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As discussed in “Going green? The unexpected investments helping to reduce vehicle emiss
jons”, globally around 15% of the world greenhouse gas (GHG) emissions come from the
transportation sector. Unsurprisingly, this is an area where policymakers are keen to
curb the polluting activity. In order to meet future emission targets, electric vehicles
are 1ikely to become a greater part of the vehicle offering. We expect passenger
electric vehicle (EV) sales to rise from close to 5% of all vehicle sales to close to
50% by the year 2040.

Nickel batteries

EVs are powered by rechargeable batteries. This battery type provides a reversible
chemical reaction, allowing both their discharging and charging processes. During the
battery discharging process, the electrical current flows from cathode (+) to anode (-),
while the reverse process occurs during charging. Lead acid batteries have been used in
conventional internal combustion engine vehicles and are relatively inexpensive. Nickel
metal hydride (NiMH) batteries are another mature battery technology. These batteries

have higher specific energyl than lead acid batteries and this allows vehicles using them
to be Tlighter. However, NiMH batteries have lower charging efficiency than other forms
of batteries and have issues of self-discharge (up to 12.5% per day under normal room
temperature conditions). These two batteries are now considered obsolete with regard to
the main source of energy for battery electric vehicles.

Nickel in battery cathodes

The Tithium-ion (Li-ion) battery is currently the dominant technology powering electric
vehicles today and 1is 1likely to remain so for the next decade. There are many variants
of Li-ion batteries, but manufacturers focus on variants that have excellent Tlongevity.
These batteries have even higher specific energy than NiMH. But this doesn’t mean that
nickel chemistries have come to the end of the road in battery technology.

There are four principal components of a Tithium-ion battery: cathode and anode active
materials, electrolytes, and separators. Within Tithium-ion battery technology, various
cathode chemistries exist at a commercial level such as Lithium cCobalt Oxide (LCO),
Lithium Manganese Oxide (LMO), Lithium Iron Phosphate (LFP), Lithium Nickel Manganese
cobalt (or NMC) and Lithium Nickel cobalt Aluminium Oxide (or NCA). Nickel 1is thus one
of the key cathode active materials utilised by Tithium-ion batteries (present in NMC
and NCA).

By 2018, the NMC cathode was already the dominant cathode material in the 1ithium-ion
batteries having overtaken LFP that year. NMC 1is expected to continue to grow,
accounting for more than half of all cathode solutions by 2025 and then close to 90% by
2030 (Figure 1).
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Figure 1: Cathode aclive materiak in lithivm-ion batteries
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Source: Avicenne Energy 2019. Lithium Cobalt oxide (LCO), Lithium Nickel Manganese Cobalt Oxide (NMC), Lithium

Nickel cobalt Aluminium Oxide (NCA), Lithium Manganese Oxide (LMO) and Lithium Iron Phosphate (LFP).

Forecasts are not an indicator of future performance and any investments are
subject to risks and uncertainties.

Towards higher nickel weighting

Not only are cathodes with nickel becoming more popular, the nickel content of those
cathodes 1is increasing. Due to price volatility and the risky supply chain of cobalt,
manufacturers have been keen to diversify away from the metal, favouring higher nickel
Toadings in the chemistry. Most of the world’s supply and proved reserves of cobalt come
from the Democratic Republic of the Congo (Figure 2). The country is notorious for human
rights violations in mines including the use of child Tabour in many of the country’s

artisanal mines. Sourcing cobalt that is completely free from this risky supply chain is
difficult.

Figure 2: World cobalt mine production and reserves (201%)
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Source: US Geological study, wisdomTree, data available as January 2020
outer circle: reserves. Inner circle: 2019 production.
Forecasts are not an indicator of future performance and any investments are
subject to risks and uncertainties.

In addition, dincreasing nickel content of the cathodes can promote higher energy
densities. This can help improve range and reduce weight of vehicles.

The move to higher nickel chemistries is underway. A few years ago, in the NMC cathode
each of the three atoms - nickel, manganese, cobalt - were applied in equal proportions,
known as NMC-111. Manufacturers are increasingly finding a path to a nickel weighting of
eight parts relative to one-part manganese one-part cobalt, known as NMC-811l. we aren’t
currently there yet, although six-parts nickel, two--parts manganese, two-parts cobalt
(NMC-622) 1is commercially ready and being utilised. The International Energy Agency
estimates that in 2019 16% of electric vehicles manufactured were utilising NMC-622
cathodes (up from 7% in 2018).

Figure 3 highlights how NMCs with higher nickel Toading can be Tighter than other
cathodes. NCAs which have a similar weight to NMC-811 are mainly manufactured by
Panasonic and used in Teslas. They also have a similar nickel content to NMC-811.

Figure 3; Element requirements in kgfkWh
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Source: Research Interfaces who have plotted data from “Lithium-Ion Battery Supply Chain Considerations: Analysis
of Potential Bottlenecks in Critical Metals” by Fu et al. Li- Tithium, Ni - nickel, Co- cobalt, Mn - Manganese, Al

- Aluminium.

Forecasts are not an indicator of future performance and any investments are
subject to risks and uncertainties.

Challenges in increasing nickel content

In the NMC cathode, nickel is the main cathode active material and manganese and cobalt
help with chemical and structural stability. Therefore, maintaining the chemical and
structural stability is the key challenge when migrating to higher nickel chemistries.
Several manufacturers claim they are close to commercialising NMC 811 and the market
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expects some time around 2025 this solution will be the mainstay.

Higher purity nickel market Tikely to remain tight

We see these shifts in battery cathode chemistries as positive for nickel demand.
Currently, batteries constitute less than 5% of nickel demand. But that is Tlikely to
rise to close to 30% of nickel demand by the year 2040 according to Wood Mackenzie. That
will mean that trends in battery demand will have an increasing influence over nickel
prices, shifting away from stainless steel as nickel’s main price driver today. The
stainless-steel market uses both Class 1 (high-purity) and Class 2 (low-purity) nickel.
Historically only Class 1 has been suitable for battery grade chemistries. The tightness
in the Class 1 market will 1ikely be more acute for that reason. The nickel that
underlies the London Metals Exchange futures contract is Class 1. In Indonesia there are
projects to produce a nickel cobalt compound using a process called high-pressure acid
Teaching (HPAL) that is suitable for batteries, which would utilise ore that was
previously considered Class 2 ore. However, these projects are facing large cost
overruns and delays and therefore there is a lot of uncertainty about the availability
of this material in the future.

1 Specific energy or massic energy is energy per unit mass. It is also sometimes called
gravimetric energy density.
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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 dssued in jurisdictions outside of the EEA: This
document has been qissued and approved by WisdomTree UK Limited, which 1is authorised and
regulated by the uUnited Kingdom Financial Conduct Authority.

wisdomTree 1Ireland Limited and WwisdomTree 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 1is neither an offer for sale nor a
solicitation of an offer 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 after
seeking independent investment, tax and legal advice.

The application of regulations and tax 1laws can often lead to a number of
different interpretations. Any views or opinions expressed in this communication
represent the views of wisdomTree and should not be construed as regulatory, tax
or Tlegal 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 1in the
appropriate prospectus and after seeking independent investment, tax and Tlegal
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 offering 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 1indirectly) into the
United States.

Although wisdomTree endeavours to ensure the accuracy of the content 1in 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 affiliate, nor any of their respective officers,
directors, partners, or employees accepts any liability whatsoever for any direct or
consequential Toss arising from any use of this document or its contents.
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