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HURDLE RATES

Uncertainty in the energy transition is increasing hurdle rates.
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TECHNOLOGY PIPELINE

Technologies span the development pipeline with non-lithium batteries delivering important capability.

Source: Massif Capital, EPRI
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In electricity markets, the biggest hurdle
to get storage on the grid is market
development



EV MARKET DRIVES THE BATTERY
SUPPLY CHAIN
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VARIANCE IN CATHODE ARCHITECTURE

Today, the cathode drives both the economic and performance characteristics of the lithium-ion battery.

Lithium cobalt oxide (LCO)

Lithium nickel manganese cobalt (NMC)

Lithium nickel cobalt aluminum (NCA)

Lithium iron phosphate (LFP)

Lithium manganese oxide (LMO)

Prominent technology in the consumer electronic market. Optimizes energy density
(important in small form factors) but is less competitive on total cycle life and
degradation. It’s high cobalt usage places greater risk on supply.

Most prominently used in the EV market today. NMC has several chemical variants,
most notably NMC 532 and NMC 622. The numbers denote the ratios of nickel,
manganese and cobalt. There is significant R&D work right now on transition to a
8:1:1 ratio which would require much more nickel and less cobalt. The EV battery
world is on a 5-year design cycle. Through 2025, we expect 5:3:2 mix or 6:2:2 mix to
remain dominate with 8:1:1 not seeing commercialization until 2026. The principal
hurdle at this point is cycle life.

First commercial chemistry to try and substitute cobalt for nickel.

Inherently safer than most cathode chemistries. It has a very high-power density
making it a suitable choice for electric tools.

First technologies used in EV (Nissan Leaf for instance) due to its cost structure. It

has poor cycle life capabilities however making it a less attractive option for most
consumers.

Sources: Massif Capital, LLC; Boston Consulting Group, Various OEM and Technology and Spec. Sheets, 2019



Demand growth is underappreciated



UNPRECEDENTED GROWTH IN SELECT METALS ON THE HORIZON
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Materials
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Lithium is not a mining business



HYDROXIDE VS. CARBONATE

Hydroxide demand will surpass carbonate demand by the mid 2020’s, led by higher nickel loading.

Lithium Demand, by Chemical Cash cost (‘000 US$/t LCE)

6
450
400 5
bg. hydroxide
350
4
300
bg. carbonate m Royalty
250 3 m Other
B Processing
200 W Feedstock
2
150
100 -
50 tech. carbonate
butyllithium 0
0 tech. hydroxide Brine  Mineral Brine  Mineral
2017 2019 2021 2023 2025 2027

Carbonate Hydroxide

Source: Roskill. Massif Capital.



AUSTRALIAN SPODUMEME GROWTH

Conversion capacity, and vertically integrated producers, are significantly lagging spodumene production.
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HISTORICAL PRODUCTION

2017 saw an outbreak of an expanding problem: refining capacity is not keeping pace with mined production.

Global Production of Mined and Refined Lithium (‘000 tonnes)
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COMPOUNDING RISK

The EV supply chain is reliant on complex, mutually exclusive, markets.

Class 1 Nickel

Scaling production takes time

Sulfite deposits are
rare

Reliant on two
separate markets

Evident bottlenecks

Political & social risk Bifurcated market?

Battery grade lithium is a new
product




Upstream Risk

Production
concentration

Unprecedented
production ramp-
up required across

multiple
geographies and
mining techniques

Years of declining
asset base and
lack of capital /

liquidity. Largely
underfunded.

Midstream Risk

Refining capacity
is a fraction of
production
capacity and
controlled by a
even smaller
number of
companies

Quality control is a
major concern

Sources: Massif Capital, LLC; Framework inspired by RSC Global.
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CHINA IS IN CONTROL

The Chinese have a dominant share of critical metals.
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OPPORTUNITY



COMPANIES ARE RESPONDING

If the top 5 lithium producers look to hold market share, their asset base is set for exponential growth.

Total Net PP&E (nominal USD billions)

1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018

Source: Massif Capital.



COMPANIES ARE RESPONDING

If the top 5 lithium producers look to hold market share, their asset base is set for exponential growth.
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COMPANIES ARE RESPONDING

Paired with an evident rise in CAPEX, many producers are at a compelling investment point in their capital cycle.

CAPEX Adjusted for D&A
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Depletion Horizons Based on Reserves
Demand from the energy sector ranging across energy scenarios (blue) and demand without the energy sector (black)
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Prominent technology in the consumer electronic market. Optimizes energy density (important in small form factors) but is
Lithium cobalt oxide (LCO) less competitive on total cycle life and degradation. It’s high cobalt usage places greater risk on supply.

Most prominently used in the EV market today. NMC has several chemical variants, most notably NMC 532 and NMC 622.
The numbers denote the ratios of nickel, manganese and cobalt. There is significant R&D work right now on transition to a
Lithium nickel manganese cobalt (NMC) 8:1:1 ratio which would require much more nickel and less cobalt. The EV battery world is on a 5-year design cycle. Through
2025, we expect 5:3:2 mix or 6:2:2 mix to remain dominate with 8:1:1 not seeing commercialization until 2026. The principal
hurdle at this point is cycle life.

Lithium nickel cobalt aluminum (NCA) First commercial chemistry to try and substitute cobalt for nickel.

Lithium iron phosphate (LFP) Inherently safer than most cathode chemistries. It has a very high-power density making it a suitable choice for electric tools.

First technologies used in EV (Nissan Leaf for instance) due to its cost structure. It has poor cycle life capabilities however

Lithium manganese oxide (LMO) L . .
making it a less attractive option for most consumers.
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Sources: Massif Capital, LLC; Boston Consulting Group, Various OEM and Technology and Spec Sheets, 2019



2018 NMC 622 Cathode

Cobalt Price (USD/Ib)

2018 NMC 811 Cathode

Cobalt Price (USD/Ib)
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Sources: Massif Capital, LLC; “Lithium and cobalt — a tale of two commodities”, Metals and Mining, McKinsey & Company, June 2018

The picture above is a matrix of the change in battery pack cost (USD/kWh), relative to a change in either the Cobalt Price (x axis) or the LCE price (y axis). In the NMC 622
cathode structure, the middle cell in the matrix suggests that at a 525 per Ib cobalt price and a $10,000 per ton LCE price, a battery pack is roughly $208 per kWh of energy
capacity. Each cell returns two values, a % change from the base (top left) and the total USD/kWh (bottom right). You will notice that a NMC 811 cathode structure, at the

same price of the raw material, costs almost half of the NMC 622 at just $126 per kWh.
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