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1 COM(2008) 800, 26/11/2008, Communication from @@mmission “A European Economic Recovery Plan”.
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%2 The composition of the Ad-hoc Industrial AdvisdByoup can be found on the website of the Europeaeis
Cars Initiative: http://www.green-cars-initiative.e

¥ COM(2010) 186, 28/04/2010, Communication from @emmission “A European strategy on clean and energy
efficient vehicles”.
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Figure 5 Mobility solutions for both urban and long-distance travel

On Foot, /
Bicycle, Battery Plug-In or Combustion
E-Bike Electric Range-Extender Engine
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4 COM(2010) 2020, 03/03/2010, Communication from@uwemmission « Europe 2020 - A strategy for smart,
sustainable and inclusive growth ».
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Year Power Grid Inverter Battery Power Motorand  Energy
Plant Efficiency AC/DC Efficiency Electrical Magnetic Consump-
Efficiency Efficiency (Slow Efficiency Gear tion
Charge) (bCc/DC, Efficiency Ideal mid
DC-AC) size car
Wh/km #
1998
Range 0.39 0.88 0.85 0.70 0.85 0.65-0.70 120
20km °
2008
Range 0.45 0.93 0.90 0.90 0.90 0.80-0.86 120
150km
2008 Renewable
Range Energy 0.93 0.90 0.90 0.90 0.80-0.86 120
150km only
2008 WTW Powertrain Efficiency
Range of a Conventional Internal Combustion Engine car in reality: 120
600km 0.16-0.23
L) )
! L) @ $.( 1) (J
) (

11

F'G

Total
Consump-
tion

of Primary
Energy
Wh/km *

987-1064
-7% Reg.
Braking

457-492
-15% Reg.
Braking

205-221
-15% Reg.
Braking

522-750
-10% micro-
mild hybrid
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Year Power Grid Inverter Battery Power Motor and
Efficiency AC/DC Efficiency Electrical Magnetic
Efficiency (Slow Efficiency Gear
Charge) (Dc/DC, Efficiency
DC-AC)
2008
Range 0.42 0.80 0.90 0.80 0.90 0.80-0.86
150km
2008 Renewable
Range Energy 0.93 0.90 0.80 0.90 0.80-0.86
150km only
2008 WTW Powertrain Efficiency
Range of a Conventional Internal Combustion Engine car in reality:
600km 0.16-0.23
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Energy
Consump-
tion

Ideal mid
size car
Wh/km #

120

120

120

Total
Consump-
tion

of Primary
Energy
Wh/km*

641-689
-15% Reg.
Braking

235-219
-15% Reg.
Braking

750-522

-10% micro-

mild hybrid
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CO, in g/km/NEDC WTW for the Vehicle and LCA for the E-Energy source
Well to Tank Tank (Batteries) to -
(Batteries) Wheels Total CO, emissions
Conventional ICE Car 25-35 120-180 145-215 *

Electric Vehicle

27 % Nuclear,

20% Renewable, 85-105 0 85-105
53% Fossils

(EU-27 mix 2010)

Electric Vehicle

11% Nuclear,

20% Renewable, 120-140 0 120-140
69 % fossils

(Italian mix 2010)

Electric Vehicle

75% Nuclear,

20% Renewable, 20-25 0 20-25
5% Fossils

(French mix 2010)

Electric Vehicle
30% Photo Voltaic on board,

60% other Renewables, 18-22 0 18-22
10% fossils
Electric Vehicle 5
gg:f \F;\I;iztdo voltaic, 5km per kWh and 0 8
(Carbon free communities) 40g/kwh
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Number of EV/PHEV in the EU

+)(" (

Milestone 3

Milestone 2

l

-
>

)
) ) %!
"0%% ? C/ !
( "00%%
) '%%/
) "% ? C/
))
(
) )
| |
) !
!
L)
)
Mio A
5,0
4,0
3,0
2,0 4 Milestone 1
1,0 - l
0 —
2010 2012
Introduction
adapting
existing
vehicles
)- 4

I
2014

|
2016

T

Intermediate
2nd Gen EV
updated

powertrain

19

|
2018

|
2020

i

Mass Production
of dedicated
vehicles

5 Mio. by 2020
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Energy Storage
Systems

Drive Train
Technologies

System
Integration

Grid Integration

Transport
System

Safety

Milestone 1

Full understanding
and proper
management

of all relevant
parameters for
safety, performance,
lifetime.

Availability of drive
train components
optimized for
efficient use and
recovery of energy.

Solutions for safe,
robust and energy
efficient interplay
of power train and
energy storage
systems.

Charging adaptive to
both user and grid
needs.

Road Infrastructures
and communication
tools encouraging
the use of electric
vehicles.

Electric vehicles
(tested and
inspected for)
meeting (new)
safety standards
at same levels as
conventional cars.

Milestone 2

Manufacturing

of long life, safe
and cheap energy
storage systems
with advanced
energy and power
density.

Manufacturing of
range extenders &
update of electric
motors for optimized
use of materials and
functionality.

Optimized control
of energy flows
based on hard-
and soft-ware

for the electrical
architecture.

Charging at
enhanced speed.

Full integration of
electric vehicles
with other modes of
transport.

Implementation

of solutions for all
safety issues specific
to mass use of the
electric vehicle

and road transport
based on it.

21

Milestone 3

Availability of
batteries providing
tripled energy
density, tripled
lifetime at 20-30%
of 2009 cost and
matching V2G.

Implementation of
power train systems
providing unlimited
range at sharply
reduced emissions.

Novel platform
based in overall
improved system
integration.

Quick, convenient
and smart charging
with bi-directional
capabilities.

Automated driving
based on active
safety systems

and car-to-x
communication.

Maximum
exploitation of active
safety measures for
electric vehicles.
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Energy Storage Systems

Study Battery Cell Degradation

Establish Battery Testing Facility

Develop Battery Management Systems
Develop Recycling Processes for Li Battteries
Cell Materials (Lifetime, Energy Density, Safety)
Optimize Battery Packs

Research on Post-Lithium Cell Technology
Integrate Batteries into Vehicle Structure
Develop Batteries for Bidirectional Charging
Establish facilities for prototyping

Assess availability of raw materials

Launch Battery Loan Program

Develop Reuse Concepts for Batteries

Set European guidelines for lifetime and range

Research
& Development

>

- Production
& Market

-

Regulatory

| | i
m Framework
L g

2010 2012 2014 2016 2018 2020

Drive Train Technologies

Develop Low-Cost/Weight Motors & Electronics
Develop Highly Integrated Motors & Controls
Optimize Combustion Engines for Range Extenders

Develop Highly Integrated Range Extender Systems

Vehicle System Integration

Optimize System Efficiency w Existing Components
Find new Solutions for Heating, Venting, Cooling
Design Electrical Architecture & Interconnects
Create New Concepts for Space Usage

Explore Light-Weight Materials, EcoDesign, Recycl.

Research
& Development

_— =
Production

n & Market
> >
Regulatory

Framework

l 5

T T T T Cal

2010 2012 2014 2016 2018 2020
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Grid Integration

Develop Adaptive On-Board/In-Plug Charging Dev.
Create System for Information on Charge Status
Develop Simulation, Monitoring, Management Tools
Develop Protocols/Devices for V2G Communication
Investigate Quick Charging

Develop Contactless Charging

Develop Bidirectional Charging

Establish 1st Generation Charging Infrastructure
Create Business Models for Charging

Connect Regions by Highways w Charging Spots
Establish Business Model for Bidirectional Trading
Create Network on Quick Charging Stations
Regulate Coverage with Charging Spots

Standardize Service, Billing and Use Concepts

Safety

Develop Integrated Safety Concept (HV, Fire, ..)
Develop Acoustic Perception
Improve Crashworthiness of Lightweight Cars

Study Relation with Roadside Restraint Systems

Setup Standards for Emergency Handling
Including Roadside and Tunnel Safety

Create & Review Standards for Safety, EMI, Health

Research

& Development

Production
& Market

Regulatory
Framework

s.

2010 2012 2014 2016 2018 2020

@
P

Research
& Development

Production
& Market

Regulatory
Framework

D_FFD

2010 2012 2014 2016 2018 2020

Transport System Integration

Explore Potential of ITS for Energy Efficiency
Provide Convenient Transition Between Modes
Apply Sensors & C2X for Autonomous Driving

Promote Green Image of Electric Vehicles

Develop Best Practise for Impelementation of Road
Infrastructure Measures Supporting Rapid Uptake

Review Effects of Large Scale Deployment on
Future Infrastructure Developments

EU Wide Signage of Roads and Vehicles

Research

‘ & Development

Production
& Market

Regulatory
Framework

i \

2010 2012 2014 2016 2018 2020

23
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2010 (Status) EGCI Work Programme
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Energy Storage Systems D D D D D
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== Vehicle System Integration D D
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2012 EGCI Work Programme
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¢ Drive Train Technology D D
2
=
-g Vehicle System Integration D D
o
= .
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2011 (Status)

Industry Priorities

2013

Industry Priorities

+< 1/
1(
EGCI Work Programme
s & & z &
= 6 2 & 3
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L] O
O O
NN
HEN
NI

Drive Train Technology
Vehicle System Integration
Grid Integration

Safety

Transport System

EGCI Work Programme
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Drive Train Technology

Vehicle System Integration

Grid Integration

Safety

Transport System
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By 2030 Road Transport is 50% more efficient than Today

Guiding objective
for 2030

£ Energy Efficiency: Urban Passenger +80%
2
a2
'c Energy Efficiency: Long Distance Freight +40%
o
2
g Share of Renewables Biofuels: 25%
(=) Electricity: 5%
Fn Reliability of transport times +50%
:"::
o Urban Accessibility Preserve
o Improve where possible
Accidents with fatalities and severe injuries -60%
iy
&
o Cargo Lost to Theft and Damage -70%
Table 1. Clear guiding objectives for Decarbonisation, Reliability and Safety in Road Transport.

The mission of '50% more efficient Road Transport” is articulated in leading indicators on Decarbonisation
(3), Reliability (2) and Safety (2). Each indictor is furnished by a guiding objective for 2030 either indicating
the improvement versus a 2010 baseline, indicated with ‘+" or ~" sigh or an absolute level as is the case
with ‘Share of Renewables’.
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) Average Annual Growth Rates
Trillions (10%) of Tonne-Kilometers/Year

2000-2030 2000-2050
30 - == Total o 25% . 2.3%
Medium Duty Trucks ... 3.0% ... 27%
Freight Rail oo 23% . 2.2%
B Heavy Duty Trucks . 2.7% ... 24%

2000 2010 2020 2030 2040 2050

Source: WBCSD (2004):Mobility 2030: Meeting the challenges to sustainability. Geneva
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® Proposal to FP7, ICT Programme, Objective ICT-2009.6.1, ICT for Clean and Efficient mobility
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The Safe and Intelligent Truck

Intelligent Transport System (ITS)
Driver Support Systems

Cargo and Driver Security Systems

|

2010

Matching Vehicle to Operation

Vehicle Adaptation Strategies

Develop Flexibility in Vehicle Powertrain Capabilities
Develop Built-in Flexibility in Chassis+Vehicle Design
Optimize Modularity for Freight Modules

Optimized Loading and Load Control Technologies
Automated Operation+Freight Module (De)Coupling
Develop Inter Modal Optimized Vehicle

—_— [ —

2015

2020

2025

A 4

2010

Design Dimensions for
Optimized Load Capacity

Optimized Road Vehicle Mass and Dimensions
Optimized Chassis Control

Develop Modules Vehicle Architecture

2015

2020 2025
>

v

2010

Driver Efficiency

Develop Driver Support Systems
Freight Handling

2015 2020 2025

00

v

2010

50

2015

2020

2025

v

Research
& Development

Demonstration

>

Regulatory
Framework

Market
Introduction

Research
& Development

Demonstration

4

Regulatory
Framework

Market
Introduction

Research
& Development

Demonstration

| 4

Regulatory
Framework

Market
Introduction

Research
& Development

Demonstration

>

Regulatory
Framework

Market
Introduction



Aerodynamics

Adaptive Aerodynamics
Vehicle Controlled Aerodynamics
Vehicle Max. Dimensions?

Complete Vehicle Aerodynamics

|
e

v

2010 2015

2020

2025

Low Rolling Resistance
Wheel Hub Motors for Adaptive Control -20%
Optimized Wheel Units for Low Rolling Resistance -10%
Low Rolling Resistance Tyres [
2010 2015 2020 2025

Energy Management &
Efficient Auxiliaries

Situation Sensing, Forward Looking (incl. eHorizon)
Control+Optimization of Complete Energy System

Electrification of Major Components

-

2010 2015

2020

2025

v

Advanced Materials & Design
Multi-functional Nano Materials, Multi-Material Design -20%
Optimized Structures+Novel Materials incl. LCA L
Designing for Low Weight
2010 2015 2020 2025

51

Research
& Development

Demonstration

T -

Regulatory
Framework

Market
Introduction

Research
& Development

Demonstration

>

Regulatory
Framework

Market
Introduction

Research
& Development

Demonstration

>

Regulatory
Framework

Market
Introduction

Research
& Development

Demonstration

>

Regulatory
Framework

Market
Introduction



Future Powertrain Concepts
and System Integration

Engine Resizing / Speeding

Distributed Powertrains for Tailored Truck Application

Advanced Electrified Powertrain Concepts
with Range Extender

Advanced Combustion
and Aftertreatment

Advanced Injection, Turbo Charging,Integrated EATS
Novel Combustion Modes with Highly Efficient EATS

Non-Precious Metal Catalytic Systems

Waste Heat Recovery

Rankine Systems
Advanced Heat Recovery Technologies

Highly Efficient Thermoelectric Systems

Advanced Control

Closed Loop Control (Cycle to Cycle, In Cycle)
Predictive Control (incl. Full Electronic Horizon)

Adaptive Control and Auto Calibration
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Friction
New Low-Friction Coatings | -
Optimized Low-Friction Concepts >
Utilizing Nano Structured Surfaces and Lubricants

2010 2015 2020 2025
Hybrid Powertrain
Mild Hybrid Concept > D>
Full Hybrid Concepts w Cost Efficient, Robust Design 3
Advanced Systems for Hotel Mode ! i}
Novel Concepts Based on Continuous or D
Intermittently Transferred Electricity from the Grid

2010 2015 2020 2025
Innovative High Efficiency
Energy Conversion
New Energy Conversion Principle > D>

2010 2015 2020 2025
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Green Hubs and Green Corridors

Miiestone 1 (to 2075)
Setting the Targets

Milestone il (fo 2020

Mew Business Models for Green
Hubs and Green Corridors

Building the Partnerships

Milestone 1 (fo 2030)

Roll-out
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% Empty running in road freight transport
EU 2005-2009 (Source: Eurostat website 2010)
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5% A B
0% A
2005 2006 2007 2008 2009

Source: EURQOSTAT
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website statistios 2% Empty running national road transportin EU

2010 0% Empty running international road transportin EU
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