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Electric Vehicles (EVs) tap into key megatrends

The world is changing at a rapid pace. Over the next decade, we expect five key megatrends to shape the
framework in which we live. The marriage of two of these key megatrends — (1) technological innovation
and (2) climate change builds the case for EV adoption. The reason for this is, the rise of EVs plugs

the problem of rising global carbon emissions along with reaping the benefits of the rapid technological
advancement.

Sources: Mc Kinsey July 2016, United Nations (UN) June 2017, Intergovernmental Panel on Climate
Change (IPCC) May 2018, US Department of Health and Human Services (HHS) May 2014 and Wis-
domTree

Click to enlarge
Impact of Policy Change

Political will has been the cornerstone of the shift to electrification. More than nine countries and a dozen
cities or states have announced bans on the internal combustion engine within the next decade or so.
Governments across the globe are supporting the shift to electrification in the auto industry by providing
the necessary infrastructure and tax incentives. In doing so, they are signalling the urgency to move to
zero emission vehicles to meet their climate and air quality goals. Recent investment announcements for
EV infrastructure development in selected countries (Billions USD) are highlighted below:

Source: International Energy Agency, WisdomTree, data available as of close 28 June 2018
Chinais going green

China is spearheading its way in the EV market and accounted for nearly three quarters of global EV sales
in 2017. China is yet to set a deadline for automakers to end sales of gas and diesel engines. However, the
government has set very specific and trackable targets on environmental development in its 13th five-year
plan. China is positioning itself to be a leader of New Energy Vehicles (NEVS) in terms of both shipment
volume and technology.

After four decades of growth China’s environmental quality is now significantly poor. The government is

intent on raising environmental standards. In 2015, a central government led crackdown on pollution was
first introduced in the 13th five-year plan. Thousands of industrial plant owners were fined and charged for
misconduct. Despite the marginal improvement in air quality it is still far from reaching the healthy standards
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set by international organisations. Most of China’s pollution is a result of heavy coal use which accounted
for 60.4% of its total energy consumption in 2017. We are now likely to see an increase in consumption of
natural gas and non-fossil fuel sources owing to the governments binding targets on energy and carbon
intensity.

China has become the world’s largest auto market since 2009. Road networks contribute to 76.8% of its
freight traffic and is the largest source of air pollution, underpinning the significance of the shift to New
Energy Vehicles (NEVS) in China. Both the consumer and manufacturers are benefiting from government
subsidies on New Energy Vehicles. In August 2017 the government issued its “Beijing -Tianjin-Hebei
Autumn and Winter Air pollution control plan 2017-18". The state council further announced a 3-year action
plan for Winning the Blue Sky Defence War, with detailed targets and measures in June 2018. The Chinese
government aims to sell 2mn NEV in 2020 & 7mn NEVs by 2025.

Hurdles in the EV industry

The cumulative number of plug-in electric vehicles sold worldwide, for the first nine months of this year,

stands at 1,279,000 (up 68% year-over-year) marking 1.8% market share. Pure Battery Electric Vehicles
(BEV) led the pack up 61% and Hybrid Electric Vehicles (HEV) rose 36% over the prior year. Projections
on the EV market remain optimistic. The International Energy Agency (IEA) expects EVs to become mass
market in the next 10- 15 years. The following three hurdles appear to be holding back mass EV adoption.

Source: WisdomTree

Higher battery costs are one of the main obstacles holding back consumers from buying EVs. Innovation in
battery technology have enabled battery costs to decline from US$1000 per kWh (Kilo watt hour) in 2010
to below US$250 per kWh, according to S&P Global Platts. Battery prices are expected to decline further
by US$100 by 2030, at which point EVs are likely to be competitive with Internal Combustion Engine (ICE)
vehicles.

Advancement in battery technology

Lithium-ion batteries (LiBs) are the most widely used batteries in EVs owing to their high energy density.
Metals account for 40% of the costs of LiBs according to consultant firm Roskill. These batteries require
more than just lithium, with other metals used in the electrodes (anode and cathode) including graphite,
cobalt, nickel and manganese. LiBs adopt a range of battery chemistries that employ various combinations
of anode and cathode materials. The five most advanced technologies used in LiB are: Lithium Manganese
Oxide (LMO), Lithium Cobalt Oxide (LCO), Nickel Cobalt Aluminium (NCA), Nickel Manganese Cobalt
(NMC) and Lithium Iron Phosphate (LFP).

Source: Boston Consulting Group (BCG), January 2010

Each of the above Lithium ion technologies can be compared along six dimensions: safety, lifespan
(measured in terms of both number of charge and discharge cycles and overall battery age); performance;
specific energy (how much energy a battery can store per kilogram of weight); specific power (how much
power the battery can store per kilogram of mass) and finally cost. Safety is by far the most important
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criterion for LiB. Meanwhile battery producers face a constant tug of war between cost and safety as no
single technology delivers on all six dimensions.

Source: WisdomTree

While the NCA boasts of high performance it poses safety challenges, the LFP ranks high on safety it
has lower specific energy. While battery technology has taken great strides, there is no single technology
that ranks highly on all six dimensions. Battery technology remains in a constant struggle to find the right
chemistry to achieve the optimum performance across all six dimensions.

At present, the NMC battery that contains equal parts of nickel, cobalt and manganese (in a ratio of 1:1:1)
has gained widespread acceptance among manufactures. Battery manufacturers are experimenting with
the composition ratios of these metals and are favouring a higher proportion of nickel. Implementing a
higher proportion of nickel provides the benefit of higher energy in the batteries over long distances and
also make the batteries lighter. However, the lifetime of these batteries is short. Added to that, higher nickel
ratios reduce battery manufacturers dependence on cobalt. Most of the world’s supply of cobalt arises from
the Democratic Republic of Congo. Owing to the country’s political instability combined with human rights
spotlight on child labour, a large portion of the world’s supply of cobalt remains at risk. According to Roskill
and Benchmark Mineral Intelligence (BMI), NMC batteries featuring higher nickel proportions of 5:2:3 and
6:2:2 are already in use and manufactures are pushing to commercialise the NMC 8:1:1. However the
NMC'’s 8:1:1 highly stringent requirement in terms of dust, moisture and contamination control are holding
back efforts to make the battery commercial. NMC 8:1:1 is expected to gain significant market share in
the EV market by 2020.

We expect the rapid pace of innovation in battery technology to speed up mass adoption of EVs. As
adoption of EVs garner momentum they will have far reaching implications for commaodities. We expect
metals such as — nickel, copper, silver and smaller elements such as — cobalt and lithium to benefit from
the uptake of EVs, which we will discuss in detail in the second part of our blog.

Related content

+ Energise your portfolio with battery technology

+ Webinar: The Evolving Battery Tech Landscape & Impact on Commaodity Prices
Related products

+ ETFS Nickel (NICK)
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Important Risks Related to this Article

Important Information

Marketing communications issued in the European Economic Area (“EEA”): This document has
been issued and approved by WisdomTree Ireland Limited, which is authorised and regulated by the
Central Bank of Ireland.

Marketing communications issued in jurisdictions outside of the EEA: This document has been
issued and approved by WisdomTree UK Limited, which is authorised and regulated by the United Kingdom
Financial Conduct Authority.

WisdomTree Ireland Limited and WisdomTree UK Limited are each referred to as “WisdomTree” (as
applicable). Our Conflicts of Interest Policy and Inventory are available on request.

For professional clients only. The information contained in this document is for your general
information only and is neither an oer for sale nor a solicitation of an oer to buy securities or
shares. This document should not be used as the basis for any investment decision. Investments
may go up or down in value and you may lose some or all of the amount invested. Past performance
is not necessarily a guide to future performance. Any decision to invest should be based on the
information contained in the appropriate prospectus and aer seeking independent investment, tax
and legal advice.

The application of regulations and tax laws can oen lead to a number of dierent interpretations. Any views or
opinions expressed in this communication represent the views of WisdomTree and should not be construed
as regulatory, tax or legal advice. WisdomTree makes no warranty or representation as to the accuracy of
any of the views or opinions expressed in this communication. Any decision to invest should be based on
the information contained in the appropriate prospectus and aer seeking independent investment, tax and
legal advice.

This document is not, and under no circumstances is to be construed as, an advertisement or any other
step in furtherance of a public oering of shares or securities in the United States or any province or territory
thereof. Neither this document nor any copy hereof should be taken, transmitted or distributed (directly or
indirectly) into the United States.

Although WisdomTree endeavours to ensure the accuracy of the content in this document, WisdomTree
does not warrant or guarantee its accuracy or correctness. Where WisdomTree has expressed its own
opinions related to product or market activity, these views may change. Neither WisdomTree, nor any
ailiate, nor any of their respective oicers, directors, partners, or employees accepts any liability whatsoever
for any direct or consequential loss arising from any use of this document or its contents.
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