way ELISA
| Site Visit




eHighway status as of 2021 SIEMENS
Ihg%ui\‘y{or&‘ft

Installed on two sections of
the German motorways

e ’ [N/ ! Z - | Al SPEDITION
th - ) WODE , ;
‘ - Used in real transport

= Sl§ : y - f—
Nachhaltigkeit ... | ..durch Innovation ! |
SODEQNORT

operations
With trucks from an OEM

spedition-hode.de

© Spedition Bode
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Technology development

Examples of integration into existing road infrastructure (field trials)

ELISA virtual site visit

Aspects of Norming and standardization ensuring interoperability in Europe

Virtual ride and driving experience in an overhead catenary truck

SIEMENS
Ihg,ehuffy‘for&ft
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Decarbonization is a challenge in transport sector and in SIEMENS
particular heavy long-haul transport is seen as especially difficult lngenuity for life

Road freight decarbonization is particularly a challenge for the few vehicles that emit the majority of CO,

0% 10% 20% 30% 40% 950% 60% 70% 80% 90% 100%

Vehicle stock

Total mileage [bn VKT]

Total emissions [Mt CO2e/a]

<3,5t 3,5-7,5t m7,5-12t m12-26t m26-40t m40t

Source: Oeko Institute, Fraunhofer ISI & IFEU — Alternative drive trains and fuels in road freight transport — recommendations for action in Germany
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https://www.oeko.de/fileadmin/oekodoc/Climate-friendly-road-freight-transport.pdf

How an eHighway for heavy duty vehicles works SIEMENS
Iug&muf‘yﬁ;r&ft

Truck equipped with
« Active current
collector
(pantograph)
And drive train
with an electric
engine (hybrid
or full electric)

gearbox

electric motor

Wayside substation
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https://www.youtube.com/watch?v=zV2yZkRFBK0

eHighway truck technology — SIEMENS
From proof-of-concept to field trials lngenuity for life

Development of the eHighway vehicle technology

2"d Generation
1st Generation Swedish and US 3'd Generation

Proof-of-concept Demonstration projects Field trials

: Connection and Recharging of L
Operations up : : No limitations for
: disconnection to on-board energy : .
to 100 km/h possible . : : - first and last mile
catenary in motion storage while driving

Unrestricted © Siemens Mobility GmbH 2021
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Catenary electrification is compatible with and
complementary to other alternative fuel technologies

The eHighway hybrid truck can be configured to suit specific applications
On-board source

Truck types

Drive system

|

0
O
|

|

Q
Q
T
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Tractor truck
(2 axles)

Tractor truck
(3 axles)

Rigid truck
(2 axles)

Rigid truck
(3 axles)

Rigid truck
(4 axles)

2 Parallel-hybrid

—>-43 Serial-hybrid

4 Full electric

of electricity

==

s
-

i

Battery (small)

Battery (medium)

Battery (large)

Fuel cell

Combustion

SIEMENS
Ihg%ui(y{or&ft

Non-electrical

engine

(@]

H & |0

Engine (small)

Engine (medium)

Engine (large)

source of energy

% Diesel
Bio fuel
CNG/LNG
Hydrogen
J
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Catenary electrification is compatible with and
complementary to other alternative fuel technologies

The eHighway hybrid truck can be configured to suit specific applications

Truck types

=4

il

il

o
Q
?D

Tractor truck
(2 axles)

Tractor truck
(3 axles)

Rigid truck
(2 axles)

Rigid truck
(3 axles)

Rigid truck
(4 axles)

Drive system

%
-3

Parallel-hybrid

Serial-hybrid

Full electric

On-board source
of electricity

=%

i

Battery (small)

Battery (medium)

Battery (large)

Fuel cell

Combustion
engine
(®]0 | Engine (small)

(®]p

Engine (medium)

Engine (large)

Showing combinations already realized in projects so far
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Non-electrical
source of energy

ﬁ Diesel

ED Bio fuel

CNGI/LNG

Hydrogen
J
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German field trials lay the foundation for the next step in the
development of the system

Information and routing

SIEMENS
lug,ehuffy‘for&ft

Federal State Federal State Federal State
of Hesse of Schleswig Holstein of Baden-Wuerttemberg
Infrastructure project Infrastructure project Infrastructure project
awarded to Siemens awarded to Siemens awarded to Siemens
Track length/ 5 km/ 5 km/ 2,6-3,4 km/
amount of trucks: 5 5 5
Construction: Apr — Nov 2018 Oct 2018 — May 2019 June 2020 — Summer 2021
Demonstration: Official start May 7, 2019 Started in Dec 2019 Planned start: Q3 2021

i Project homepage
FESH

Unrestricted © Siemens Mobility GmbH 2021
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https://mobil.hessen.de/verkehr/elisa/baustellen-news
https://www.ehighway-sh.de/de/
https://ewaybw.de/

ELISA project: Delivered on time and on budget — with SIEMENS
minimal disruption to traffic flow lngenuity for Uife

Ground investigations

Attaching cantilevers

Pulling the contact line Installing the substations

Unrestricted © Siemens Mobility GmbH 2021
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Technology development

Examples of integration into existing road infrastructure (field trials)

ELISA virtual site visit

Aspects of Norming and standardization ensuring interoperability in Europe

Virtual ride and driving experience in an overhead catenary truck

SIEMENS
Ihg,ehuffy‘for&ft
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Realisation of eHighway (field trials near Frankfurt and Lubeck) SIEMENS
Ihg«ehuffy‘for&ft

Power distribution and supply via medium
voltage network (10 kV to 30 kV)

Substations feed the electrified sections
with 670 V DC

Infeed from the substation to the
electrified section via underground cables

1

Cantilever

Re-tensioning device

Messenger wire ——
. — (L

Two contact lines (positive and negative)

cantilever above the right lane Contact wire

Re-tensioning devices for constant
tension of contact wire and suspension
cable

Supply of the track components via a
suspension cable suspended from the
mast

© Sascha Giebel

Monitoring of the contact wire (CMS)
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Realisation of eHighway (field trials near Frankfurt and Lubeck) SIEMENS
_ Iv\ e ut‘(y‘for&‘ft

£ -
- s

. - et
.

Example of a feed-in pole

Unrestricted © Siemens Mobility GmbH 2021
Page 13 5th Interdisciplinary Conference on Production, Logistics and Traffic (ICPLT) March, 17, 2021 Stumpe | SMO RI EL COC EH



Realisation of eHighway using the example of the field trial near SIEMENS
Frankfurt (project ELISA) lngesmuity for ife

Project

Parameter
ELISA

Medium Voltage 3AC [AASY% ST g -

Nominal Voltage DC  KI{*A%

Y Zymidnaz

(B

| ol ] S g, Parkplatz
= ? : i wean b Nornbruch West| |
j| ‘ui S et - : e —

/4%

Nominal Power per 1,000 kVA
Substation

b b

Raststatte 2
| Griafenhausen West | s

-

Number of 2
Substations

Length of Electrical 5 km

section in each
driving direction

.
ool
ol
3
o

»
k

= ..AA‘jAI; {— N
: . 4 5,K165,J
[\ B
(e
/()S
)
|

nal

L3P]ASSUIG

—JOH

t
|

G910 N

k’;’.v'J/(/),/!/ZjAl

Number of poles 223 +6

Poles in Ny =
. . ~A 2l
Middle strip < [MS
( ) o e \\
: e © Hessen ’thil;ipicture\ﬁ Sascha Giebel.,
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Realisation of eHighway - project FeSH on motorway Al near
Luebeck, Schleswig-Holstein

|

Implementation under a railway
bridge with rigid catenary
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Project eWayBW — National Road B462 near Gaggenau, Baden- SIEMENS
Wurttemberg lngeuuity for Life

Special feature:

Inclined catenary design
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Technology development

Examples of integration into existing road infrastructure (field trials)

ELISA virtual site visit

Aspects of Norming and standardization ensuring interoperability in Europe

Virtual ride and driving experience in an overhead catenary truck

SIEMENS
Ihg,ehuffy‘for&ft
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SIEMENS

Let’s start our ELISA virtual site on motorway A5 near Frankfurt! , : .
0\3’60\“(‘7‘{0?(4{&
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Technology development

Examples of integration into existing road infrastructure (field trials)

ELISA virtual site visit

Aspects of Norming and standardization ensuring interoperability in Europe

Virtual ride and driving experience in an overhead catenary truck

SIEMENS
Ihg,ehuffy‘for&ft
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Status of standardization SIEMENS
Ihg%uf\'y{or&{t

Rail industry eHighway
EN50119 — Electric traction ] EN50119 incl. informgtive annex C
overhead contact lines T t— O\iierhead contact line for electric
rucks

EN50367 — Technical criteria for ) .
the interaction between TC9x — interaction between

pantograph and overhead line pantograph and overhead contact
lines on electrified roads

EN50206 — Pantographs

...and further (e.g. EN50405 carbon
strips)

EN50119 incl. informative annex C — Overhead contact line for electric trucks

In the last update (released April 2020) an Annex (informative) on infrastructure requirements for overhead contact lines for electric trucks on roads was already
integrated.

TC9x — Interaction between pantograph and overhead contact lines on electrified roads
The standardization of the eHighway pantograph and the interaction towards the contact lines is in implementation within the European CENELEC working group
WG27. The finalization and international review of a technical specification as initial step of a technical standard is expected by end of the year.
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eHighway pantograph used in current field trials SIEMENS
Iug,%ui\‘y{or&‘ft

— Development view — Realization
Pantograph

* Arms & Collector head
Main frame

650 VDC | 24 VDC system
Sensor system
Pneumatics

Isolation system

Drive & Control

HTE (Hybrid truck Equipment)
» Base frame

Control

Switches

Choke

DC/IDC

Truck adapter
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European interoperability for electrical road freight transport SIEMENS
Basic design criteria to be standardized lngenuity for lfe

eHighway vehicles

Electrical Infrastructure
(industry-based domain)

(railway-based domain)

Traction voltage, tolerances, quality Traction voltage, tolerances, quality

Inter-
operability

Pantograph requirements Overhead contact line geometry

Electrical protection requirements Electrical protection requirements

EMC requirements > < Integration in public power networks

Similar criteria to be standardized for both subsystems. But in totally segregated domains.
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European interoperability for electrical road freight transport SIEMENS
Subsystems and interfaces affected by standardization lngenuity for Uife

interface

substation to overhead
contact line (i. e. power
supply to transfer)
contact line to road
(power transfer to
driveway)

contact line to panto-
graph (power transfer
to vehicle pick-up)
pantograph to electric
drive (vehicle pick-up
to hybrid base vehicle)
pantograph to driver/
truck cabin (vehicle
pick-up to operation)
vehicle to hybrid drive
vehicle to road

vehicle to OCC
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Organizations responsible for standardization / regulation
eHighway to be allocated to the respective S&R-bodies

interface

SIEMENS

Ihg&hvu\‘y {or (ife

substation to overhead
contact line (i. e. power
supply to transfer)

Standardization

Regulation

contact line to road
(power transfer to
driveway)

contact line to panto-
graph (power transfer
to vehicle pick-up)

pantograph to electric
drive (vehicle pick-up
to hybrid base vehicle)

pantograph to driver/
truck cabin (vehicle
pick-up to operation)

0 N

vehicle to hybrid drive
vehicle to road
vehicle to OCC
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Substantial progress has been made on standardization and
regulation aspects (Europe)

“Basic Design Criteria

Definition of relevant parameters and design criteria for construction and
operation of eHighway system

=Standard and Regulations Roadmap

Set of applicable standards for the eHighway system (CENELEC, 1SO,
OEM, other)

“CENELEC TC9X working group:

Technical Criteria for the interaction between pantograph and overhead
contact lines on electrified roads

"EN50119 2020:

Annex C describes specifications for overhead contact lines for electric
trucks

Page 25

SIEMENS

Ihg,u\uffy for Ufe

CENELEC TC 9%X/WG 27

EUROPEAN STANDARD EN 50119
NORME EUROPEENNE
EUROPAISCHE NORM Apil 2020

1CS 29280 Supersedas EN 50119:2003 and 3 of its amendments.

CENCENELEC
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Key features of the eHighway pantograph

Q Automatic break detection a Dual arm construction with e Inner-Horn-Detection for
of carbon strips and horns optimized force balancing automatic lowering

° Integrated contact detection

e Fast rising and lowering

times

e Automotive control

° Smart vehicle interface
via CAN bus

Small space claim

Lightweight design
to fit for truck tractors
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Technology development

Examples of integration into existing road infrastructure (field trials)

ELISA virtual site visit

Aspects of Norming and standardization ensuring interoperability in Europe

Virtual ride and driving experience in an overhead catenary
truck

SIEMENS
Ihg,ehuffy‘for&ft
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Virtual ride and driving experience in an overhead catenary truck SIEMENS
Ihg%ui\‘y{or&‘fe

-

C A m—

Thomas Schmieder
- Oberleitungs-LKW-Fahrer
‘Spedition 5chanz

1om astSchmieder.

= R N NS e b ] Lrisy
Hiwerkiasiattiieckidniventor Schignz haulage company;
' HE

https://www.youtube.com watchv=NHSfIc 1rv .
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https://www.youtube.com/watch?v=NHSofIc31rw

Al

g Rk
ik | ‘(" y
4 5‘%@?

\

%’-,3; Tat
t‘ VST 1

i
et




Questions, comments? SIEMENS
Iug&mu:\‘y‘for&‘ft

Gerrit Stumpe
eHighway Business Development

Siemens Mobility GmbH
SMO RI EL COC EH

Tee

eHighway

Erlangen, Germany

Mobile: +49 (173) 702 7740
E-mail; gerrit.stumpe@siemens.com

www.siemens.com/ehighway

#eHighway
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