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Trasportation statistics

* Transportation responsible for 24% ot COZ2 emissions (14% of GHG emissions).

* In 2019 increase by less than 0,5% (efficiency, biofuels, electrification), but 1,9%
annually since 2000.

* Road vehicles — cars, trucks, buses and two- and three-wheelers — account for nearly
three-quarters of transport CO2 emissions

* More drivers, larger and heavier vehicles (market share of SUVs rose 15 pp between
2014 — 2019). Plus more trade, online commerce and rapid delivery — road freight
demand.

* Emissions from aviation and shipping continue to rise than any other transportation
sectof.



Recording



Total Transport Energy Consumption by Fuel Source (2000 and 2015)
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Decarbonization pathways

* Reduction of travel distances (urban planning).
* Increase of share of public transportation.

* Development of energy efficiency of vehicles.

* Shift of road freight activity to rail and shipping.
* Change in public preferences.

* Use of low-carbon fuels.



EV deployment in 2018

* Continues to growth rapidly — in 2018 5.1 million cars, up 2 million from 2017.

* China the largest market (almost half of the global EV stock), followed by Europe
and the U.S. Norway leader 1n terms of EV market share (46%b).

* More than 3 million two-wheelers on roads in 2018, 460 000 buses, 250 000 light
commercial vehicles. Lows-speed EV (LSEVs) about 5 million units. Medium trucks
sales in thousands.

* 5.2 million EV chargers — most are domestic slow chargers + about 540 000 publicly
accesible chargers.

* EV consumed about 58 TWh of electricity (mostly two-wheelers in China), saving 36
Mt CO.e.

* Global spendings on EV purchases grew to $82bn in 2018, up 70% on the previous
year, and government support makes up 18% of that spend.



Global EV sales and market share, 2013 - 2018
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Outook for the 2018 — 2030 period

* New policies scenario (NPS) — works with policies and measures already put in place,
plus policies that are in official targets and plans, plus announcements of OEMs
producers.

* EV stock (but two-wheelers) over 55 million EV in 2025 (9% of vehicle sales),
135 1n 2030 (15% of sales).

* EV30@30 scenario — in line with Electric Vehicle Iniciative (Canada, Chile, China,
Finland, France, Germany, India, Japan, the Netherlands, New Zealand, Norway,

Poland, Portugal, Sweden, and the United Kingdom) aims at 30% market share for
EVs (but two-wheelers) in 2030.

* EV stock (but two-wheelers) over 250 million in 2030.



Outook for the 2018 — 2030 period — EV sales

EV sales (million vehicles)
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EV In cities

* 25 world cities accounting for 44% ot global EV shales.

* By 2050 nearly 70% of the world’s population concentrated in cities.

Cumulative electric vehicle sales
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Complexity of the transition
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Material inputs

* Oil replaced by a) electricity, b) (scarce) materials for bateries, ¢) materials for grid
development.

* Underdeveloped and volatile production capacities of metals and minerals — demand
and supply fluctuations, sudden disruptions, stockpiling.

* Geopolitical considerations.

e Social 1ssues.

* Environmental concerns (mined in countries with low/non-existing standards).
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Where does China’s dominance lie in the BENCHMARK
lithium ion battery to EV supply chain? INTELLIGENC!

China's share of production % in full year 2019*

Upstream | Mining Mic Stream Mid Stream Downstream
Chernical Refining Cathode & Anodes Lithium ion Battery Cells

*Lithium, Cobalt, Nickel, Graphite, Manganesea, Cathode, Anode, Cells accounted for in calculations Source: Benchmark Mineral Intelligence



The role of industry

* Driving the development,
resulting in lower prices,
higher quality of PV wvs.
scepticism and reluctance to
change.

* Standard medium size EV
app. 40% more expensive
than similar ICE car. Might
be competitive in the mid
2020s?

Original equipment

manufacturer
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BJEV-BAIC
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Chonquing Changan

Dongfeng Motor CO
FCA

Ford

Geely

GM

Honda
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Renault-Nissan-
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Volvo

15-25% of the BMW Group's sales in 2025 and 25 new EV models by 2025.

0.5 million electric car sales in 2020 and 1.3 million electric car sales in 2025.
0.6 million electric car sales in 2020.

21 new BEV models and 12 new PHEV models by 2025, 1.7 million sales by
2025 (100% of group'’s sales).

6 new EV models by 2020 and 30% electric sales share in 2022.
28 new EV models by 2022.

40 new EV models by 2022.

1 million sales and 90% of sales in 2020.

20 new EV models by 2023.

15% electric vehicle sale share in 2030 (part of two-thirds of electrified vehicles by
2030, globally and by 2025 in Europe).

12 new EV models by 2020.
0.036 million electric car sales in 2020.

One new EV model in 2020 and 5% of Mazda sales to be fully electric by 2030.

0.1 million sales in 2020, 10 new EV models by 2022 and 25% of the group’s sales
in 2025.

7 million sales in 2020.
0.9 million sales in 2022.

12 new EV models by 2022. Renault plans 20% of the group’s sales in 2022 to be
fully electric. Infiniti plans to have all models electric by 2021.

A new EV models in 2020, 35 000 electric car sales in 2021 up to 1.5 million in
2030.

Around 0.5 million sales in 2019 and a new EV model in 2030.

More than ten new models by the early 2020s and 1 million BEV and FCEV sales
around 2030.

0.4 million electric car sales in 2020, up to 3 million electric car sales in 2025, 25%
of the group’s sales in 2025, 80 new EV models by 2025 and 22 million cumulative
sales by 2030.

50% of group’s sales to be fully electric by 2025.



Lithium-ion battery price index

* Prices dropped by 79% between 2010 — 2016.
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Volkswagen case

VW — every 3rd car in Germany and 8th in the world.

70 new EV models planned
Investments of EUR 28.1 bn between 2020-2025.
2026 the final year the group develops a combustion platform.

The whole supply chain to be CO2 neutral — subcontractors, raw material extraction,
use of electricity etc.

,, Lhere is no way back to internal combustion engine for us®.



Electricity sector challenges

* Increased demand (now equal to the consumption of Switzerland, 68 TWh).

* Different patterns of consumption (overloading the grid).

* (Enforced?) adaptation of charging to the ability of the grid (low-price/demand
periods).

* EVs may provide DSR services to the system across a wide range of time scales and
to participate in electricity markets.

* EV batteries can store energy that may be used for other purposes than powering
the vehicle, thanks to the opportunities offered by vehicle-to-grid or vehicle-to-home.



Impact of EV deployment on global electricity demand,
2°C Scenario

Industry Buildings Transport and Other EVs Total, 2030
2015 Demand increase, 2030



Dealing with waste

* Reusing of materials: using the old batteries as a stationary storage.

* Recycling of materials. 2018 data: 179 000 tons of batteries reaching their end of life,
83% of them for small appliances (cell phones, laptops, power tools). Ot the total
volume 97 000 tons recycled. Primarily in China (67 000 tons) and South Korea (18
000 tons).



Flow of money — global trade/money flows

* Projected EV stock in the New Policies Scenario would cut demand for oil products
by 127 million tonnes of oil equivalent (Mtoe) (about 2.5 million barrels per day) in
2030, while with more EVs in the EV30@30 Scenario the reduced oil demand is

estimated at 4.3 mb/d.
* In 2018, about 97 million barrels consumed per day.

= serious effect on stability of the international system.



Oil major trade movements 2016 (million tonnes)
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Flow of money — impact on the national level

* China produces about 30% of worldwide vehicle production (larger than the US, EU
and Japan combined).

* In US, automakers and their suppliers responsible for 3% of GDP and one of the
largest sources of manufacturing jobs. Export of more than USD 692 bn 1n vehicles

and parts.

* EU — 6.1% of total employment (13.3 mil workers), trade surplus of EUR 90.3
billion.

* Japan — 8.7% of workforce.

* South Korea — 7% of GDP.

* Redistribution of opportunities and wealth.



Social factors



Societal lock-in

* Customers are not fully rational, cost and time-driven actors.

* (Unrealistic) expectation that automobile culture will be replaced by any means to get
somewhere at an affordable costs.

* However, cars are also means of indentification, conspicuous consumption, abodes
of privacy and solitude (cocooning and fortressing) and ritual, instruments of
aggression and skil, ceremonial initiations into adulthood, potential hobbies.

* Cars provide status and emotional affect through their speed, security, safety, link to
sexuality, career achievement, facilitation of freedom.

= Not only what you need, but what you yearn for.
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Societal lock-in

* In 2018 EV stock emitted about 38 Mt CO,e, saving about 40 MtCO,e. (30 Mt in
China only).

Figure1.7. GHG emissions avoided by EVs compared to equivalent ICE fleet by mode and region,
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Societal lock-in

* Long tailpipe emissions (the whole lifecycle — 270 000km for all of them)
* Tesla Model S P100D saloon — 226g/CO,/km (US midwest).
* 7-series BMW 7501 xDrive — 385¢/CO,/km.
* Mitsubishi Mirage — 192¢/CO,/km.

* Controversy about proper measurement — MIT and FT.
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Role of the government

* The uptake of EV driven primarily by the policy environment. Policy measures
makes EV more appealing for customers, while reducing the risk for investors and
manufacturers.

* Public procurement programmes.

Financial incentives (esp. upfront costs deliver best results) to facilitate the acquisition
of EVs (Norway’s VAT reduction and vehicle registration tax exemptions...).

Cutting their usage costs (free parking...).

Regulatory measures at different administrative levels (fuel economy standards ...).

ICE vehicle bans.



European United
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Investment in cycling and
walking paths is growing
in cities that aim to promote
these 'active mobility' travel modes.

Parking pricing is common Low-emission zones are commonplace Congestion charging is fairly
across the world's most populated across major European cities. uncommon, but can have substantial
cities. Dynamic parking pricing impacts on vehicle activity and
pilot schemes, tested in Californian emissions when implemented wisely.
cities, can reduce 'cruising for
parking,' which makes up a substantial
share of vehicle travel in major cities.

Vehicle access restrictions
have been introduced primarily
in cities to reduce congestion
and air pollution.

Shared bicycle systems
are becoming increasingly
commonplace, with over a

thousand schemes worldwide.

Transit fare subsidies are typically
M Pricing needed to make puﬁ“C trg?Sitb Parking restrictions, together
. operations economically viable, but with reductions in parking supply, Vehicle registration caps
M Regulatory instruments : : ; it i : ; o
€ i public revenue needed to sustain have been implemented in first pioneered in Shanghai, have
several European and West spread to multiple Chinese cities

B Public transport, walking public transit varies widely
and cycling support across systems and cities. Coast North American cities.

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

and elsewhere.



Future of subsidies?

* Ability to financially support PV?
* Shift from direct subsidies to demands on industry, standards.

* Income of the governments - The combination of taxes on transport vehicle and fuel use
was estimated to be as high as 3.5% of GDP by OECD in 2014.

Global spending on EV purchases by governments and consumers
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Complexity of the transition

e Feedbacks/visious circle.
* Tipping point? (Multiple designs unlikely).

* Time will be needed.
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Local demand profile and electric car charging in the EU
on a typical day, B3DS, 2030.
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