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Electrification (May 2022 viewpoint)

Lithium-ion cells require cobalt and nickel. Adapted from G. Harper et al.
(2019), Nature 575, 75-86 and Offer et al. (2020) Nature 582, 485-487

CHARGING

The lithium ions move back
from the cathode to the
anode.

The electrons move from
the anode to the cathode.

DISCHARGING

Positively charged lithium
ions (Li+) move from the
anode to the cathode
through the electrolyte.

The electrons move from
the anode to the cathode.
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Battery trade-offs: https://www.evenergi.com/ev-basics-ev-batteries

*NCA: Nickel Cobalt Aluminium
*NMC: Nickel Manganese Cobalt

Today’s Battery Options

Lithium compounds are combined with other materials in order to create Li-ion batteries.

Two of the commonly used Li-ion battery chemistries contain nickel.

ALUMINIUM @ MANGANESE @

NICKEL NICKEL

COBALT @ COBALT @
Cathode composition: https://nickelinstitute.org/media/8d926a9b562cbb4/2021-review-ni_energizing-batteries-v3.pdf 2 Of 19



Electrification (May 2022 viewpoint)
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Vehicle sales: https://www.nature.com/articles/d41586-021-02222-1

Battery Balance:
voltage, energy density, safety, charging rate, life span, and cost

Conventional Car

Copper EE [jthium Nickel ~E Manganese Cobalt Graphite B8 Zinc W Rare Earths B Others

https://www.iea.org/data-and-statistics/charts/minerals-used-in-electric-cars-compared-to-conventional-cars https://www.torquenews.com/1/Ifp-batteries-pros-and-cons-elon-shifts-some-teslas-Ifp 3 0f 18



LFP Lithium Batteries Live Longer than NMC

Specific energy of lead-, nickel- and lithium-based systems. Li-Ni-Co-Al (NCA) is the clear winner
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Dramatic decline in “spare” Class 1 nickel in medium and long term
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Global Nickel Supply (Mmt Ni in-situ in MRMR)

» Most high purity nickel comes from high- and low-grade nickel sulfide

» High quality Ni is required for production of batteries

B High grade sulfide (>1%N) =————-
Low grade sulfide (0.5<=Ni<=1%Ni)

B Very low grade sulfide (0.1<=Ni<=0.5%)
PGE deposit by-product (>0.1%Ni)
Limonite laterite
Saprolite laterite

I Ocean floor (only Clarion-Clipperton)*

Vale Sudbury smelted complex, Sudbury, Ontario

171

146

Code-compliant MRMR disclosed data assembled by PCL [Nov 2021]* Source: USGS Vale Sorowako smelter, Sulawezi, Indonesia 6 of 19




Soroako laterites: saprolites and

Sorowako Sorowako
(unserpentinised) (serpentinised)
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{ Saprolite ore

Bedrock

limonites

Nickel as hydroxide
in the goethite-limonite
(Fep04.nH,0) structure

Nickel as hydro-silicate
with talc-serpentine
structure

Nickel talc:

(Mg, Ni)3Si,O4(0OH),
Nickel serpentine:
(Mg, Ni)3Si;Og(OH),4

Nickel as silicate
within olivine structure

Olivine:
(Mg, Fe)28|04

Duricrust
- Upper red-brown limonite
- Lower yellow-brown limonite

Saprolite crust

. - Serpentonized or fresh

ultramafic rock
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Global Nickel Supply from sulfides and laterites (Mmt Ni in-situ in MRMR; Lightfoot, 2016)
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Global tonnage-grade plots for Ni and Ni-equivalent grade

Ni grade (wt%o) Ni equivalent grade (wt%) (based on Ni, Cu, Pt, Pd, Au)
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« History of discovery mostly in late 19t & early 20t centuries

» Long-life mines approaching exhaustion

» Depth of exploration and development requires high grades
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Noril’sk-Talnakh
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Voisey’s Bay: migration from open pit mining of Ovoid to underground
development of the Reid Brook Zone

Reid Brook Zone: 53700E Section — Looking West
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Thompson Deposit
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South Manasan Deposit: low-grade Ni sulfide with PGE
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GSF Explorer, formerly USNS Hughes Glomar, was a deep-sea drill platform built for Project Azorian, the secret 1974
Deep sea nodules Gl LT B8 AT =L A i J

effort by the CIA's Special Activities Division to recover the Soviet submarine K-129. It went on to dredge some of the
first nodules from the ocean floor.

Map of current deep-ocean mining contracts

5-15kg of nodule per square meter of ocean floor

The Clarion—Clipperton Zone (CC2) is the zone of greatest economic interest

Entity V Deposit Type
States and companies with deep-ocean minerals contracts.

China Nodules, sulfides, crusts
France Nodules, sulfides
Germany Nodules, sulfides
India Nodules
Japan Nodules, crusts
Korea Nodules, sulfides
Russia Nodules, sulfides, crusts
Inter-ocean metals (Bulgaria, Cuba, Czech, Poland, Russia, Slovak Nodules
Companies
Diamond Fields International Ltd.with Manfa International Metalliferous mud
G-TEC Sea Minerals NV Nodules
Nauru Ocean Resources Nodules
Tonga Offshore Mining (owned by Nautilus Minerals) Nodules
UK Seabed Resources Ltd.(owned by Lackheed Martin UK Holdings Ltd) Nodules
Marawa (Kiribati) Nodules

USGS source: Hein et al., 20-21 DOI: 10.1016/j.oregeorev.2012.12.001 Nautilus Minerals Suffides
Neptune Minerals Sulfides




Compelling resource base, but...mining the deep seabed is fraught
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Plot of year of initial discovery of deposit versus cumulative contained Ni In

reserves + resources with >0.75%Ni grade

Discovery driving force:

Major mining companies: tiny fraction of income goes back
into grassroots exploration

Juniors: market pressures and funding uncertainty

Non-conventional nickel: low grade, NPI, nodules

China SOE discovery: highly effective in past ~15 years

Implications to professional geoscientists:

» Data curation: encourage best practices in data curation
(Geological Survey)

» Ensure that companies can’t sit on undeveloped treasures:
fair rule sets (Government)

 Data utilization: inefficient utilization of exploration data
(ML and Al approaches)

* Mentor and train young geoscientists in applied exploration
geosciences (Academia)

* Industry: organize PGeo rule sets across Canada, remove
uncertainties, engage communities and First Nations
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FORWARD-LOOKING STATEMENTS

This presentation contains certain “forward-looking statements”.
All statements, other than statements of historical fact that
address activities, events or developments that the consultant
believes, expects or anticipates will or may occur in the future are
forward-looking statements. These forward-looking statements
reflect the current expectations or beliefs of the consultant based
on information currently available to the consultant.
Forward-looking statements are subject to significant risks and
uncertainties and other factors that could cause the actual results
to differ materially from those discussed in the forward-looking
statements.

Any forward-looking statement speaks only as of the date on
which it is made and, except as may be required by applicable
securities laws, the consultant disclaims any intent or obligation to
update any forward-looking statement, whether as a result of new
information, future events or results or otherwise. Although the
consultant believes that the assumptions inherent in the
forward-looking statements are reasonable, forward-looking
statements are not guarantees of future performance and
accordingly undue reliance should not be put on such statements

. . . E&L mineral zone, Nickel Mountain (2019
due to the inherent uncertainty therein.

All of the scientific and technical information contained herein has been reviewed and/or prepared by Dr. Peter C. Lightfoot, P.Geo, a “Qualified Person”
within the meaning of National Instrument 43-101: Standards of Disclosure for Minerals Projects.
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