JAMA-CLEPA
BUSINESS SUMMIT

JAMA-CLEPA Business Summit

i

Venice, 27 & 28§Octo.be¢§r 2016

Wil

European automotive suppliers meet
Japanese vehicle manufacturers



JAMA-CLEPA
BUSINESS SUMMIT

Green Driving

i
i

i

H

Josef Affenzeller |
Director Research

European automotive suppliers meet
Japanese vehicle manufacturers



A T
-~ -~

Content « >

JAMA-CLEPA
BUSINESS SUMMIT

1. Main Trends and Drivers
for Green Driving
Technologies

Main Powertrain Elements
|ICE Research Needs
Electrification
Conclusions

ok~ WD

JAMA-CLEPA Business Summit | Venice, Italy | 27 & 28 October 2016



A T
-~ -~

Trends <>
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Global mega trends and
societal needs are define the

BT Economics
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Global emission legislation & << ° >
New global technical regulation GTR15 JAMA-CLEPA
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Example Passenger cars
and light-duty vehicles

LIIE?IIIII - n
Comparison Europe - China:
Tlegi’IDLfV n I]M PN
or equivalent { mgfkm :I {I-“gfkrn] {#M]
Euro 6d/SI 6O 4,5 Gx10%
- ' : China 6b/SI 60 4,5 Ex10%
or equivalen or equivalen ore‘:lzsa en J Euro Ed,l:[:l an 415 5]{1(]“
WLTC Vehicle Class 3b China 6b/Cl @? 6x10M
-56%  -33%
. New cycle (WLTP), new testing procedures,
M m parameters, specifications for testing
instruments, etc
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CO2 / GHG Emission Legislation <—=>
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=% US-LDV
Solid dots and lines: historical performance
Solid dots and dashed lines: enacted targets - & = California-
Solid dots and dotted lines: proposed targets LDV
Hollow dots and dotted lines: unannounced proposal Canada-LDV
EU
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w===China
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Grams CO, per kilometer, normalized to NEDC

110
Japan 2020 1033
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©
[1] China's target reflects gasoline fleet scenario. If including other fual types, the target will be lower. AV |_ g#go

[2] US and Canada light-duty vehicles include light-commercial vehicles.
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Main pillars for decarbonisation and emission <. ® >
reduction of road transport JAA-cLERA

Infrastructure

Logistics / mobility

Intelligent traffic
management

services

[ Energy /resources ] Decarboniced Impro;/ed logistic

Energy / fuels
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Flexible and shared
mobility services

Infrastructure for connected Public transport
PAeERRIRGe and automated vehicles and intermodality
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Main demands and drivers for
automotive powertrain systems

Customer\
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Five elements of the powertrain <2 >
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COMBUSTION ENGINE

-

BATTERY TRANSMISSION

9)

E-MOTOR CONTROL UNIT
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ICE powertrain systems <2 >
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Trend of CO2 and emissions caused by ICE along with
accompanying measures of low-carbon fuels and
electrification of powertrains for on road vehicles.

€O, and
emissions
A

Turbocharging
Direct Injection
Right Sizing

ICE efficiency improvement
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Source: ERTRAC PAST FUTURE
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Modularity of base engines for diesel and << ° >
gasoline technology synergies JAMA-GLEP
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DIESEL ENGINE

Stoichiometric operation

Electrically heated cat

Integrated exhaust manifold

Var. compression ratio
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Solutions exemplified to achieve 50% brake — o -
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Mechanical
I
29 o 2% <:| v Reducing mechanical losses by 50%
28~ <:: v Utilizing exhaust gas energy )
sz El’g;ig:t 30% *Increasing turbocharging efficiency
Exhaust gas turbine efficiency: 80%
16~ <:| Air compressor efficiency: 80%
(iooling 18% |2% *Waste heat recovery by fuel reforming
osse
20% 4% v Reducing heat losses by improving
_________________ | combustion )
<::| v Enhancing indicated work by improvin
38~ | Brake |, _20% combust?on T °
42% | work |(Target)
% Brake Thermal Efficiency Baseline:
Gasoline engines = 38%
<K Energy Balance> Diesel engines = 42% )

Source: Prof. Daisho, Waseda University (Japan)

()
at ERTRAC ICE workshop 2015
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ICE efficiency improvement potentials <>
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Gas exchange of the engine on the air and +15% +12% +10%
exhaustside

Thermodynamic engine process including fuel

preparation
Ultra
Engine mechanics including friction and Efficient
auxiliary power Combustion
Exhaust gas aftertreatment Engine

Thermal management and waste heat recovery

Engine operation conditions via system
control and transmissions

Passenger Passenger Car Heavy Duty
Car spark compression  compression
ignited ignited ignition

Source: ERTRAC

o

AVL 5

JAMA-CLEPA Business Summit | Venice, Italy | 27 & 28 October 2016




A T

e e

ICE heavy-duty research needs <>
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* Engine Rightsizing HD ICE research needs in
» Hybridisation relation to the vehicle and
transmission system

« Transient Electric RTD .
evolution

« Ultra-efficient
Thermodynamics

 Infrastructure ICT & plug-
In

* Optimiced Load/Volume

e Sustainable Fuel Energy
Conversion Efficiency

JAMA-CLEPA Business Summit | Venice, Italy | 27 & 28 October 2016



Waste-heat recovery by organic rankine circle
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Note: In general, QEGR_ppoler s @1 iusrnal
energy flow. In the single- coolant-loap fystem, &

Useful Work
42%

Engine Coolant
18%

Fuel
Energy

Energy

Sources for Poss_tction®Qoi_iasration
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Mechanical
Power

Approx. 4% Fuel Saving for Long Haul Truck Applications AVL %%
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Power-cylinder system design optimization —Ss——a®

Friction strip-down investigation
1,51 TGDI engine, motored, Tcool=90 °C, Toil=90 °C

m Cranktrain FMEP [bar]
m Valves&Followers FMEP [bar]
B Camshaft&drive FMEP [bar] L]
m Oil pump FMEP [bar]

m Coolant pump FMEP [bar]
m FEAD FMEP [bar]
®mVacuum pump FMEP [bar]

Cranktrain = 40 - 50 %

2500 3000 3500 4000 4500 4800
speed [rpm] °
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Among all individual CO2 reduction
measures, overall powertrain
optimization and lightweight design
play a major role to minimize energy
losses and improve efficiency.

Piston & ring package has by far the
highest potential for friction reduction.

It is very important to develop the
processes and technologies to properly
screen and assess different
contributions to overall piston friction
performances.

Reduction of bore distortion/hence ring
tension, piston mass, and side forces

Is the major measure, combined with
skirt profile, in order to have an efficient
power-cylinder system design.
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Electrification system solutions << ° >
from HEV to BEV JAMA-CLEPA
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100%
Battery
Electric

Y

——— 12V - 48V 450V — Up to 800V —
Mild HEV Full HEV PHEV Range Battery
Extender Electric

Improve Efficiency Displace QOil
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Technology 2020-2025 e
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Increase Efficiency Replace Petroleum
Mild Hybrid m==) Full Hybrid PlugIn Hybrid BEV FCEV
w14 8-12 15-18 80-120 75-270 15 - 100
440
kWh 0,2 0,4-0,8 0,8 8- 16 35 - 100

— 12v —| a8y ———— |- i 450V
— 800V —

Electric Supercharaging ‘rDedicated Hybrid -
MT+ Belt Axl . Transmissions . ng: Spiit  pgm
e A : wo Gear
MT + P2 Module Parallel Hybrid / e-Axle One Goar SOFC
+ auto-clutch AT, DCT, CVT
DCT, CVT, AT
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Fuel cell technology introduction <2 >
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INNOVATORS EARLY ADAPTORS

Global market introduction

2014 2016 2018 2020
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Since 2003 ERTRAC
gathers the different
stakeholders in order to

*develop a common
vision of future road
transport,

epromote collaborative,
pre-competitive
research
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Conclusions <. >
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* CO, and regulated emissions are the main drivers
for powertrain technologies

« A system approach is needed to achieve the goals
« Still significant potential for more efficiency of the ICE
« Various electrification options available

« Cooperation between researchers, technology suppliers
and OEMs needed to reach the targets on regulatory
ISsues, costs and user acceptance

« ERTRAC today the leading European think-tank to
develop visions and roadmaps
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Thank you for your attention! -\
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