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TEN YEARS OF ELECTRIC MOBILITY VDI|VDE|IT
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TEN YEARS OF ELECTRIC MOBILITY

European Roadmap
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STATUS QUO: VEHICLE REGISTRATIONS iea) VDI|VDE|IT

3 MILLION ELECTRIC
VEHICLES WORLDWIDE

I Others
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2013 2014 2015 2016 2017
IEA, Global EV Outlook (2018)



MULTITUDE OF APPLICATIONS

|A-HEV

The Electric Drive Accelerates

2015

www.leahev.org
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Hybrid and
Electric Vehicles

www.leahev.org

IEA INTERNATIONAL ENERGY AGENCY
HYBRID &
ELECTRIC VDI VDE|IT
VEHICLE
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Hybrid and
Electric Vehicles

The Electric Drive Automates

2017

www.ieahev.org

Annual Reports of the Technology Collaboration Programme
Hybrid and Electric Vehicles of the IEA
www.ieahev.org



USER-CENTRIC MOBILITY

MOBILITY 4

7o\

- ACTION PLAN FOR
. THE FUTURE OF

MOBILITY IN EUROPE

@9 ;.

Cad Wplnd T A

| | Eﬁo

| ROBOTICS | ADVANCED ALTERMATIVE FUELS | HYPERLOOP |

TECHNOLOGY

SOCIAL INCLUSION
Mahility solutions designed

for everyone (2.g. older population)
Promnotion of passengers rights
Increase in cultural diversity

Definition of standards an
accessibility

USER CENTRICITY
‘Solutions adapted to wusers nesds 247

nsport services Deceniralisation of spurces
.lefh h‘a . and solutions

) CUSTOMERS'EXPECTATIONS () SAFETY AND SECURITY
Real time infarmation Resilient by design
Accessibility of information Cyber-security
Usability of devices and sesvices Data privacy
Permanent connection and tracking Ethical considerations on
Fill the digital divide safely and security

CHANGING DELIVERY
MODELS

STAKEHOLDEERS' NEEDS

Diaka security in transport
and sharing services

~ SMARTSYSTEMS | INTELLIGENT TRANSPORT SYSTEMS | SMART ENERGYFLOWS LIGHT PERSONALVEHICLES | LIGHTMATERIALS = MEGAAIRCRAFT |
| ARTIFICIAL INTELLIGENCE | INTEROPERABILITY | BIGDATA = POSITION BASED INFORMATION _

. 3DPRINTING | BIOFUEL |
_ SMARTENERGY GENERATION AND STORAGE | CHARGINGE-VEHICLES WHILEDRIVING | AUTOMATION | SOLAR ENERGY

 BATTERY TECHNOLOGIES | ELECTRIFICATION |
 STORE AND GIVE ENERGY TO THE NETWORK |

") URBANISATION ") GLOBALECONOMIC CHANGES () PRODUCTION AND g () ENVIRONMENTAL POLICIES (_) NEW APPROACHES
City- Regions & Megacities Eurapean GOP relative decline DISTRIBUTION = Tight regulations on emissions OF GOVERNANCE
Biending ransport networks Redistribution of wealth Incividualised and local é Greener materizls Hamsanised decision making across EU
P dierarity s > Gamen agenda Batter cooperation of institutions
mability and energy networks Reduce GHE and COZ emissions Decisions of ECJ on business modeds:
CHANGING WORKING e Redluce NOx and PML0 emissions or novel cancepls
CONDITIONS busipess
Clean Production () PUBLIC PLANNING AND
Teseworking and part-time R — - Ll L FUNDING INSTRUMENTS

Mew traved pattems Unpertainty about oil prices

and supplis Sustainable Urhan Mobilty Pan
Lokt () MODELS OF BUSINESS P Gross and mult sector
Mare free time e — transeed pelicies

www.mobility4eu.eu



ROLE OF PUBLIC TRANSPORT

el VDI|VDE|IT

MOBILI

3,

Ranking

Quality of Living Sustainable Mobility
Vienna 1 6
Zurich 2 2
Auckland 3 not researched
Munich 4 14
Vancouver 5 28
Diisseldorf 6 not researched
Frankfurt 7 10
Geneva 8 31
Copenhagen 9 12
Sydney 45 5+

QUALITY OF LIVING

FACTOR FOR

Arcadis (2017): Sustainable Cities Mobility Index
Mercer (2018): Quiality of Living Ranking 2018



automated
driving.eu

ELECTRIC AUTOMATED DRIVING ? VDI|VDE|IT

SYNERGIES

optimizes energy
simplifies controls

Electrification Automation



STRATEGIC INNOVATION PLANNING

European Road
Electrification o
Transport

European Roadmap
Smart Systems for Automated Driving

Status: final for publication

Industry Perspective

'SMART USE OF TRAVEL TIHE
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INDUSTRY: ELECTRIFICATION - EGVI vpi|vDE|IT

European Roadmap
Electrification of Road
Transport

Status: final for publication

ate: June 2017

*
* 3 Vehicles Initiative

EUROPEAN ROADMAP
ELECTRIFICATION OF
ROAD TRANSPORT

Joint effort of European Technology Platforms
involved in the European Green Vehicles Initiative cPPP
(ERTRAC, EPOSS, EITP SNET)

Building on consensus of > 100 experts

Base document for FP7 / Horizon 2020 funding call topic
recommendations on electric mobility since 2009

Topics covered by > 100 projects

www.egvia.eu



INDUSTRY: ELECTRIFICATION EGVI voi|vDE|IT

"L, . [
] EUROPEAN ROADMAP
ELECTRIFICATION OF
£ ROAD TRANSPORT
: N e Zero emission mobility is the
% w0 main driver for electric mobility
. I ‘ e CO, reduction potential of EVs
(Coal)  EU-28Mix EU-28 Mix EU—28Mi: ' depends on WTW energy
I t I efficiency and emissions of the
primary energy source

www.egvia.eu



INDUSTRY: ELECTRIFICATION = EGVI vpoi|vDE|IT

S = * European Green

Vehicles Initiative

EUROPEAN ROADMAP | | I
ELECTRIFICATION OF Operation System dependent |
ROAD TRANSPORT EVs in the urban environment |
| I |
User-friendly affordable |
EV passenger car + infrastructures /] |
1 I |
No compromise electric urban bus > I I
5 o 9n0._ o t
* Four big initiatives for e ! :
research and innovation SL.JstamabIe electrified long- :
) ' . distance trucks and coaches
in electric mobility for : ! : >
various use scenarios 2020 2025 2030

Milestones

www.egvia.eu



PROBLEM: CHARGING

EV AFI sufficiency index
current situation

H o5
B 510
[J10-12
3 1215
[ NPF not received

EUROPEAN
COMMISSION
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EV AFI target
sufficiency index 2020
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V7, AFI target but no EV estimate provided
[ no AFI target provided

] NPF not received

NUMBER OF VEHICLES
PER CHARGING SPOT

Detailed Assessment of the National Policy Frameworks
European Commission, SWD (2017), 365




INDUSTRY: AUTOMATION

European Roadmap
Smart Systems for Automated Driving

@EPQSS ,

Driving
Complexity

Evolutionary and
revolutionary
development paths
have to be
distinguished

European Technology Platform
on Smart Systems Integration

VDI|VDE|IT

Level 5
Autonomous
7 City
% Driving v

Level 4

Highway
Autopilot

Valet
‘@D
Highway
TrafficJam Chauffeur
Chauffeur

2022
ACC + Emergency
Braking
@

N
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EUROPEAN ROADMAR..:
SMART SYSTEMS FOR
AUTOMATED DRIVING

Driving

Level 3 Velocity

\

www.smart-systems-integration.org



on Smart Systems Integration

INDUSTRY: AUTOMATION @ EPoSS... VDI|VDE|IT

HIGHER
AUTOMATION
LEVELS REQUIRE
MORE SENSORS

Emergency Braking Environment.
Pedestrian Detection Acq) Mapping
Collision Avoidance

Adaptive
Cruise Control

Rear
Collision

I Long-Range Radar

M LIDAR

i Camera

M Short-/Medium-Range Radar

Source: SAE



INDUSTRY: AUTOMATION @ EPoSS... VDI|VDE|IT

on Smart Systems Integration

v Route planning i
(@ Traffic information s | -
< ‘.m

Back haul to
the cloud

Traffic Control

FOR LEVEL 4/5
COMMUNICATION |
IS A MUST

Traffic management

Seeing around
Broadband

Connectivity
Hotspot

VRU detected
Legacy VRU r@
detjcied/4 Instrumented
%\_ VRU detected
[ :
@T

Source: NXP
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on Smart Systems Integration

PROBLEM: SAFETY AND SECURITY @ EPoSS... VDI|VDE|IT

ACQUISITION PERCEPTION COMMUNICATION

Vehicle to Vehicle to
infrastructure vehide

Vehicle to X

Environment Ego-vehicle
{Prﬂpl’o{eptive] [E:tlem-l:eptive] recognition localization

SENsS0rs SENSOors

Obstacle detection
& classification

DECISION
Supervision Data Base Global planning Behavioral Planning Local planning
| Mission planning | Event and maneuver | Trajectory generation |
| Route planning | Maroper | Obstade avoidance |
ACTUATION CONTROL

[ Steering wheel ]( Throttle/Brake J

[_ Lateral control -J ]:- Longitudinal control ]

(e )

D. Bautista et a., A review of motion planning techniques for automated vehicles. 20
IEEE Transactions on Intelligent Transportation Systems, Nov. 2015.




PROBLEM: SAFETY AND SECURITY

on Smart Systems Integration

€ 2. voilvoE|iT
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Level 5

Propioceptive Exteroceptive rect
SENsors sensors ’ [

\& =
4 s
-
Supervision Data Base Global planning

v N
DECISION
Behavioral Planning Local planning
oo [Frapcton generstion]

ACTUATION

[ Steering wheel J ( Throttle/Brake J

(s )

CONTROL

( Lateral control -] ]:_ Longitudinal control ]

Reactive control

VULNERABILITY OF THE
NETWORK ARCHITECTURE
INCREASING

S

Normal Function
Safety-Critical Function

Source: AVL 21
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USERS: CO-CREATION SCOUT voi|vDE|IT
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Technical

A N . :I:d T? * Roadmaps need to be distinct for
o use cases, and focused on goals
ega .
i = T and milestones

5

> * Innovation can be accelerated by
) agile shortcuts anticipating

\ 4 3 hurdles and roadblocks,

Economics e.g. living labs, pilots,
sandboxes, hackathons

Human Factors

2 4 6

Y Vv 1 Necessary Links

Societal

¢ Accelerators

>

Time www.egvia.eu



USERS: AUTOMATION

ROAD | e
USE CASE:
LEVEL 4/5 AUTOMATION
M A P 1 AUTOMATED
ON-DEMAND SHUTTLE

SCOUT
SIOICIO

STORY MAP

Opportunities

VISION

= Fully integrated
® Part of the transport system
= On-demand

=

. SEE

ECONOMIC LAYER

= Fixed routes

= |ow speed N
= Controlled environment

® Stewards

(AN

((Easy access ) ( Costeffective ) ((Rurallab) ( Transfer to freight )
\ DG
S TAT E . TECHNICAL LAYER
OF PLAY -' W
= First tests HUM ‘L':. Eﬁmns

Hurdles

SOCIAL LAYER (Safety expectations ) (VRU ) ( Certification ) ( System integration )

VDI|VDE|IT



USERS: AUTOMATION VDI|VDE|IT

MILESTONES GOALS

Development of Establish management system
% intelligent vehicles for fleet, traffic emergencies
TECHNICAL LAYER
Service Adapt traffic rules and
é@ regulation certification
LEGAL LAYER
L Ensure awareness of other J -)

drivers and pedestrians

HUMAN FACTORS

LAYER

P Shared mobility business

cars on-demand
ECONDMIC LAYER
oo Consider citizens concerns Adapt city and
fﬂ? about road safety traffic planning
SOCIAL LAYER

> TIME
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COMMISSION

POLICY: STRIA ROADMAPS

7 STRATEGIC TRANSPORT
RESEARCH AND INNOVATION
| AGENDA (STRIA)

Connected and
Automated Transpc

Expert group report Electrification of the
Tfanspott System * European Union Roadmap until 2050

Expert group report covering 7 transversal themes across all
transportation modes

e Published as part of the Europe on the
Move policy package in 2017

 Implementation roadmap underway

www.ec.europa.eu/research/transport/



POLICY: STRIA ROADMAPS

State of

the art

creren VDI VDE|IT

COMMISSION

Implementation Plan

RESEARCH AND INNOVATION

STRATEGIC TRANSPORT

AGENDA (STRIA)

Action

Policy

Action
Goal
Content
Roles
Financing
KPIs

/ |

objectives
& targets

 Top down process
building on Energy Union
\ climate protection goals
* Implementation plans to

2020-25 2030-40 2050 Energy Competi- Integrated

& Climate tiveness
Milestones

International Context

o D€ developed jointly with
member states

www.ec.europa.eu/research/transport/



PROBLEM: BATTERIES
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EU Competitiveness in Advanced Li-lon Batteries
JRC, 2017



POLICY: EU ROADMAPS
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(bikes, buses, vans)

Promote a 400km+ range

electric passenger car
that —meets customer
expectations

new vehicles will cater for
emerging business models based

on total-cost-of-ownership
considerations, eg. fleet
applications, car shaning,
delivery vans

Deployment Product Development and | RESEARCH AND
Operating Models INNOVATION
Enable & | Increase market share for | As far as general purpose | Initiatives listed in the roadma
Deliver electric passenger cars, even | vehicles are concemed. cost | of ERTRAC / EPoSS / Fmart
2020 higher in  the urban | reductions will enlarge the | Grids
environment customer base. At the same time,

STRATEGIC TRANSPORT
RESEARCH AND INNOVATION
AGENDA (STRIA)

Progress and demonstration in urban bus electrification

R&I program on ene
conditioning. KPI is a Carry

cost targets

storage systems,

comfort as well as low energy air-
energy for a one day trip on the bus and still stay within

Public and commercial procurement of EVs

create awareness of electric
vehicles’ maturity and a second hand market of electric
vehicles in line with revision of Directive 2009/33/EC

Promote the market and

Certification of electric
vehicles performance
Better comparability of
EV types, also for
commercial use

Support local production of batteries, components and electric vehicles
Awareness actions for smart specialization
value chain disruptions due to shift from conventional to electrified vehicles

Development of small and

ight smart electric
vehicles: Components and
concepts enabling radical
reduction of energy
consumption

governance in anticipation of

Example:

2020 actions in the road
transport section of the
electrification roadmap

www.ec.europa.eu/research/transport/
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COMMISSION

EU FUNDING: OPEN CALLS

DT-ART-03-2019: Human-centred design for the new driver role in highly
automated vehicles (RIA, 8 Mio Euro)

DT-ART -04-2019: Developing and testing shared, connected and cooperative
automated vehicle fleets in urban areas for the mobility of all (IA, 30 Mio. Euro)

LC-GV-03-2019: User centric charging infrastructure (IA, 35 Mio. Euro)

LC-GV-04-2019: Low-emissions propulsion for long-distance trucks and coaches
(1A, 25 Mio. Euro)

LC-GV-05-2019: InCo flagship on Urban mobility and sustainable electrification in
large urban areas in developing and emerging economies (lIA, 18 Mio. Euro)



HORIZON EUROPE (2021 ff.) = - VDI|VDE|IT

COMMISSION

Specific objectives of the Programme

Support the creation and diffusion Strengthen the impact of R&l Foster all forms of innovation and
of high-quality knowledge in supporting EU policies strengthen market deployment

Pillar 1 Pillar 2 . Pillar 3
Open Science Global Challenges and @ Open Innovation
Industrial Competitiveness *
European Research Council Health European Innovation Council
Inclusive and Secure Society
Mane Skiodowska-Cune Actions

.
8,
w

2.
u!

Climate, Energy and Mobility Jopesn o on -
Food and natural resources European Institute of Innovation
Research Infrastructures Joint Research Centre and Technology

Strengthening the European Research Area

Sharing excellence Reforming and Enhancing the European R&| system
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HORIZON EUROPE (2021 ff.)

//

Clusters Budget
implemented through usual calls, missions & partnerships (€ billion)
Health €77
Inclusive and Secure Societies €28
Digital and Industry €15
Climate, Energy and Mobility €15
Food and Natural Resources €10

Joint Research Centre

supports European policies with independent scientific evidence &
technical support throughout the policy cycle




on Smart Systems Integratio

FUTURE OF cPPP EGVI ﬁ} EPoSS  \/DI|VDE|IT

Networks Cloud-based
Energy, Data, ITS

[
Intelligence (Al) »Membrane o

Joint ETP proposal

omer ) * “Digital” and “Green”
_________ Transport
VAN _ Symergyin Applcations: [N Ll Modes under one umbrella
S uture Mobility System E T?ltra:::f:rm air, rail, sea,
'g Digital Architectures i3 drones ) ° A|m|ng at ta rgets in
@ 4 =]
S El R Vehicles % Other | energy, safety and
© o3 = g Knowledge Industrial .
§ § = Modules E Transfer Sebc:tgrs urban mOblllty
£ 71 g rf.;lrmilcs, 1
'-E © Components E - domains
Q
© Synergy in_SystemsE E Key N .
i 5 sene, ercae Preis, [ novicdse. YA * Synergy potentials
—— - - - Technologi
Tes * cPPPasalean

manufacturing J

H Smart Interfaces

. and Interconnects
Battery Cells Fuel Cells ._ _. Potential

Synergies

instrument preferred




MORE TRANSFORMATION COMING VDI|VDE|IT

YOUR PERSONAL “FLYING CARPETY Step into it, press a button, and off you go to market, to a friend’s home, or to your job,
Take off and land anywhere; no parking problems, Plug in to any electric outlet for recharging, They're working on it!
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