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Paris Agreement

— international treaty on climate change control that was
concluded by numerous countries at the 2015 United
National Climate Change Conference (COP21) in Paris

Exhibit 9: Waiting for 2050 target announcements
Countries’ CO2 emission reduction targets and weightings in global auto demand

Each Country's Tanget

Developed Countries

USA Cutting mare than #0% CO2 by 2050 vs. 2005 (Obama Administration). President Trump announced to quit the agreement on Noy. 2020
Japan Cutting 80% CO2 by 2050 vs. 2013

EuU Cutting B0-95%/75%/more than 80% CO2 in Germany/France/UK by 2060 vs. 1990.

Dieveloping Countries

China Cutting 50-65% CO2 per GDP by 2030 vs. 2005

India Cutting 33-35% CO2 per GDOP by 2030 va. 2005,

Indcnesia Cutting 23% CO2 by 2030 vs. BAU {business as usual). Cutting at most 41% COZ based on the international support.

BUSA

=Japan

mGermany

mFrance

m LK

®China

5 ndia
Indanesia
Rowl

13
4%
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Cities are increasingly introducing restrictions on internal-combustion-engine
(ICE) vehicles, while many national governments are considering ending ICE
vehicle sales.

Timeline

! ! | ! ! | f

2018: 2020: China  2025: Athens, Madrid, 2030: 12 large cities,' representing  2040: France,
Europe targets 2 Mexico City, and Rome more than 32 million people, ltaly, and United
already has million EVs restrict diesel access. commit to no ICE vehicles in their Kingdom plan to
130+ low sold p.a. streets via the Fossil-Fuel-Free target 100%
emission by 2020. The European Union sharp-  Street Declaration. zero-emission
zones and ens its EV target to 20% of vehicle sales,
70+ access total sales by 2025. Denmark, Germany, Ireland, Israel,  while Sri Lanka
regulation the Netherlands, and Slovenia plan is aiming for a
Zones. Norway bans sales of gaso-  to implement or consider 100% 100% zero-
line and diesel cars. zero-emission vehicle sales targets  emission vehicle
by 2030, while India is considering  fleet by 2040.
a 30% target.

'"The 12 cities that signed the Fossil-Fuel-Free Street Declaration are Auckland, Barcelona, Cape Town, Copenhagen, London, Los Angeles, Mexico City, Milan,
Paris, Quito, Seattle, and Vancouver.

Source: C40; China Industry and Information Technology Ministry; Daily Mail, Electrek; Guardian; Independent; International Energy Agency; Harvey; [l Sole 24
Ore; London Government; Mairie de Paris; Spiegel, Sicilia; Telegraph; Times of India

Vehicle Platform Introduction - 8



In 2040, EU electric-vehicle' production translates to EU-based battery
manufacturing of 0.7-1.5 TWh a year, the equivalent of 45-95 gigafactories.

Global vehicle sales, EU vehicle production, Demand for
" million vehicles million vehicles EU-produced batteries
M Electric Internal combustion M Electric Internal combustion Gigafactory
TWh/a equivalent, unit?
200 200 20 20 1.8 120 W High
B Base
B Low
A A 100 | ‘ AA %
"I 16 '40° ‘4 16 '40 16 '40 2016 2040
Recent developments and current Maintaining current market shares in  Based on a range of scenarios, the
trends strongly drive global EV sales key markets would allow EU-based battery demand from European EV
with segment-, powertrain-, and EV manufacturing to capture 18 mil-  production translates in EU-based
region-specific dynamics. lion EVs by 2040. battery manufacturing of 0.7-1.5 TWh
a year by 2040, the equivalent of
45-95 gigafactories.
Includes battery electric vehicle, plug-in hybrid electric vehicle, hybrid electric vehicle, and fuel-cell electric vehicle across passenger cars and commercial vehicles.

“Assumes 15 gigawatt-hours/year equivalent to 1 gigafactory.
Source: IHS (data adjusted for short-term fluctuations); Energy Insights by McKinsey
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Design-to-cost efforts have focused on component integration

and use of materials.
Trends in electric-vehicle design (2017.10.25)

Nissan LEAF vehicle-weight evolution, ’ 1,525
kilograms per vehicle

1,520

Powertrain  Body
net weight weight

reducton’  gain?

Nissan LEAF Nissan LEAF
1st generation 2nd generation
(2011) (2017)

s, plaminly

Nissan LEAF

vehicle-range

evolution,

kilometers 117 172

' Powertrain is motor, transmission system, and related electronics. Weight reduced through
integration of powertrain components (inverter, converter, charger, and motor).
2 Body weight gain from material change on doors from aluminum to steel.

Vehicle Platform McKinsey&Company | Source: A2Mac1; McKinsey Center for Future Mobility Introduction - 12



Original equipment manufacturers follow varying powertrain
and battery supply-chain strategies for electric vehicles.

Electric-vehicle manufacturers’ battery supply-chain strategies - Buy

Battery
. Battery Battery management Power LT
cell pack system  electronics'  Motor Transmission?

BYD E6 (2015)
- Not
available

Tesla S 60 (2013)
S Panasonic WBaOrL%ﬁ

BMW i3 (2014)

R Samsung Preh

VW e-Golf (2015)
Panasonic Panasonic®fl Bosch

Chevrolet Spark (2014)

Not
available

VW e-up! (2013)
L Panasonic Panasonic? Bosch

'

Nissan LEAF (2011
Calsonic Calsonic .
_— AESC AESC Kansei Kansei/Denso Aichi

Calsonic Calsonic

Kansei Kansei/Denso

Chevrolet Bolt/Opel Ampera-e (2017)

" DC-DC converter and AC-DC inverter.
2 Only single-speed transmission.

. % Formerly Ficosa, now owned by Panasonic. .
Vehicle Platform ¢+ Formerly Eaton, now owned by BorgWarner. Introduction - 13



What a teardown of the latest electric vehicles reveals about the future of mass-market Evs (2018.03.21)

The race for acceptable range seems to be over, and the race for
mass-market electric vehicles has begun.

| E— ]
Electric-vehicle price and range by year of launch
y 80 o
@ After 2017 ®
® 2014-16 PY
@ Before 2014 ®
60 @
Sales price,’ it ®
€ thousand
‘ .. Lower price, ®
) high
o ® range
® after 2017
L @
20
y 0
0 100 200 300 400 500

- Range,! kilometer »

'"Range according to Environmental Protection Agency. Where EPA data not available, New European Driving
Cycle or OEM data was used; sales price based on German market OEM data.

Vehicle Platform Source: A2Mac1; McKinsey Center for Future Mobility Introduction - 14



What a teardown of the latest electric vehicles reveals about the future of mass-market Evs (2018.03.21)

Batteries of native electric vehicles require less compromise and allow
for greater flexibility.

Benchmarked native
electric vehicles offer
25% larger battery packs,
relative to vehicles’

.~ body-in-white volume

Native

electric vehicle,
battery-pack
architecture §.
example 4

Non-native
electric vehicle,
battery-pack
architecture §
example }

All 3 of 11 benchmarked
electric vehicles to offer
multiple range options are
native electric vehicles

o

| P 3
=AY,

Source: A2Mac1; McKinsey Center for Future Mobility
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The design of wiring elements in electric-vehicle powertrains suggests
greater integration with newer models.

Tesla Nissan Chevrolet
Model S Model 3 LEAF LEAF Spark Bolt
2013 2017 2011 2017 2014 2017

Weight of cables
in electric-

vehicle power-

train by period 5.7 o

of production,

Kilogram

Parts in electric- 14 ) 17 1%
vehicle power- P o000 00
train by period 0000 6 000 0000
of production, 0000 4 Y 4 o000 o000
number R Y Y Y o000 o000 000 0000

Source: A2Mac1; McKinsey Center for Future Mobility



Design approaches to managing electric-vehicle powertrain and battery thermal management
still vary widely among original equipment manufacturers.

Integration and interconnection of electric-vehicle powertrain thermal-management system

mm @—@ Interconnections
Powertrain Battery
| Charge DC-DC AC-DC Gearbox Motor ! Cooling Liquid Resistive
module converter inverter heating heating

BMW i3 (2014)

While
ﬁ A ) § A Iy WY  plugged in

Chevrolet Bolt/Opel Ampera-e (2017)

While
ﬁ A ) § A ) & plugged in

Tesla Model 3 (2017)

Tesla Model S 60 (2013)

VW e-Golf (2015)

Passive
, None None
battery cooling

Nissan LEAF (2017)

Passive N While plugged
ﬁ battery cooling °"€ " in or on battery

Nissan LEAF (2011)
Passive None While plugged
“ y battery cooling in or on battery

Note: Exhibit is a simplification of more detailed schematics.

Ve Source: A2Mac1; Ricardo; McKinsey Center for Future Mobility



Electric-vehicle powertrain architectures vary, even among the
newest models.

== Opel Ampera-e @ Electric motor —

In the Opel Ampera-e,
the electric motor and |
supporting components Sl — " High-voltage charger
are all up front

® Inverter/converter module

@ High-voltage junction box
‘ ? @ DC-DC converter

Tesla Model 3

In the Tesla Model 3,
the electric motor and
power electronics are
in the back, with the
DC-DC converter

and high-voltage
charger integrated

in battery pack

Vet Source: A2Mac1; McKinsey Center for Future Mobility 18



Benchmarking shows a potential trend toward consolidating electronic
control units in (some) electric vehicles.

Electronic control units per vehicle by engine type and driver assistance package, range

Internal-combustion-engine models Electric-vehicle models
10-14
2-6 9900 3-8 3-4
OO @000 QOO0
L 1 0@ 0000 0000 0000

Advanced-driver-
assistance-system NORMAL LATEST NORMAL LATEST
package

Source: A2Mac1; McKinsey Center for Future Mobility

Vehicle Platform Introduction - 19



Expanding electric-vehicle adoption despite early growing pains (2019.08.26)

Established OEMs are expected to launch around 400 new electric-vehicle

models through 2023.
(C—

Existing and newly launched BEV' and PHEV? models by vehicle segment, number of model launches

20183 2019 2020 2021 2022 2023 Total
A City car or
minicompact 31
B Supermini or
subcompact 60
C Compact or
small family 177
D Large family
or midsize 134
E Executive
or full size 109
Total 96 66 101 72 86 90 511

2018° 2019 2020 2021 2022 2023

‘Battery electric vehicle. ? Plug-in hybrid electric vehicle. ? Cars actually produced in 2018, All subsequent year numbers are estimates by segment. .
Vehicle Platforn sqrce: IHS Markit; McKinsey analysis oduction - 20



McKinsey Electric Vehicle Index: Europe cushions a global plunge in EV sales (2020.07.17)

The Electric Vehicle Index for 2020 shows that Nordic countries lead for market
demand, while China and Germany dominate industry supply.

_Overall Electric Vehicle Index (EVI) results, score (range from low of O to high of 5)

High 5 Market ranking

Norway
Iceland
Netherlands
China
Sweden
Finland
Canada
United Kingdom
lceland France
@ Netherlands 10 United States
® 11 Germany
China 12 South Korea
13 Japan
Finland 14 ltaly

3.Canada Erance 15 India

@ Norway

O30 0 ~wN—

EVI market @ Sweden
demand

United ® Ulted Industry ranking
; nited @ ® :
United States
Japan
South Korea
France
Italy
India
United Kingdom

South ¢ Japan
Korea

® |[taly
® India

© 0o ~10 0~ wnNn =

Low

Low EVI industry High
supply

Vehicle Platform Introduction - 21
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Global EV(BEV, PHEV) market

(Et9 : H o)

=9 =85 20183 | 20198 | STE | IRt e AZHYFIE O] (E49k kWh & 21
1 |Hl&e} 250 368 | 47.4%| .00
2 |BYD 249 197 | -21.0% 1000 N
3 [BMW 135 139 3.09%| ' ». a
4 [BAIC 159 118 | -25.8%| 800 //@
5 ':-!':\_1‘ 93 81| -13.0%| . ~ 0
6 |®CH 42 64 | 54.3%
7 |Geely Emgrand 39 58 | 47.7%| 4%
ly Emer ; 209 175 156
8 |CHERY 83 58 [ -30.1%)]| 200
9 2% 49 58| 17.1% - |
10 |ISHANGHAI GM WULING 41 56 35.99; 2000 2001 2012 2013 2014 2015 2016 2017 2018 20194
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HMA H 7= = AL o

o =t

5%} (2017~2020)

53 2017 2018 2019 2020%e 20/°19
SaE5(%)
BEV 738,299 1,283,229 1,503,464 2,025,371 34.7
PHEV 369,279 571,035 523,844 909,519 73.6
FCEV 3,325 3,904 7,578 8,282 9.3
27 1,110,908 1,859,544 2,034,886 2,943,172 44.6
A7
AHE tatap 98,569,907 98,008,170 93,747,162 80,908,911 ~13.7
SHEE-IRHES
%) o 1.9 5.9 3.6

A}& : Marklines.com, LMC Global Light Vehicle Forecast ‘20.4Q
Z) 1. £4HEV @ MHEVE A[9], 2. x2020d 5A+: 2454 715
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M7| 5K} (BEV+PHEV+FCEV)EOf 100 O &

+9 AA3 2019 2020e
v] 5(%) =)

1 Tesla (1) 304,783 442,334 15.0 45.1
2 VW Group(8) 123,152 381,406 13.0 i
3 GM Group(9) 94,889 222,116 75 134.1
4 EIIY;‘SS%} s Aulomolue 124,114 198,487 6.7 59.9
5 Renault-Nissan Alliance (4) 143,884 194,158 6.6 34.9
6 BYD Auto (2) 218,532 179,295 6.1 ~18.0
7 BMW Group (5) 127,618 173,202 5.9 355
8 Daimler Group (13) 45,054 168,858 57 274.8
9 Geely Holding Group (6) 125,896 157,125 55 24.8
10 PSA (25) 7.230 109,987 3T 1,421.3

A7 TA 2,034,886 2,943,172 100.0 44.6

A& : Marklines.com
Z) () £ 20199 FHof29]

Ik
s
rot
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xa3 ®M7|52xt

— - O
29 2719 2017 2018 2019 2020=e —
e b

1 == 567.678 1,031,197 1,054,290 1,206,610 14.7
p: =9] 50,282 66,293 106,823 404,545 18.7
3 o] 196.876 358,055 321.601 324,882 1.0
4 mZA 41,085 53,012 68,652 190,683 177.8
5 e 46,192 53,906 82,382 180,172 118.7
6 1 29 o] 58,827 72,703 79,530 105,521 q )
7 A9 20.042 27.903 42,706 89,404 109.3
8 Ygaic 8,135 25,481 67,465 83,737 24.1
9 chergl= 14,068 35,800 41,893 61.193 46.1
10 O] 2|0t 4,614 9,854 15,333 53,864 251.3

7| E} 103,109 125,340 156,807 242,561 54.7

= A 1,110,908 1,859,544 2.034,886 2,943,172 44.6
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20204 M 7|} Dl ohof 342

=9 43 Ll 2020e~
v 5 (%)

1 Tasla Model 3 (1) 336,302 16.6
2 Wuling Hongguang MINI (414) 126,603 6.3
3 Eenault ZOE (5) 101,103 5.0
4 Tasla Model Y (414) 70,527 3.5
b Hyundai Kona (8) 55,881 2.8
& VW LD.3 (414 55,850 2.8
7 Mizsan Leaf (2) 53,823 v
8 ORA ORA R1 (11} 46,774 2.3
g GAC NE Ajon 5 (10) 46,091 2.3
10 Audi e-Tron (14) 43,772 2.2
11 BYD Qin Pro (22) 41,862 2.1
12 VW Golf (9} 39,717 2.0
13 Chery e}l (6) 39,553 2.0
14 Kia Niro (16) 34,140 1.7
15 SAIC MG Z5 SUV (17) 33,818 1.7
16 PSA Peugeot 208 ($141) 31,323 1.5
17 BYD Han (31} 28,773 1.4
18 NIO ESE (18) 28,020 1.4
19 Chevrolet BOLT (13) 26,513 1.3
20 EMW id (7) 25,277 1.2

71t 759,551 37.5

o A 2,025,371 100.0
| AR : Marklines com 1. & [ .
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IONIQS vs. MODEL 3/Y
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Tesla’s lead in batteries will last through
decade while GM closes in

— CNBC, 20201.03.10

— Tesla’'s advantage stems not only from the scale of its
operations, but also from Elon Musk’s relentless pursuit of
lower battery costs, according to Cairn Energy Research
Advisors

— Battery packs are the biggest expense in manufacturing
electric vehicles

— Tesla pays an average of $142 per kWh for battery cells
versus $169 per kWh for GM and an industry average of
$186 per kWh

— Tesla’s battery packs cost, on average, $187 per kWh while
GM’s packs cost $207 per kWh and the auto industry spends
an average of $246 per kWh
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Growth of the electric vehicle market

« The market for EVs is reaching a tipping point
« Sales are expected to continue to grow

« Two major factors driving the change

— Factor one: policy and regulation
* Fuel economy and emissions standards
* Financial incentives
» City access restrictions

— Factor two: customer demand
« The manufacturing landscape is also changing
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Customer concerns regarding BEVs
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Driving range of the next gen BEVs
(NEDC cycle)
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FIGURE 5
Timeline of strategic OEM targets for EVs
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Vehicle Platform

adivision of IQPC

WHO OWNS WHOM? Automotivew

Exploring the relationships
between the World's
biggest carmakers

It can be tricky to remember which carmakers own
which brands.

Automotive IQ's infographic is here to help, showing
all the world's top makers plus key shareholdings that
further knit the industry together.
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