


Terms: Minerals, Metals and Alloy

Metals, Nonmetals, and Metalloids

Minerals are solid, naturally occurring
inorganic substances found in nature
made up of one or more elements.

Photg: Mjﬂs Metallvarefabrikk

An alloy is two of more metallic
elements mixed to form a new unique
substance.

More than 90% of the metals in use
today are part of an alloy.



The Ocean \ \

70% of the planet surface

 Shelfs >200 m depth =9%

* Continental slopes with canyons =5%
* Sea mounts 2%

* Mid ocean ridges =3%

* \Vent, seep &({w\"r\ale falls <0.1%
 Hadal trenches, below 6.000 m =1%

* Abyssal ‘plains’ 3.000-6.000 m =80%

Source: Thomas Dahlgren, UTC Marine Minerals 14 June 2022



Different type of deep-sea mineral deposits

® Polymetalic Nodules
ee Metals: Ni, Co, Cu, Mn, Mo, Fe
ee | ocated: ~4000 — 6000m, abyssal plains in distal parts of the ocean
e 2D deposits in soft seabed (5-25 kg/m?)
ee Mine size > 70km? per million tons of mined ore

® Cobalt-rich Crusts
ee Metals: Co, Ni, Cu, Mo, Mn, Pt, Te, Ti, Ce, Sc, RRE
ee | ocated: ~1500-2500m, on seamounts and other seafloor highs
ee 2D deposits on surfaces on bare rocks up to ~30cm thick
e Mine size ~20-40km?2 per million tons of mined ore

¢ Seafloor Massive Sulfides (SMS)
ee Metals: Cu, Zn, Co, Au, Ag
ee | ocated: ~2000 — 3000m, formed by hydrothermal vents along the ocean spreading ridges
ee 3D deposits — highly inhomogeneous deposits
ee Mine size < 1km?




Location of different deep-sea mineral deposits

@ rovymetiicnodules Cobalt-ich crusts
©  Polymetallic sulphides / vents Exclusive economic zones

USGS




Exploration for

minerals in the Area

. Polymetallic nodules

Cobalt-rich ferromanganese crusts

Polymetallic sulphides
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http://www.isa.org.jm/

Nodule abundance

Average abundance of nodules
Kilograms per square metre

Clarion-Clipperton
Zone

Peru Basin [
Indian Ocean Cook Islands

5 kg/m?

5 kg/m2

Source: James R. Hein, US Geological Survey

Manganese .29%

Iron ... . 6%
Silicon..............5%
Aluminum ...... 3%
Nickel* .........1.4%

Copper* .......1.3%

Cobalt* ..... 0.25%

Oxygen ... 1.5%
Hydrogen ... 1.5%
Sodium .........1.5%
Calcium ........1.5%
Magnesium .. 0.5%
Potassium .....0.5%
Titanium .......0.2%

Barium.........0.2%




Technology for exploration of
deep sea minerals

® Geophysical data (including bathymetry)
ee Use of signal sources and sensors - hull mounted,
towed, mounted on AUV/ROV

® Geological data
ee Rock and sediment sampling from seabed and
subsurface
e+ Videos/photographs by cameras — towed, mounted on
sampling equipment and AUV/ROV

® Environmental data
ee Biological
ee (QOceanographic

Read more about deep-sea data and analysis:
https://www.npd.no/fakta/havbunnsmineraler/datainnsamling-og-

analyser/

Source: Norwegian Petroleum Directorate



https://www.npd.no/fakta/havbunnsmineraler/datainnsamling-og-analyser/
https://www.npd.no/fakta/havbunnsmineraler/datainnsamling-og-analyser/

QQ}*

The deep sea isdifferent from shelf areas

LAND SHELF DEEP SEA
Nutrients _
Nutrient rich Nutrient poor
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Source: Thomas Dahlgren, UTC Marine Minerals 14 June 2022
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Shelf areas

eNutrient run off from land
makes shelfs nutrient rich
*Most of the green algae
production reaches shelf
seafloor

Deep Sea
*The open ocean is nutrient

poor and production is limited
*99% of the limited green algae
production is eaten and

recirculated before reaching
seafloor

eVery little food reach the sea
floor

*Most species have low
abundances

*Most species are small
*Most species are rare

eBut this fauna is species rich
compared to shelf fauna




Contractors Expenses 2001 - 2021

250,000,000

200,000,000

50,000,000

2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Contract Years

e Exploration e EnVironmental Studies e Mining Techn. Develop. s====Metallurgy

e TraiNING e Other e=Total reported n = Contracts



https://www.jpi-oceans.eu/en/miningimpact
https://www.jpi-oceans.eu/en/miningimpact-2
https://jpi-oceans.eu/en/ecological-aspects-deep-sea-mining
https://jpi-oceans.eu/en/ecological-aspects-deep-sea-mining
http://www.eu-midas.net/
http://www.deepseasponges.org/

Seabed minerals: Expected ~5-10X ore grade vs. land

—> Potential for less footprint, energy and waste

1,500
—o—Concentrate-Smelting (75 pm comminution)

= -~ Concentrate-Smelting (5 ym comminution)
g 1,200 A ~#~Direct Smelting
a3 —»~Heap Leaching
E 900 - —#-Pressure Leaching
@ ~&-In Situ Leaching
[
E
> 600 -
2
@
o
W 300 -

0 v L v Ll v L v L v L v L)

0 0.5 1 15 2 25 3
Ore Grade (Cu/%)

Dillon Marsh artwork from Palabora mine S. Northey et.al. (2014)




Potential for less negative environmental impact

Comparison of Marine vs Terrestial Ore Impacts
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Project Examples



EMINENT — Energy MINerals for the NEtzero Transition :

The main goal with the project is to establish the basis for a complete value chain for
seabed minerals with the goal of significant less environmental footprint compared
to current land-based mining.

{ FUTURE | NORWEGIAN
.,l-' DEEPOCEAN Kgy MATERIALS lS‘éﬁ?E'é”

AkerBP
seabed = GSHEARW/ATER CES fiiit Qcean G Platf
Solutions W PROVIDER *3+* Technology reen Platform
Granted: 70,8 MNOK

e NR CE @ NTNU Ak"aﬂflaﬁiva Total budget: 139 MNOK



EcoSafe Ridge Mining

Address knowledge gaps regarding benthic
ecosystems associated with mineral deposits

Investigate potential environmental risk and impacts
from deep-sea mining

Assess the possibility of environmentally
responsible deep-sea mining in Norway

Total budget of approximately 18 million NOK,
where more that 13 granted by RCN

(V) The Research Council
A

of Norway

Picture: Courtesy of UiB
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ESG handbook & AkerBPll«

® Purpose: Enable evidence-based assessments of the equinor
ESG performance of marine minerals projects in the
context of global standards.

® E — Environmental

® S - Social
® G - Governance \ OCEANO
¢ Main project (2022-2023) ‘NCORAA N Nickel
1A INSTITUTE
n Enorwledge for a brighter futire
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The Energy Transition

60 -
0
§ : : : | : : Underlying growth 2018 to 2040 (CAGR)
" Batteries:
Wind power: +7.8%
Solar power:

Electric infrastructure:

1990 2000 2010 2020 2030 2040 2050

Wind B Bioenergy B Gas-fired
Solar Geothermal W Oil-fired
Bl Hydropower BB Nuclear Bl Coal-fired
World grid-connected electricity generation [PWh/yr] Rystad Energy 2020

- DNV Energy Transition Outlook 2021



Minerals - Key for the Energy Transition

~ 90
= m Hydrogen
6X
40 ® Electricity networks
The higher climate ambision
30 4x EVs and battery —the higher need for minerals
—* storage
20 . m Other low-carbon
power generation
10 Wind The data shows a looming mismatch between the world’s
— strengthened climate ambitions and the availability of
- [— m Solar PV critical minerals that are essential to realising those

ambitions” — Dr. Fatih Birol, IEA Executive Director
Net-zero

by 2050
2040 scenario

IEA 2021: The Role of Critical Minerals in Clean Energy Transition


https://www.iea.org/reports/the-role-of-critical-minerals-in-clean-energy-transitions

Seabed minerals: Key metals for the energy transition

Minerals used in selected clean energy technologies

Transport (kg/vehicle) m Copper
Blectic ca T mam | Lithiur
H Nickel
Conventional car
m Manganese
50 100 150 200 250
) Cobalt
Power generation (kg/MW)

Graphite
Offshore wind -}
B Chromium
Onshore wind _ Molvbd
olybdenum
Solar PV
mZinc
Nuclear
m Rare earths
Coal
[ | Silicon
Natural gas Others

4 000 8 000 12 000 16 000 20 000

IEA. All rights reserved.

Seabed minerals of highest
Note: Steel and aluminium not included IEA 2021 economical interest




GWh

Contribution of battery recycling and reuse
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Recycling and circular economy is far from sufficient
Even the most optimistic scenarios requires 58% reduced demand vs. “Business-as-usual”
significant amount of mining s

Cumulative mineral demand: 690 Mt

Technologlcal chonces 30%

‘Responsible mining is needed for the green transition”

“The coming decades will rely on the primary extraction of
minerals for the transition to a net-zero energy system”

Demand for minerals

Recychng 2

10/6
Source: The Future is Circular, SINTEF report for WWF, 2022 Demand for mining




Increasingly complex systems

Achzet et al (2009)
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70

60

50

40

% of world mining

Europe has outsourced mining

- but becoming increasingly aware of supply risk

esssE urope

«=USA

e==China

e==USSR/CIS

Australia/Canada

«===Chile, Peru, Brazil, DRC,
South Africa, Zambia

% of value of total production excludig coal

Source: RMG Consulting 2021

Critical Raw Materials for
Strategic Technologies and Sectors
in the EU

A Foresight Study
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Where Clean Energy Metals are Produced
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Metals are key for Europe’s value creation

Figure 19: Value added and number of jobs associated with metals (mining, basic manufacture and downstream sectors) in the
EU (2012)*

MANUFACTURING
METALS DOWNSTREAM




Marine minerals with annual revenue potential up to USD 20 billion

Annual Norwegian marine minerals revenue split by scenario

USD billion (real 2020) RYSTAD ENERGY
25

MARINE MINERALS

NORWEGIAN VALUE CREATION POTENTIAL

20 Scenario4
REPORT 20™ NOVEMBER 2020
. i
IOKE  :iiioe, N'M e nooe
Scenario3 s s . o e AR S
10 « Marine minerals are «in the money»
« 3-21 000 employees depending on
Scenario2 — senario
’ « Export, processing and value of
Scenariot minerals not included
/
0
2030 2035 2040 2045 2050

‘Source: Rystad Energy research and analysis N

RYSTAD ENERGY



6 reflections since the launch of the report in November 2020

Fundamental market demand has further strengthened
Fundamentals

Call for regionalization/diversification of supply chains has further strengthened

3 The industry continues to be "supplier-driven"

Other
observations

4 Environmental concerns still has to be adressed

Our estimates of Norway SMS economics probably on the optimistic side
Report pushbacks

Processing represents a challenge - and an opportunity!

UTC Marine Minerals 14 June 2022 - Lars Eirik Nicolaisen, Senior Partner & Deputy-CEO, Rystad Energy

- ™ )
RYSTAD ENERGY




Marine minerals industry will make use of all existing Norwegian oil and gas competence

|
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NORWEGIAN COMPETENCE COMMODITY INDUSTRY RELEVANCE | COMMENT sooes
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minerals industry
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High frequency seismic surveys used for detecting
minerals in seabed formations. E.g. by use of seismic
vessels, AUVs and electromagnetic (EM) methods

Initial and life cycle geological studies and analysis of
formations. Studying mineral resource potential and
mapping of field characteristics

Design and engineering of marine minerals extraction
concept. incl. the mining production vessel and e.g.
the solution for potential low carbon energy sourcing

Delivering the vertical transportation system (risers),
subsea pump and mining tool for ore cutting collection

Transportation of de-watered mineral masses on wet
bulk shuttle tankers. Also in need of various support
vessels and potentially personnel transfer

Construction, hook-up and commissioning of mining
production vessel (e g. topside modules) and subsea
components. Various scope on wet bulk tankers

Deep water (1000-3000 m depths) shallow drilling
down to ca. 100 meters below seabed. Coiled tubing
methods already used for marine mineral purposes

Engineering and fitting of drilling rigs and the mining
production vessel. Pumps, water treatment,
loading/discharge systems etc.

Automation needed for remote operations and subsea
ROVs. Digital technologies through the value chain,
e.g. for exploration, operations monitoring, logistics

Warious operational services and maintenance
activities. For example classification, IMR operations

and manning Rystad Energy 2020



Figure 60. Estimates on potential investments (billion USD) in new industries as compared to the expected investment level*

on the NCS (Rystad Energy, 2021)

50
40 (Additional upside
to supplier
industry given
export potential)

Indicative figures

30

20

NCS Oil & Gas spending

10

2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

“Inciudes both capital and operational expenditures, in addition to historical exploration costs and assumed future exploration costs
Source: Rystad Energy research and analysis; Rystad Energy UCube

Marine minerals
Offshore wind
CCus

Blue hydrogen

OG21 - Rystad Energy 2021



Mining = Bad

Public perception tend to be

Batteries = Good

Maritime batterier: Corvus dobler
salget — ma bygge ny batterifabrikk i
Norge og USA

Den norske batteriprodusenten Corvus Energy vokser ut av fabrikken
som ble apnet for to ar siden. Samtidig etablerer selskapet en mindre
fabrikk i USA for a folge opp Joe Bidens grgnne satsing.

~| =S

Freyr vil bygge batterifabrikk til
40 milliarderiMoiRana

Freyrs industrieventyr kan bety 2.500 nye arbeidsplasser i regionen, men
avhenger av vindkraft. Naturvernere og samer er skeptiske.
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Figure 1: BNEF 2022 global lithium-ion battery supply chain ranking

Industry,
Country Raw Materials Battery - ESG innovation and Downstream O\rer_all
manufacturing infrastructure demand ranking

Norway rank top on ESG

China 1

Canada 2

us 3

Finland 4

® Norway are in a good position to establish Norway >
] Germany 6

battery value chain South Korea 6
Sweden 8

Japan g

¢ Seabed minerals can strengthen our current pustala 0
relatively week position related to raw UK 12
. Czechia 13
materials Poland 14
Hungary 15

Chile 16

Turkey 17

India 18

WVietnam 19

South Africa 20

Brazil 21

Indonesia 22

Argentina 23

Slovakia 24

Thailand 25

Philippines 26

Mexico 27

Morocco 28

DRC 29

Bolivia 30

Source: BloombergNEF. Note: “lil” stands for infrastructure, innovation, and industry.



Minerals key part of the Norwegian policy

«Norge har store
mineralforekomster som vil veere
viktige i det grgnne skiftet»

«Vi har muligheten til & utvikle
verdens mest beerekraftige
mineralnaering»

Hurdalsplattformen

FOR EN REGJERING UTGATT FRA
ARBEIDERPARTIET OG SENTERPARTIET

2021-2025

@ Arbeiderpartiet E(Cu?j Senterpartiet

«Gitt betydningen av mineraler for
grann omstilling er det naturlig & se
arbeidet med det grgnne
industrilgftet og mineralstrategien i
sammenheng»

VEIKART

GRONT

INDUSTRILGFT

«Forutsatt at utvinning kan skje pa en lgnnsom mate
og med akseptabel grad av miljgpavirkning, kan dette
bli en spennende ny naering»

Olje- og energiminister Terje Aasland.

}ﬁ ‘ Regjeringen.no

Haring

Konsekvensutredning for
mineralvirksomhet pa norsk
kontinentalsokkel

Nyhet | Dato: 27.10.2022

Utvinning av havbunnsmineraler kan i fremtiden bli en ny
og viktig naering for Norge, som samtidig kan bidra til & sikre
den globale tilgangen pa viktige metaller.



World Class Ocean Technology
from Norway

Jon O. Hellevang
R&D MANAGER

jon.hellevang@gceocean.no
+47 988 488 28

Follow us on
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Copyright © 2019 GCE Ocean Technology. Copying, distributing, re-creating or any other
unauthorized use of the content in these slides without the express written consent of GCE
Ocean Technology is strictly prohibited.
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