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Instltute for Automotlve
Engineering (ika)

= Founded in 1902 (ika)
= 200 employees

= 70 engineers,
50 workers and apprentices,
~80 working students

= Cooperation partner:
fka GmbH

RWTH Aachen University
= Founded in 1870
= One of eleven universities of excellence

= >10.000 employees
= >44.000 students

= 70+ institutes in
mechanical engineering
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Y

UNIVIERS

Production Engineering of
E-Mobility Components (PEM)

= Founded in 2014
= 200 employees

= 71 researchers,
30 workers,
100+ working students

= Cooperation partners:
PEM Motion & Moion
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Vehicle Domains
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Vehicle Concepts & s
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Energy & Powertrain Vehicle Intelligence &
Automated Driving

Systems

We develop sustainable, safe and innovative mobility

Traffic Psychology &
Acceptance

We focus on vehicles systems from micromobility to heavy-duty applications
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Electric Drive Fuel Cell Commercial Vehicles

We develop pioneering products for the sustainable manufacturing of electrified powertrains

e

We focus on production processes and innovations that enable the cost-efficient realization of these products
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o Emissions in the EU by Sectors Transport Emissions by Vehicle

A Air travel 13.4
| ."“a Marine 14

Domestic transport

120

Residential and commercial

Energy supply

1990 1994 1998 2002 2006 2010 2014 2018

100
| Car 43.5 G
80 ‘
| i
N\ . % Bikes 0.9
60
Target 2030 y
40

The EU aims to reduce all emissions from 1990 levels by 55 % until 2030. In contrast, the transport sector has increased its emissions by 25 %

=

Heavy-duty trucks contribute substantially to transport emissions. Broad adoption of alternative powertrain technologies is essential for reductions.

Source: European Environment Agency (2022) 6
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Heavy-duty trucks with alternative powertrains in EU
16.000

14.000

12.000

10.000

8.000 B
6.000

4.000 =

2.000 B

~484,000 new

trucks in 2025

0 . o —
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

BEV =PHEV =mFCEV

Alternative powertrains for heavy-duty trucks have achieved low market penetration. Cost-effective and easy to adapt solutions are necessary.

Source: Statista (2025) 7
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Research on an innovative and more efficient
e-axle concept for heavy distribution traffic

e Application scenario: Urban distribution traffic
e Gross weight: 26t—-41t |
|
|
|

e Research focus: Battery-electric

powertrain, user
interaction, requirements
of urban distribution traffic |

Powering EU Net Zero Future by Escalating Zero
Emission HDVs and Logistic Intelligence

e Application scenario: Regional & Long-haul

e Gross weight:

o Research focus:

CALAT=ZS

20t—-44t

Zero emission trucks,
powertrain development,
fleet management,
digital twin

Development of test methods for electrified
heavy- duty powertrains for standardisation based
on multi-physical hardware-in-the-loop test
benches

e Application scenario: Long-haul
e Gross weight: 42 t

e Research focus: Purpose-designed
electric drive axle with
application-specific
suspension system

:ﬂfeTestHiLﬁ
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Zero Emission Trucks

LiVePL_uS
A

Lifecycle cost reduction in electrical distribution
transport by means of an adaptable drivetrain

Application scenario: Urban distribution traffic
7.5t-18t

Battery-electric, hydrogen
and pantograph-based
powertrains

Gross weight:
Research focus:

Bundesministerium

LN A
— fiir Umwelt, Naturschutz
.n I e und nukleare Sicherheit
ve °© N

Life cycle cost reduction in electrical distribution
traffic through catenary trolley based
electrification systems for tractor units

e Application scenario: Urban distribution traffic
e Gross weight: Long-haul

e Research focus: Pantograph-based

tractor unit

Bundesministerium
f @ . / % fiir Umwelt, Naturschutz
L IVe P L u S und nukleare Sicherheit

Heavy goods vehicles for emission-free logistics
in heavy goods traffic by means of an
electrification kit and economical production
system

e Application scenario: Long-haul
e Gross weight: 42 t

e Research focus: Hydrogen powertrain

Geférdert durch; Koordiniert durch:

N Bundesministerium J\r‘OW
n h % fiir Digitales
e v und Verkehr = NOW-GMBH.DE
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Thank you for your attention!

Univ.-Prof. Dr.-Ing

Lutz Eckstein

Institute for Automotive Engineering (ika)
Steinbachstr. 7

52074 Aachen

www.ika.rwth-aachen.de
lutz.eckstein@ika.rwth-aachen.de

Tel: +49 241 80 25600

Univ.-Prof. Dr.-Ing

Achim Kampker

Production Engineering of E-Mobility Components
Bohr 12

52072 Aachen

www.pem.rwth-aachen.de
a.kampker@pem.rwth-aachen.de

Tel: +49 241 80 27406
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Greetings
from Project

Administration

% el J Maximilian Heckert
T e VDI/VDE
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Overview

_ J Gordon Witham
C e RWTH Aachen
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Project idea

7 b N\
Al eHighway.SH

SIEMENS
eHighway
GroR Délin

Retrofitting series BEV trucks
with pantograph system and
testing in field trials

> 1 university
» 2 prototypes
» 4 test tracks

' Baden-Wirttemberg elektrisiert

Tway

Associated partners:
Suppotdiy CONTARGO®  ®» J AN\ — @SLWz:::;f::f::::‘iogism
& lf::rd;::IEI::‘\Ei“ricsmanl. Nature Conservation, 1<
N

B 88 trimodal network

Building and Nuclear Safety

Erneuerbar

mebt MERRCK [Z|RHEENDS  SIEMENS

LOGISTICS

hased on a decision of the German Bundestag

16
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Interface development

Development of a system
interface for the standardized

integration of overhead line
technology together with
vehicle and component
manufacturers

Project Goals

Road testing

Test drives on public roads
with vehicles of different
powertrain technologies for
direct technology comparison

Technology assessment

User studies with drivers from
the logistics industry,
evaluation of stakeholder
input and validation with
gathered data from
prototypes

17



Project Kickoff
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} April 2022
Project kickoff in Aachen
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BEE DAF joins the Project

| \\\u“‘é“’!!L“ﬁW' e

\\

December 2022
DAF joins the project as
associated partner
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First Deliveries

March 2023
Pantographs and the
first vehicle arrive

20



Mechanical Mockup Complete
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Design, construction and
integration of mechanical

mockup completed

21



whicle
UNIVERSITY

December 2023
Electric trucks were
assembled and handed
over to RWTH

22



= Electric Trucks Assembled
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ECONOMIE e i

Een elektrische truck die, zoals b ¥ M | B i .{ ']""f":?"'ﬁ‘_" e "'::"_\H]k:
een trein, tram of bus is . ~ e [ we) 6’

. 5 = [ =)
verbonden aan een 2 _Q (o= ! i e
bovenleidingsysteem om E = A ; \ i /7
tijdens derit stroom te laden. s — TR \ A % ' \ K 7 ",::-;/;' %&/

Peter Scholtes
peter.scholtes@ed.nl
Eindhoven

Het Duitse Institut fiir Kraftfahr-
zeuge (Ika) onderzoekt samen met
| DAF of het systeem met bovenlei-
dingen bijdraagt in de energietran-
sitie.

Twee elektrische DAF’s heeft het
Duitse onderzoeksinstituutin ont-
vangst genomen. De trucks worden
voorzien van een pantograaf, een
stroomafnemer die wordt gekop-
peld aan een bovenleidingsysteem.
‘In theorie heeft zo'n truck een
= aantal voordelen: het voertuig laadt
tijdens het rijden op en kan daar-
doormet een kleiner batterijpakket
toe’, laat DAF weten. ‘Dat drukt on-
der meer de kosten, vergroot het
laadvermogen en voorkomt laad-
pauzes. De test moet uitwijzen of
de truck met pantograaf inderdaad
een bijdrage kan leveren aan de
energietransitie, of dat ook in prak-
tische zin een haalbare oplossing TIPS : - 3 23 A - S - B
kan zijn en voor welke inzet.’ A Roland Uerlich en Gordon Witham van het Duitse onderzoekinstituut Ika nemen de twee elektri

FOTOIKA
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December 2023

Electric trucks were

assembled and handed
_ over to RWTH

sche DAF's in ontvangst in Eindhoven. 23
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BEE Testing of Electrical Interface

July 2024

First tests charging
directly via ePTO
interface, then via
pantograph




Scc Testing on Siemens Test Track

BEV Goes eHighway

August 2024

Testing and
commissioning of retrofit
system on Siemens test
track in Grofd Dalln,
presentation to
consortium

26
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August 2024

Testing and
commissioning of retrofit
system on Siemens test
track in Grofd Dalln,
presentation of “Maja”
to consortium

27
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EMC Testing

September 2024

EMC testing of full
vehicle with pantograph
according to ECE R10

28



= Road License
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RWTHAACH
UNIVERSI%

BEV Goes thghway

| /

November 2024

Both vehicles receive a
road license by change
approval

29



Sce  Commissioning and Testing at FESH

BEV Goes eHighway

November 2024
Commissioning of “Willi”
on closed lane of A1 in
FESH test track at night,
first test drives on public
roads

30



BEE Commissioning and Testing at FESH

BEV Goes eHighway

November 2024
Commissioning of “Willi”
on closed lane of A1 in
FESH test track at night,
first test drives on public
roads




Bce Commissioning and Testing at FESH

BEV Goes eHighway

November 2024
Commissioning of “Willi”
on closed lane of A1 in
FESH test track at night,

‘ first test drives on public
Video footdge ML ETeR roads

32
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Test Drives at ELISA and eWayBW

© Die Autobahn GmbH des Bundes

November & December
2024

Test drives at ELISA and
eWayBW under cold
conditions

33



Test Drives at ELISA

June 2025

Test drives at under
warm conditions after
optimizations and
implementation of
additional measurement
equipment

34



Scce A reminder

BEV Goes eHighway

, Wwhy ERS make sense...
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S A reminder
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, Wwhy ERS make sense...
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Scc A reminder, why ERS make sense...
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A reminder

] = [ BEE

BEV Goes eHighway
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A reminder, why ERS make sense...

% | noch nie jj, mai

so eiw/&

Lky, i

=
seh ’ |
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Scc A reminder, why ERS make sense...
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Hier Dkostrom
ladenl

40
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A reminder, why ERS make sense...

- AL @%’%EN
i

s

=) BeE

L 3
(= Bevoes eHighway

41



Sce

:: —
Q=20
N— /1 BEV Goes eHighway

Thank you for your attention!

<a | ™

Gordon Witham

Institute for Automotive Engineering (ika)
Steinbachstr. 7

52074 Aachen

www.ika.rwth-aachen.de

gordon.witham@ika.rwth-aachen.de
Tel: +49 241 80 23919

42
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eHighway ready
. , Clemens Niederée
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eHighway

| Elektrisch in die Zukunft

sl g

aml Live &< LivePLuS =)BEE

Pantograph as a pivotal component of the vehicle's drivetrain BRI VEIES @iaiet] 197 6l [PEM Rt
as a range extender

\ J \

44
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BEV Goes eHighway

Pantograph

Pneumatics

VIC

TM-Management

ECU & LV-PDU

DC/DC

Mechanical Integration

45
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DL -Maja . n=9g0%
Pantograph .

* DC/DC Schafer K2243 ° Qn=3.51kW
Preumatics * 540...730 VDC e T,,=55°C

* 0...54 A * Mass =70kg
VIC * Pgi=35 kW *  Width =450 mm
TM-Management B E E — Willi . 1 =95%

* Schafer K2251 * Q,=4.05 kW
ECU & LV-PDU

* 540...790 VDC c T,=40°C
DC/DC e 0..125A * Mass = 140 kg

Mechanical Integration Pou= 100 kW *  Width = 850 mm
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BEV Goes eHighway

Mechanical Communication
* Mounting according to Body * Connected to auxiliary circuit * HV-system information via ¢ Connection to HV system via
Builder guide of compressed air system BB-CAN ePTO
* Modular and adaptable to * Disconnection of compressed * Active communication with * Interface must function bi-
different frame geometries air system via LV-connection vehicle via BB-CAN directional
 Meeting Regulations as a safety function * PAN tower has its own ECU « Limiting factor for power
Requirements * Required filling times must be  Sufficient LV-supply for PAN
met . e, water components
* Air quality must comply with -
the PAN manufacturer’s P“::."C:““H \ ’—r ‘ — . .
specifications 1 wem pmen | | o s\

)

47
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PAN System Vehicle Frame Ezm Eteeigfgtc ce)f

Mechanical integration

o s

Adapting to: PAN must be at set height
Different frame widths Mounting needs to adapt to different frame heights
Different frame shapes Max. cabin height: approx.: 3650 mm

Tolerances in frame width and shape Additional 700 mm of space behind Cabin

48
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Fixed height of
PAN-Interface

B Long-distance truck height:

Actros PRO Cabin: approx. 3780 mm

Mechanical integration

/\#ehicle frame

" Tamm

Iy | —

DAF XG*: approx. 3920 mm

Volvo FH16: approx. 3950 mm
] i
' T — v—r

Adapting to: PAN must be at set height
Different frame widths Mounting needs to adapt to different frame heights
Different frame shapes Max. cabin height: approx.: 3650 mm

Tolerances in frame width and shape Additional 700 mm of space behind Cabin

49
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Crane Mounting

ANVA == . . &
<c\%]> CC Mechanical Integration

Source: DAF Adapting to different frame widths and shapes

Adapting Mounting Concept of the Loading
Cranes

* Same mounting space behind the cabin
(additional 800 mm)

e Same mounting “problem”
standard crane for different vehicles

* Similar loads on the frame
* OEM consider this use case in the development ‘ ‘ ‘

* Detailed information in the Bodybuilder Guides Adapting to different frame heights

50



2 S .
(=) BEE Mechanical Development £

BEV Goes eHighway

Weight reduction of 50%

Adapted trellis frame concept

Hatprofils show strength and versatility
Extended simulation and optimization process
Improved force application and directing
Further improvement by diagonal profiles

A LivePLuS
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A LivePLuS

Mechanical Development

Weight reduction of 50%

Adapted trellis frame concept

Hat-profiles profile show strength and versatility
Extended simulation and optimization process
Improved force application and directing
Further improvement by diagonal profiles

52
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Electric

Catenary-Layer

Intermediate-Layer

VIC -
Vehicle Infeed Circuit JZ>
[
<
wn

®
3

Chassis Layer

DA -

<

[©)

0

o

D

53
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(¥

VIC -

Vehicle Infeed Circuit :(Z>

[

<<

w0

®

3

f DAFE

ePTO

J 5

0

HV-PDU o

D

Electric

HV connection via ePTO

+ ePTO needs to work bidirectional
+ normal HV interface of the vehicle
+ No changes to the vehicles HV system needed

+ Using the Bodybuilder-CAN to control the interface
- current power limitation of 90 kW

- Not officially approved to be used bidirectional

Galvanically isolated DC/DC Converter
Additional safety layer
Charging while stationary
Current DC/DC converter limited to 100 kW
High costs and weight for the DC/DC

When the ePTO power limitation is solved a
non-isolated DCDC becomes more interesting

Galvan. isolated
DC/DC

DC

!
ePTO

="

(1

'
;

Chassis layer

Intermediate layer

54



Communication

Isolation Measurement

PAN and Vehicle measurement
might interfere

Vehicle must enable a handshake
protocol for isolation measurements

HV System Status

U I ] ]
=) BEE Communication
N— /1 BEV Goes eHighway
T-Sensors O
Pump
PWM > HMI
Pneumatic
Valve
v [ ]
<
LV-PDU <«» PanCU ' Vehicle
< °
PAN . T |
-—p  Logger
VIC DC/DC .
BB CAN P CAN Vehicle CAN
+ ePTO control * Voltage Levels * Voltage Level .
 ePTO status * Charging Power » Battery Current limit .
* Vehicle driving  DC/DC status & control - HV system status
status * TM status & control

Detailed Status of the HV System
need to be communicated via the
BB-CAN

Voltage Level

Possible charging current

55



ePTO +

AU=650V

ePTO -

Scc

BEV Goes eHighway

AU=25V

&
A}

ePTO Precharging

eHighway
ready

—L_1

R_PreCharge
700Q

o 0

HV+ Relais

o 0

AU=625V

Precharging Error ﬁ
'oo
‘ DC/DC
0—0O
PreCharge Relais
18 kQ

HV- Relais

|
|
|

18.000 Q / (18000 + 700) Q *650V = 625V

Vehicle System Voltage

Reversed precharging

Connecting PAN to

Precharge ePTO

|
o L =
o i Z S ocL
o 'n °
g | I
: Precharge VIC
|
| Y
|
: Open VIC contactors
Vehicle
CAN Read Voltage of the
: Vehicle HV-System
|
|
: Set DC/DC Output Voltage
! to Vehicle Voltage
BodyBuilder
CAN Send request to open
e B
the ePTO contactors

Y

Open ePTO contactors

56




Scc Homologation Process

BEV Goes eHighway

Vehicle with
Type Approval ECE R10 :
Mechanical
Testing Electric Testing
. e Electric Testing for ECE
: R100 Individual
IR ———ea] - Measuring equipotential  ©Perating permit

| o o WA Check of Layer concept

Tl 5060 0 100M MWW Ao 50 0 16
Frquency inHz
—

57
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BEV Goes eHighway

Vehicle with
Type Approval

EC Type Approval

Pantograph System
approved for certain
vehicles

No EMC tests

No simulations necessary

Electric Testing
Electric Testing for ECE
R100

Measuring equipotential

Check of Layer concept

Individual
operating permit

58



Thank you for your attention!

@™

Clemens Niederée

Production Engineering of E-Mobility Components
Bohr 12

52072 Aachen

www.pem.rwth-aachen.de

cl.niederée@pem.rwth-aachen.de
Tel: +49 1578 93 52 408
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Workpackage Overview

@ m\

Data Measurement Real World Testing

- Acquire data from Real world testing on
several sources in the public roads

vehicle Functional testing in
- Extract, aggregate and different environmental
postprocess conditions

Vehicle Modeling

Digital Twin of the
vehicle for e.g. costs
and energy demand
investigation

Use measured data to
improve accuracy

61
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FMS, PAN
CAN, OBD, etc.

Batt-Mid

Measurements
Setup
Meas-Right Batt-Right
Meas-Left Batt-Right

| | Willi only

62



= Measurements

BEV Goes eHighway

Setup
Meas-Right Batt-Riaht | _
FMS, PAN PSS
CAN, OBD, etc. i Y |

Batt-Rig|

| Willi only

63
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BEV Goes eHighway

Measurements
Data Aggregation

64



Test Drives
Catenary Test Tracks

65



Bce Test Drives
Further Routes

usseldorf

Roermond Manchengladbach

Cologne

Slegen

Grevenbroich

Bergheim Stolberg

Aachen Ve N
g b (Rheinland)

«@blenz

Kerpen

10 km
</l [ e Diren

SLOIDErg Esri, TomTom, Garmin, FAO, MH

Aarhan
20 km
10 mi

Esri, TomTom, G4

5km |
5 mi ]

Esri, TomTom, Garmin, METI/NASA, USGS

Highway/Rural
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Total Distance (Maja and Willi)

Test Drives
Statistics Willi

approx. 10,000 km

Vehicles Weights 15t1-248t
kWh Charged on Catenary Line 281 kWh
Catenary Charging Distance 876 km

Mean Energy Demand

58.99 kWh/100 km

Mean Charge per Distance

32.14 kWh/100 km

67
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BEV Goes eHighway

Scc

Test Drives
BEV vs. Diesel - Example

Distance ca. 170 km
Cargo Load 4t 51°15'N -
Energy Demand BEV 103.97 kWh (61.88 kWh/100 km)
Fuel Consumption Diesel 16.76 1/100 km (~164 kWh/100 km)
(O]
©
-
SIS EN -
9
100 : . : :
=
&
= 5(0L .
< A A 50°45'N
>
>
O | | I | |
08:30 09:00 09:30 10:00 10:30 11:00 11:30

yrmrYar
veno

Roermond

Krefeld

Aacthen
120km |
1o mi| s ™
6°E 6°30'E
Longitude

68
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Input Data

Cycle
Component data - veu + Driver
provided by DAF t

B +Control
\_/— ¢+ 1] @ y #Lm
EM Chassis/
pattery + Inv " Trsm Wheels
v

Databus
I ]
DC/DC PAN
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Input Data

Component data
provided by DAF | |-

lterative
parameter
improvement

\_/—

o] 5
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Latitude
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Derivation of Driving Cycles
Input Data

51°10'N r

51°N r

50°50'N

100

time [h]

raw) [m]

altitud

Stolberg USGS O

Bergheim 200 0 ! T f
g w\/\/
(<))
Esri, TomTom, Garmin, METI/NASA, | / |

6°15'E 6°30'E

Longitude Correction needed! L= |1
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Method

Correction
‘ - Snap to Road
- Fill in missing data points
‘ GPS - Altitude > Gradient » Correct Gradient

Derive stop times and

\EToR
Data

distance driven

72



Q 5 I
gd=20 B |l el
N—/1 / BEV Goes eHighway

N
N
o

N
N
o

N
o
o

oo
o

60

40

20

Cumulated Total Energy Consumption [kWh]

-20

Digital Twin
Example Result - Energy Demand Prediction

Total Energy Consumed

Simulink Model
Logger Data
A

2 4 6 8 10 12 14 16 18
Distance %104
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N— /1 BEV Goes eHighway

Study 1: Expert

Interviews

* Method: Open Interview
(online)

« Aim: To collect and derive
relevant research
questions and topics from
the perspective of
stakeholders and experts
in the field of BEV trucks
with/ without OL-
technology

Study 2: Expert
Survey

* Method: Survey (online)

« Aim: To record and weigh
decision-relevant purchase
criteria for BEV trucks with
OL-technology

VA E— .. :
(=)BEE Defining User Requirements - Approach

Study 3: User Study

* Method: Survey-based
user study in real-world
traffic

« Aim: To assess the
acceptance and usability
of BEV trucks with OL-
technology
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Study 1: Expert

Interviews

* Method: Open Interview
(online)

« Aim: To collect and derive
relevant research
questions and topics from
the perspective of
stakeholders and experts
in the field of BEV trucks
with/ without OL-
technology

Study 1: Expert Interviews

Study 2: Expert
Survey

* Method: Survey (online)

« Aim: To record and weigh
decision-relevant purchase
criteria for BEV trucks with
OL-technology

Study 3: User Study

* Method: Survey-based
user study in real-world
traffic

« Aim: To assess the
acceptance and usability
of BEV trucks with OL-
technology
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(&) BEE Study 1: Expert Interviews

BEV Goes eHighway

Methodology:
Semi-structured interviews based on a discussion guide with a duration of 30-60 minutes

Procedure:
« Brief presentation of the project

« Collection of research questions or research topics:
» Which research questions or research topics are currently relevant to the expert?
» Which users/stakeholders are affected by the research question or research topic?
» Why is the research question or research topic relevant?
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Sample:

Study 1: Expert Interviews

0
N=10

data sets in total

Industry experts specialized in
overhead line technology (n = 3),
truck manufacturing (n = 1) or
logistics (n = 1)

[
|
|
|
I
I
I
|

Research Experts (n = 5)

Research experts specialized in
battery technology, electric motors
(n=4) or truck HMI (n = 1)

SN _puily__ _pEeN
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BEV Goes eHighway

(&) BEE Study 1: Expert Interviews

Results:

* Analysis of the stakeholder interviews reveals two key stakeholders for the use and implementation of BEV
trucks with and without OL: truck drivers and logistics companies

» With regard to truck drivers, the experts surveyed most frequently identified the following research topics as
relevant:

1. HMI design: e.g., what information should be presented in what form and how should the docking
process be designed?

2. Driver acceptance: e.g., what is the attitude of drivers toward the use of the technology and its
perceived user-friendliness?

3. Driving experience: e.g., how do vibration and noise reduction as well as acceleration behavior affect
the driving experience of drivers?
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BEV Goes eHighway

(&) BEE Study 1: Expert Interviews

Results:

* Analysis of the stakeholder interviews reveals two key stakeholders for the use and implementation of BEV
trucks with and without OL: truck drivers and logistics companies

» With regard to logistics companies, the experts surveyed most frequently identified the following research
topics as relevant:

1. Costs of BEV trucks with/without OL: e.g., what is the maximum purchase price/price per kilometer, is
buying or leasing BEV trucks with or without OL more attractive?

2. Push and pull factors: What are the advantages and disadvantages from the perspective of
stakeholders?

3. Practicability: e.g., what influence do battery operation and OL have on heavy transport? How are
charging and break times logistically combined for BEV trucks? Are there concerns regarding the
availability and distance of specialized repair shops?
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Study 1: Expert

Interviews

« Method: Open Interview
(online)

« Aim: To collect and derive
relevant research
questions and topics from
the perspective of
stakeholders and experts
in the field of BEV trucks
with/ without OL-
technology

Study 2: Expert Survey

Study 2: Expert
Survey

* Method: Survey (online)

« Aim: To record and weigh
decision-relevant purchase
criteria for BEV trucks with
OL-technology

Study 3: User Study

* Method: Survey-based
user study in real-world
traffic

« Aim: To assess the
acceptance and usability
of BEV trucks with OL-
technology
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BEV Goes eHighway

<§>BEE Study 2: Expert Survey

Methodology:
Expert online study (N = 12 logistics specialists)

Procedure:

Fleet SRelEl Purchasing

Characteristics Outlook on OL Criteria
Technology
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BEV Goes eHighway

_ S
<c\%l> =3 Study 2: Expert Survey
Results: Fleet Characteristics

* Number of trucks (= 12 tons) in the company’s fleet:
> M=193
» SD =162.22
» Range: 5t0450

7 - ——
n
S°]
55 @ Distribution t rt
2, istribution transpo
S ® Domenstic long-di
5 omenstic long-distance
o 2 4 transport
g 1 - B Interstate long-distance
< . transport

0% to 33 % 34 % t066 % 67 % to 100 %
Proportion of trucks in the respective area of operation

Combustion
Engine
98%

84



BEV Goes eHighway

<§>BEE Study 2: Expert Survey

Results: General Outlook on OL Technology

“Assuming the infrastructure was better suited to overhead line technology: Could you see your company
purchasing trucks with overhead line technology for its fleet?*

= Doubts about international
enforceability
» High costs for infrastructure

= No market for used vehicles
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ScC Study 2: Expert Survey

BEV Goes eHighway

Results: Purchase Criteria

Purchase price

Operational costs (e.g. Electricity)
Maintenance costs (e.g. Inspection)
Maximum payload capacity

Frequency of required charging breaks
International compatibility

Cleaning options

Training requirements

OL charging speed

o
N
N
w
SN

5 6
Absolute Frequency

~
oo}
©
-
o
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BEV Goes eHighway

<§>BEE Study 2: Expert Survey

Results: Summary

» The maijority of respondents could imagine purchasing trucks with overhead line technology (under better
infrastructural conditions)

* The decisive factor in the purchase decision seems to be the costs incurred, both during and after the
purchase

» The interpretation of the data is very limited due to the very small sample size
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BEV Goes eHighway

<:§>BEE Study 3: User Study

Study 1: Expert Study 2: Expert Study 3: User Study

Interviews Survey

« Method: Open Interview * Method: Survey (online) * Method: Survey-based

(online) user study in real-world
« Aim: To record and weigh traffic

« Aim: To collect and derive decision-relevant purchase
relevant research criteria for BEV trucks with « Aim: To assess the
questions and topics from OL-technology acceptance and usability
the perspective of of BEV trucks with OL-
stakeholders and experts technology

in the field of BEV trucks
with/ without OL-
technology




<§>BEE Study 3: User Study

BEV Goes eHighway

Methodology:
Survey-based user study (N = 7) in real-world traffic

Procedure:

Demo- Initial Post-

graphics Contact Interview
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Results: Demographics

Truck driving experience:

» M=27.14 years
» SD =11.70 years
» min = 5 years

» max = 40 years

Study 3: User Study

Prior drive type experience:

7

Absolute Frequency
—_ N w AN (@) ()]

o

Diesel

Hybrid Hybr|d with

BEV W|th
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Study 3: User Study

Results: Comments during the journey (regarding BEE truck)

Comments during the

journey

General

Positive

Very quiet
Good acceleration
Cameras instead of mirrors

Negative

* No mirrors
* No LKA

Specific to Pantograph

» Very sensitive (in terms of track)
» Location of buttons (suggestion: steering

wheel)

« Condition of pantograph not (easily) visible

+ long delay

» Operating the buttons requires practice
* No display of charge status
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<§>BEE Study 3: User Study

BEV Goes eHighway

Results: Perceived environmental benefits and adoption preferences

“Overhead line trucks will make an important contribution to achieving climate protection goals in the future.”

&

N

» Strong interest in automating the
pantographs’ connection processes

Absolute Frequency
w

N

» Highlighting of quiet operation of BEVs

| I
0

Strongly disagree Disagree Neither Agree Strongly Agree

92



<§>BEE Study 3: User Study

BEV Goes eHighway

Results: Usability Assessment

Usefulness Rating Satisfaction Rating
(M=1.20, SD =0.78) (M=1.10, SD = 0.88)
Useless B Useful Unpleasant B Pleasant
Bad B Good
Annoying B Nice
Superfluous B Effective
Irritating B Likeable
Worthless _—| Assisting
leep-i ' Undesirable __ :
Sleep-inducing B Raising Alterness -
-2 -1 0 1 2 -2 -1 0 1 2

Mean Rating Mean Rating

=» Overall the interaction with the pantograph control system was perceived as positive
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BEV Goes eHighway

Results: Safety and Demands

Mental demand

Effort

Temporal Demand

Frustration

Physical demand

Performance

|

10
low/good Mean Rating

15

20
high/bad

<§>BEE Study 3: User Study

» Participants indicated that they felt safe
both with and without using the
pantograph

» Error messages in the cockpit caused
moderate unease

» Sparking from the pantograph was
described as mildly concerning
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<§>BEE Study 3: User Study

Results: Eyetracker-Data (only BEE truck)

Number of Fixations Total Duration of Fixation
With OL Without OL With OL Without OL
Traffic observation (windshield, side 71.97% 84.78% 75.77% 84.62%
windows, mirrors)
Pant. Operation 16.40% 1.83% 14.50% 1.94%
Roof Window 0.17% 0.03% 0.05% 0.02%
Other 11.46% 12.94% 9.68% 11.01%

» The roof window was hardly used at all for pantograph observation

» Traffic observation decreases descriptively during sections of the route with OL, while the
pantograph controls were fixed more frequently

» No difference can be seen between other areas (steering wheel/interior)
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Study 1: Expert
MEWVEE

.

v . ™ m u u
(&=p)Bee Defining User Requirements - Conclusion

Study 2: Expert Study 3: User Study
Survey

The conducted studies demonstrated that OL-technology for BEV and/or hybrid trucks is both technically
feasible and generally well-received by relevant stakeholders

Decision-makers acknowledge the potential of OL-technology for emission reduction and cost savings;
however, they express concerns regarding infrastructure development and long-term investment security

End users perceive the system easy to operate but identify challenges related to cognitive workload and
lane-keeping precision, highlighting the need for further automation and improved feedback mechanisms

Necessary for successful implementation:
» Technological refinements
» Infrastructure expansion
» User-centered design improvements
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Thank you for your attention!

<a | ™

Lotte Wagner-Douglas

Institut for Automotive Engineering (ika)
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52074 Aachen

www.ika.rwth-aachen.de
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Tel: +49 241 80 25698
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AN S .
(=) BeE Work Package Overview

Task 4.1

Identification of Current Route Planning Processes

« Contact and survey logistics companies on route planning

« Identification and analysis of current route planning processes
« Identification of points of reference for OBEV in the process

Task 4.2

Integration of OBEV into Fleet Operation Planning

« Development of an approach for integrating OBEV into route planning
processes

« Exemplary implementation of the approach

« Simulation and comparison of different use cases

99



Q 5 I
gd=20 B |l el
N—/1 / BEV Goes eHighway

Development
of a
questionnaire

Task 4.1
Questionnaire

Contact |dentify
logistics Analyze integration

companies Results possibilities
through DSLV for OBEV
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Questionnaire

How is route planning carried out and, consequently, how are orders assigned to vehicles?

Purely manual planning - 48 %

Purely software-based, automated planning I 6 %

Partially software-supported, automated planning (manual adjustments
required)

Predominantly software-supported, automated planning (manual review
required)

Unknown I 4 %

Z
1

101
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N—y1/ BEV Goes eHighway . .
Questionnaire

Which powertrain technologies are supported by the software?

Battery-electric (BEV) - 21 %

Fuel-cell-electric (FCEV) I 9 %
Natural gas (LNG/CNG) I 9 %

Other I 5%
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N—y1/ BEV Goes eHighway . .
Questionnaire

Are battery charging processes taken into account when planning routes in the software (additional
charging stops and scheduling of charging time)?

1 %

Nol11%

Yes

9 %

Unknown

103
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(&) BEE Task 4.1
N— /1 BEV Goes eHighway
Questionnaire

Key Outcomes

@ Build a software model for automated and optimized route planning

@ Integrate features for powertrain technology OBEV
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V ehicle
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E lectric
V ehicle
R outing
P roblem

Extensions

Capacitated Time Windows Mixed Fleet

Objective
Function

min(distance)

min(energy)
J Pickup and Multi-Period Partial

Delivery Charging

in( N .-.
min(cos
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Scc

BEV Goes eHighway

Locations

sesa)

Orders

13

Vehicles

®

Location
Mapping

Implementation Framework

®

o« o

Route Network
Creation

Charging
Simulations

=

Lookup-Tables:
Energy Demands a

o

Optimization
= Pre-Processin
ms .

Lookup-Tables:
Charging Times

Ant Colony
Optimization
Algorithm

TCO Model

Optimization
Post-Processing
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BEV Goes eHighway

Locations

sesa)

Orders

13

Vehicles

®

Location
Mapping

Implementation Framework

®

o« o

Route Network
Creation

Charging
Simulations

=

Lookup-Tables:
Energy Demands a

o

Optimization
= Pre-Processin
ms .

Lookup-Tables:
Charging Times

Ant Colony
Optimization
Algorithm

TCO Model

Optimization
Post-Processing
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A

Overhead Line Power

A Distance ;

110
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Home

Food
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Home
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Home Food
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Scc

BEV Goes eHighway
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BEV Goes eHighway

(¥

Probability
(Ti,j,v ' )a ' ni,j,vﬁ

ZjeN,iij(Ti,j,v ) )“ ’ ni,j,v'g

Pijv =

I— inverse distance

04 05 06 07 08
SOC [1]

desire to charge
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(¥

Probability

tarrive,j

—o— > i (i )a Mg’

pi,j,v — a
ZjEN,iij(Ti,j,v ' ) 'ni;j;vﬁ

I— inverse distance

| |
-0.25 0 0.25
ATTW [h]

time window attraction
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(¥

Probability
a
— — — — . (Ti,j,v ) ) . ni,j,v

pi,j,v — a
ZjEN,iij(Ti,j,v ' ) 'ni;j;vﬁ

I— inverse distance

| |
-0.25 0 0.25
ATTW [h]

time window attraction
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(¥

Probability
a
> t - (Ti,j,v' ) 'ni,j,vﬁ

pi,j,v — a
ZjEN,iij(Ti,j,v ' ) 'ni;j;vﬁ

I— inverse distance

| . |
-0.25 0] 0.25
ATTW [h]

time window attraction
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shift time Probability

(Ti,j,v ' )a "1, j,vﬁ

ZjeN,iij(Ti,j,v ) )“ ’ ni,j,v'g

maximum shift time Dijv =

I— inverse distance

|
04 05 06
RST [1]

desire to finish shift
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maximum shift time Dijv =

Probability

(Ti,j,v ' )a ' ni,j,vﬁ

ZjeN,iij(Ti,j,v ) )“ ’ ni,j,v'g

I— inverse distance

|
04 05 06
RST [1]

desire to finish shift

121



I
=8B
— BEV Goes eHighway

Total Costs per Vehicle

TCv 3 CCAPEX A= Cenergy + Ctoll g CCOZ 1 Clabor + Cinsurance

Total Costs

TC = Z TC,

Objective Function Value
OFV =TC + Cpenaity
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Iteration Leaderboard i Global Leaderboard i

Rank OFV Solution Details Rank OFV Solution Details

1 1092 1 1092

1203 1203

1318 1318

1456 1456

1659 1659

1734 1734

1847 1847

1921 1921
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Iteration Leaderboard i +1 Global Leaderboard i

Rank OFV Solution Details Rank OFV Solution Details

1 1145 1 1092

1267 1203

1398 1318

1524 1456

1681 1659

1793 1734

1856 1847

1972 1921
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Iteration Leaderboard i +1 Global Leaderboard i +1

Rank OFV Solution Details Rank OFV Solution Details

1 1145 1 1092

1267 1145

1398 1203

1524 1267

1681 1318

1793 1398

1856 1456

1972 1524
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Rank

1

OFV

1092

1145

1203

1267

1318

1398

1456

1524
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Global Leaderboard i +1

Solution Details

Evaporation and Distribution

Ti,j &= Ti,j : (1 - p) + z ATi,j,a
a

Distribution Amount
1

ok THOFT,

OFV, - Kemax

Pheromone Value Limits

Tmax =:}(
T,max
il R%Jnhl
Tmin = Tmax * Y
Ncustomers
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Locations

o 1x Depot
. 29x CS

Orders

Vehicles

. B 4x26tICEV

4x 27t-BEV

ca. 270 km

ca. 270 km
%
B
¢ %
0 . K
Kassel o ¢-*
[
o (&
Ny
°
.
L4
.
o
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Locations

0 1x Depot %
X 4
. 29x CS
%

Orders Wl i -
,'.‘Q ’
- 20xA - B s
Q’ . %
Vehicles ' ¢ v
“. R 4x26tICEV . v ICEV 1
— @ ICEV?2
£ X 27t- . :
- |} 4x 27t-BEV ——
: BEV 2
< BEV 3
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Locations

o 1x Depot
. 29x CS

Orders

Vehicles

. B 4x26tICEV

4x 27t-OBEV :
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+5 3000

Cos

= 2000

Tot

1000

100% ICEV

50% BEV

100% BEV
Fleet Configuration

50% OBEV

v14.9%
|

100% OBEV

I \Wage
1 Energy
T CAPEX
[ 0&M
T Toll
I CO,
[ Insurance
—@— Total Cost
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<§>BEE Market Characteristics

BEV Goes eHighway

Greenhouse gas emissions in Mio. T CO, MeterIBliklok
200

-48 %

Facts:

70.7 % of freight-transport with trucks 100 Goal 2045:

Approx. 230,000 long-haul trucks in ‘ e, & — 7

Germany 0 7 .
& ol s & & o

Lifetime of 1 Mio. km

120,000 km yearly milage

A bigger effort in Zero-Emission

Sales of zero-emission trucks technologies is needed. ..

increasing at a low level
(1.7 % in Germany 2024)

...and increasing political influence can be
expected
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Total number of alternative powertrains

16000
14000

12000

L]
i
-
N
i
_e
g B I
0 I = = B I I

2016 2017 2018 2019 2020 2021 2022 2023 2024 2025
mBEV =PHEV =H2 " LPG mCNG =LNG

Technology-Mix

Diesel trucks are still dominating the
market with approx. 45,000
registrations per year.

How can a future with the catenary
technology look like in 2035:

_--IlllIIIIIIIIIIIII O-BEV

0|“|““||“|‘|IIIIllll-_.

2020 2030 2040

50

i
e
(V)
>
o
o
Q
~
~
(]
X
[$)
>
-
—
Y—
o
—_
[}
o)
S
>
Z
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Financial Fundamentals:
Income-Loss Statement & TCO

Income-Loss Statement Total costs of ownership (TCO)

Measurement of the company’s financial « While income is uncertain, the costs can
performance over a specific period be estimated and optimized

Shows how revenue translates into Acquisition Price
income and how to optimize profits *  Purchase Price

Typical elements: YR a4

+ Revenue 17 F Hldden Costs

- Investment costs (CAPEX) g”erﬂgosts

- Operational expenses (OPEX) il apital Costs
. T B « Government Incentives

- Taxes and Depreciation & . Maintenance

— Profit « Taxes
"' « CO, costs




=== Financial Fundamentals:
== Cash Flow & Net Present Value (NPV)

Net Cash Flow

» Tracks movement of money to ensure
liquidity

— not all expenditures have an immediate
impact on my Cash-flow

Elements of Cash Flow:
* Operating Cash Flow
 |Investment Cash Flow

* Financing Cash Flow

— Operating Cash Flow main focus

Net Present Value (NPV)

Money now is worth more than money later

Cach flow(t)
=T

For example:
1000€ fuel costs in the future are cheaper
than 1000€ today

— An investment is profitable, if NPV > 0




S\ m== Strategic Planning:
<§> Sensitivity & Scenario Analysis

“Income is uncertain, costs can be estimated”... but how good is the estimation?

How to test our calculations and results:

i N
Sensitivity: Scenarios: ( @ )
AN

Focus on changing on factor Focus on holistic approach by changing
(ceteris paribus) multiple factors

Goal: Identifying critical drivers of the Goal: Evaluate risk and resilience of the
investment investment

For Catenary: For Catenary:
Percentage of Catenary drive, electricity costs prioritize ERS, simultaneous technology
support, no government support
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BEV Goes eHighway

<§>BEE TCO of Diesel-trucks

Costs over Lifetime

€ 60.000,00 Assumptions:
100%
Long-Haul
€ 50.000,00 90% ong-rnau
Myax = 40t
€ 40.000,00 80% 1% 120,000 km/year
70% Diesel: 1.55 €
€ 30.000,00 L Special depreciation
’ 9 years lifetime
€ 20.000,00 50%
40%
€ 10.000,00 a0 19%
€0,00 EE— 20% TCO (lifetime):
1_—» 3 7 6 7 8 9 A
-€ 10.000,00 - 1,344.,330€
’ 0%
——Energy costs ——Capital costs Government Incentives NPV:
Depreciation ——Maintenance ——Taxes
——C02-Costs ——Tax savings -942.471 €
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BEV Goes eHighway

<§>BEE TCO of BEV and O-BEV trucks

180000 - _
TCO (lifetime): Assumptions:
160000 . BEV: -714,330 €
\ O-BEV: - 693,663 € BEV400
140000 \ OBEV200
\ 30 % catenary drive
120000 \ - ' ina:
\ BEV: - 644,554 € Stationary charging:
\ O-BEV: - 625,115 € 0.57 €/kwh
100000 \ ’ Catenary charging:
! 0.23 €/kWh
80000 \
\
\
60000 \
_____ e e o e = — == e Rl e e — b e T e e e e e e e T e
40000 \
\
20000
0 —_— = e e — e _"".--—_—-_-______--_-—_ ___________
1 2 3 4 5 6 7 8 9
Energy costs - Capital costs Depreciation Maintenance

= = Energy costs O-BEV — - Capital costs O-BEV = = Depreciation O-BEV = = Maintenance O-BEV
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Scc Com

BEV Goes eHighway

® Energy costs

1,344,330 €

Diesel

= Capital costs

= Government Incentives

741,330 €

Depreciation

= Maintenance

e
BEV

u Taxes

parison of Diesel, BEV and O-BEV

693,633 €

OBEV

m CO2-Costs

® Tax savings
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SO\ g== Sensitivity analysis:

R/ e Goes ramos Pull-factor catenary network

Assumption: Increase in catenary drive from 30 % to 50 % and 70 %

30 % catenary 50 % catenary 70 % catenary

491.508 €

0
0

458.460 €
425412 €

— o o—
—Con o— —C-o% O—

m Energy costs ® Maintenance

NPV = - 625,115 € NPV = - 595,114 € NPV = - 565,113 €
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SO\ g== Sensitivity analysis:
E:] :: m m m
<E,> Pull-factor electricity price

Assumption: Costs of electricity under the catenary vary (with 30 % catenary)

Energy costs Energy costs
-4.2% +4,2 %

TCO (lifetime): TCO (lifetime): TCO (lifetime):
O-BEV: - 675,748 € O-BEV: - 693,663 € O-BEV:-711,517 €

NPV: NPV: NPV:
O-BEV: - 608,879 € O-BEV: - 625,115 € O-BEV: - 641,350 €
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20 o . .
<E\%J>B=|: Scenario technique

BEV Goes eHighway

Simultaneous Prioritize ERS

technology support

No government support

All incentives regarding
taxes, depreciation, tolls
and CO,-pricing get
canceled

A 30 % base catenary
network is ensured but
there no additional
incentives in depreciation

Existing incentives stay,
catenary network gets
extended to 70 % and
electricity prices drop 20 %

taxes or tolls

TCO (lifetime):
O-BEV: - 1,115,616 €

TCO (lifetime):
O-BEV: - 693,663 €

TCO (lifetime):
O-BEV: - 585,805 €

NPV:
O-BEV: - 1,009,021 €

NPV:
O-BEV: - 625,115 €

NPV:
O-BEV: - 527,230 €
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=) BELC Wrap-Up and outlook

§ BEV Goes eHighway

Summery:
There is a need for zero-emission technologies and government interference can be expected

BEYV trucks are under the current incentives already competitive with diesel trucks

Diesel trucks are the main technology mainly because of insufficient pricing of negative
environmental effects

O-BEV trucks are the most profitable technology if over 30 % catenary drive can be ensured and
electricity costs are lower under the catenary

Field of action:
= |tis important to build a base-level catenary network for catenary trucks to succeed

= While increasing the catenary network above 30 %, low electricity costs can be a great push factor
for the technology during the transition phase
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Thank you for your attention!

<a | ™

Hendrik Vorjans

Institute for Automotive Engineering (ika)
Steinbachstr. 7

52074 Aachen

www.ika.rwth-aachen.de

hendrik.vorjans@ika.rwth-aachen.de
Tel: +49 241 80 26718
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Bidirectional
ePTO

_— J Benedikt Siemons
C e RWTH Aachen




Scc

BEV Goes eHighway

Wat is'n PTO?

Power Take-Off

Mechanical Power Take-Off at a shaft
Located at the Gearbox
Drivetrain must run to use PTO

While driving PTO speed is dependent
to drive speed

Easy to use for BodyBuilders

Source: Scania
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Scc

BEV Goes eHighway

PTO
Power Take-Off

e Mechanical Power Take-Off at a shaft
e Located at the Gearbox
e Drivetrain must run to use PTO

e While driving PTO speed is dependent
to drive speed

e Easy to use for BodyBuilders

Source: Scania

PTO vs. ePTO

L5

i |
b

B

Electric Power Take-Off

e Connection to Vehicle HV System

e Electricity can directly be used by body
e Silent use of Body Functions

e CO, neutral use of Body

e Higher efficiency

e Higher degrees of freedom for
BodyBuilder

\ / /

‘ ,
& e 008666 ﬁ
- Bo000C el

Source: DAF

= |
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L]

Standardized communication
Protocols

Cyber Security

HV System Status Communication

Electric Power .
Missing ePTO Standard
[
Isolation Measurement
e Pre Charge procedure
Safety

Currently a Standardized communication Protocol between Vehicle and Body is missing. This results in many different Problems

4

v — - = n
<f\%’>3== Standardized Communication Needs

BEV Goes eHighway

Bidirectional Use

Ease of use

A standard similar to the CCS-Standard, which is used for charging, will simplify and accelerate the adoption of CO, neutral Vehicles
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Currently a Standardized communi

A standard similar to the CCS-Stands

Source: Phoenix Contact

ISO 15118

Plug and Charge

Communication between vehicle and
charging station

High level protocol layer for data exchange
Secure and intelligent charging

Easy to use for user and manufacturer

Increases user acceptance of BEV vehicles

CCS Charging

This results in many different Problems

Erate the adoption of CO, neutral Vehicles
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) BEE PCU
e ePTO Control Unit

@» HV-Connection
@@  Vehicle CAN
@B BodyBuilder CAN

Superstructure interface concept
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) BEE PCU
e ePTO Control Unit

Body 2

Body CAN
* Body Status

Body control
Required Power

Pre-charge control

ePTO Control Unit communication Superstructure interface concept
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=13 Communication Strategies

BEV Goes eHighway

Basic UML Implementation

Base-PowerController
- Class
Software Standards Diagram
SAE J1939 CAN FD Vehicle-PowerController ePTO-PowerController
*  Controller Area Network —
~ ePTO Authentification & Request
* Flexible Data-Rate activate <
*  Higher bit rates than standard CAN ePTO | , . — > activate Sequence
| Vehicle Battery Limits High ™ Diaaram
CRC8-SAE-J1850 | | Wilteae g
* Cyclic Redundancy Checks : :
* Checksum and counter : ! ==
* Reliable and verifiable communication 1
between vehicle and superstructure
. | — State
* Meeting 1ISO26262 ASIL Levels L, Diagram
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=13 Standardized Communication

BEV Goes eHighway

Sequence Diagram
P N ePTO

Class Diagram
Base-PowerController ‘ State Di agram Authentification

- Limits : Limits & &iRequest
: Activate
+  Authernticate() : bool ePTO .
+  getLimits() : Limits Start 5, ctivation — = > aclf;i\;a;e
+ setLimits() : bool —0— Batieriliniis Y

|\ f J/
| | v ‘ Error N B
( N ( ) True exists Bidirectional

ePTO-PowerController Vehicle-PowerController A i
= operation of =

ePTO Interface

Limits : Limits Limits : Limits

Authernticate() : bool Authernticate() : bool | No error present®

‘ \ 4

+ + L
+ getLimits() : Limits + getLimits() : Limits | Deactivate
+ setLimits() : bool + setLimits() : bool ‘ ePTO Deactivation High

| - | Deactivate > Voltage
| ePTO
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<g>BEE Opportunities of a bidirectional ePTO

W

INDUCTION

A bidirectional ePTO enables the base vehicle’s drivetrain to be extended by allowing the superstructure to charge the vehicle.

o

For decarbonized heavy-duty trucks, there is no “one-size-fits-all” solution. With an ePTO, a standard BEV can be adapted to the users’ specific
requirements.
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Thank you for your attention!

@1™N

Benedikt Siemons

Production Engineering of E-Mobility Components
Bohr 12

52072 Aachen

www.pem.rwth-aachen.de

b.siemons@pem.rwth-aachen.de
Tel: +49 1511 4991791
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