The prospects for very low carbon
vehicles worldwide . .

Including the significance of fossil fuel vehicle
bans, the growing role of cities, and the spread of
ZEV mandates.
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Bans on internal combustion vehicles
How to think about them . . .

China, Stuttgart

Paris (diesel) [2024) @
@ Barcelona (city center), London (citywide),
India, Milan (city center), International ZEV Alliance*
The Netherlands, Paris @

(gas), Quito (city center) France, United Kingdom

London (city center),

Norway Scotland
@ @ Oxford (city center)

O

2030 , 2032 2035 2040

Ban Target Unclear

*British Columbia, California, Connecticut, Germany, Maryland, Massachusetts, The Netherlands, New York, Norway, Oregon,
Québec, Rhode Island, United Kingdom, Vermont
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Cities, Air Pollution, and Real World

Emissions
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Remote sensing indicated large-scale problems
with recent diesel cars, long before Dieselgate
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German real world testing data found Euro 5 & 6 diesel cars
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Data compiled by ICCT from EU government real world testing
programs (2016) reveals relative performance by manufacturer.

| 180 mg/km, for cars sold 2009-14 (Euro 5)

1 2
Renault-Nissan
Fiat Chrysler (incl. Alfa Romeo & Jeep)
General Motors (Opel-Vauxhall)
Hyundai
Suzuki
Ford
Kia
Volvo
Daimler (Mercedes-Benz, Smart)
PSA (Peugeot-Citroén)
Honda
Mazda |
Tata (Land Rover)
Toyota
Volkswagen |
BMW -

Source: International Council on Clean Transportation
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180 mg/km, for cars sold 2014-current (Euro 6)
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Air pollution and Dieselgate inspire Paris, London
to announce real world emissions data program

ENVIRONMENT | Wed Mar 29, 2017 | 10:44am EDT

Paris and London mayors announce
scheme to gauge car emissions

London Mayor Sadiq Khan (L) and Paris Mayor Anne Hidalgo attend a meeting on air pollutio
France, March 29, 2017. REUTERS/Gonzalo Fuentes
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Conceptual diagram of EDAR system

EDAR system includes:

« License plate Recognition Camera

« Speed & Acceleration Detector

« Laser Remote Sensing of Vehicle Exhaust

Scanning laser beams
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Actual deployment in
Scotland
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https://www.heatremotesensing.com/single-
post/2017/04/06/Scotland-Pilot-Program



TRUE Real World Emissions Rating System

Volkswagen Polo
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The TRUE rating is a three-color rating system designed to inform the Kia Sportage Giulietta
interested public about the magnitude of a vehicle’s emissions over its full ) o 20 Voivo Volvo V40
useful life under a wide range of operating conditions and driving behaviors. VoIvo V40 Cross Country ee

Emissions are tracked over the lifetime of the vehicle, primarily through the | Volvo S60

use of Remote Sensing (RS) technology, which is able to collect emissions Volvo V60 180

snapshots of thousands of vehicles per day. A green rating is considered to | oo e Class

encompass all vehicles with the lowest available real world emissions, and ——

is thus recommended by TRUE. 3 Petrol 4.4 BMW BMW 550 Custom
BMW 5- Serles GT

While new vehicles are often certified to pollution levels less than one-half & Y 5o

of the legal limit, vehicle emissions rise over a vehicle’s lifetime for a variety BMW 650

of reasons, including deterioration of emission control systems, software gmw Gge”es Gran Coupe

devices that increase emissions during normal driving (aka defeat devices), BMW X5

or defective parts. Emissions are also affected in a positive way by recalls BMW X6

and retrofits. The TRUE ratings incorporate all these factors.

TRUE ratings are represented by

Green, Amber & Red Targets.

Emissions are considered Good

(green), Moderate (amber) or

Elevated (red). GOOD MODERATE ELEVATED
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Toyota Yaris
Toyota Auris

Mini New Mini

BMW 1-Series

BMW 2-Series

BMW 2-Series Active Tourer
BMW 2-Series Gran Tourer
BMW 320

BMW 328

BMW 330

BMW 3-Series GT

BMW 520

BMW 528

BMW 4-Series

BMW 4-Series Gran Coupe
BMW Z4

BMW X1

BMW X3



ZEV mandates go global
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ZEV mandates spread around the world

Government Target year Percentage of EV | ICCT estimate of
credits percent EV sales

China 2020 12% — 4%
California 2025 22% 8%
Quebec 2025 22% 10%
Europe 2025 15% 5-10%
2030 30% 15 - 20%

. China’s New Energy Vehicle mandate is integrated into its existing fuel economy standards, an
excellent first step but in need to substantial improvement in the next iteration of the standards.

. California forecasts only 8% EV penetration in 2025 due to credit multipliers which needs substantial
enhancements to achieve a ~ 30% target by 2030.

. Quebec’s policy is nearly identical to California’s but with fewer credits

" Europe’s policy — currently only a proposal — includes incentives for achieving substantial EV
penetration levels but no penalties. We forecast substantial penetration levels due to major OEM
commitments: VW (20 — 25% by 2025), BMW and Daimler (15 — 25% by 2025), Renault / Nissan (20%
by 2020 depending on market conditions).
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Basics of the NEV mandate in China

» [ntegrated into China’s fuel efficiency standard
= 2-6% EV market share in 2020 depending on vehicle mix (4% @ICCT estimate)
= May lead to substantial weakening of fuel efficiency standard
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Potential impact on manufacturers
China OEM well positioned to sell NEV credits

2015 NEV 2015 NEV|
production 2019 2020 production 2019 2020
JAC U1 R R A FRA 7956 18439 23233 | 59 BRPEEFIEMG AR 0 0
2 REEHREARAF 0 3050 | 60 _FIAAIEA LT 108011 136094 | SAIC-VW
3 ALRRMIREARA A 15498 19527 61 IBEEERABG AR A 12182 9802 12351
4 JERIRERG AR FE 13593 13439 16933 62 LEKBERFERRAF 0 0
5 ALIRELERAARAF 0 0 63 IEMA (GLFH) JLEEERRL 24664 31076
6 ALRAERIEARAF 0 0 64 FIBEAREREARAA 31601 39818
7 AR R A ] 102 63895 80507 | 65 Rl HIEA A 24 46352 58404 | SAIC-GM
8 At M) HEBRAF 0 0 66 VB AT R ERGARA R 105825 = 133340
9 JLRARHIRERAS AR 463 0 3093 67 MIBHEAMRAF 42191 53161
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18 ARRIAFEL 790 6282 7916 76 —IREMIEEARAF 0 0
19 RNEFEARAF 815 61910 78006 77 KBRS SRR EARAF 0 0
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25 HREEHE IR R A PR A ) 0 0 83 WHLHEFMKREARAF 27426 17288 21783
26 WMBISFEAMRAF 0 0 84 FRMHFHEARRA A 0 0
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European Passenger Car CO, Standards
(proposed)
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« EU proposed targets are 81g/km (67 mpg) in 2025 and 67g/km in 2030 (81 mpg
under a U.S. test cycle).

« Auto companies that achieve the ZEV targets would benefit from a 5% relaxation
of the CO2 target.

[¢]
I Cct THE INTERNATIONAL COUNCIL ON | 5
Clean Transportation



Post 2025, fuel economy standards do double duty
— accelerate EVs and generate CO2 reductions
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=  Based on our latest technology assessment, ICE’s can achieve ~ 70 g/km target in 2025
without any EVs at a compliance cost at over 1,250 Euros.

. At the same target of 70 g/km, EVs become 20% market share, and compliance costs
drop to 700 Euros.
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