that we can use the simulation environment for worstcase scenarios, which are not possible in the real power grid, later on. The comparison can
have three different outputs:
1) The behaviour of both trial grid regions correlate well with their simulations.
2) Only one trial grid region conforms to its simulations.
3) There is no correlation between the simulation results and the measurements at all.
In any case, we need to figure out the parameters that influence the differences between the
simulation and the real measured data. Having a (well) correlating simulation tool is considered
as a milestone in the simulation trials and allows us to run simulation trials on nearly any low
voltage network inside the simulation tool. Moreover, we can perform worst-case test scenarios
in the future. With the gathered simulation results, we preconfigure the Smart Charging
components and run first test scenarios inside the simulation environment. After the Smart
Charger is operating as desired, we plan to start physical trials with the Smart Charger from
beginning of spring 2018.

III.4.2.a.2. Single EV-Test with AC charging
With this test, we want to understand the system perturbation of single electric vehicle
charging. Due to this reason, all performed tests will be carried out with only one car model at
the same time. We will test the system perturbation in both Vilshofen and Langenisarhofen to
get results of different power grids. In Vilshofen, the Typ-2 system charger at the train station,
as well as both Typ-2 charging stations at the netcenter of Bayernwerk will be used. In
Langenisarhofen, we will perform the tests at both of the two charging stations. In addition, it
is ensured, that in this test region there is no second charging operation during our tests. For
this test, we intend to use one Renault Zoe and one Smart. We defined the following times for
the system perturbation tests when charging processes should take place. The times are
based on the load profiles from the simulation tool. In the morning we expect a huge increase
of the power consumption, during noon there will be a peak in the local renewable production
due to photovoltaic systems and at the evening there will be a peak in the load of the grid.
Additionally, we will schedule the tests once in the off-peak phase during the night, with a
nearly constant load in the grid. The exact times for the trials will be defined after we have
analysed the specific times of the two grid sections. The times can be different for our two
grids, since we have chosen one rural and one urban grid.
-

Power rise in the morning approx. between 6 a.m. and 8 a.m.

-

PV production peak approx. between 12 a.m. and 2 p.m.

-

Evening peak approx. between 4:30 p.m. and 6 p.m.

-

Off-peak phase during the night (approx. between 2:30 a.m. and 3:30 a.m.)

In each region, the same car model will be charged from approximately the same start SoC for
10 minutes over a whole week. The period of 10 minutes is based on the 10-min average
values of the PQ-policy EN 50160. The results should enable a conclusion, which variability of
system perturbation due to electric vehicle charging occur with a similar grid behaviour. For
this analysis, business days, Saturdays and holidays/Sundays must be considered, as the
usage behaviour of the grid on these days is different and therefore different system
perturbation due to electric vehicle charging occur with a similar grid behavior. For this
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analysis, business days, Saturdays and holidays/Sundays must be considered, as the usage
behavior of the grid on these days is different and therefore different system perturbation can
be expected. Within one week, we will always test the same car model in each region. Because
of the possibility to perform the test in both regions in parallel and the usage of two different
car models, we need 4 weeks for this test (1 week per charging station connection point per
grid per car model). Of course holidays as well as school holidays must be taken into account.
With the help of the parallel tests, the overall grid situation, concerning for example the voltage
level on medium voltage grid side or the meteorological influences for example average
temperature are comparable.
The Renault ZOE and Smart have their own power inverter integrated. The measuring data
therefore can additionally be used for the comparison with the measuring data of the BMWi3,
which is loaded with DC, later.
Table 8 presents the single subtests of this phase:
Table 8: Test procedure of single EV-Test with AC charging.
Test

Description

Location

Required
cars

Timeframe EV

Period

A.a

Measuring of system
perturbation caused by
electric
vehicle
AC
charging process.

Typ-2 connector
at train station in
Vilshofen
and
last point at
Langenisarhofe
n

2 Renault
ZOEs

1
Week
(Monday –
Sunday)

1 Week (Tests in
Vilshofen
and
Langenisarhofe
n in parallel)

A.b

Measuring of system
perturbation caused by
electric
vehicle
AC
charging process.

Typ-2 connector
at train station in
Vilshofen
and
last point at
Langenisarhofe
n

2 Smarts

1
Week
(Monday –
Sunday)

1 Week (Tests in
Vilshofen
and
Langenisarhofe
n in parallel)

A.c

Measuring of system
perturbation caused by
electric
vehicle
AC
charging process.

Typ-2 connector
at netcenter of
Bayernwerk in
Vilshofen

2 Renault
ZOEs

1
Week
(Monday –
Sunday)

1 Week (Tests in
Vilshofen
and
Langenisarhofe
n in parallel)

A.d

Measuring of system
perturbation caused by
electric
vehicle
AC
charging process.

Typ-2 connector
(end of feeder) in
Langenisarhofe
n

2 Smarts

1
Week
(Monday –
Sunday)

1 Week (Tests in
Vilshofen
and
Langenisarhofe
n in parallel)

In case we measure a long peak load period in the morning, at midday and in the evening, a
parallelization of the tests with the different EV models can be performed. This is only possible
if the peak period is long enough for two charging tests (2x 10minutes) plus a small resting
time in between.

III.4.2.a.3. Single EV-Test DC charging
In Vilshofen, there is the possibility to test a DC fast charging (Veefil charging station 44kW) in
addition to the normal type 2 charging stations (22kW). The difference here is that the inverter
is not installed in the EV itself, but in the charging station. This test is intended to show, on the
one hand, the extent to which the increased single load has an effect on the power grid, but
also which effects on the power grid at DC charging can be expected (in terms of the inverter).
For this reason, after the completion of the AC single-car tests, a BMWi3 will be tested for the
same test period of one week. Furthermore, this test serves as the basis for the eight-car test
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in the “Future Trials” when all available charging spots in Vilshofen will be used for a charging
process simultaneously. Therefore, it is first important to understand the individual EV-charging
behaviour.
The tested AC-charging EVs in our trials can be connected with Typ-2 (22kW) or Schuko
(3,7kW). In addition, the BMW i3 can be DC charged (50kW) or AC charged with maximum of
11kW (Typ-2). Due to the possibility to charge the BMWi3 not only with direct current but also
at Type 2 charging stations with 11kW, this certain charging speed will be tested separately
with the BMWi3. This is intended to act as a comparison between the differences in the ACto-DC charging effects. The test procedure is summarized in the following table.
Table 9: Test procedure of single EV-Test with DC charging.
B.a

Measuring of system
perturbation caused by
electric
vehicle
DC
charging process.

Veefil connector
at train station in
Vilshofen

1 BMWi3

1
Week
(Monday –
Sunday)

1 Week (Test in
Vilshofen)

III.4.2.a.4. Complete Charging Process
The goal of this test is to check, how the system perturbation changes over the whole charging
cycle from near zero SoC up to 100% SoC. As we assume that the BMS of each car model is
depending on the manufacturer and therefore will have its own charging characteristic, we will
test the effect of a full cycle charging of all three available models (Renault ZOE, Smart and
BMWi3). The time at which the charging process will be initiated, can be defined by evaluating
the results of the single EV-Test AC charging trials. The tests will be performed at Vilshofen
train station, as on the one hand, we do not have any additional load on this feeder line and
therefore will get undistorted PQ measurements on the measuring devices of the charging
stations. On the other hand, we can measure the grid perturbation on the transformer, the
charging stations at the netcenter of Bayernwerk and the worst point in the grid.
The main results we want to gather for each car model are charging duration, charging profile
(active/reactive power over time), system perturbation over charging period (especially the
changes of PQ) and specific characteristics of the BMS and respectively the battery type (if
there are any).
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IV. WP5 TRIALS
In this section the trials as well as the preliminary, basic conditions and the data handling of
these trials of WP5 are discussed. They are intended to build a foundation for the development
of models in the further progress of WP5.

IV.1. Hardware infrastructure
For the WP5 trials, different components are needed, which are key components of the Data
Collection of THD. This way, driving data from the EV itself can be sent to the THD EV Data
Log Server and then forwarded to ELECTRIFIC. Furthermore, charging station information is
needed for the trials, which is obtained by a script of has.to.be GmbH or by a reference
measurement in the lab of THD. Depending on the trial, one of these charging stations data
sources is being chosen.
Firstly, the OBD module is utilized to send specific EV driving parameters to the tablet. Its
functionality as well as the Data Collection are described in more detail in deliverable D5.1,
section II.1.3. Secondly, the THD tablet is necessary in order to establish a communication link
between the EV and the Data Log Server. At EV start-up, these components turn on once they
receive power from the EV onboard electronics and acquire the parameters from the CAN bus
passively. This acquisition is collecting parameters whenever the driver is performing any
actions or when EV components communicate current status values between each other.
Hence, the data acquisition is not done actively, so no interference with the EV functionality is
caused.
A reference measurement is required for the State of Health trial as described in section IV.4.1.
Here, EVs are charged with a THD made DC fast Lab-CS, which provides more detailed
information as commercial CSs, such as the charging curves for each EV. This should give
more insight in the charging behaviour of the EV, which should help to understand a possible
correlation between power input of the battery and its SoH state. From this, an E-SoH should
be derived.
In future trials, CSs will be monitored by Bayernwerk in the context of WP4. Here, smart meters
can give more information than commercial CS, which are already connected to the
be.ENERGISED backend of has.to.be GmbH.

IV.2. Data management
All data which are acquired within the trials, is managed by THD. The team working in
ELECTRIFIC as well as the internal IT department have access to the data, where the IT
department is managing the data storage.

IV.2.1. Data flow
The data collected in the trial can be received from three different sources. These provide
information about EV driving data as well as charging process data from charging stations.
The necessity for these sources comes from the physical functionality of EVs. For the energy
input, charging station data is needed. Here, commercial CS often only provide information
about charged energy amount and the charging process duration. However, there is a trial
described in section IV.4. , which requires more detailled information, received from a custom
built lab CS, located at THD. The energy output of the EV is controlled by the driver and is
influenced by driving behaviour. Therefore, the THD Data Collection is used.
The basic flow for most of the trials is shown in Figure 15, where the data flow from the EV
driving as well as from the charging stations in the E-WALD core region in Lower Bavaria is
illustrated. There, data from the EV CAN bus is communicated through the OBD module to the
tablet, which runs the InCarApp. This transmits the data through the mobile
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telecommunications network to a server in the DMZ at THD, which can be accessed from the
Internet using secure authentication. From there, the data is then sent to the THD intranet,
where it is matched to the EV and stored on the EV Data Log Server. For data security reasons,
the data on the server is backed up daily in order to prevent data loss.

Figure 15: Data flow with has.to.be GmbH backend.

For the data that is generated during EV charging, has.to.be GmbH provides THD with a
custom solution to their backend be.ENERGISED. Therefore, be.ENERGISED receives
charging data from CS, which is made available through an API. To access the API, has.to.be
also provided a custom script which performs user authentication at the API and transmits
requests about certain charging processes from the client to has.to.be. This way, THD can
request and analyse the data from the charging processes. The charging data is requested
from the backend and is sent to THD and then is stored for further analysis.

Figure 16: Data flow with lab CS.

A nearly similar data flow is shown in Figure 16, where the EV driving data flow remains the
same. However, the CS information does not come from be.energised. Instead of using a
standard CS, a especially developed DC fast CS at THD is used to charge EVs in a controlled
manner and to received detailled charging information on current and voltage curve as well as
charged energy amount.
In order to integrate fleets besides of E-WALD for future trials, the ELECTRIFIC EFO agent
needs to contain the EV Data API and the respective EFO has to implement a shim, which
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feeds EV driving data to ELECTRIFIC. This has the benefit, that the THD Data Collection
doesn’t need to be expanded to other fleets, giving the respective EFO the freedom to choose
an own data collection system. A detailed description for the shim functionality is given in
section II.2.3 of deliverable D5.1.
If new EFOs in ELECTRIFIC don’t implement a shim, driving data can’t be acquired and the
trial is not possible. Besides this, CS data needs to be collected. This means, that the CSO
needs to provide us a script or API access to request charging process information of specific
CS. However, if these requirements can be fulfilled, these data sources would connect through
the Internet to THD.

IV.2.2. Data storage and protection
In this section, the storage and protection of the data is described. In order to prevent data
theft or manipulation from extern individuals, THD has taken precautions in its IT infrastructure
as well as in the channels for Data Collection.
For the EV driving data, the communication between tablet and server in the DMZ is encrypted
with a custom protocol based on Apache Avro using a public and private key combination.
Thus, only the server is able to decrypt the data. After decryption and filtering of the data
parameters, they are sent to the EV Data Log Server. This server is located in the THD intranet
and is only accessible via VPN. This should prevent changes by THD-external individuals.

IV.3. Charging Influence Trial
To check EV battery degradation influenced by different charging technologies, a dedicated
trial has been initiated as described in this section. It is characterised by a controlled charging
technology usage as well as a homogenously distributed discharging, i.e. driving, behaviour.

IV.3.1. Trial design
In our battery health research, we intend to analyse the influences of different charging types
on the battery’s SoH. The stress for the battery is influenced by the charging mode which is
influencing the Battery Health. Therefore, two drastically different charging types are chosen
for usage with nearly identical trial EVs (see Table 9), in order to produce a measurable result
with a low error margin. To reduce this error further, one would increase the number of EVs
and their drivers. Also, the EVs ideally are exchanged between the drivers in a periodic cycle.
However, we are limited to a low number of identical EVs and drivers, which is why we need
to downscale this proposition. From these goals, two requirements can be derived:
1. We need two EVs that are almost the same age, mileage and SoH. These EVs will
be equipped with the Data Collection system from THD.
2. Also, minimum 2 drivers are needed, who can be commanded in their driving and
charging behaviour to fit our needs of testing the fast and slow charging. Each driver
will drive both cars on similar routes, mileage and number of day.
For reasons of similar age, mileage and SoH, two Nissan LEAFs are chosen from the E-WALD
fleet.
1 LEAF is over the whole period only charged slowly (charging power less than 3.68 kW).
1 LEAF is over the whole period only charged fast (charging power between 20 and 50 kW).
The only exception would be in a critical situation, when no adequate CS can be reached and
a driver is facing the fact of running out of energy, any reachable CS can be chosen.
The EVs are driven in a normal way of usage, minimum on all weekdays for daily commute.
To homogenize the usage of the cars, the drivers will swap the cars every week. So no
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influence of a specific driver will interfere the tests. The cars will be driven as much as possible
to see a change in the SoH and the effect of the different charging modes in a short time.
The swapping of the drivers and also all charging processes (timeframe, location, Start SoC,…)
will be protocoled. Hence the CS data can be matched to the EV data. For this process, the
data flow of Figure 15 can be followed. For this, has.to.be GmbH provides a custom script,
which allows getting data on previous charging processes at stations in the E-WALD core
region of lower Bavaria. By matching the EVs with the charging information, the charging
behaviour (e.g. charged energy) can be included in further analysis.
This only applies for the car that is fast charged. The car that is charged slowly does not need
any special CS, only a wall outlet plug is used. So there won’t be detailed charging data
available except from timeframe, location, start SoC and end SoC.
The following list summarizes the needed data for this trial:
1. Car type
2. Driving data
3. Driving behaviour
4. Battery status
5. Charging data
This way, we can derive influences of the charging mode and models.

IV.3.2. Duration
In the following, the planned duration for the Charging Influence Trial is described. This
includes both a time interval, when the trial is performed, but also an estimation of the minimum
duration required in order to ensure enough significance.
The trial was started on 18/05/2017 and is planned to run it until mid of November 2017.
Due to the fact that battery health changes can only be seen over a long period of time, several
months are needed to observe a significant change. Therefore, a trial duration of at least five
to six months of frequent usage in order to see changes in the data of SoH is planned.

IV.3.3. Location
As described in section IV.3.1. , two drivers are needed for this trial who switch the EVs
periodically to ensure a homogenous driving influence on both vehicles. This is currently done
by two colleagues of THD.
As not only the daily commute to THD is performed, also other routes are driven here. This
ensures, that the influence of specific routes on the discharging behaviour is kept low. In
addition, it may occur that charging is needed during a trip. Thus, the nearest CS is kept as
intermediate destination during a trip. However, the location of this trial is intended to be the
E-WALD core region with a radius of roughly 100 km around Deggendorf/Germany, because
of the spatial density of CSs, which are connected with the be.ENERGISED backend of
has.to.be GmbH. This enables us to follow the charging characteristics of the trial EVs.

IV.3.4. Results
Some first result of the changes in the State of Health from the two trial EVs are shown in this
section.
The initial state of the Nissan LEAFs on 18/05/2017 is shown in the following Table.
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Table 10: Initial state of the Trial EVs.
Start-SoH

Mileage

Max.SoC

Slow-Charging EV

87

17899 km

18480 Wh

Fast-Charging EV

88

15604 km

19120 Wh

This is showing a good degree of similarity of the EVs for this trial. The development of the
State of Health of both EVs is shown in the following Table.
Table 11: Comparison of the SoH development.
SoH – Slow charging EV

SoH – Fast charging EV

Week 1

87

88

Week 2

87

89

Week 3

88

88

Week 4

88

89

Week 5

88

89

Week 6

88

89

Week 7

88

88

Week 8

88

88

Week 9

89

88

IV.3.5. Conclusion
From the results in the above section THD performed a preliminary analysis on the acquired
data concerning the SoH. In the first weeks we see an increase of the SoH for both EVs. This
can be explained by the increased usage of the EV and thus stimulate the activity in the battery.
However, this process might slow down or stop completely.
After these initial weeks we can see the real influence of the charging mode on the SoH. Here
we see a first indication that slow charging is less stressful for the battery and is even leading
to an increase of the SoH. In contrast to that the fast charging process over a long period
indicates a decrease of the SoH.
Due to the fact that the trial is still running, further analysis later on will give us a deeper insight
of the processes that led to this first results.
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IV.4. State of Health Trial
IV.4.1. Trial Design
The background for this trial is the modelling modelling of the E-SoH as defined in section
IV.4.1 of deliverable D5.1. It should be interpreted as universally applicable battery health
metric, which is derived from on-board EV data and is valid for different EV types and models.
However, data has to be acquired at first in order to see which parameters have significant
influence on battery health and to see a correlation between these parameters and the EV
SoH. Thus, the effects observed with aged batteries need to be studied in more detail.
In this trial, EVs are analysed, which were driven in a random way. Hence, no specific
instruction was given to the prior drivers, which means that the EVs should have a randomly
distributed usage history. Given this assumption, the data acquired from this trial should
guarantee the development of an E-SoH definition, which can be applied to not only confirm
battery health of controlled used vehicles, but also to EVs used in all day situations. For this
trial 14 cars of the model Nissan LEAF, the same type as in the Charging Influence Trial, are
used. To this date, eight EVs have been measured during charging. A number of five out of
these cars were equipped with the required hardware for the Data Collection of THD in the
past years already. Therefore, at least for these EVs a possible correlation of the historical
usage and the sample measurement can be evaluated additionally.
Here, the involved EVs are respectively picked up once from E-WALD GmbH, then driven to
THD, where a custom designed DC fast CS is located. All cars had almost an empty battery
at a level of around 20% of remaining capacity at arriving. This appears to the user as the
lower edge of capacity, due to the reserved battery capacity that prevents deep discharging of
the battery. Then, a middle-speed charging process with 16 kW is initiated and detailed
information about the process as well as data from the EV CAN bus are logged. All cars have
been charged full. After this, the EV is brought back to the E-WALD location. These steps take
one day to perform them for each single EV.
To see the current status of the battery in comparison to the SoH that is acquired from the car,
two data sources can be compared and analysed, which are recorded during the charging
process. The first source of information is the car itself, which we accessed via a CAN box
connected to the EV. This CAN box is a standalone logging system and not to be mistaken for
the Data Collection components. From this box, we record the charging process to get
parameters like the SoH and the SoC progress from the car itself. The second source of data
is the CS. We measure the current charging behaviour in terms of a voltage and current curve
as well as the charged energy. From there, an analysis should be performed to derive the ESoH metric and determine its value. The flow of the data needed for the analysis is shown in
Figure 16. To summarize up our intents, a vehicle type independent definition of the battery
health, the E-SoH, should be derived from that trial.
The following list should give information about the data which is needed throughout this trial.
1) Charging data from THD lab CS
2) Car data from the CAN bus

IV.4.2. Duration
Due to gradually ending leasing contracts about five Nissan LEAFs plus additional six LEAFs
that still are in long-term rental from E-WALD are measured in two trial phases. Additionally,
to these 11 EVs the two Charging Influence Trial EVs and one THD-internal LEAF are included
in this trial. This results in a sum of 14 EVs, which are divided in two trial phases. In the second
trial phase in September/October the long-term rental EVs will be measured, in the first phase
the remaining eight EVs are charged in the Lab-environment at THD.
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The first step consists of performing the charging process on eight Nissan LEAFs in the month
of July. Driving an EV to THD, charging it and driving it back to E-WALD takes on average one
working day, which means that eight days were needed for the trial up until now. With a second
trial step between September and October, where six other EVs are measured, which are in a
long-term rental, another six days are needed to be invested.

IV.4.3. Location
The EVs involved in this trial are located at E-WALD GmbH and also at THD, although the
actual trial location for measurement is at THD. Therefore, the EVs at E-WALD have to be
driven to the trial location, respectively. There, the THD designed fast DC CS is located, which
is used for measuring the charging behaviour in form of current and voltage curve as well as
the charged energy.

IV.4.4. Results
Until now, there are no concrete results available from the trial. In order to give a result with
higher significance, the second step of the trial with the remaining six EVs needs to be
performed at first. Then, the results can be pre-processed in a single pass.

IV.4.5. Conclusion
In fact, there are no preliminary results yet, a discussion of these can’t be provided here.
However, it is planned to analyse, if there is an observable connection between charging
curves, charged energy and the SoH. In section IV.1 of deliverable D5.1, we discuss related
work on battery health, where effects such as capacity and power fade are stated. These
parameters might influence the charging behaviour of the EV and hence, be an indication for
the battery degradation.
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V. ECO-BUTTON TRIAL (WP6)
The goal of the present trial is to test whether social norms, information about how other
behaved (see D.6.1.), can encourage the activation of the eco mode. We will take care to
assess whether possible effects depend on the degree of uncertainty users experience with
the mode. The results will inform whether symbolic social incentives will be included in future
behaviour change appeals within ELECTRIFIC.

V.1. Trial design
We will conduct an extended replication of the second towel-reuse study described by
Goldstein and colleagues (2008)1 with users of E-WALD. We will compare three information
interventions to a control condition. In the first intervention condition, information about the
presence and benefits of the efficiency mode will be conveyed. This desirability information
condition is analogous to the control group in the Goldstein study. In addition to this
information, two social norm conditions will convey descriptive social norms. Analogous to the
hotel versus room manipulation, drivers are going to be informed about the number of
efficiency mode activations logged for the entire E-WALD fleet, or for the specific location and
car they are using. To an increasing degree, these interventions should reduce uncertainty.
We thus predict that usage of the eco mode will increase across the control, desirability,
general social norm and provincial social norm conditions.
The current study includes a twofold test of the uncertainty reduction account. We test whether
self-reported previous usage of the efficiency mode moderates the effects of normative
information. More experienced EV users should have lower levels of uncertainty when
confronted with the choice about the efficiency mode and should thus be less susceptible to
social norm information. We also test whether current uncertainty about activating the mode
mediates potential effects of receiving information. For those users that experience low levels
of uncertainty after receiving information the effects should be more pronounced.
The study will employ a two-factorial design, with information and uncertainty as the two
factors. We will manipulate the type of information the users will receive. The desirability
condition will state that the mode saves energy and increases range and will contain a printed
cartoon smiley of the button activating the mode. In the two social norm conditions, we will
additionally present activation numbers across the entire car-sharing service fleet or, in the
provincial norm condition, for the specific car. To be able to assess the impact of the desirability
condition alone, we will also include a no-information baseline condition which only includes a
smiley.
To test for the moderation by uncertainty, the self-reported previous usage propensity of the
mode will constitute the second factor. To test whether a reduction in uncertainty about using
the mode mediates the effects of social norms, we will assess self-reported current uncertainty
and conduct a mediation analysis.
Four different stickers were printed in accordance with the four levels of our information factor:
a control sticker, one with desirability information, and two social norm information stickers
(see Figure 1). The stickers were placed on the left side next to the dashboard of 12 Renault
ZOEs. We use this car type since they are customers’ modal choice and the only available
type at one of the locations. Aside from the intervention message, each sticker also bears the
logo of the car company for an official look.

1

Goldstein, N., Cialdini, R., & Griskevicius, V. (2008). A room with a viewpoint: Using social norms to
motivate environmental conservation in hotels. Journal of Consumer Research, 35(3), 472-482.
doi:10.1086/586910
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Figure 17 - Sticker location in EVs

Stickers mounted on the left side of the dashboard, belonging to the social norm (top) and
provincial social norm conditions (bottom). Sticker in the desirability condition only come
without the usage information. Stickers in the control group bear a yellow smiley the company
logo only.
The desirability information sticker contains a cartoon smiley version of the button used to
activate the mode to call attention to the mode’s existence and to a make obvious that the
mode is deemed desirable by the service provider. Adding injunctive norm information about
what is desirable is analogous to previous studies for example on towel-reuse (Schulz et al.,
2008). The sticker further provides two possible benefits of the mode, stating "Greener.
Further." (“Grüner. Weiter.”, German original). This provides some rudimentary information
about its functionality. The social norm stickers (bottom row, Figure 1) add information about
the number of activations in the previous year, either across the car-sharing provider or for the
specific car.
The numbers are based on E-WALD driving data from Nissan Leafs with an average running
time of 1.5 years (min = 0.89, max = 1.77, data collection started July 2015, and cars added
after July 2016 have been excluded). Eco button activations are logged as at most once per
drive (even if it was pressed more often during the drive). In 23,134 drives, the eco mode was
recorded as activated 7,260 times, i.e. in 31.3% of all drives. Numbers for the general social
norm condition were calculated multiplying 19,106 bookings in 2016 by 31.3%. For the
provincial norm condition numbers are based on the number of actual bookings that are
recorded for any particular car in our study.
Note that different from previous studies we do not provide the descriptive norm information in
percentages. 30% would set a rather low norm for a dichotomous behaviour for which an
uninformed guess would be 50%. This would possibly reverse the effect. Instead we will
provide absolute numbers. In line with the pragmatic persuasion perspective (Wänke &
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Reutner, 2010) we assume that drivers will not be calibrated to know what the true number
represents. Instead they will infer due to conversational logic (Grice, 1975) that if the
information is mentioned with a persuasive intent, it represents a high number.

V.2. Hardware infrastructure
V.2.1. Car data
Data is collected via the standardized On-Board-Diagnostic (OBD) interface. A special listening
OBD-module receives CAN-bus data and sends this to a build-in tablet. On this tablet, the
InCarApp of the Deggendorf Institute of Technology (THD) sends data via an Internetconnection to the THD internal system. The data will contain information about the trip, such
as timestamp, GPS, State of Charge (SoC), temperature, eco-mode activations but also data
about the driving style. Data were prepared for analysis by THD staff, ensuring that no personal
and person-relatable data were shared as part of this study. Data is analysed on the status of
the efficiency mode (on or off), energy consumption per 100 km and start/end time of each
drive. We match booking and driving times to exclude repeat participants.
As our main dependent variable, we assess the percentage of the driving time throughout
which the efficient driving mode was activated by pressing the respective button. This variable
will include the time of the automatic and temporary efficient mode deactivation due strong
acceleration. We will also analyse energy consumption as a secondary dependent variable.
We will additionally log the State of Charge at the moment of eco button activation to analyse
and control for possible activations due to necessary range extension only.

V.2.2. Survey data
After participants had rented a car in one of the conditions for the first time, they received an
email with a link to a 10-minute survey on mobility. To increase motivation to participate, a
weekend with a TESLA Model S or TESLA Roadster will be raffled out among participants.
Critical for the current study, we ask about participants’ experience with the efficiency mode
using two items (“I have used efficiency modes … times in the past” and “I use the efficiency
mode in …% of my drives”) and their certainty about using it using two items (“I know what
happens when I activate the efficiency mode” and “I feel certain in using the efficiency mode”).
The survey also includes questions used for the psychological user profiling including mobility
patterns, driving styles, technological and EV self-efficacy, environmental attitudes and sociodemographic characteristics. The survey, in German, can be found at:
https://www.soscisurvey.de/EU_Mobility/.

V.3. Duration
The duration of the trial is mainly influenced by the number of users for which data will be
available. For statistical power reasons, we are aiming for a minimum sample size of 200
participants per condition, 800 participants in total. This is based on previous literature of
provincial social norms, from which we expect a small effect size, around ϕ =.08 (Bohner &
Schlüter, 2014; Goldstein et al., 2008; Reese et al., 2014; Schultz et al., 2008). Due to chisquare statistics used by these authors (as compared to regressions in our case), a direct
translation of their effect sizes is not possible. For the F-test family, effects are considered
small at around f = .15, and for a squared multiple correlation r² = 0.02. Under this assumption,
we would reach a statistical power of 0.80 with two predictors and their interaction term in a
regression model and a sample size of 500. This includes responses to the online survey and
excludes multiple participation. At the earliest, the experiment will be terminated when each
car has been in each condition once after four weeks.
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In the following we will report on an initial trial period of four weeks. As will become clear in the
results section, data-logging problems caused us to stop the trial and resume once these
problems are dealt with.

V.4. Location
12 cars were randomly assigned to one of the conditions. Stickers were fitted accordingly and
then checked every other day for damage. No damage was reported. Cars were swapped
between conditions every week, which will ensure randomization of users to conditions and
cars (c.f. Table 12).
Table 12: Randomized schedule of sticker placement.

Nr Car
1
2
3
4
5
6
7
8
9
10
11
12

City
Friedrichshafen
Friedrichshafen
Friedrichshafen
Friedrichshafen
Friedrichshafen
Regen
Eggenfelden
Pfarrkirchen
Deggendorf
Furth
Passau
Passau

Car ID

KW25

KW26

KW27

KW28

ZE86E
ZE78E
ZE87E
ZE76E
ZE77E
EW781
EW768
EW787
EW778
NE11E
EW783
EW767

#Car
Smiley
Smiley
Info
#E-WALD
#E-WALD
#E-WALD
Info
#Car
Info
Smiley
Smiley

Smiley
Info
#E-WALD
Smiley
#Car
Info
#Car
#E-WALD
#E-WALD
#Car
#Car
#E-WALD

Info
#E-WALD
Info
#E-WALD
Info
Smiley
Info
#Car
Smiley
Smiley
#E-WALD
Info

#E-WALD
#Car
#Car
#Car
Smiley
#Car
Smiley
Smiley
Info
#E-WALD
Info
#Car

Note. Information conditions are indicated by different colours and as "Info" = information
condition; "Smiley" = desirability condition; "#E-WALD" = number of Eco-mode activations
in the E-WALD fleet; "#Car" = = number of Eco-mode activations in the specific ZOE

Car were located in the city of Friedrichshafen and in five locations of the E-WALD company
in Lower Bavaria (c.f. Figure 18).
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Figure 18 - Overview of the six cities part of the trial in the E-WALD region

V.5. Data management
V.5.1. Data flow
Every Monday of the trial period, E-WALD sends an EXCEL spreadsheet of the novel bookings
to THD and UNIMA. This sheet contains the car identifier, the start and end of booking and
trip, the driven mileage, whether the user was a first time user to the trial, the sticker condition
and the code identifying the survey link.
This spreadsheet is the basis for THD to select the time intervals for which car data, including
OBD data, is retrieved from the servers. Every Wednesday, UNIMA receives the server data
from THD.

V.5.2. Data protection
All data is backed up at the respective locations of E-WALD, THD and UNIMA. For THD data
protection see section IV.2.2.

V.5.3. Data storage
Data is stored in password secured computers in locked premises.
For THD data storage see section IV.2.2.

V.6. Results
In the four weeks indicated above where stickers were placed in the cars, we recorded 250
bookings for the 12 cars. Those bookings and subsequent drives were made by 69 different
users. Thus in 69 drives users did encounter a sticker for the first time and were eligible to the
study.
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Of those 69 drives complete car data was only available in 17 cases. One reason for data loss
was that some users did actively temper with the tablet collecting the car data from the OBD
module. This was reported by the E-WALD staff changing the stickers. For example, it was
reported that the power connection of the tablets was unplugged, leading to an automatic
deactivation, due to the fact that the loss of the power supply is the signal for the tablet that
the car is switched off. This is the standard procedure at EV shutdown to stop the tablet from
running without a power supply. It was also reported that tablets were switched to flight mode
preventing data collection from the OBD module and the transmission of data to THD. To
quantify the degree of tempering, we analysed the time period between the last timestamp
being collected by the tablet and the end of the trip as collected independently via the E-WALD
booking system. In 10 cases (15%) data was missing for more than 1 minute, usually data was
missing for more than an hour. Because the tablets had to be reengaged by the E-WALD staff,
7 drives following acts of tempering were also lost. Of the 10 cases of tempering, three were
in the control condition, three in the desirability condition, four in the social norm E-WALD
condition and zero in the social norm of the same car condition. This distribution did not
significantly differ from a chance distribution based on the results of a non-parametric Chisquare test, Chi-square = 3.23, p = .357.
Another reason for data loss was no data being transmitted from the OBD module to the tablet.
As a consequence of the tampering with the tablets, caused by the users, timing issues were
triggered in the Bluetooth connection between the OBD module and the tablets. This resulted
in the OBD module not accepting any connections until they were re-plugged. From the 52
cases and subsequent data loss, 35 (67%) did not contain OBD data. For more details on the
practical challenges see D5.1 section II.3.2.
Finally, of the 69 first time users, 55 did receive an invitation to participate in the survey. The
remaining 14 were not contacted because we anticipated that the trail would have to be
paused. Of the 55 first time trial users that had received the invitation, 23 (42%) completed the
survey.
With these different reasons for data loss, summarized in Figure 19, we were left with 11
complete files, not enough to conduct any reasonable behavioural analysis.

Figure 19: Summary of the data available from the first four trial weeks.

V.7. Conclusion
Two measures will be taken to resume the trial and minimize data loss. The tablets will be
hidden from the view of the users, securely mounted in the glovebox and directly wired to the
cars’ electric system. If users still want to deactivate the tablets, they would now have to use
tools to unmount the tablets. Together, the less obvious placement and the physical restrictions
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should greatly reduce active tempering. An illustration of the new placement can be seen in
Figure 20.

Figure 20: New placement and powering of the tablets in the glovebox of the ZOEs.

Finally, to increase the motivation to complete the survey, every participant will receive a
smaller price in form of a shopping voucher. Additionally, only the first part of the survey
assessing uncertainty with the ECO-mode will be administered, cutting the time needed to 2
minutes. As a fall-back option, we will also collect an additional proxy for uncertainty in terms
of the booking history available to E-WALD.
With all these steps in place, a two-week phase checking functioning is planned to start the
second half of September. At beginning of October, the trial is planned to resume.
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VI. ADAS AI EVALUATION (WP7)
In this section we present the experiments which were run to evaluate the first implementation
of the ADAS AI. As there was no physical trial, some of the common sections trial description
are not applicable. We focus on the experiment (trial) description, the results, and their brief
analysis. More detailed description and analysis from the perspective of WP7 is provided in
Deliverable 7.1.
Informally, the simplified problem the current version of the ADAS AI is solving is modelled as
a search problem on a road network graph with specific vertices being charging stations and
points of interest (POIs) where given activities can be performed in given time windows. The
edges in the graph (corresponding to the road segments) have a particular time cost depending
on the distance and maximal allowed speed. We do not allow choosing the cruise speed yet
and assume that the EV is moving at the maximal speed allowed at the given road segment.
The edges in the graph are also associated with an energy cost depending mainly on the
elevation profile, as the EV can recuperate energy when going downhill, and the (maximal)
speed.
Each of the activities the user wants to perform is associated with a particular location and is
constrained by the earliest activity start time, that is, the time when the activity can be started
at the earliest, the latest activity end time, that is, the time when the activity must be finished
at the latest, and the activity duration which is fixed. This gives us a time window in which the
activity duration must fit. The charging stations are associated with a location, cost of charging
per minute, and charging speed depending on the technology available at the charging station.
The cost of charging can differ between the charging stations, but is considered to be constant
over time (as is the case at most current charging stations, but is expected to change in the
future). The version of ADAS AI used for the trial is minimizing the total time spent travelling
and performing activities, but we measure also the cost and spent energy.

VI.1. Trial design
Our aim in this trial is to evaluate the prototype ADAS AI against a human performance. As the
AI is not ready for real-world scenarios, we compare it against a baseline solution instead. The
baseline solution is based on the same algorithm as the AI solution with a number of
simplifications.
The most important modification is that, similarly to a human user, the activities are approached
in a sequential manner, without considering all possible orderings. We use a simple heuristic
to sequentially order the activities before planning. The activities are ordered by the latest
possible arrival time so that the most urgent activities are performed first.
Another modification is the use of a reactive charging behavior. A typical user does not plan
the charging until the battery has dropped below some threshold state of charge (SoC) which
for the baseline algorithm is set to 50% of the maximum. The charging is planned for each leg
of the day plan separately.
As a testing location we use a rectangular area of the real-world road network in Germany
bounded by Munich, Regensburg and Passau with the transport network limited to main roads
between cities leading to a graph with 75k nodes and 160k edges. We select 18 locations
acting as possible POIs for the activities and 8 of the 18 locations acting also as the charging
stations. Each benchmark problem is generated based on one of the following schema by
randomly selecting particular locations for the activities:
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Figure 21: Variants of the benchmark problems.

The figure shows variants of the benchmark problems. The only work scenarios consist of a
single 8h work activity and a number of shorter activities, whereas the TSP scenarios consist
of a number of shorter work periods at different locations (similar to the Traveling Salesman
Problem). A scenario of k activities is created by taking only the first k activities.
The most important aspect of each schema is the number of activities, which range from 1 to
5. The variation between number of activities was achieved by taking only the first activities
from the schema. For each schema and each number of activities we have generated 50
random instances (500 in total).

VI.2. Results

Figure 22: Ratios of the single trip baseline and proposed global approaches.

Each point represents single benchmark problem. The x-axis represents the performance of
the whole-day approach, whereas the y-axis represents the performance of the baseline
approach. As for all presented metrics (e.g., duration), holds that lower values means better
result, all points located up and left from the diagonal are favourable for the whole-day
approach.
We compare the baseline single trip approach against our proposed whole day approach
based on a number of quality metrics. The first metric is the duration of the whole day plan
(i.e., makespan) including the travel times, times spent on activities and time spent on
charging, if the charging is not performed in parallel with an activity (in that case we take the
maximum of the durations of the activity and charging). The second metric is the consumption
of the electric energy (measured in kWh) for driving throughout the whole day. The energy
which was charged but not used for driving is not included. The last metric is the cost of the
whole day plan. We assume that the only cost comes from the charging and is proportional to
the time spent charging which is based on the current mode of operation of most commercial
charging stations. As in both our algorithms, the EV is always charged to maximum, this may
result in charging some energy which is not spent throughout the day. This excess energy is
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also paid for and thus is included in the cost metric. Charging to the maximum is a simplification
which will be removed in the future iterations of the ADAS AI.
Figure 22 shows comparison for each of the considered metrics per problem for the proposed
solution (the x-axis) and the baseline solution as would be found by a human user (the y-axis).
Let us first focus on the duration metric Figure 22 (a) for which our proposed algorithm
optimizes. Clearly, the optimized global solution is often better than the single trip baseline
solution, sometimes with a difference of hours. What can be observed is that although optimal,
the solution returned by the global algorithm is not always better than the baseline solution.
This is due to the restrictions on charging (i.e., always charging to maximum) which may also
take some extra time. This effect is most prominent in scenarios with a low number of activities
and diminishes with a growing number of activities per day.
Somewhat unexpected are the results shown in Figure 22 (b) and (c) which show that although
the algorithm explicitly optimizes only for the time metric it outperforms the baseline solution in
the two other metrics for most instances as well. This relates to the situation in the introductory
example, where by optimizing the problem as a whole, future energy needs can be anticipated.
Thus, detours caused by the necessity of charging which was not anticipated by the baseline
(naïve) approach can be eliminated.

Figure 23: Ratios of the single trip baseline and proposed global approaches in dependence on
the number of activities in a problem.

The figures were obtained by computing a ratio of the whole-day vs. Baseline approach for
each given metric. The lower a value is below the 1.0 (red) line, the better for the whole-day
approach.
In order to make a fair comparison we evaluate the ratio of the proposed solution to the
baseline solution for each metric. Figure 4 shows a boxplot for each of the metrics. All three
boxplots show that the more activities are needed to perform during the day, the bigger
speedup can be obtained from the whole day optimization. For five activities, which is still a
very reasonable number for an average user, the time spent on the day activity plan may be
more than 20% and on average nearly 10% shorter using whole day optimization. For an
average 10h workday (including e.g., shopping) this accounts for 2 and 1 hours respectively
which is a very significant amount of time to be saved.
As already discussed, similar patterns can be observed for the metrics for which the algorithm
does not explicitly optimize. Figure 23 (b) shows that for five activities a day, the proposed
approach saves nearly 20% energy (and subsequently charging costs) on average.
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VI.3. Analysis
In this simple and preliminary trial, we have shown that the proposed algorithm performs
significantly better than the simplified human model. It is important to understand that not only
is the human model very simplified, but also the AI algorithm is in its infancy stage. Thus it is
reasonable to expect, that the future improved AI algorithm will be able to show similar
improvement against human users in the real-world situations. The current limitations of the AI
algorithm are mainly due to the simplified problem it can work with, but there is also plenty of
possibilities of improvement at the algorithmic side.
Importantly, our aim was to show that it is valuable to approach the ADAS AI system as not
only a driver assistant, but rather as an all-day mobility needs assistant. This trial has shown
that by taking the holistic approach and planning the whole day, the AI system can significantly
improve the quality of given solutions. Moreover, it is clear that the more complex the problem
is (i.e., there are more activities), the larger the benefit of the holistic approach is.
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VII. UPCOMING TRIALS
VII.1. WP4
The following trials are planned for the year year 2018, thus details cannot be fixed completely
yet. After analysing the results of the first trial phase in 2017, a detailed and optimized plan
can be elaborated.

VII.1.1. Repetition Tests
In any case we want repeat the single EV-Test AC charging at different seasons in order to
test the influence of the system perturbation induced by EV charging at different grid situations
and temperatures. For the different seasons, we reference on the three different load profiles
(summer, winter, transition period) used by the default load profiles of BDEW. The repetition
of these single car tests, and especially its extent, is depending on the outcome of the first test
run. In addition, further complete charging processes will be required in case the first tests do
not provide useful results. Beside these repetitions, the following new trial scenarios will be
performed.

VII.1.2. Four car test
The four-car-test is used for the analysis of joint system perturbation caused by four charging
processes of the same electric vehicle model. The question, which should be cleared, is if the
system perturbation of multiple charging processes in parallel behaves in a linear way
concerning the number total of charging processes (e.g. 1 vs. 4). For this analysis, also a test
with seven cars of the same type, which is the maximum for identical charging processes, what
we can test in our trial regions, is required (see eight-car-test below). The test will be carried
out with Renault ZOEs. As with the repetition trials, the details of this test are highly depending
on the outcome of the previous trials. The exact time for this test can be extracted from the
results of the warm up phase tests.

VII.1.3. Eight Car-Test
To put the power grid under high stress and evaluate the potential linear dependency of system
perturbation and the number of EV charging processes, a test using the maximum possible EV
charging processes in the same power grid will be performed. As in Langenisarhofen, only two
charging stations with each 2x22 kW charging power will be installed, this test can only be
performed in Vilshofen. For this trial, we need seven Renault ZOEs to perform the scaling test
of system perturbations and one additional BMW i3 or Tesla to test the maximum charging
load. All charging slots at Vilshofen train station, including the Veefil DC charging station, and
netcenter of Bayernwerk as well as the satellite charging connectors will be used. The test will
be performed at a working day while peak demand in the morning between 6 and 8 a.m. The
exact time for this test can be extracted from the results of the warm up phase tests.

VII.1.4. Commuter
After the successful installation of the measuring infrastructure, there are commuter trials
planned for 2018. Therefore, it is planned to equip a further charging station of E-WALD and
the associated low voltage grid with measuring infrastructure, where someone commutes
between two areas with measuring infrastructure (There is the possibility to test this trial with
an employee of Bayernwerk who commutes daily to Vilshofen, but this is not yet fixed).
Through these regular trips to Vilshofen and back home, we would like to investigate how well
power grid situations can be predicted when a certain fuzziness occurs, with regard to the
regularity of the user. In addition, this should also be the case under controlled situations. It
can be expected, that the most charging processes are not executed exactly at the time when
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problems are detected in the network, but are slightly shifted in time (e.g., +/- 5 minutes). This
has the background that drivers, despite incentives, are subject to many different factors in the
road traffic. So it is not always possible adhere to the timetable. The question is here, how is
the effect on the grid, when there is mostly a certain deviation between planning and the actual
charging process. This has to be investigated.

VII.1.5. Private Wallboxes
Another important area of research in the field of electro mobility is the private sector. While
charging infrastructure is currently being implemented especially in the public area, the private
charging stations will provide a comprehensive infrastructure in the future. Charging millions
of EVs via private wallboxes simultaneously represents a major challenge for distribution
networks as well as for distribution network operators. When it is expected, that a lot of the
commuters will plug in their cars in the evening time this could lead to capacity problems.
Normal households have a connection of 30kW, but the power grid is not laid-out to cover a
simultaneous demand of 30kW of each household in the same low voltage network. Therefore,
it has to be investigated which simultaneity factor can be assumed as realistic, which network
effects are to be expected, and what kind of charging strategies in terms of scheduling and
smart charging is possible in order to satisfy the network operators and customers. This of
course should be implemented with regard to the optimized utilization of renewable energies.
For the future trials, it is intended to install intelligent wallboxes in the area of Langenisarhofen
to be able to investigate these research questions. The advantage is that the transformer in
Langenisarhofen is designed for load flow reversal in terms of the huge number of installed PV
systems. Therefore, an additional installed load in terms of wallboxes is not critical for the grid.
The installation is planned in the period of March and May 2018.

VII.1.6. Smart Charger Trials
The goal of this trial is testing the functionality of the smart charger by some real scenarios.
For example, we can create a charging profile of the maximum capacity of the connector and
see the effect of the Smart charger on the grid under the normal operating constraints during
different times. Furthermore, we can test the functionality of the SC in the case of achieving
the wished SoC but the car is still plugged. Also, it would be an interesting scenario to test the
smart charger functionality in case of additional charging is required but the wished SoC is not
achieved and the booked charging time is over. Testing the Smart charger in some critical
situation will be performed in advanced stages of the project, but this test will be done by the
simulation before putting it in application.

VII.2. WP5
This section contains detailed information on the trials, which are planned for the next trials in
the context of WP5. Here, we focus on the functionality of first models of the main components
of WP5. These are the Battery Health Monitoring and the Charging Scheduler, which should
support EFOs during the management of the EV fleet.
It was planned to do a long term testing with the Nissan LEAFs at the beginning of the year
2017, but due to the fact that no LEAFs will be available in the next trials because of ending
leasing contracts, we will suspend our tests concerning the influences on battery health and
focus instead of that on the functionality of first models of the Battery Health Monitoring and
the Charging Scheduler.

VII.2.1. Battery Health Monitoring System Trial
In order to evaluate the Battery Health Monitoring performance in practice, this trial is planned
for the next year in ELECTRIFIC. It is intended to be used for testing the functionality and
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detecting errors of the Battery Health Monitoring as well as evaluating of the recommendations
for further use of the batteries of the involved EVs.

VII.2.1.a.1. Trial design
This trial is specifically designed to test the first prototype of the Battery Health Monitoring in a
real environment. Here, multiple EVs should be driven by random users. Ideally, different type
of EVs (cars, scooters, buses) and fleets (business cases) should be included to test the
performance in different scenarios. Thus, the trial could be performed with different EFOs that
are part of ELECTRIFIC, such as E-WALD, e-Šumava, TMB and a scooter-company.
The Battery Health Monitoring System (see section IV.4 of deliverable D5.1 for a detailed
description) is intended to determine both the health state of each battery as E-SoH in an EV
fleet and to give recommendations on charging and discharging (driving) behaviour of the
users. This is done by analysing current and historical charging and driving data of each EV
battery. The charging information for this analysis comes from the has.to.be script, which
allows to get charging process information for CS in the E-WALD core region. The respective
data flow can be seen in Figure 15.
For this trial, different goals have been identified and should be tested.
1. Evaluate, if the Data Collection system for driving data and the script for charging data
are working seamlessly together for historical and also for live-conditions.
2. Evaluate, if the prototype is working as expected in live conditions.
3. Test, if the recommendations are useful and correlate to what the EFO expects to see.
4. Test the impact of the recommendations on the battery and how good they are for the
battery if in case they are followed.

VII.2.1.a.2. Duration
Since this trial focuses on the evaluation of the prototype performance, it is not restricted to a
single interval. Multiple iterations could be possible in order to evaluate the prototype based
on specific viewpoints.
However, this trial strongly depends on a Data Collection System (could be from THD or any
EFO owns collection system) and aggregation of the charging data by the charging backend
provider, e.g. in the E-WALD region has.to.be. A precondition to test the monitoring system is
that the trial EVs are equipped with a Data Collection system months before the trial in order
to map the data consistently and to get historical data of the batteries. To evaluate the
prototype in a structured way the whole trial period of 2018 (March to August) will be needed.

VII.2.1.a.3. Location
The trial Location is not yet fixed. We would like to test our Battery Health Monitoring System
with E-WALD cars, e-Šumava cars and scooters, buses and scooters in Barcelona.

VII.2.2. Charging Scheduler Trial
In the same way as the Battery Health Monitoring System trial, the Charging Scheduler
prototype needs to be tested. Therefore, a separate trial is planned which is specifically
designed for the application of the Charging Scheduler.

VII.2.2.a.1. Trial design
Based on EV status and booking plan as well as business policy of the EFO, the Charging
Scheduler creates a charging schedule for the EV fleet of the user (EFO). Also,
recommendations from the Battery Health Monitoring System are needed in order to test the
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optimization criteria of battery health for the Charging Scheduler. The optimization criteria are
as following:
1. EV availability
2. Grid stability
3. Ratio of renewable energy
4. Energy price
5. Battery health
In this trial, the main goal is to evaluate the Charging Scheduler, if it is able to create charging
schedules which are optimized for the different optimization criteria individually and
collectively. This should show, if the Charging Scheduler is working correctly in a real
application. Also, this can help to identify errors or performance issues.
For the trial execution, multiple EVs and CSs at a dedicated location are needed in order to
initiate charging processes according to the different charging schedules. A number of two or
more CSs with optimally different charging technology as well as power capacity and a number
of two to five EVs should be sufficient.

VII.2.2.a.2. Duration
As there will be charging schedules optimized for different criteria, which range between a
schedule duration of one to two days, a certain amount of time is used. Additionally, to this
requirement, multiple EVs need to be charged at a location with multiple CSs. For this, single
days should be sufficient to perform the trial repetitive.
However, the Charging Scheduler depends on the results of the Battery Health Monitoring if
the Charging Scheduler should be optimized for battery health. As this is analysed in the
simultaneously performed Battery Health Monitoring System trial, the specific charging
schedule should be evaluated in a later stage of the 2018 trial.

VII.2.2.a.3. Location
The Charging scheduler assigns multiple CSs for charging processes with a same or different
number of EVs. In order to test for different errors, a charging location is needed, where there
are two or more CS with optimally different charging technology. This may be applicable for
the charging stations located in “Vilshofen an der Donau”, that will be also used for trials in
WP4 as well.

VII.3. WP6
The goal of future trials will be to test a variety of behaviour steering techniques, i.e. incentives,
and their effect on users’ adherence to ADAS routing and charging recommendations. For this
purpose, we have made an overview over possible trials, found in Table 13.
The left-hand column lists the trial name of each future planned trial. In-depth description of
the first two trials will be provided below. To give a short summary: the default greenest route
trial will investigate whether setting the greenest, i.e. most grid-friendly and renewables-high
route as the default will result in users following and driving this greenest route more frequently.
For the basic incentives trial, we will investigate whether presenting short, textual messages,
such as social norms and evaluability information during route selection (when the user
decides between greenest and fastest) will impact the choice for routing such that users will
choose the greenest route more frequently and drive in a eco-friendlier manner. Findings will
be contrasted with material incentives such as giving people coupons or small rewards for
choosing the greenest route.
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For the financial incentives trial, we will test various charging pricing and dynamic pricing
models against flat rate pricings and the best basic incentive as emerged from the basic
incentives trial to investigate how these types of pricings are perceived by drivers and how
they impact EV attractiveness. An additional result might be which combination of financial and
non-financial incentives is the most promising – and which is the most efficient.
In the gamification trials, we will test the impact of green point system (as of yet undefined, but
will be defined in the metrics deliverable D2.3), where users can create avatars, collect points
and badges and compete with their scores on a leader board, and, if a technological solution
is feasible, interact with each other in an EV social network via private messaging or public
board posts and information contribution to the maps (such as inputting charging station
information). Impact on greenest route/charging adherence and EV attractiveness will be
measured.
Finally, the possibility exists to, in the future, conceptualize a cross border tourism trial where
EV owners from the Czech Republic will be incentivized to adopt ELECTRIFIC ADAS by
receiving tourist spot information and charging station information in the Bavarian Forest. In
Barcelona, we will make an attempt to run a hotspot trial, where we will incentivize users to
return their scooters to a hotspot within a specific radius of their final location, to minimize
battery collection time for the scooter companies.
The middle column points out the participating trial partners. For most behavioural trials, EWALD will be the trial partner in charge, as the aim is to test the effect of various incentive
interventions on a large number of EV drivers so that we can make generalized predictions.
With regards to price optimization, there is the possibility to run a trial with e-Šumava: eŠumava is working to collaborate with a charging station provider in their region, and might be
able to provide access to a number of EV owners who could test the ADAS within their
infrastructure in the Czech Republic. Only one trial with Barcelona Ecologia has been
discussed so far, to be run with available scooters in Barcelona, however, BCNecologia is still
in discussion with scooter companies about potential trials.
The right-hand column refers to the type of ELECTRIFIC ADAS that is required in order to
successfully complete each trial. For the two trials that we expect to run soonest, the minimum
requirement ADAS is necessary, being developed in WP3 and expected to be ready in fall
2017. The timeline for these trials would be to deploy the minimum requirement ADAS for the
default and basic incentive trials in combination, and start data collection for both trials at the
same time. We argue that adoption and willingness to interact with the ADAS will be higher in
the beginning and sharply drop after a small period of time, and running the trials sequentially
will ensure we collect some data for each. Additionally, from a theoretical perspective it is
interesting and important to test interactions of different incentives, such as how setting a
default might interact with monetary or symbolic incentives. This would give us more insights
into how to best motivate the user to adhere to ADAS suggestions.
For price optimization trials, an eco-system will need to be set up with drivers willing to
participate a trial on dynamic pricing. The technical solution for this will follow after the minimum
ADAS is available, and collaboration from a charging station provider will be a requirement.
Finally, for the last four planned trials, a fully developed ADAS solution will be necessary which
will be deployed to users for long-term use so that we can keep track of feedback incentives
such as green points collection or social interactions over a longer period of time.
Table 13: Overview of the trials in regard to the ADAS.
Trial name

Trial Partners

ADAS available

Default greenest route

E-WALD

Minimum requirement ADAS

Basic incentives

E-WALD

Minimum requirement ADAS
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E-WALD, e-Šumava

Minimum ADAS with charging
station pricing predictions

E-WALD

Fully developed ADAS with
feedback loop integration, longterm use required

Gamification/Social Network

E-WALD

Fully developed ADAS with social
network structure implemented

Crossborder trial, tourism use
of ADAS

e-Šumava

Fully developed ADAS with
feedback loop integration, with
tourist hotspots

Hotspot trial

Barcelona Ecologia

Fully developed ADAS

Gamification/Green
System

Point

In the following sections, only the first two trials are described in depth, particularly due to
possible changes in parameters which might render descriptions of other, more future trials
moot. Once more information exists on the feasibility of these trials and the technical solutions
that will be in place, these trials will be described in detail in future WP8 deliverables.

VII.3.1. Default Greenest Route and Basic Incentives
VII.3.1.a.1. Overview Trial Designs
For both trials, we will first target and disseminate invitations among E-WALD customers to
reach the necessary user participation rate. However, we anticipate that due to the number of
participants needed and the amount of data loss we can expect, we will have to extend the
trial beyond E-WALD customers and recruit all possible EV drivers (for example, include EV
owners who use E-WALD charging stations).
We will recruit participants by asking people to be first testers of an app that is specifically
attempting to improve charging procedures in electromobility. We aim for maximum exposure
in the Bavaria region through email, newsletters, social network accounts and word of mouth.
We will attempt to first recruit participants without payment, but anticipate that a small payment
will be necessary per person. The payment will be around the 5 Euro mark, as it should only
be a motivator for people who are already interested in the topic and willing to try the app, and
not encourage individuals who will participate solely to make money. The payment will be
processed when users have downloaded the app and completed one trip with it.
All users who download the first version of the ELECTRIFIC ADAS will be asked to sign into
the app and given instructions to use it on their next car drive; users will also be informed that
we are collecting anonymized data in order to improve the app and that results will be used in
research. Before their drive, users will be instructed to check and input their car battery status
into the app, and will be informed that the app is in a testing phase and cannot guarantee the
correctness of the information provided (i.e. charging station locations, distance possible to
drive).
Users will enter their destination, and depending on the condition of each trial (see detailed
trial descriptions below), receive various screens with default settings or basic incentive
information. The navigation will route users to their selected destination and suggest a charging
station upon arrival if a charging station is available in a certain radius (if user chose the
greenest route or manually entered that they wish to charge).
Upon finishing their drive, users will receive a short survey on their satisfaction with their drive
and the application, and a note that they can keep using the ELECTRIFIC ADAS if they wish
and that eventually, a new version will be released with improved functionality.
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VII.3.1.a.2. Default Greenest Route
As mentioned above, the default greenest route trial will investigate whether setting the
greenest, i.e. most grid-friendly and high-in-renewables route, as the default will result in users
following and driving this greenest route more frequently. The following table gives an overview
over key concepts of the trial such as the idea behind it, clarification of the test purpose,
timeline, scenario description, which groups will receive which setting, needed participants and
cars, and data collection. Note: A similar table is presented as part of the WP6.1 deliverable,
in the section on behavioural trials.
Table 14: Description and Summary of Default Trial.
IDEA

User will be able to make a choice between greenest/fastest calculated route - can
we convince users to choose the green algorithm with defaults?

WHY

Test whether EV users are susceptible to default interventions
Test whether hard or soft default has an impact on people’s choices
Test whether users can be incentivized to choose the greener route more often
under green default setting

Timeline

Planning: April – August 2017
Execution: TBD, possibly Oct 2017 until necessary participant number is reached

Scenario

User agrees to participate in testing of the app. Instructions for download is sent, as
well as instruction to use upon next EV drive (owners) OR rental booking (sharing
users).
User gets into car, inputs destination and battery SoC and receives a dropdown
selection page with greenest/fastest choice
Fast receives the fastest route to destination like in google maps.
Green receives a route that involves less highway driving; if there is a possibility of
charging near the destination, they receive suggestion to charge there for the
duration of their stay. User can click info button to find out why this is the greener
route.
Calculated, the user can follow the suggestions or not.
When the user parks the car in the parking lot, we can notify them again of a
charging station being available if they wish to make use of it since renewables are
high. (this is optional but desired)

Groups

Defined in E-ADAS*
Group 1 Dropdown Soft Default greenest
Group 2 Dropdown Soft Default fastest
Group 3 Dropdown active choice
*ADAS will take care of assigning groups to drives, each user ID will belong to one
group and never be reassigned, i.e. same user will always be in same condition.

Drives
needed

TBD, optimally 100 per group to reach adequate statistical power and due to high
expected dropout and data loss rate

Cars needed

TBD, optimally all E-WALD cars will be involved as we do not need to specifically
equip them in any way, users will take a trip as always
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Users might need to be paid to download the ADAS and participate in the trial.
Possibly 5 Euro per participant.
1) Condition assigned to ID
2) page clicks, route optimization clicks, back clicks (i.e. whether route setting
was changed after calculation)
3) GPS position/navigation followed ADAS suggestions, i.e. highway or not
4) Charging done at the end or not
5) Satisfaction with ADAS, EV and service
6) User profile matching

Use Case

BUC-01, BUC-05, BUC-08, TUC-01

Basic incentives
As mentioned above, in the basic incentives trial, we will investigate whether presenting short,
textual messages, such as social norms and evaluability information will impact the choice for
routing such that users will choose the greenest route more frequently and drive in a more ecofriendly manner. Findings will be contrasted with material basic incentives such as giving
people coupons or small rewards for choosing the greenest route. As above, the following table
gives an overview over key concepts of the trial such as the idea behind it, clarification of the
test purpose, timeline, scenario description, which groups will receive which setting, needed
participants and cars, and data collection. Note: A similar table is presented as part of the
WP6.1 deliverable, in the section on behavioural trials.
Table 15: Description and summary of Incentives Trial.
IDEA

What incentives work best to convince users to choose a greener route and adhere
to the E-ADAS suggestion when it comes to routing behaviour and charging?

WHY

User adherence is needed to make use of optimization from technical WPs

Timeline

Planning: April – August 2017
Execution: TBD, Oct 2017 until necessary participant number is reached

Scenario

User agrees to participate in testing of the app. Instructions for download is sent, as
well as instruction to use upon next EV drive (owners) OR rental booking (sharing
users).
User gets into car, inputs destination and receives choice between fast and green.
Fast receives the fastest route to destination like in google maps.
Green receives a route that involves less highway driving; if there is a possibility of
charging near the destination, they receive suggestion to charge there for the
duration of their stay. User can click info button to find out why this is the greener
route.
Depending on the group, users receive either information on why this is necessary,
a symbolic incentive (social norm) or a material incentive.
Users are also always given an option on the calculated route screens to recalculate
to the other route.
Calculated, the user can follow the suggestions or not. Data can be retrieved from
DITs tablets if the ADAS is not logging driving and charging information.
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Defined in E-ADAS
Group 1 Control receives no additional incentive
Group 2 Information incentive informs user that if they use this route, they save
CO2 equalling a steak (or similar)
Group 3 Material incentive informs user that they can receive a coupon of a certain
value or free driving minutes if they choose the greenest route

Drives
needed

TBD, optimally 100 per group to reach adequate statistical power and due to high
expected dropout and data loss rate

Cars needed

TBD, optimally all E-WALD cars will be involved as we do not need to specifically
equip them in any way, users will take a trip as always

Participant
Payment

Users might need to be paid to download the ADAS and participate in the trial.
Possibly 5 Euro per participant.

Data needed

1) Condition assigned to ID
2) page clicks, route optimization clicks, back clicks (i.e. whether route setting
was changed after calculation)
3) GPS position/navigation followed ADAS suggestions, i.e. highway or not
4) Charging done at the end or not
5) Satisfaction with ADAS, EV and service
6) User profile matching

Use Case

Driving: BUC-01, BUC-05, BUC-08, TUC-01
Charging: BUC-01, BUC-05, BUC-08, BUC-13, TUC-05

VII.3.1.a.3. Required hardware, data and participant infrastructure
To successfully run this trial, we will require:
-

the functioning, stable first version of the ELECTRIFIC ADAS, deployed through the
app store and advertised to EV car sharing users and owners via various channels

-

around 2000 EV car sharing users and EV car owners willing to download the ADAS
app and make at least one drive following ADAS directions

-

participant money to pay users to test the ADAS app (in case there is no interest),
possibly 5 Euro per person, i.e. 10.000 Euro budget

-

data log from within ELECTRIFIC ADAS of GPS data of ADAS users

-

data log from charging station provider of charging behaviour of ADAS users

-

if participants are users of E-WALD fleet equipped with tablets: driving data from tablets

-

EV driving historical data for E-WALD car sharing customers

-

satisfaction survey at the end of navigation

-

survey data from participants to match with behavioural data

VII.3.1.a.4. Duration
For both trials, we will be able to begin once we have a stable version of the ELECTRIFIC
ADAS, including route calculation, navigation and implemented GUI that supports default
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routing and information presentation. The expected start date is fall 2017, with an optimistic
start date in October. Data collection will continue until the necessary participant number is
reached, based on the participant numbers described above. We expect that we will need at
least 3-4 months to complete data collection, though first analyses of the data can and should
be performed at regular intervals to check for irregularities in data collection.

VII.3.1.a.5. Location
Both trials will take place in the Bavaria region for which the ADAS will be equipped with
functioning navigation maps.

VII.3.1.a.6. Data Management
Data will be mainly collected through the ELECTRIFIC ADAS app, including which condition
the user was in, page clicks and button clicks. The ADAS will also collect GPS information at
a level of granularity high enough that we can ascertain whether the user followed the ADAS
suggestions regarding the route and their exact end position to distinguish whether they left
the car at a charging station or not. Battery SoC information will be input by the user manually
into the app. If users decide to charge at the end of the trial, this information could be requested
from the charging station provider or manager. The user will be asked to respond to a few
questions regarding their satisfaction with the drive and the car at the end, and receive and
invitation to participate in the user profiling survey if they had not done so in the past.

VII.3.1.a.7. Trial risks
A major risk of our trials is the availability of charging station locations. An important facet of
the project is incentivizing users to charge whenever possible as long as grid stability
encourages this. Thus, we have included charging at the destination as an important
dependent variable in our trials. However, the possibility remains that for the majority of users,
no charging station will exist at their end destination. One possible remedy for testing
incentives and routing could simply be to send the user on two different routes and test whether
they adhere to routing only. However, the projects main objective is to test charging behaviour.
A second risk of our trials is the possibility of users expecting charging stations to be available
if the ADAS suggested a charging station at the end destination. Whether the charging station
is functional or busy is not an aspect that can be controlled. In the future, the ADAS will have
a charging station reservation system in place, however, for the current time, this is not
possible.
Finally, if it will become necessary to widen the pool of participants beyond E-WALD
customers, we will have the issue that different EV drivers might have different charging
contracts with different companies, thus maybe impacting the attractiveness of ELECTRIFIC
ADAS if they mostly receive suggestions to charging stations that do not belong to their
contract and are very costly. This could affect the brand perception of ELECTRIFIC negatively
and discourage people to participate in any future ELECTRIFIC trials or real world use of a
final product.

VII.3.2. User Profiling Trial
In the context of WP6, user profiles should be identified and evaluated in practice based on
EV driving data as well as charging process data. In addition, the classification of specific
drivers should be tested based on the acquired data.

VII.3.2.a.1. Trial Design
As there are different driver types such as cautious or aggressive ones, their correlation with
different EV controls (e.g. acceleration pedal usage) should be identified. Based on this
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examination, the User Profiling Trial should also enable the classification of specific drivers in
order to detect them by their EV usage.
Taking theoretical driver profiles and a prototype for the classification of these profiles into
account, EV driving data from EVs and charging information will be used as data basis. To
increase the amount of drivers, this trial should not only be applied with E-WALD vehicles but
rather also include the vehicle fleets e-Šumava, TMB and Motit. Beside of the driving
behaviour, also the charging behaviour should be analysed and classified. There it might be
the case that an aggressive driver might drive the EV until the SoC level is already low and
then recharges it using fast charging. Based on these inputs and constraints, the prototype
classification model should be tested live during driving.
A second part of the trial consists of the classification of new drivers and the recognition of
already known users, like for example in a family EV. The recognition should determine, if the
husband, wife or daughter is driving the EV at the moment.

VII.3.2.a.2. Duration
For the trial, as much classification data as possible needs to be acquired. Depending on the
classification model, this data is needed for the training and evaluation process of the model
in order to reduce the classification error.
Also, the model has to be tested after development and configuration. Here, new data is
needed to test its reproducibility for other cases. By this necessity, at least the trial interval of
2018 (March to August) is required to develop and test the prototype

VII.3.2.a.3. Location
The User Profiling Trial is independent of the location used to perform it. However, it’s helpful
for the adjustment of the classification prototype to classify drivers who are travelling in different
geological topologies. Considering different types of EVs, there might be the probability that
scooter drivers behave differently than car drivers.

VII.4. WP7
The tasks of WP7 is twofold:
a) To develop an artificial intelligence (AI) for the advanced driver assistance system
(ADAS) which would help the user to plan his daily activities with regard to the use of
electric vehicle (EV) and possible charging needs. The AI should allow to optimize for
multiple criteria (separately or at once) such as time, cost and greenness.
b) To develop an AI for the charging station owners to help them to assign prices to the
charging slots depending on the current price, availability, and quality of energy. The
AI should be able to optimize for maximizing the profit and customer satisfaction (in a
private charging station), for minimizing the waiting times or maximizing the number of
charged EVs (in a public charging station), and most importantly
In this section we describe the envisioned trials which should allow us to evaluate the
performance and behavior of the AI-based systems in the real world, that is, when deployed
to the full ELECTRIFIC environment.
As the AI-based systems are designed to help people to optimize their behavior, our main aim
in the trials is to test whether the AI provides better solutions than would be provided by the
human users themselves. We first provide an analysis of general requirements important for
successful comparison of the AI-based systems and humans. Next we describe a number of
particular trials in more detail.
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VII.4.1. General Requirements
The AI-based assistance systems are envisioned to help people decide in complex scenarios
where
a) the combinatorial complexity of the problem is prohibitive for human (that is, there is
too many possible combinations to evaluate),
b) the optimal and sub-optimal variants are too close to be weighted by human (e.g., if the
of two charging stations differ just a little, which one is better when taking into account
their different distances from the user?)
c) the optimization criterion is too complex or hard to understand (e.g., if optimizing for
greenness, multiple often contrary aspect must be taken into account), or
d) there is too much data (so called “big data”) to be considered by human (e.g., when
evaluating the greenness metric).
In very simple situations, people are able good enough to at finding their own solutions, maybe
using simple tools such as classical car navigation (or their knowledge), albeit sub-optimal,
and may not be willing to follow the solution proposed by the AI. Such example might be a
single-trip use of EV while minimizing time or cost. If it is possible to find a route using classical
car navigation such that there is a charging station, it might be easy for human to find and sue
such route and charge at that charging station. It might be even the case that such solution is
not far from the optimum which would be found by the AI.
In order to really evaluate the use of the AI-based assistants, it is important to choose complex
scenarios fulfilling the points a)-d) above so that the true usefulness of the AI systems can be
demonstrated. In the following sections we describe three trial variants which exhibit the
desired properties and which can be used to evaluate the expected improvement achieved by
the use of the AI-based systems.
In order to reliably compare the solutions given by the AI and by a human user we need to
focus on two aspects. The first aspect is the actual comparison of the solutions given by a
human and by AI when faced with exactly the same initial conditions. The human solution can
be obtained by tracing the behavior of the user, e.g. the route taken (given by GPS trace), the
time spent charging, etc. If the initial conditions of the user are recorded correctly (including
both input from the user such as the user’s goal location and the state of the world given by
the data in the Elctrific system), the AI system can be then run to solve exactly (or very closely)
the same problem as the user was solving. By comparing the two given solutions, by the
human user and by the AI, we can calculate how sub-optimal (with respect to some given
metric) the user’s behaviour was. Moreover, the data obtained from the participants might
serve as precise real-world benchmarks used to evaluate future improvements of the AI-based
systems.
Another aspect of using AI-based systems to advise the user is, that the system may give a
solution which cannot be precisely followed by the user. In order to test that, we need a group
of users which use the ADAS system and try to adhere to its suggestions. Again by comparing
the solution given by the AI with the data recorded from the user we can assess how applicable
the solution was in the context of the real world. Such data can also be used to improve the
AI-based system.

VII.4.2. Single Trip Trials
In single-trip trials, we need to evaluate how much the AI can help in the simplest case, which
is single-trip usage of the EV. The following variants are complex enough to show any
improvement over classical car navigation:
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1) Adhering to a complex metric. Let us assume there is a complex metric such as
greenness, which have several input parameters with complex interactions. The
parameters are for example:
◦

The profile of the road network (as going uphill increases energy consumption).

◦

The percentage of green energy already charged and available at various charging
stations.

◦

Available charging types (some may degrade the battery faster).

◦

Speed (going faster increases energy consumption).

◦

Additional energy consuming processes such as heating or air conditioning turned
on.

2) Taking into account complex and dynamic data. Once the charging stations use a
dynamic pricing model it will become much more difficult to optimize for cost as the
user must take into account different future prices at the time of arrival to different
charging station. Also the price differences might be small but sum-up over longer
horizon. The AI-based ADAS should be able to provide the user with better guidance
and allow to optimize even in such complex situation.
In order to successfully run the described trials, we will need the following:


Large enough number of single-trips, not necessarily by a different user and regardless
the used car model, divided into two groups, one using the ADAS and one not using it
(the users might use a classical car navigation). The number of single-trips must be
large enough to give statistically significant results. We expect as realistic to have about
100 trips per group per trial, which is 400 individual trips in total.



In order to be included in the trial, the users will be obliged to specify their destination
location before the trip. Other information should be recorded from the EV and from
ELECTRIFIC data (e.g., in the Common Information Model).



The greenness (or similar) metric must be defined, implemented in the ADAS AI and
explained to the trial participants.



The dynamic pricing must be implemented (or at least simulated) in enough charging
stations (either using CSO AI or not).

The data we will need to collect for each of the trips is the following:


For each trip we need the start location, the destination, and the true travelled route
including time-stamps. We do not need any identification of the user as we do not care
if the users repeat in the sample.



For each trip (either when ADAS is used or not) we need to collect the ADAS AI input
respective to the trip, that is, apart from the start and goal locations, the prices of the
charging stations, the green energy percentage (both in EV and charging stations),
etc., depending on the particular parameters used in the metric.

After the trials, the data will be processed by running the ADAS AI on the input data (in the
case of user not using ADAS) and the results will be compared with the human solution.
Similarly, if the user was using ADAS, the solution given by the AI will be compared to the
actual route taken. The user might also be asked a short survey about the perceived quality of
the proposed solutions. Note that this trial might run in parallel with the WP6 trials testing
whether the user adheres to the suggested route.

VII.4.3. All-Day Trials
The all-day trials will extend the single-trip trials by including the whole day activity planning.
This means that the user will need to provide information about all mobility-related activities
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intended to be done during the whole day. The information necessary to be provided
corresponds to the ADAS AI input model and currently includes the following (the model may
change in future iterations of the ADAS AI):


possible locations where the activity can take place,



earliest start time of the activity,



latest end time of the activity, and



expected duration of the activity.

The information should be collected using the same interface as will be used to plan using the
ADAS AI.
Again there will be two variants, one where the user will then achieve the activities without the
AI assistance and where the user will use the ADAS AI and will try to adhere to its suggestions.
In both cases we will record the user’s activity as in the previous trial.
The complexity of the problem now results primarily from the number of activities, where 3
activities can be assumed to be the necessary minimum. We expect in this trial to optimize
mainly for time, but it may be possible (and valuable) for the user to select one of the metrics
to optimize for (e.g., time, cost, and greenness) or even to select a combination. In either case,
the sample size per metric needs to be large enough as we cannot compare the solutions
which were optimized for different metric.
In order to successfully run the described trial, we will need the following:


Large enough number of users willing to use the AI assistant or record their all-day
mobility-related activities. A single user may record several days. The user should use
only an EV (or multiple EVs) for all mobility needs during the day (except for walkingdistance trips). One group of the users will be using the AI assistant and one not using
it. The number of such users must be large enough to give statistically significant
results, but it can be expected that it will be harder to obtain users for the all-day trials
than for the single-trip trials. The single-trips which will be done during the day by each
user can be possibly included in the single-trip trial (only in the case when not using
ADAS).



In order to be included in the trial, the users will be obliged to specify the required
information for each of the activity. Other information should be recorded from the EV
and from ELECTRIFIC data (e.g., in the Common Information Model).

The data we will need to collect for each user and each day is the following:


For each user and each day, we need the start location, the activities (location, start
and end times, duration), and the true travelled routes including time-stamps. We do
not need any identification of the user as we do not care if the users repeat in the
sample.



For each user and each day (either when ADAS is used or not) we need to collect all
additional ADAS AI input, such as the prices of the charging stations.

The data will be processed in a manner similar to the previous trial.
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