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01 Introduction

Mission: To assess innovative contributions for powertrain integration
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Introduction
Vision: To contribute offering services for the next future, today
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01 Introduction m

Sustanaible Vehicle assessment: to reduce ecological impact of transportation system
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World all liquids production & forecast
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Oil dependence: Reducing it
the 97% for transportation is
critical. An oil availability
constrain will be faced by
2020 following the lack of
investment in oil Exploration &
Production since the oil price
collapse in 2014
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02_ Sustainable vehicle options DIADA
Boston Cons. Group

Concept phase: Market Forecast to 2030 (global view)

Market positioning Mobility Impact

2014: Before Diesel gate

2015: After Diesel gate
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Concept phase:
Progressive stringent regulations
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Concept phase:
Possible

improvements o

LED lights
Solar root

Audio & Telematics
Lighter, efficient auxillanes
1l Navigation based efficiency measures (battery, routingl |

Engine
Reduced friction
Cytinder ds-activation
Cooled EGR
Turbo downsizing
Gasoline direct injection
General diesel & petrol combustion improvements
WT-dual cam phasing & discrete variable vaive lift
12 voit start-stop systems
Vanable compression ravo (VCR)

HCCI and spiit cycle, efficient cycles (Atkinson, Miller, )

Climate Control &
Engine Cooling

HVAC heat pump
Waste heat recovery

Source Transport & Ervronment (TEE)

Body & Structural
N Passive aerodynamic improvements
Steering Body Glass Mass reduction 3-10%
Electnc b electro Solar control Mass reduction 15-20%

Hydraulic power steering Glazing Active aerodynamic improvements

Fuel Quality Sensor
Wheels & Tyres
Low rolling
Resstance tyres
R Exhaust
Transmission Braking Axles, Driveshafts &
Lubricant iImprovement Low drag brakes Components
Downsized 6 speed B
Auto transmission Z-rr\od:‘:;bm’ ®
6 speed DCTs
8 speed auto and DCT transmussions g‘:?'; m:‘mmm b charged
Full cell electnc vehicles
Flywheel & aif hybrids

Low complexity l Medium complexity I High complexity
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WZW* I n C I u d eS Combustion vehicles convert 17-21%

of gasoline energy to power at the

al I th e | n p uts wheels (U.S. EPA)
necessary to 2000

FCEVs convert 36-44% of hydrogen
energy to power at the wheels
(ANL GREET model)

drive a vehicle 0
v \ I 1600 BEVs convert 59-62% of grid
energy to power at the wheels

£ 1400 (U-S. EPA)
~ 1200 0,
<
$ 100 0,
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400 ELECTRICITY

in 2020)
=
— I = 1
Gasoline CNG H2 CA Mix Electricity CA Mix GREET V1_2013
: H : 0
W Well to Tank
Tank to Wheel Residual Ol | [l Muclear Pawer
Natural Gas [l Biomass
—— Coal B M Renewables/Others
Producing gasoline is Producing the California  Producing the California -
about B0% efficient. mix of hydrogen is about  mix of electricity is

65% efficient. about 50% efficient.

(*) Well to Wheel
Source: California, Fuel Cell Partnership (ARGONNE National Laboratory)
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Lithium lon Battery Pack* Cost Ranges Trend & Forecast

A reduction in battery
production costs is
expected with greater
expected range

1.400
1.200 Historical Forecast
1.000 900
800 4
600 430
400 600 300 N
200 350 o
0 200 :
2010 2012 2016 2018 2020

Lithium lon Battery Pack* Cost Ranges by Industry Player

Ford 2016
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Source: Nicholas Meilhan, Frost & Sullivan
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Note: Includes announced

. N b
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(300+1

Audi RS gen 2 =a s
(280m) Pajun EV VW eGolf Audi Q8

(250m) (300m)  Boxster(300m) (370+m) Porsche Mission E (310 m)

Mercedes will have a dedicated architecture for electric -
@ vehicles known as Electric Vehicle Architecture (EVA) EQ Larger than GLS - Coupe  Saloon — S Class
with the aim of 300+ miles on this platform :
Mercooos-Hens B class with 250M range
Model S
v - (220- 302m) TEein o X Post 2020, new set of super car
' =i electrics is set to compete with
Model X e (20305%020) Tesla such as NextEV, Faraday
EELA & gy rge m Future, etc with 200+m range
(220- 289m) = — . 215+ m) (gggfl':)

Existing

Source: Nicholas Meilhan, Frost & Sullivan
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Increasing range of BEVs in the near future (200+ miles) A PHEVs are only a short-term
solution or are expected to contribute significantly to the future of electric mobility

Vehicles & End-
Users Targeted

= Weight < 1.5 tons » Requires the deployment of a fast charging network

- SegmentA & B - Electricity grid constrains at local level as well as on highway
BEVs = Urban corridors

= Commuting + Limits on cobalt and lithium availability if deployed in large scale

« 2nd yehicle * Limited range in highway driving conditions

i * Limited incentives compared to BEY as not 100% electric
= Weight = 1.5 tons

+ Segment D & Higher i . i
PHEVs - More complex architecture as embarking 2 powertrains
« Suburban & Rural

« Unique vehicles

= Electricity grid constrains at local level

- Some end-users don’t charge it
+ NEDC cycle too optimistic on fuel consumption & CO, emissions

« Weight > 1.5 tons » Needs renewable electricity to produce clean hydrogen &
- Segment D & Higher increase well to well energy efficiency

FCEVs « Suburban & Rural « Expensive fuelling infrastructure to be deployed
- Unique vehicles « Limits on platinum availability if deployed in large scale

Source: Nicholas Meilhan, Frost & Sullivan
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Plug-in hybrids represent the best trade-off for a sustainable vehicle at a global scale in

the short to medium term 1 up to 2025

ICE

Metal
independence

Qil
Independence

Affordability “=

il
Independence

Affordability

BEV

Metal
independence

Highway Range

Charging
Infrastructure
Availability

PHEV

Metal

Highway Range

Charging
Infrastructure
Availability

il
Independence

FCEV

Metal

s Highway Range

Charging
Infrastructure
Availability

i*i Enerii Efficienci deiends on W2W in each reiion. iCaIifornia resources have been taken into accounti
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Combustion efficiency

Engine calibration a e
Engine calibration is a key point in the CO2 saving. i Ij‘j‘
Specific fuel consumption optimization focused mainly in the = .

driving cycle
Combustion concepts
GDI - Direct injection petrol engines
HCCI i Homogeneous Charge Compression Ignition
Variable compression ratio
Cylinder de-activation
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