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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 CI u d eS Ct_3n1bus.t1‘0n_\'eih_fcles t:c-m'er_t 17-21%
al I th e | n p uts whels (U.S. EPA)
necessary to

drive a vehicle

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

BEVs convert 59-62% of grid
energy to power at the wheels
(U.S. EPA)

ELECTRICITY
{in 2020)
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Gasoline CNG
W Well to Tank

Tank to Wheel

Producing gasoline is
about BO% efficient.

H2 CA Mix Electricity CA Mix GREET V1_2013

Residual Ol | [l Muclear Pawer
ﬂ!tv’:: o Natural Gas [l Biomass
mia biend o Coal M Renewables/Others

gasoline.

greet.es.anl.gov

Producing the California  Producing the California
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
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Lithium lon Battery Pack* Cost Ranges by Industry Player

Ford 2016
LG Chem
BYD
NEC
Tesla
%200 $300 $400 $500 $600
Battery Pack Price/kWh >

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

. N b
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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
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Source: Nicholas Meilhan, Frost & Sullivan
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Increasing range of BEVs in the near future (200+ miles) - 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 — 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
Engine calibration is a key point in the CO2 saving.
Specific fuel consumption optimization focused mainly in the 3
driving cycle ;
Combustion concepts
GDI - Direct injection petrol engines
HCCI — Homogeneous Charge Compression Ignition
Variable compression ratio
Cylinder de-activation
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Gasoline

Advantges Disadvantages

® ® @ ®@ ®@ @8 ®

Engine feels reactive and smooth.

Reduced weight.

Small initial and low maintenance cost.

Good feeling to drive.

Can be easily retrofitted for alternative fuels( CNG ,LPG)
Silent drive-engines.

Low on emissions .

Torque is less at low rpm.

Idling performance is weak (consumes high amount of
fuel while running on low rpms).

Overtaking is slow without gear changing as torque
output is less.

Overall fuel efficiency is a bit less as compared to a
diesel counterpart.

Service requirement is frequent as compared to Diesel
motors.
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Diesel

Advantges Disadvantages

High torque output hence pulling power is high
(acceleration is good)

Good overtaking performance through more speed
range in single gears.

Fuel efficiency is high as compared to gasoline
counterpart. They are more efficient even in low
Service requirement is less frequent.

® @ ® @ ®

Retrofitting is not possible in most of the cases .
Overall cost of the car with diesel engine is high.
Service requirement is less but more expensive.
Engine does not feel smooth and generally crude.
Pollution is high (especially particulate and Nox)
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Natural Gas

Advantges Disadvantages

CO2 advantages in comparison to gasoline and diesel
engines today

Low cold-start emissions

Mature technology available and combination with
traditional fuels possible

CNG is more evenly distributed over the world than oil
Cost effectiveness in the mass market possible

A

IDIADA

Exhaustible energy source

No standard gas solution across Europe (LPG vs CNG)
New infrastructure has to be built up parallel to the
conventional one

Using gas as fuel has general problems with storage
and the costs of storage, the handling, the volume and
the range

Customer resistance to drive gas driven vehicles
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Biofuels

Advantges Disadvantages

@

Immediate potential for CO2 savings

Biofuels are relative easy to implement

Existing infrastructure can be used if biofuel is blended
with conventional fuels

Mature, traditional combustion engines can be used

Shortage of arable crop and possible competition with
food production

Changes to the engine system and changes within the
fuel supply to the engine necessary if used in high
blending

Potential for corrosion in the fuel system

Profitability is questionable

E85 is distributed to
capable fuelling
stations for
consumption by
FFVs

ine mix is
to ethanol
ethanol/

asoline);
creating EB5

Source: PwC Automotive Institute

Starch is fermented
and distilled into
alcohol Water is

removed, creating

ethanol

CO, emissions from
FFVs are then
consumed by plants

Starch taken from
plants (sugarcane,
corn, etc.)
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Gearbox optimization

Cost 4 ++ - " _

Weight/Package +++ ++ +/— +— _
R R Technology +/— +/— + + R
Transmission types Comort 0 -
Sportiness + + — +H— S

Fuel efficiency +/— ++ + + -y

Market - + — + 4

Source: ATZ

- Advantage of highly powered vehicles through low partial load.
- Cost estimation depends on existing production structures/processes,
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Potential CO, reduction (%)
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Cost increase (%)

Source: ATZ



06 _ Conclusion

Main stakeholders to tune the
timing for electrification
process with very contrary
interests

EVs are expensive and have short
range, ICEs will continue to
dominate the market but
customers will switch to EVs as
soon as they will be
competitive, PHEVs represent
the best trade-off for a
sustainable vehicle at a global
scale in the short to medium term

During 1st quarter 2018 Alternative
powered vehicles
(APV=EV+HEV+NGV+LPG +
E85) demand reach + 26.9% in
EU. They are still “just” 6.5% of
the total (source ACEA)
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Thank you for your kind attention

For further information:

Applus IDIADA

Headquarters and Main Technical Centre
L’Albornar — PO Box 20

E-43710 Santa Oliva (Tarragona) Spain
T +34 977 166 000

F +34 977 166 007

Marco Mammettl e-mail: idiada@idiada.com
E-mail: mmammetti@idiada.com

www.idiada.com




Arplus®
IDIADA

YOUR DEVELOPMENT PARTNER

Applus IDIADA Belgium
T +32 2 719 02 45 (Brussels)
e-mail: idiada_belgium@idiada.com

Applus IDIADA Brazil

T +55 41 3373 0411 (Curitiba)

T +55 11 4330 9880 (Sao Paulo)

T +55 15 3205 2952 (Tatui)

Applus IDIADA China

T +86 10 8446 3317 (Beijing)

T +86 431 8190 9680 (Changchun)
T +86 23 6756 8060 (Chongqing)
T +86 20 2282 9202 (Guangzhou)
T +86 (772) 3166 619 (Liuzhou)

T +86 (772) 0532 66019017 (Qingdao)
T +86 (21) 6210 0894 (Shanghai)
T +86 (755) 29184532 (Shenzhen)
T +86 0535 8933658 (Zhaoyuan)

e-mail: idiada_china@idiada.com

Applus IDIADA Czech Republic

T +420 778 430 095 (Brno)

T +420 493 654 811 (Hradec Kralové)
T +420 482 424 243 (Liberec)

T +420 326 736 860 (Mlada Boleslav)

e-mail: info@idiada.cz

Applus IDIADA France
T +33 (0) 141 146 085 (Sevres)
e-mail: idiada_france@idiada.com

Applus IDIADA Germany

T +49 (0) 8418 8538-0 (Ingolstadt)

T +49 (0) 8930 9056-0 (Munich)

T +49 (0) 7116 7400109 (Stuttgart)

T +49 (0) 5374 920606-0 (Wolfsburg)

e-mail: idiada_germany@idiada.com

Applus IDIADA India

T +91 994 0679 933 (Chennai)
T +91 124 4028 888 (New Delhi)
T +91 203 0556 900 (Pune)

e-mail: idiada_india@idiada.com

Applus IDIADA Indonesia
T +6221 2939 1143 (Jakarta)
e-mail: idiada_indonesia@idiada.com

Applus IDIADA Iran
T +98 21 26650719 (Teheran)
e-mail: idiada_iran@idiada.com

Applus IDIADA ltaly
T +39 011 016 0205 (Turin / Maranello)
e-mail: idiada_italia@idiada.com

Applus IDIADA Japan

T +81 (0) 42 512 8982 (Tokyo)

T +81 (0) 56 464 3463 (Aichi)
e-mail: idiada_japan@idiada.com

Applus IDIADA Malaysia

T +603 9207 7018 (Kuala Lumpur)

T +601 2410 7686 (Penang)

e-mail: idiada_malaysia@idiada.com

Applus IDIADA Mexico
T +52 (1) 222 170 6722 (Puebla)
e-mail: idiada_mexico@idiada.com

Applus IDIADA Poland
T +48 61 6226 905 (Poznan)
e-mail: idiada_polska@idiada.com

Applus IDIADA Russia

T +7 (831) 297 94 32 (Nizhny Novgorod)
T +7 (831) 261 37 06 (Togliatti)

e-mail: idiada_russia@idiada.com

Applus IDIADA Saudi Arabia
T +966 53 4147 301 (Riyadh)
e-mail: idiada_GCC@idiada.com

Applus IDIADA Scandinavia
T +46 (0) 31 320 1844 (Gothenburg)
e-mail: idiada_scandinavia@idiada.com

Applus IDIADA South Africa
T +27 83 450 8925 (Pretoria)
e-mail: idiada_southafrica@idiada.com

Applus IDIADA South Korea
T +82 31 478 1821 (Seoul)
e-mail: idiada@idiada.co.kr

Applus IDIADA Spain

T +34 915 095 795 (Madrid)

T +34 948 292 921 (Pamplona)
T +34 977 166 000 (Santa Oliva)
T +34 986 900 300 (Vigo)

e-mail: idiada@idiada.com

Applus IDIADA Taiwan
T +886 47 810 702 (Lu-Kang)
e-mail: idiada_taiwan@idiada.com

Applus IDIADA Thailand
T +66 86 7917 071 (Bangkok)
e-mail: idiada_thailand@idiada.com

Applus IDIADA Turkey
T +90 216 250 6050 (Istanbul)
e-mail: idiada_turkey@idiada.com

Applus IDIADA UK

T +44 2476 328 083 (Nuneaton)
T +44 1223 441 434 (Cambridge)

e-mail: idiada_uk@idiada.com

Applus IDIADA USA
T +1 248 978 0111 (Detroit)
e-mail: idiada_USA@idiada.com



