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Examples of necessary elements in a modern world ;@&

Copper NPD
Lithium
Cobalt
Lanthanides:
Dysprosium
Ytterbium o o

Cerium Copper
Praseodymium Dysprosium
Neodymium Neodymium

Terbium




Some Critical Metals - IEA 9}

Critical mineral needs for clean energy technologies

Copper Cobalt Nickel Lithium REEs Chromium Zinc PGMs Aluminium
Solar PV L L
Wind [ ] [ ] [ ]
Hydro
Csp [ ] [ ]
Bioenergy ®
Geothermal L L
Nuclear
Electricity networks ® [
EVs and battery storage ® @ o @ ® o
Hydrogen ® ®
Relative importance of minerals for a particular clean energy technology: High: @ Moderate: Low:

Shading indicates the relative importance of minerals for a particular clean energy technology, which are discussed in their respective sections in this chapter. CSP = concentrating solar power; REEs = rare earth elements; PGM = platinum group
metals. * In this report, aluminium demand is assessed for electricity networks only and is not included in the aggregate demand projections.

IEA The Role of Critical Minerals in Clean Energy Transitions (windows.net)

24/11/2022 Oil and gas as part of the solution for energy transition and security 4


https://iea.blob.core.windows.net/assets/ffd2a83b-8c30-4e9d-980a-52b6d9a86fdc/TheRoleofCriticalMineralsinCleanEnergyTransitions.pdf

MNatural Rosources
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Manganese

¢
Magnesium Molybdenum
Lithium T ’

Nickel

Maokium
Platinum group metals

CANADA'S
CRITICAL MINERALS LIST

2021

REQUIRED FOR
CANADA'S TRANSITION
TO ALOW-CAREON
ECONOMY

ESSENTIAL TO
CANADA’'S ECONOMIC
SECURITY

A SUSTAINABLE
SOURCE
OF CRITICAL MINERALS
FOR OUR PARTNERS
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Critical Metals - Canada

PERIODIC TABLE OF THE ELEMENTS
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Total mineral demand from clean energy technologies is set to double in the STEPS and
quadruple in the SDS by 2040 1e7]

Total mineral demand for clean energy technologies by scenario

m Hydrogen

Mt

m Electricity networks

1 EVs and battery storage

B Other low-carbon
power generation

= Wind

m Solar PV

STEPS = Stated Policies Scenario, SDS = Sustainable Development Scenario IEA. All rights reserved.

Motes: Includes all minerals in the scope of this report, including chromium, copper, major battery metals (lithium, nickel, cobalt, manganese and graphite),
molybdenum, platinum group metals, zinc, REEs and others, but does not include steel and aluminium (see Annex for a full list of minerals). Mt = million tonnes.

The Role of Critical Minerals in Clean Energy Transitions (windows.net)
24/11/2022 Oil and gas as part of the solution for energy transition and security 6



https://iea.blob.core.windows.net/assets/ffd2a83b-8c30-4e9d-980a-52b6d9a86fdc/TheRoleofCriticalMineralsinCleanEnergyTransitions.pdf

Mineral demand for EVs in the SDS grows by nearly 30 times between 2020 and 2040, with +

demand for lithium and nickel growing by around 40 times ‘W‘" '
Mineral demand from new EV sales NPD
Total demand Demand growth
g 14 000 2, 50
o
=} 45
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e )
; — | I— -
2020 | 2030 | 2040 | 2040 2040 2040
STEPS sSDs STEPS sSDSs
| Lithium Nickel m Cobalt Manganese m Copper m Graphite | Silicon mREEs
STEPS = Stated Policies Scenario, SDS = Sustainable Development Scenario IEA. All rights reserved.

Mote: Silicon is excluded from the demand growth graph due to its very high growth (over 500-fold increase), starting from a low base.

The Role of Critical Minerals in Clean Energy Transitions (windows.net)
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https://iea.blob.core.windows.net/assets/ffd2a83b-8c30-4e9d-980a-52b6d9a86fdc/TheRoleofCriticalMineralsinCleanEnergyTransitions.pdf

Mineral demand for storage in the SDS grows by over 30 times between 2020 and 2040, with s

f‘f#‘ﬁ")
demand for nickel and cobalt growing by 140 times and 70 times respectively %
Mineral demand from battery storage additions in the SDS NPD
Total demand Demand growth
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2020 2030 | 2040 2030 | 2040 2040 2040
STEPS sDs STEPS sDs
B Lithium Nickel m Cobalt Manganese m Copper B Graphite H Silicon B Vanadium
STEPS = Stated Policies Scenario, SDS = Sustainable Development Scenario IEA. All rights reserved.
Note: Silicon and vanadium are excluded from the demand growth graph. The Role of Critical Minerals in Clean Energy Transitions (windows.net)
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https://iea.blob.core.windows.net/assets/ffd2a83b-8c30-4e9d-980a-52b6d9a86fdc/TheRoleofCriticalMineralsinCleanEnergyTransitions.pdf

REE Production 20

Rare Earth Element Production

(Metric tons - rare earth oxide equivalent)
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Copper Prices 493

Copper prices soar post pandemic

USS per tonne

- 3,970
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Is there a new supercycle in metals and minerals? | Financial Times (ft.com)
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Nickel Prices 49}

Nickel gains as EV demand accelerates
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Nickel and Cobalt Prices

24/11/2022

Nickel and cobalt prices surge amid fear for Russian
supply disruptions

Prices in USD/T over the last ten years
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Oil and gas as part of the solution for energy transition and security
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Meeting primary demand in the SDS requires strong growth in investment to bring forward new +
supply sources over the next decade Gt by

Committed mine production and primary demand for selected minerals

Copper Lithium Cobalt

£ 3 £ 3200 x 400
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15
2020 2022 2024 2026 2028 2030 2020 2022 2024 2026 2028 2030 2020 2022 2024 2026 2028 2030
Production Under consfruction mssm Operating
Primary demand STEPS —S0S
STEPS = Stated Policies Scenario, SDS = Sustainable Development Scenario IEA. All rights reserved.

Motes: Pnimary demand is total demand net of recycled volume (also called primary supply requirements). Projected production profiles are sourced from the S&P
Global Market Intelligence database with adjustments to unspecified volumes. Operating projects include the expansion of existing mines. Under-construction

projects include those for which the development stage is indicated as commissioning, construction planned, construction started or preproduction. Mt = million
tonnes.
Source: IEA analysis based on S&P Global (2021) The Role of Critical Minerals in Clean Energy Transitions (windows.net)
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Seabed minerals

Oil and gas as part of the solution for energy transition and security
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Seabed Minerals — Types and Metal Content NPD

1. Polymetallic Nodules — Ni, Cu, Mn, Co (Mo, REE, Li, Ti)
2. Polymetallic Crusts - Co, Ni, Mn, Cu (Ti, REE, Pt, Mo, Bi, V)
3. Polymetallic Sulphides — Cu, Zn, Au, Ag (Co,Pb, Ga, Ge, In, Sb)

24/11/2022 Oil and gas as part of the solution for energy transition and security 15



Some Critical Metals 49}

Critical mineral needs for clean energy technologies

Copper Cobalt Nickel Lithium REEs Chromium Zinc PGMs Aluminium
Solar PV L L
Wind [ ] [ ] [ ]
Hydro
Csp [ ] [ ]
Bioenergy ®
Geothermal L L
Nuclear
Electricity networks ® [
EVs and battery storage ® @ o @ ® o
Hydrogen ® ®
Relative importance of minerals for a particular clean energy technology: High: @ Moderate: Low:

Shading indicates the relative importance of minerals for a particular clean energy technology, which are discussed in their respective sections in this chapter. CSP = concentrating solar power; REEs = rare earth elements; PGM = platinum group
metals. * In this report, aluminium demand is assessed for electricity networks only and is not included in the aggregate demand projections.

IEA The Role of Critical Minerals in Clean Energy Transitions (windows.net)
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https://iea.blob.core.windows.net/assets/ffd2a83b-8c30-4e9d-980a-52b6d9a86fdc/TheRoleofCriticalMineralsinCleanEnergyTransitions.pdf

Some Critical Metals in Seabed Minerals 49}

Critical mineral needs for clean energy technologies

Copper Cobalt Nickel Lithium REEs Chromium Zinc PGMs Aluminium
Solar PV ° [ ] ° ® ® L L
Wind ° [ ] ® ® °
Hydro @ [ ] [ ] o
csP [ ] ® ® L ®
Bioenergy o @ o @ @
Geothermal L L L L L L L
Nuclear [ [ ] ]
Electricity networks ® L] o e @ o [
EVs and battery storage ® @ o @ @ o o
Hydrogen o ® ® ® o ®
Relative importance of minerals for a particular clean energy technology: High: @ Moderate: Low:

Shading indicates the relative importance of minerals for a particular clean energy technology, which are discussed in their respective sections in this chapter. CSP = concentrating solar power; REEs = rare earth elements; PGM = platinum group
metals. * In this report, aluminium demand is assessed for electricity networks only and is not included in the aggregate demand projections.

IEA The Role of Critical Minerals in Clean Energy Transitions (windows.net)
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Polymetallic Nodules [Mn, Ni, Co, Cu (Li, Ti)]
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e "'d” K RS G Metallic compounds in sea water
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Both diagenetic -
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nodule growth
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World Ocean Review,
http://worldoceanreview.com/en/
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Favourable areas for PM nodules 49}

Sources:
e el - doi:10.7289/V5C8276M, ETOPO1
= ' http://www.un.org/depts/los/index.htm
Red borders areas of current economic = :
Global Maritime Boundaries Database

interest T. Kh 1., 2017
24/11/2022 Oil and gas as part of the solution for energy transition and security -Khunetal., 20 19



http://dx.doi.org/10.7289/V5C8276M
http://dx.doi.org/10.7289/V5C8276M
http://www.un.org/depts/los/index.htm

Polymetallic Crusts [Mn, Co, Cu, REE (Ti, Pt, V)] &8

Formation of Fe-Mn crusts
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Favourable areas for PM crusts 49}

e

Sources:

doi:10.7289/V5C8276M, ETOPO1
http://www.un.org/depts/los/index.htm
Global Maritime Boundaries Database
P.E. Halbach et al., 2017 21
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Polymetallic Sulphides [Cu, Zn, Au, Ag (Pb, Co)] 498

Formation of black smokers

Black smoker

Ocean floor Mineral deposits
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http://educypedia.karadimov.info/education/blacksmokers.htm

Favourable areas for hydrothermal sulphide deposits 20

B,

Sources:

doi:10.7289/V5C8276M, ETOPO1
http://www.un.org/depts/los/index.htm
Global Maritime Boundaries Database
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Seabed Jurisdiction and
Resource Management

Oil and gas as part of the solution for energy transition and security
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EEZ and Continental Shelf limits

doi:10.7289/V5C8276M, ETOPO1
: o g . http://www.un.org/depts/los/index.htm
24/11/2022 o T e e T Global Maritime Boundaries Database



http://dx.doi.org/10.7289/V5C8276M
http://dx.doi.org/10.7289/V5C8276M
http://www.un.org/depts/los/index.htm

Seabed Jurisdiction areas 49}

* Percentage of total world ocean seabed:

The International Seabed (The Area) 53 %
The Continental Shelf 46 %

(the EEZ 39 %)

Source - http://www.grida.no/publications/shelf-last-zone/

24/11/2022 Oil and gas as part of the solution for energy transition and security 26
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The Area

The International Seabed

Oil and gas as part of the solution for energy transition and security
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The International Seabed Authority (ISA)
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The International Seabed Authority 493

Assembly

States Parties

Finance Committee
(Elected members)

Secretariat

The Secretary-General
Staff

Councll

EPC LTC
(Elected members)

The Enterprise

EPC - The Economic Planning Comntission
LTC - The Legal and Technical Corga@‘s%sion
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Applications for international exploration 7o

contracts

Number of applications per year
(With timing of regulations)

MW Extensions

Crusts

N
1 Pioneer Investors

B Sulphides

B Nodules

24/11/2022
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International Seabed Authority (ISA) — Exploration Contracts B

NPD
* Polymetallic nodules 19
* Polymetallic sulphides 7
* Polymetallic crusts 5
* Contracts total 31

* |SA is currently preparing regulations for development and production

24/11/2022 Oil and gas as part of the solution for energy transition and security 31
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Areas of exploration contracts under ISA 20
NPD

gl sulphide\s}-&'\

v €

Contract areas
= Sylphides
= Nodules

Crusts

Oil and gas as part
of the solution for
energy transition
and <ectuiritv
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States sponsoring exploration

24/11/2022

* Cook Isls . Bragil * Belgium
* Jamaica . China °* France
* Kiribati . Indis * Germany
 Nauru * Poland

* Japan
* Singapore * Russia

e South-Korea
* Tonga * UK

Oil and gas as part of the solution for energy transition and security
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The Continental Shelf

The Seabed of Coastal States

Oil and gas as part of the solution for energy transition and secu

rity
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Percentage of favourable mineral areas and total ocean area g,
NPD

Nodule |Crust areas| Sulphide World
areas areas Ocean

seabed area

The 81 46 58 53
Area
The CS 19 54 42 47

(The EEZ) (14) (44) (36) (39)

Petersen et al., 2016, Marine Policy
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doi:10.7289/V5C8276M, ETOPO1
http://www.un.org/depts/los/index.htm
Global Maritime Boundaries Database
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http://dx.doi.org/10.7289/V5C8276M
http://dx.doi.org/10.7289/V5C8276M
http://www.un.org/depts/los/index.htm

Areas of activity — the Continental Shelf do

doi:10.7289/V5C8276M, ETOPO1
http://www.un.org/depts/los/index.htm
Global Maritime Boundaries Database
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Gronlandshavet

~ Area proposed for opening

Assessment area (IAS)

- Outer limit of continental
- shelf/agreed delineation line

Territorial sea limit

Norway — Continental Shelf o

* Marine scientific research from 1999

* Government data acquisition cruises from 2018
* Subsea Minerals Act 2019

* Initiated opening process in 2020

* Impact assessment study (IAS) 2021-2022

* |AS on public consultation 27.10.2022 - 27.01.2023
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