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The car industry needs to cut its Greenhouse gases — —=——_
emissions by 32% in 2050 to reach COP21 objective SRk
and limit climate change to 2°C

Climate change Global GHG emissions Transports emissions PLDV emissions

-43%

+3%

-32%

2000 2050 2000 2050 2000 2050

ooz Pla e

i
Source : IEA, IPCC P o RENAULT




This target requires that WTW emissions of new
vehicles should decrease by 24% in 2022 from 2010
while worldwide car park increase by 1,7

Industry target on its field of action (WtW tCO,eq / veh sold / y)

4,5
A Corresponds to an actual FE WW, WIW of
7,41/100 km (x 15000 km/y) - WLTC
35 -24% -40%
3
2,5
2
1,5
1 Car
Park
0,5 1,3
Bn
0
2000 2005 2010 2015 2020 2025 2030 2035 2040

Reference

Source : IEA, IPCC

2045

~-80%

2050
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Environmental stakes : resource usages are challenged
economically and politically

ACCESS SCARCITY COST VOLATILITY USAGE EFFICIENCY

PLANET RENEWABLE RESERVE OVERUSE IN (CO+NI+LI) IN BAT COST VERY LOW FOR CAR
LESS THAN 1/2 YEAR (When worlwide park expected to grow
from 1,3 bn to 2,2 bn cars by 2050)
WORLD COMMODITY
COPPER RESERVES 37 Years
INDEX PRICE
1EV=4X1ICE (NON FUEL) CAR PARKED (EU)

(80kg engine + battery + electric cables)

92% of time

250

5%driving

200 1.6% looking
for parking

150 1% sitting
in congestion H
100

Average European car has 5 seats but carries 1.5 people/trip

50

: 50%

1990 1995 2000 2005 2010 2015 2020 2025 2030

PUBLIC SPACE DEDICATED TO CARS IN
MOST CITIES (today)

Source: Deutsche Bank, United States Geological Society
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Environmental stakes : Air quality —_
Automotive industry partly contributes to air pollution SR
by NOx, CO and PM

EVAPORATIVE EMISSIONS
(HC W00

] ABRAS|ON OF TYRES,
BRAKES AND CLUTCH
[P}

Q Q 56
RE-SUSPEMSION OF ROAD DUST (PR ROAD SURFACE WERR [PM)
B & n &
@& NS—
Transformation Industrie Résidentiel Agriculture Transport Autres
Energie Manufacturiere Tertiaire Sylviculture Routier transports
Source: : EEA Emissions inventory 2013
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Powertrain Technology scope Sta

L'AUTOMOBILE

==

ICE
HEV
PHEV
BEV
FCEV

V V V V V
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Powertrain Technology scope Sta

> ICE

e From liquid or

gazeous HC

7 CATALYSTS & FILTERS
HI O] T
ENGINE & GEARBOX L

Fuel Tank

e From Bio fuels
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Powertrain Technology scope Sta

> HEV Technology

PRODUIT DE
DEGRADATION

K ounes

Carburant +
Moteur thermique

uissance

‘/5

MILD HYBRID FULL HYBRID
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Batterie + SouRCE
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Powertrain Technology scope Sta

> PHEV Technology

PRODUIT DE
DEGRADATION

K ounes
Noeund de
Puissamnce

O -—
Batterie + SOURCE f
|::>' D'ENERG IE

Moteur électrique -

ELECTRIC (5
POWER b

Carburant +

Moteur thermique ::>
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Powertrain Technology scope S A

> Pure BEV Technology

BATTERY

ELECTRIC
POWER
ELECTRIC MOTOR %_:l

+ 4 % ¢ +f
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Powertrain Technology scope S A

> FCEV Technology

ELECTRIC MOTOR %_JL

ELECTRIC  ©
POWER
ol _-unl]] BATTERY

HYDROGEN FUEL CELL
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Powertrain Technology scope

> Synthesis of electrification configurations
 Many solutions existing
e The story Is at its very beginning

V:

Thermique pur

E-g STrAlterno-déma rreur

:ge paralléle

thermique

Parallele

Batterie
de

..........................................................

PuUlssance

...................... : E]z.fjectrique pur
— Moteur W’ Range extender

électrique
-~ hybride série

pupe
rogéne

M
I

Moteur
thermique

Alternateur

Jﬁ

Pile a combustible

Thermique pur a transmission

électrique (ou hydrostatique ...) FEA RENAULT



Powertrain Technology scope
A global strategy for energy efficiency

Thermal management

Powertrain Optimization
downsizing
Transmissions

Hybridation, electrification

Electric consumption

= S

Rolling resistance -100W = -2.5g/km

Aerodynamics
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DEFINITIONS : the different scale to evaluate the CO2 —=—_
emission of a vehicle SIA i

ICE B Segment (gasoline)

Life Cycle Analysis (LCA) (150 14040)

CO2 LIFE CYCLE (150000 km) "~
WELL to WHEEL

CO2 emissions
+

Pollutants impact
(on air &water)

Ca r/battery + m Production Eol = WTT . TTW
End of life Resources . oot £
(Incl. material depletion segmen
reuse) Impact

0%~ 4%
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DEFINITIONS : the different scale to evaluate the CO; —=—_
emission of a vehicle { = Feee

Life Cycle Analysis (LCA) (150 14040)

CO, LIFE CYCLE (150000 km) -+
WELL to WHEEL 7 CO2 emissions
GLOBAL WARMING photochemica|
POTENTIAL :
Car batte Ozone Creation
/ =0 N
End of life Pollutants impact
(on air &water)
+ Ablotlc Depletion) Fossil Acidification
Resources
g depletion
Impact m
Abiotic Depletion Mineral Eutrophication

SR 9 RENAULT



DEFINITIONS : each scope of CO2 environmental |mpact~<‘¢-—\

SOCIETE DES

evaluation underpins different public policy topics and SIAEE
customer concerns

TTW WTW LCA
target
CRE WLTP 2021
FISCALITY Thresholds | OuEEl
Amont discrimination
Formula

NEV mandates / eq EV (China)

Pwt

LOW EMISSION ZONE Emission norm .
discrimination

Purchase Inc
Ineie Tax & incentive

TTW: Tank To Wheel ; WTW: Well To Wheel ; LCA: Life Cycle Assessement ; CAFE: Corporate Average Fuel Economy ; WLTP: Worldwide harmonized Light vehicles Test Procedures

P @ RENAULT



Plan de la présentation

V V V V V V

Les enjeux environnementaux

Les différentes technologies

Les outils et périmetres de mesure
Quelques resultats

Savoir analyser de chaque point de vue
Perspectives et opportunités

® SOCIETE DES
N INGENIEURS DE
L'AUTOMOBILE

Environmental stakes
Powertrain technology scope
Metrics

Some figures

Different view angles
Perspectives & opportunities

SR e RENAULT



Some general figures Sta

> Evolution of battery energy til 2050
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Some general figures
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> Electrochemical storage
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Some general figures

> French mix of electrical energy production in 2015

Figure 12 : Mix électrique 2015

Nucléaire

Fioul 1% S
Thermique renouvelable 1%
PV 1%

Charbon 2%
Gaz 4%

Eolien 4%

Hydrauliquel 1%

g CO, [ KWh final

1 200

1 000

800

600

400

200

Figure 17 : Facteurs d'émissions par filiéres de production électrique
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Some general figures Sta

> Evolution forecast of the french electrical production

Figure 14 : Mix vers 100% ENR (43%) ENR)

Figure 13 : Mix Ambition Transition énergétique 2030 (39% ENR)

Thermigue Divers Divers
RFenouvelable thermique 3% Fioul 1% thermique 4%
3%

PV 12%

Nucléeaqire

MNucléaire
44%

Hydraulique
15%

Hydrauligle
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Some general figures Sta

> Electrical energy COZ2 footprint in main countries

Contenu CO; de I'électricité (en gCO2/ kWh)

900
800
700
600
500
400
300
200
100
0
G..E' ’:‘Q \@ 2 O \5?' < £ _s"-* .-.S} b?
& £ ° & > & ) K N 3 &
< & R a & o S o w o
G < & " 2 &
& ¥
Q‘C‘

2013 2020 2030

Source - Données AIE 2015 et « EU energy, transport and GHG emissions trends fo 2050 — référence scenario 2013 »
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Some general figures
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> Typical example of « cradle to grave » evaluation comparison

Figure 2 : Consommation de ressources fossiles : résultats 2016-2030 comparés sur le segment des citadines

Epuisement des ressources fossiles fen GJ)

2016 w 2030 20716 2030 2016 w 2030 2016 -‘ 2030

Cifadine - VT Citadine - VHR Citadine - VE-REX
(et mild-hybrid en
2030)

Rapport Avere — Dec. 17

Citadine - VE

BFin de vie de la batterie

Fin de vie hors batterie

W mpact d'usage suppl. en proportion

électique identique & 2014

= Usage

= Production de la batterie

m Production hors batterie

B Credits de recyclage de la batterie

u Crédits de recyclage hors batterie

®TOTAL

700

&00

500

400

300

200

100

- 100

- 200

2016 w 2030 2016

Berline - VT
(et mild-hybrid en
2030)

Epuisement des ressources fossiles fen GJ)

Berline - VHR

2030 2016 2030

Berline - VE

2016 2030

SUV-4X4 - VHR

®Fin de vie de la batterie

¥ Fin de vie hors batterie

"~ “Impact d'usage suppl. en proportion

dlectrique identique & 2014

u Usage

- B Production de la batterie

B Production hars batterie
u Crédits de recyclage de la batterie
m Crédits de recyclage hors batterie

OTOTAL
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Other studies & figures - ICCT- Effects of battery manufacturing S.R?N%ELEIETEREEDE

EFFECTS OF BATTERY MANUFACTURING ON ELECTRIC VEHICLE LIFECYCLE EMISSIONS

GWP BATTERY + CAR WTT TTW
B Lithium battery W Other manufacturing M Fuel cycle W Tailpipe

250

~ 200
E
4
~.
2
o 190
c
e,
w
=)
e 100
[
ON
L 50

0

Average Most European France Germany MNetherlands Norway United
European  efficient Union Kingdom
car average
Conventlonal Electric

Figure 1. Life-cycle emissions (over 150,000 km) of electric and conventional vehicles in Europe

@)
theicet.org I C C t

NNNNNNNNNNNNNNNNNNNNN

I[EFING

FEBRUARY 2018

Effects of battery manufacturing
on electric vehicle life-cycle
greenhouse gas emissions
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Other studies & figures - UE Parlement- 2018
J SiA s

INGENIEURS
L'AUTOMOBI

Figure E1: Lifecycle GHG emissions of mid-sized 24 kWh battery electric (left) and
internal combustion engine (right) vehicles.

Ewropean Parlamest

g

DIRECTORATE-GENERAL FOR INTERNAL POLICIES 44

POLICY DEPARTMENT |

STRUCTURAL AND COHESION POLICIES
Batiery Host off BEW | TLER a: gl ] Mat ral sl Wsd [Tl (s N

B Combuion of fuel

B ProduTon of |uslf e CTEomy
Uy PODCpITICn

B Hest of BEV product i

¥ ILEY producton

Agriculture and Rural Development

Culture and Education

Fisheries

)l
=

Regional Development

GHG emiesions (lon CO

Transport and Tourism

Research for TRAN

Committee - Battery-powered
electric vehicles: market
development and lifecycle
emissions ckadietion: - AR i

STUDY
T

Note: The wvehicle's operational lifebime 15 assumed to be 150 000 km.
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DIFFERENT VIEW ANGLES —_
WTW IN RDE CYCLE N = f

WTW & RDE EV, PHEV, HEV, ICE 2018 (gCO, eq/km)

EV B segment 40 kWh ¢

AN

BTTWWLTP

“ZTTWRDE

PHEV C Segment m 7////////////

mWTT WLTP

ZWTT RDE

HEV C Segment m "
HEV B Segment - m FJ

|I
NN

ICE B segment Diesel m %
ICE B Segment Gasoline m ?,

*Hyp: UE 2017 - RDE (NCBS)
TTW: Tank To Wheel ; WTW: Well To Wheel ; RDE : Real Drive Emission
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DIFFERENT VIEW ANGLES —_
NEW TECHNOLOGY : more performance less CO, SIA s

EV B Segment 40 kWh UE 2018 - v ) D Battery + 70% Puissance
EV B Segment 67 kwh UE 2018 - LCA C02 eq +4% CO?2 eq LCA

EVBS t67 kwh UE 2030 J
egmen - -16% with Elec 2030 vs 2018

ICE B Segment Diesel

ICE B Sement Gasoline

Prod Vh &EOL = Prod Batt ss eOL TTWWLTP WTT WLTP
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DIFFERENT VIEW ANGLES _
LOCALISATION : more French less CO, S A s

L'AUTOMOBILE

CO,-eq battery (Production) sourcing variation

@

<2 O

w
<« ()

NMC, Cells & modules manufacturing & assembly sourcing variation
Mix elec pays 2017 : kg CO,-eq/kWh: PL: 0,996; CN: 0,868; KR: 0,602; FR: 0,056
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DIFFERENT VIEW ANGLES —_—
SECTORS SiA i
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The opportunity of a smart grid approach s\

N
L'AUTOMO

Vehicle-to-home (V2H)

@

<y

T
Vehicle-to-load (V2L) :

50

Vehicle-to-building (V2B)

Vehicle-to-Grid (V2G)

Agregator

An opportunity to offer services and
generate values for customers

Need of a bi-directional charger

The battery needs to be compatible with
specific charging / discharging profiles ahh - - ”
by RENAULT




The charging challenge SR

> Increase of BEV mix - potential local grid issues

> V2G offers an opportunity for smart management of energy
* Increasing renewable energy sources compatibility

Electric production vs consomption

(French typical day 2015)
S Charging demand increasing

i ‘ - Power issues : local grid congestion
| ; : 1_ —> But controllable (Smart-Charge)

85000

g0000
AN

E ' / Battery Storage capacity increase
1300 : ' - Not an Energy Issue
[ Consommation réelle| - Distributed energy storage potential opportunity
70000 — (Smart-Grid response/demand support)
pinslallée_max =81GW
ESDDU L) r I ] ¥ 1 I 1 L] L) 1 L) 1 L} I
588888888888888888¢88¢8¢8¢
SESEEgSrERoCHOTOREadgsMaae

PSA 37
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LI-ION BATTERIE LIFE CYCLE & USE OPTIMISATION \.4—\

batteries provide electricity stoking services during and after their 3 = [
automotive use before being recycled

PRODUCTION: BASED ON NMC CONTENT

" > RENEWABLE ENERGY USE (REFINING)
kw
[ ] | | - ek
—> CO2 REDUCTION POTENTIAL 4.0 Recvcli Produc- i3
ecycling tion . ' . ﬂ@
* + NN &
2ND LIFE STATIONARY STORAGE : 5-10 % 2" Jife 1stlife 100%
PROVIDING GRID SERVICES (FREQ. REGULATION) Services Mobility &
>  SUPPORT RENEWABLE USE 115 SMART CHARGING* : CONTROLLED CHARGING TO OPTIMIZE
(=5yrs) services > R
> LIMIT THE USE OF PEAK POWER PLANTS N ENEWABLE ENERGY USE
(=10yrs) > GRID INFRASTRUCTURE INVESTMENT

= Charging ‘1'?4 -
® inteastructurs "
g # =
— RES Farm

a Ca=ll %w VEHICLE TO GRID*: PROVIDING GRID SERVICES (FREQ. REGULATION)
: é » SELF CONSUMPTION [i

- -I O R mae | | | LocALGAD
EQ %ﬁ _l > MICROGRIDS CONSUMPTIONS
il i [
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RECYCLING CO, benefit

End of ife battery
End of ife

Use phose with constant
share of electric mode
Use phose

Production phase battery

Production phose

Recyciing credits

Battery recycling crediis

& Total

Large ICE Lorge PHEW Large BEV
[and mid-hybrd in 2030)

Global warming potential: 2014-2030 results compared for
the saloon car sector (1 CO2-eq.)

. SOCIETE DES
. INGENIEURS DE
L'AUTOMOBILE

==

From cradle

to grave:
e-mobility and
the French
energy transition

European
Climate Foundation

FONDATION reseaus .
NICOLAS HULOT 1= )
Bagus: Jaion Iy
Y WWF

Climate and energy: the advantages of e-mobility
in the energy transition
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Environnemental stakes: Climat , ressources, efficiency

Technologies scope : ICE HEV PHEV BEV FCEV

Metrics : TTW WTW LCA

Results : dependance on technologies, on energy production mix
Anlyse with different view angles : RDE, TCO, techno trend
Perspectives & opportunities : Smart grid services, second life, recycling
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MOVING FORWARD TOGETHER*
*PROGRESSONS ENSEMBLE

Coordonnées de la personne qui fait la présentation
A contacter

Société des Ingénieurs de I’Automobile
79, rue Jean-Jacques Rousseau ¢ 92158 Suresnes Cedex ¢ France
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