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CONTEXT U=

m "The automobile is freedom"!

m The automotive industry has undergone a
remarkable development over the last
century and especially in the last decades.

m The automobile is an essential component of economic
life:
m mobility of goods and people
m characteristic of developed countries
m condition / consequence of the development
m Economical growth calls for more mobility

m Automobile is also a partner of our social life and
lifestyle:

m individual mobility for work and leisure

m response to a deep aspiration for freedom of movement 4
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m The automobile is a victim of its success

Development of road traffic and increase of the vehicle
fleet

Growth in travel routes and distances
Congestion in major urban centers

Road transport consumes 70% of the European Union's ail
consumption.

m The sustainability of the transport sector is questionable

Sufficient energy supply and at what cost?
Local air pollution

Increase in greenhouse gas emissions
Increase in noise pollution
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FROM SOCIETAL MEGATRENDS
TO AUTOMOTIVE TRENDS
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WORLD IS CHANGING DEEPLY & QUICKLY s
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m Acceleration factor of T@chnologies and ubiquitous
presence of Digital World with a growing
importance of Health

POWER OF TECHNOLOGY DIGITAL WORLD AND HEALTH
m “Innovation to zero” CONSUMER TRENDS m Thinner boundary
m Ambient technology m  Connected objects between living and non
m  Robotics and Al m Using instead of owning living
= Miniaturization m Augmented and virtual m  New health issues
= 3D printing... reality m Elderly people
m  Demand for security m Health, wellness and well-
being
m eHealth §

g




AUTOMOTIVE TRENDS
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m Continued focus on Energy Efficiency and growth
of Digital World with impact on Mobility

ENERGY EFFICIENCY

Low emission regulation
Powertrain electrification
Renewable energy

E-vehicle as a smart grid
component

Lightweight materials
Recycling

&

CONNECTED CAR

Big data

Safety and remote
services

Navigation, location based
services

Infotainment services
Mobility services

Payment and e-commerce
services

MOBILITY

m  Multimodal mobility

m Car sharing

m Car pooling

m  Autonomous driving

m Integrated mobility
ecosystems

m Low emission zones

19
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ENVIRONMENTAL CHALLENGES FOR
AUTOMOTIVE INDUSTRY

10



CHALLENGE OF 21st CENTURY FOR A N LIEGE
SUSTAINABLE AUTOMOTIVE INDUSTRY

m Steadily increasing number
of automobiles on the road

m Road transport is strongly
dependent on petrol (>90%)  _

that is 70% imported 70% T O T T /J/
outside EU /
_/
. B
m Scarcity and cost of petrol —
resources

CO2 emissions by sector in 2009

Residential

m Global warming of the planet
due to intensive use of fossil
fuels

Transport 30%
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m Growth of car fleet around the world
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Towards the one billion vehicles on the road in the world... 12




CONTEXT: DOMINATION OF RAOD U LIEGE
TRANSPORT
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Evolution of the car fleet in Belgium (source: FEBIAC)
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m Towards the peak of petrol? Source: fr.wikipedia.org

m Resources of petrol ~ 35 to 40 years
m Reserves of petrol ~ 60 years

16
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REDUCING CO, EMISSIONS & i

w7 T .......j B Global warming related to
T TS N N W W i human activities and use of
fossil fuels

B Transport is one major
contributors to CO, emissions

m Reduction of emissions by 50%
by 2030 (ERTRACQC):

m Substituting petrol fuels by fuels
Refining 5% with low carbon emissions or
fuels with low LCA emissions
(biofuels)

m Improve the powertrain fuel
efficiency

m Reduce the mass, which often
antagonistic with the demand
for greater safety, comfort, etc.
- 6% to 12% per 10% 17
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m For about ten years, the reduction in average vehicle
consumption in Europe has been achieved by the massive
dieselization of new vehicles (about 45%).

m uses direct injection (+15% vyield)
m downsizing thanks to turbocharging

m This trend will continue partially but is levelling off.

m New technological developments cannot be avoided in order to
achieve the longer-term objectives.
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m After Kyoto treaty, volunteer
- commitment of car
manufacturer to target
m 140gCO2/km in 2008
m 120 gCO2/km in 2012 & FAIL

MOYENNE
EN 20i0
141 g de CO, / km

m New constraining target of EU

m 2012: average of the sold
fleet < 130 g CO2/km (65% of
the least polluting vehicles)

m 2015: average fleet sold <
130 g CO2/km (100% of
vehicles)

m 2020: average of 95 g
CO2/km




PRESSURE OF EU REGULATIONS ON CO, Q,""EGF
EMISSIONS

m Fleet CO2 emission reduction objectives converge
towards binding targets
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[1] China'stargetreflects gasoline fleet scenario. Ifincluding other fueltypes, the target will be lower.
[2]US and Canada light-duty vehicles include light-commercial vehicles.

Source: ICCT

Remark: Recalculation in ICCT July 2012 report indicates level of 93g for passenger
cars only for the US in 2025. EU’s targets are comparitively more stringent. Vehicle definitions
are different in the US and EU, and not directly comparable.

Source: https://www.acea.be/industry-topics/tag/category/co2-from-cars-and-vans 20
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m Fleet objectives are putting pressure on all
manufacturers and particularly on the premiums.

Average CO, emissions (g CO,/km)
145 :
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AIR POLLUTION IS AND REMAINS A U LIEGE
GLOBAL PROBLEM

m The invisible killer: According to the WHO, air
pollution is considered "the single greatest
environmental threat to health" with more than three
million people dying each year. This is more than double
the number of deaths in road accidents each year.

da & U

36% 34% 27%

OF DEATHS FROM OF DEATHS FROM OF DEATHS FROM
LUNG CANCER STROKE HEART DISEASE

pereeeeten

m A top priority for China: More than 50% of the
respondents in China place air quality in the place
where they live as a major concern and qualify it as
quite poor/poor/very poor (Europe 25% - USA 17%).
m 3 out of 4 Chinese seek information on the
environmental conditions of their living. 23




LOCALIZED POLLUTION IN URBAN :yf"'EGF
CENTERS

m Transportation contributes
mainly to NOx and CO

m High exposure of Europeans to
local pollution: 80% of
Europeans live in medium and
large cities.

m Noise pollution (noise) is also
becoming a major problem.

100%
90%
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70%-
60% 1
50%+
40%
30%
20%
10%

0%

Figure I @ en grisé, contributiofes transports aux émissions globales de polluants en Europe (2001)

Contribution of the Transportation Sector 24
to Overall EU Pollutant Emissions (2001)
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>> 1971- 2005 : DES NORMES ANTIPOLLUTION TOUJOURS PLUS STRICTES

10

HC+NO, (g/km)

01 : ] | B _
| 1 Essence| 11 7.5 5,9 2 0,97 0,5 0,35 0,18
Diesel 1 7,5 5,9 2 0,97 0,7 0,56 0,3

1971 1979 1984 1989 1992 1997 2000 2005
| . _ . - Euro1 Euro2 Euro3 Euro4
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EMISSIONS IN EU, USA, AND JAPAN & sl

Comparaison des valeurs limites d'émissions des voitures Ed
dans I'Union Européenne, au Japon et aux Etats-Unis
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Technological developments

m Improvement of fuel quality: benzene content, aromatic
compounds, sulfur content, etc.

m Avoid the formation of pollutants:
m Electronic control of the engine, injection, ignition and air
supply

High pressure direct injection for diesel engines

Combustion Improvement

Catalytic post-treatment systems for pollutants. 3-way
catalysis allows the simultaneous reduction of CO, NOx
and HC with 99% efficiency.

27



REDUCTION OF LOCAL POLLUTION: EURO jg;L'EGF
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Strengthening the emission norms for passenger cars and
heavy-duty vehicle since 1996

The total amount of pollution emitted by vehicles has been
constantly reduced (factor 10!)

The global emission of CO, is still increasing

28



NETWORK CONGESTION AND ROAD U LIEGE
SAFETY

m Network congestion
m Urban areas, network
m Trans-European
m Cost: 1% GNP in 2010

m Road safety

m 41,000 deaths per year on
the roads in the EU

m Cost: 2% of GDP
m 2010 target to reduce the
m number of fatalities per 2.




CHALLENGE OF 21ST CENTURY FOR A N LIEGE
SUSTAINABLE AUTOMOTIVE INDUSTRY

m Mobility is considered as a right
of citizens

m People are very proud of their
personal mobility

m Efficient transportation systems Ecologique
have a large impact on:

m Economic growth
m Social welfare
m Environment Durable

m Sustainable Transport aims at
matching simultaneously

m 1/ Societal needs
m 2/ Economic requirements
m 3/ Environmental constraints




TARGET FOR 2030 - 50% BETTER ENERGY :g,""EGF
EFFICIENCY

m Main contributions of European Car Industry to tackle Global
Warming and energy challenge:

m Improvement of energy efficiency of transportation
systems:

= Higher energy efficiency of engines for vehicles and
transportation systems

= Better usage of alternative transportation means (not only
vehicles) and common transportation systems, especially
in urban area

= Making a better usage of new possibilities offerte par ICT
technologies (V2I, V2V)

m Increase of share of renewable energies in transportation
systems

» Bio fuels

= Renewable energy sources in electricity production for

electric vehicles
31




TARGET FOR 2030 - 50% BETTER ENERGY ﬂ,’”EGF
EFFICIENCY

Battery /  Plug-inor / Combustion

Electric Range-Extender / Engine
0 4 200 400 1000
I I | I
Travel distance (km) >

0 0.1 2 9 Source:ERTARC

Energy density requirement (kWh/litre)
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STRATEGIES TO REDUCE FUEL
CONSUMPTION AND EMISSIONS

33
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Reduction of mass, S Cx,
Electrification of And tire rolling resistance

auxiliaries
. A rﬂﬂ"rnam 5
Fuels with Drag
less carbon Stancuyiidiy 2.6 %

e

Ralling
Resistance

4.2 %

Inertia

Simplification of Energy recovery while

- . driveline braking
Improve engine efficiency:

downsizing, internal friction,

new converters source: www.nrel.org
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m To reduce the emissions, several approaches

Substituting petrol fuels by fuels with low carbon
emissions (per energy release) or fuels with a life cycle
giving rise to low emissions (biofuels)

Improve the fuel efficiency of the energy plant (the most
direct action)

Reduce the mass, which often antagonistic with the
demand for greater safety, comfort, etc.

Internal friction and losses reduction: downsizing
strategy= keep same performance with a lower cylinder
displacement

Reduction of aerodynamic drag
Improve drivetrain efficiency

35
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m Lower Heat Values of various useful fuels

Dornestic refuse
Brown coal

Straw (baled)

Dung [dried)

oo

BElack coal

Coke

Ethanal

Crude Oil

Diesel Cautornotive)

Petral Cautornot ive)
Maphtha
Swiation fuel

atural gaz Lmethane ) ]
Hydrogen 130
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Potential reduction of energy
consumption

25

20
20

15 3
10 9 8

Vehicle improvement

Assumption of 20% improvement on each parameter
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IMPROVING THE VEHICLE ENERGY
EFFICIENCY
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Internal Combustion Engines:

m Downsizing

m Biofuels

m Hydrogen (H,), Natural Gas (CH,)

Electric Vehicles:

m New generation of electric energy storage systems:

batteries, supercapacitor, fly wheels...
m New generation of electric machines

Hybrid vehicles:
m Hybrid Electric Vehicles
m Hybrid Hydraulic Vehicles...

Fuel Cell vehicles

38



IMPROVING THE VEHICLE ENERGY :g:L'EGF

EFFICIENCY

m The NEW PROPULSION SYSTEMS are based on the same
basic ideas:

m Stop the engine if at standstill: 8% CO, gain

m Recovery of energy during braking: 13% of CO,
m Engine downsizing: 30% CO, gain

m Full hybridization: 45% CO, gain

m BUT you also have to play on OTHER LEVERAGE:

m Lightweight structure: aluminum, composite materials,
optimized shapes and profiles of the structure

m Low rolling resistance tires
m Improved aerodynamic performance (C,, frontal surface)

m FUELS with less carbon
m H,, CH,.

39



REDUCING EMISSIONS: THE TOYOTA !(,""EGF
ROAD MAP

m Toyota road map to reduce CO, emissions

Issue Ultimate eco-car
g% ;Mom | S o A Hybrid technology
foducion __ A g A SR | Hybrid technology boosts
Pursuing energy 77 T = \\ performance for all
e 4 o (e bbbl Y i s
Helping abale I /" Alternative /" Diesel-engine oS sy |
atmosngheric pollution’ N ARl _ AN WY~ T_’g I FOv ’
AT § T D
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(Syaic ) CoPR )  Losnbun ) Q
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( CNG ) __Commeon rail DI L WT4 ) @
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The right vehicle at the right time and in the right place
| e —a 3 —_—
Alternative fuel engines Diesel engines Gasoline engines Electrical energy
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CONCLUSION
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: Battery /  Plug-inor Combustion

Electric Range-Extender 4 Engine
0 4 200 400 1000
| 1 1 ]
Travel distance (km) >
0 0.1 2 9 Source:ERTARC
|

Energy density requirement (kWh/litre)
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Vehicles <6T @
1200 From0.4%to
4% Electric/Fuel
Cell
100,0
From2%to 18%
80,0 HV Hybrid
Stop-Start From0.4%to
60,0 56,4 18% LV Hybrid
52,3
40,0
From27%to
pur 459% Stop-Start
20,0 Conventional
30,5
17,0 From70% to .
o - | o% Source: VALEO
2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 Conventional

m Powertrain shift:

m Diesel drops but remains for low cost and long-haul
vehicles

m CNG and LNG provide an alternative fuel route

m EV gaining momentum first for urban applications
waiting for new batteries 43

m Plug-In Hybrid Vehicles for premium
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aterial Efficiency

Fuel Economy

Quality
- gsafety

Performance

tive Mass Market demand

Kjtom* '

Customization
Affordability
Time

Source: Ford — Low-Cost Carbon for Automotive Applications
conference, Liege, 22-11-2012 44
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CHANGING INDIVIDUAL MOBILITY & et

Ownership Service

Traditional Car
Market

Manual Driving

Car Manufacturers Mobility Providers

m Mobility and ownership models will diversify
m New players are emerging
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AUTONOMOUS VEHICLES: IN THE TRACK ;;'-'EGF
OF ADAS

Smart adaptive

\ Rollover  controls — s
10 Precrash action
PASSIVE SAFETY _
utomatic Autonomous |Auto
8 Side airbag Emergency call driving Pilot
Side impact protection Night vision Collision avoidance
Active seat belts enhancement /High copilot
6 Airbags Road sign /lane departure Co
Deformation vision mergency brake Pilot
elements
4 Compound
glass DRIVER |
Seat belts BAS ASSISTANCE Pilot
2 Safety cell ESP
ABS ETC ACTIVE SAFETY
0 >

1960 1970 1980 1990 2000 2010 2020
46




AUTONOMOUS VEHICLES: THE N LIEGE
CROSSROAD

DRIVER MUST BEALERT IN
DRIVER MUST BEALERTAT ALL TIMES

— SEVERE WEATHER EVENTS
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VEHICLEROLE

20 15 Driver attention

nat required
Automatad when operating
m features: automated system.

Automated lerating,

system features: braking & steering.

Automated accelerating, SySteMm recognises its

syctemn features: braking & steering. performmance limits

cruise contral, ard I'E!Z!.EEE-I:II'i'-.'-.EH_J:I
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kesping assictance. 3 ELI‘f'ﬁ-:Er_It tirme
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DRIVER ROLE

DRIVER DMLY ASSISTED PARTIAL AUTOMATION COMDITIOMAL HIGH AUTDMATION

FULL AUTOMATION
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AUTONOMOUS VEHICLES: THE NEW U LIEGE
PLAYERS

m Key element of autonomous vehicles: New technologies
m Artificial intelligence, Machine learning algorithms,
m \ision, mapping...

m Arrival of new players: Google, Apple...

BLIND-SPOT
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__ LANE-DEPARTURE WARNING
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RADAR APPLICATION
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