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Emission Control Strategies in Vehicle Industry
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2017 Europe-23

Top 50 Best-Selling

brands ranked by

average CO,
emissions

(in g/km; volume weighted)

E=JATO

YARIS HYBRID

AR

AULEELERARARRY

1 Tesla 0.0 0-90 g/km: 0.2% of total registrations
2 Smart 90.3
3 Toyota 101.2
4 Peugeot 104.5
5 DS . 105.0 90'.”0 g/km: 22%
6 Citroen 105.5
7 Renault 106.6
8 Lancia 13.7
9 Mitsubishi 114.5
10 Suzuki 114.9
11 Fiat _115.6
11 Mini 115.6
13 Nissan 115.9
13 Skoda 115.9
15 Dacia 116.9
16 Seat ns.a
17 Lexus 8.2
18 Volkswagen 119.6
19 Kia & 120.0 110-130 g/km: 73%
20 Ford 120.8
21 Alfa Romeo 121.5
22 BMW 121.8
23 Hyundai 122.0
24 Opel/vauxhall 123.4
25 Audi 124.3
25 Volvo 124.3
27 Honda 127.3
28 MG 128.1
_29 Mercedes 129.1 .
30 Infiniti 131.0
31 Mazda 131.2
32 Abarth 139.3
33 Jaguar 140.7
34 JegB B 141.8 130_160 g/km: 4%
35 Land Rover 155.7
36 Ssangyong 158.3
37 Subaru 159.8
38 Lada 179.1
39 Porsche 177.7
40 Mahindra 186.1
41 Maserati 201.8
42 Lotus 209.4
43 cadillac 249.2
44 Mclaren 251.4 160+ g/km: 0.6%
45 Chevrolet 261.9
46 Bentley 266.1
47 Ferrari 283.1
48 Aston Martin 290.4
49 Lamborghini 321.0
50 Rolls-Royce 329.8

[L/TO0K

M 8-4.6

4.6-5.6

5.6-6.7

6.7+
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DIFFERENT TYPES OF VEHICLES AND THEIR MARKET
Different level of electrification and CO, reduction associated

CO, reduction compared
to thermal vehicles (in %)
b

Mitsubishi Outlander

Toyota Prius

PHEV/ EREV

Honda Civic

50 - 100%

Citroen C2
Full HEV

=

YW G Mild HEV 25 —-40%

%sswpm&v e

. g
Yole Développement 2015 W

Tesla Model S

EV (BEV or FCV) |

100%

Car example

‘ 5-10%
Thermal vehicle

-

Level of electrification

ﬁi

b

G-
~~~~~ , does-the-future-of-automotive-market-hold-2016-presentation-yole-
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Norway 2025
Nepal 2030
Denmark 2030
Irland 2030
Australia 2030
Netherland 2030
Costa Rica 2030
Slovenia 2030
EU 2030
Scotland 2032

2040

2040

Rome 2024
Paris 2025
Mexico City | 2025
Madrid 2025
Athens 2025
California 2040
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Energy Loss : City Driving

Energy Loss : Highway Driving

Urban Drive Cycle Energy Balance
2005 3 L Toyota Camry Highway Drive Cycle Energy Balance
2005 3 L Toyota Camry

Standby
Aero Standby
Aero
10%
0, 0,

Fuel Tank 16% . 13% Rolllng 23% 199
100% Engine Driveline Fuel Tank: T 2 Drwelme 2 Rolling
100% £ » ' 7%
T Brakmg .

Driveline Drlvellne Braking
Engine Loss Iseses Engine Loss 2k
76% 3% i Losses
4%
POWERTRAIN VEHICLE-Related POWERTRAIN

VEHICLE-Related

. == Massachusetts
Eleatric Vahiche Toam EVs 101 I I I Institute of Electric Vehicle Team EVs 101 I - - Messpchosais
Technolouy Technology

Energy Loss : City Driving — Electric Vehicle

Urban Drive Cycle Energy Balance

Aero
2%
90% 76%
Ba:::;?ses l]to;» Driveline Rg:;l;r;g
Driveline Bl’;:;ﬂng
Motor Loss e
i 14% -

POWERTRAIN VEHICLE-Related

Electric Vehicle Team EVvs 101 I I I- T m::::‘uf 3 8
Technology



Well-to-Wheels Efficiency

Well-to-Tank Tank-to-Wheels
131%

Generation Transmission | - Plug-to-Wheels 23%
/ 33% | ' 94% J 76% J_\

e
L= |

EI
I 80
i

. Al Y . & ) _.-i = f
Refining Transmission Pump-to-Wheels
82% H 98% TBU‘V| 16% 13%
u.
Source: http:/fwww.nesea.org 80% 15% = 13%
% Electric Vehicle Team %ﬂ\#’&‘%&."]ﬁe&eamw I I I- e :mlll m“’f

Technology
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U Forbes Q1 Figures for global Makers of Electric Vehicles

11 Renault-Nissan (Jan-March: 26,248) 2 | Tesla (20,142) 3 | BAIC (Jan-March: 10,903)

4 | Zotye (Jan-March: 6,638)

7 | Chevrolet (Jan-March: 3,432)
8 | Hyundai (Jan-March: 2,569)

40



Across the markets studied, 43% of car owners will
consider an EV but 31% will not

In FRANCE In RUSS1A half

customers consider and there

are polarized. ELTAEYTN Eﬁ:?:ﬂiﬂmm
who say NO.

=l

'}n JAFPAM majorit
consider Evs.

[n CHIMA

almast half
In USA almost half da MOT
consider . consider EV's.

In SPAIN almast half
consider .

B YEES to EV (T2E - "Somewhat open' and “Wery open®)
Bl RO o BV (B2B — "Hot wery open” and "Hot 28 all opan™

wource: At b markct susecy af awnpmclsT oVMers regarding petcoplions and alifudss toveon Llechec Vemcks, done 2010
Jusslion. Thisking ol o ceg] w0 pchease, hos gpes s pog loconaice go Elschic Waligls 5§ sees olTsed B Ueps o7 sshicle won plan o pochiazs nes?

i U

> 3 0 30 ') 090 9 (53T (N pSI1 (599995 A 93995 W 18 31 o 30 FY g0 (b (o ol w9 O
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O Evolution of the global electric car stock, 2013-17

35

mm Others

2 3.0
% Ig m United States
E 2.0 B Europe
g 15
= o China
g 1.0
= 0.5 e BEV

0.0 B EV + PHEV

2013 2014 2015 2016 2017

U Global electric car stock is expanding rapidly, crossing the 3 million vehicle threshold in 2017

International Energy Agency
Global EV QOutlook 2018
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U Top-ten EVI countries

2017
Lo 20N o WPHEV
T 4% 5 mBEV
el 39 X

wet= 2%
195 © Electric car

B B O w 0 o .. o B, sockshre
{:\

Sto

Electric car stock (millions)

(%)

UThere were more than 3 million electric passenger cars on the road worldwide in 2017,
40% of which were in People’s Republic of China.

International Energy Agency
Global EV QOutlook 2018




Share of PHEVs in
electric car sales

New electric carsales ([thousands)

‘o (o) 5.5 Qo dswgs ol

99997 09999 31 O maw 9 S 93055 g S — (S PSII (lag 093 Crio 4O 3y yuS Vo

UElectric car sales and market share in the top-ten EVI countries and Europe, 2013-17
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L o 5 5 e 1 8 8154 81411 14 85 151854 B s s 0 — 35og
I
[
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I
[
F20 e T e e e T e = 0%

2013
2017
2013
2017
2013
2017
2013
2017
2013
2017
2013
2017
2013
2017

A orld leader in market share terms.

Electric car market share

China

I Europe

I United States

B Norway

. Germany

I Japan

s United Kingdom

France

s Sweden

Canada

s Metherlands

= 0= Market share of new
electric cars

International Energy Agency

Global EV Outlook 2018
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U Announced country targets and objectives for EV deployment, 2020-30

Country
or region

Canada

China

European
Umnion

Finland

France

India

Ireland

Japan

Mexico

Metherlands

MNew Fealand

MNorway

Korea

Slowvenia

Sweden

United Kingdom

United  States
(selected states)

Other European
- B
Union

EWV
Fo@30*

v

2020-30 EV target or objective

w5 millinn FUs b 2020 inclhiedine 4 & million P DWVe

95995 ygubee P8 USice EV yaulio O
o,.:-nlf )‘}b Yoo q L?*’"S" )I}g Yoo (S

LY g YYD Jlw yo BV hgy8 woye 10
Yeote Jlo jo o0

« 250 000 EVs by 2030.

= Objectives under revision.

= 30% electric car sales by 2030

= 100% BEV sales for urban buses by 2030

= 500 000 EVs and 100% EV sales by 2030

Yore Jw 0 EV Gigpd oo Yo G Yo

= 10% electric car market share by 2020.

= 100% EV sales in PLDWs by 2030,

= 100% electric public bus sales by 2025 and 100% electric
public bus stock by 2030

= 64 000 EVs by 2021.

=« 100%: EV sales in PLDWs, LCVs and wurban buses by 2025
= 75% EV sales in long-distance buses and 50%: in trucks by
2030

)Q ‘&.H*' 3)"95 EV &9)3 M)Q )‘},ﬁ Yoo
Yore Jlo

= 396 000 to 431 000 electric cars by 2020.

« 3 300000 EVs in eight states combined by 2025.*

» ZEV® mandate in ten states®: 22% ZEV credit sales in
passenger cars and light-duty trucks by 2025.7

» California: 1.5 million ZEVs and 15% of effective sales by
2025, and 5 million ZEVs by 2030.

= 450 000 to 760 000 electric cars by 2020.
+ 5.42 million to 6.27 million electric cars by 2030

Source

EVI {2016a); MIT
(2017); Marklines
{2017); State
Council (2012)

EC (2018b])

MEAEF (2017)

EVI {2018)

Government of
India (2018c);
SIAM [2017)

DPER (2018)

METI (2014)

EVI (2016D); IPC
(2016);
Rijksoverheid
(2017)

Ministry of
Transport (2018)

National Transport
Plan (2016}

MOTIE (2015)

Nowvak (2017)

EC (2017a)
CARB (2016); State
of California (2018;
2016a); ZEV PITF
(2014)

EC(2017b)
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OEM

2018 2019

2020

2021 2022

2023

2024 2025 2030

BMW
BAIC

BYD

Dongfeng
Motor Co

Ford
Geely
GM
Honda

Hyundai-Kia

Mahindra
& Mahindra

Maruti Suzuki

Mazda

Mercedes-
Benz

Other Chinese
OEMs

PSA

Renault-
Nissan

Tesla
Toyota
Volkswagen

Volvo

s |

Number of sales millions

[ Number of new EV madels

I % of electric sales

[ share of models with an electric version

International Energy Agency
Global EV QOutlook 2018
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O Electric car stock and publicly accessible charging outlets by type and country, 2017

Electriccar stock Publicly accessibleslow chargers  Publicly accessible fast chargers

3.1 million 318 000 outlets 112 000 outlets

. 195 ® China

2% 7 = Japan

2% .
_ s United States
v ‘
; h..._

= United Kingdom

V % » Germany
France
= Norway
» Others

U China has approximately three-quarters of the world’s publicly accessible fast chargers and
a major part of the slow chargers.

International Energy Agency
Global EV QOutlook 2018
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 Recent investment announcements for EV infrastructure development in selected countries

India | 2018
Japan | 2018
Canada N 2017
United Kingdom [ 2018-2021
Germany | 2017-2020
European Union [ 2017-2020
United States [, 2017-2027

0 0.5 1 1.5 2 2.5
Investment (billion USD)

The United States has earmarked the most investments for EV infrastructure development.

International Energy Agency
Global EV QOutlook 2018
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UExamples of recent policy instruments promoting charging infrastructure deployment in major cities

Vancouver (Canada):
20% of the parking
stalls in multifamily

buildings must be equipped
with wire conduits.

San Francisco (US):
10% of parking spaces in
new construction must
have Level 2 chargers.

San Jose [US):
Simplify local charging
permitting process.
Los Angeles (US):
Deploying charging

stations on streetlights.

New Orleans (US):
Residents can apply for
permits to install electric

Utrecht and Amsterdam
(The Netherlands):
1 000 eurc subsidy for
semi-publicly accessible
charging points.

Oslo (Norway): Oslo (Norway): Copenhagen (Denmark):
Grants for up to 60% Building two large 500-1 000 publicly available
of installation cost  parking garages for charging stations and 5 000
of a charging point. electric vehicles. semi-public charging
stations by 2025.
Beijing {China):

100% of new residential
buildings and 15-25% of
new commercial buildings
reguired to be fitted
with wire conduits.

o —— Tokyo (Japan):

vehicle charging
stations on the road
in front of their homes.

London (UK):
Charging point planning Residents can request that
requirements for all new charging stations be installed

real estate developments. on the road in front of

Subsidy of approx.
JPY 1.5 million for charge
o | points in condominiums.
Shanghai [China):

Plan to build 28 000 publicly
available charging points by
2020; 210 000 publicly
available + private charging

points by 2020.
Shanghai (China):
30% capital subsidy for
businesses for charging

infrastructure.

Target number of
charging points to be built

London (UK):
Financial Incentives
Building codes

their homes by Ubitricity. Direct EVSE deployment

This map is without prejudice to the status of ar sovereignty over any territory, to the delimitation of international frontiers and boundaries, and to the name of any territory, city or area.

using a variety of measures to promote the development of charging infrastructure.

International Energy Agency
Global EV QOutlook 2018
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U Total electricity demand from EVs by country, 2017

&0

50

3

L]

Germany

2

=

/- Japan
E— United Kingdom
[ ]

]

1

EV electricity consumption (TWh)

U China dominates global electricity demand for EVs. Largest year-on-year growth in
electricity demand comes from LDVs.

International Energy Agency
Global EV QOutlook 2018
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0 CO2 emissions avoided due to EVs worldwide, 2017

Global: 29.4 MtCO2

MNorth America 7%

China-2 Wheeler 81% Other 19%

Europe 5%

s Other Asia 1%
China-Bus 3%

China-LDV 3%

U Global CO2 emissions savings related to electric vehicles are largely in China where the
number of EVs is high, even though power generation is carbon-intensive

International Energy Agency
Global EV QOutlook 2018
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U Lithium-ion storage technology price developments

® Electric vehicles

2013 1995
[ ° ® Residential
2010
® o 2016 storage

Utility storage
2015
1000 oo

2010 L

Price (USD/kWh)

2016
2017

1”0 [ T I I T 1

0.0 0.1 1.0 10.0 100.0 1000.0
Cumulativeinstalled capacity (GWh)

ULithium-ion storage technology prices have decreased as manufacturing volumes increased.
Experience in manufacturing batteries for consumer electronics has driven cost reductions
to the benefit of EV packs as well as stationary storage.

International Energy Agency
Global EV QOutlook 2018
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U Battery demand for EVs to 2030 by scenario

n [ T T T T T T T T T T T T T 1
2017 2020 2025 2030

Battery capacity additions(GWh/year), 2030
Battery capacity additions(GWh/year), 2020

NPS EV30@30

——NP5 ——EV30@30 B LDVs-BEV M LDVs-PHEY MBuses M Trucks M 2/3 Wheelers

UDemand for battery capacity for electric vehicles, primarily for PLDVs, is projected to
increase to 2.2 TWh per year in the EV30@30 Scenario and to 0.78 TWh per year in the New
olicies Scenario to 2030.

International Energy Agency
Global EV QOutlook 2018
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. Onboard

: i | 0.12%
Electric Traction Moter / - Chassis BB
. N \

Vehicle Body [NSAIZ Engine Batery Pack  35-50% Electric Motor
Power Electronics Controller
DC/DC Converter Drivetrain
182 Chassis
Vehicle Body
Thermal System (cooling) Inverter
Equipment - Drivetrain
Transmission
Traction Battery Pack Equipmem
Exhaust System -
Others ~ 15-20% Transmission
9% Others Others 46% On-Board Charger
Cost structure of a Cost structure of a battery
conventional vehicle electric vehicle

i Institute of Automotive Technology 2017
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165 km oo Y 14.000 27.2 kwh 47.000 $ I3S

150 km o0 YO 11.550 27 kwh 33.000 $ Soul KIA

160 km o, Fe 10.000 24 kwh 23.000 $ Leaf  Nissan




Smaller

Volumetric energy density (Whllitre)

A

!\b)

m

Silver-Zine
ssswim D
$850-5000/kWh
./\1 ickel Zinc
Nickel metal hydride ALK AN Sodium Sulphur
S600/k¥h . $650 /KWh

‘ Nickel cadmium
PEM fuel cell S400%xWh
$000/kWh

S

Lead Acid e
SIS0/ kWh
$650/kWh
=Supercaps ($5000/kWh)

25 50 75 100 125
Gravimetric energy density (Whikg)

Lighter
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U Value Chain of Electric — Car Batteries

Component Cell Module Pack Vehicle Use Reuse and
production production production assembly integration recycling

‘ I {HEI[ |=m “ _ t }
Manufacture of Installation of ! Integration of Use during spec-

Battery reuse;
anode and cath- modules to- I the battery pack ! ified inwvehicle deconstruction
ode active mate- gether with sys- | into the vehicle battery lifetime

and cleaning
rials, binder, tems that man- ! structure, includ- preparatory to

Ll
|m]
L1
Configuration of
cells into larger

modules that
include some

Production and
assembly of sin-
gle cells

electrolyte, and electronic man- ! age power, ling the battery- recycling of ma-
separator agement charging, and I car interface terials and com-
temperature I (connectors, ponents

I plugs, mounts)

Source: BCG analysis.
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/_ High Power \

High Energy

. J

(C) Products & Engineering Services

N\ [ | N\
o ‘% "Lf..":ll-
A/C System - o Ll .
\Cooling System / | BMS Hardware / |\ BMS Software )
f Internal liquid \ /_ Battery \ /rState of Charge\
cooling system ManagementECU and Health Monitor
SCS Units,
Valve, Pump & Safety & Fuse Box Safety Functions
Chiller, Heater
Relays, Fuses, Themo-
Safety plug management
Interface to vehicle ’
: o Sensors, Cell
refrigerant circuit, .
or environment & Balancirgg Communication
& OBD System

(] Engineering Services

\ Pack p,

f Cells/Modules \

Cooling System
BMS HW&SW
Wiring hamess

Degassing
structure-plugs

Housing and
antemal interfacey
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Power train (1)
(unidirectional)

— T e

~ I

Energy
source

(1)

Energy
converter

(1)

Power train (2)
(bidirectional)

Energy
source

(2)

—» Power flow while propelling

— — —» Power flow while charging power train (2)

FIGURE 5.1 Conceptual illustration of a hybrid electric drive train.
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Load power Dynamic power

_ [n‘_\ Average power
U'—LI_\\-.J vfﬂ_‘& = 0 + 0

Time Time Time

FIGURE 5.2 Aload power is decomposed into steady and dynamic components.
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(a) (b)

Fuel IC
tank engine
|| Fuel IC
tank engine
GE{IE- Trans- Mech. Trans-
rator mission 5 1 coupler mission
ower Electric |
F-:n!ver Battery converter motor ||
Battery s converter| | Electric |
: {elec, motor [
coupler)
(c) (d)
Fuel Ic | Mech.
- - — Fue]_ |1 IC L"riﬂ‘ch-
tank engine m“”PI'" tank engine coupler
Gene- Trans- Power Motor/ Trans-
rator issi Fans
I mission converter generator mission
Power I
Battery converter| | Electric | Battery Power Electric
: (elec. maotor (elec. T |converter| | t
coupler) coupler) ot

Electrical link
Hydraulic link

Mechanical link

FIGURE 5.3 Classifications of hybrid EVs. (a) Series (electrically coupling), (b) parallel
(mechanical coupling), (c) series—parallel (mechanical and electrical coupling), and (d) complex
(mechanical and electrical coupling).
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(b)

Fuel [';
tank engine
Mech. Trans-
. coupler mission
ower tri
Battery Poy Electric |
i converter motor

yob a4 a5 cl gl an o 6 sniy Ll O-Y-o S
pte D5l (o 0l (53lse By AT e s SMS
by (Sl l5 90 a8l ] 000,80y onl (S n
el o il eads ablal 0S5 4 (Sl SdysS S
s b 5k g Al g e Oloie 4 JSls Gl jgiee
o o S5 25 s plee 4l G (S S s
Slrzl jeige s Olg mlie lawg Lo Glg Gl as

Sgh o0 JyuS (S S gige 9 ACE) (s

81



Fuel || 1C | Mech.
tank engine| |coupler

Gene- Trans-
rator mission

Power
converter| | Flactric

(elec. motor
coupler)

SN aS ol 6‘ ‘SMJS.U & 03D uLw.: &—V—C ‘LS.W
cpl pled azg 0sh o 00l (Sl (g Wy e AT s
S50 5 SHlle (So ple HheS g0 sl eolatul gus Sy
3,ls JLis a1y 90 yo sblie ol (g5lg0 9 (6w o L
Sy S oo wly 0 s (63 Ses slodge o
J...wl.* ol LQJJYLi «..a.o.d S| L)S'Q‘Q 9 S| ).s odu.?w )i.u)

Batfery [

82



(d)

Fuel | | IC Mech.
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