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Terms: Minerals, Metals and Alloy

Minerals are solid, naturally occurring 

inorganic substances found in nature 

made up of one or more elements.

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.

Photo: Mjøs Metallvarefabrikk



70% of the planet surface

• Shelfs >200 m depth ≈9% 

• Continental slopes with canyons ≈5%

• Sea mounts ≈2%

• Mid ocean ridges ≈3%

• Vent, seep & whale falls <0.1%

• Hadal trenches, below 6.000 m ≈1%

• Abyssal ’plains’ 3.000-6.000 m ≈80%

The Ocean

Source: Thomas Dahlgren, UTC Marine Minerals 14 June 2022



Different type of deep-sea mineral deposits

Polymetalic Nodules

Metals: Ni, Co, Cu, Mn, Mo, Fe

Located: ~4000 – 6000m, abyssal plains in distal parts of the ocean

2D deposits in soft seabed (5-25 kg/m2)

Mine size > 70km2 per million tons of mined ore

Cobalt-rich Crusts

Metals: Co, Ni, Cu, Mo, Mn, Pt, Te, Ti, Ce, Sc, RRE

Located: ~1500-2500m, on seamounts and other seafloor highs 

2D deposits on surfaces on bare rocks up to ~30cm thick

Mine size ~20-40km2 per million tons of mined ore

Seafloor Massive Sulfides (SMS)

Metals: Cu, Zn, Co, Au, Ag

Located: ~2000 – 3000m, formed by hydrothermal vents along the ocean spreading ridges 

3D deposits – highly inhomogeneous deposits

Mine size < 1km2



Location of different deep-sea mineral deposits

USGS



International legislation

International Seabed 

Authority (ISA)  

www.isa.org.jm

Under United Nations 

Convention On The 

Law Of The Sea 

(UNCLOS)

31 Exploration 

licenses

Exploitation 

regulation expected 

finalized in 2023

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


Nodule abundance 



Technology for exploration of 

deep sea minerals

Geophysical data (including bathymetry)

Use of signal sources and sensors - hull mounted, 

towed, mounted on AUV/ROV 

Geological data

Rock and sediment sampling from seabed and 

subsurface

Videos/photographs by cameras – towed, mounted on 

sampling equipment and AUV/ROV

Environmental data

Biological

Oceanographic

Read more about deep-sea data and analysis:

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

analyser/

Source: Norwegian Petroleum Directorate
Photos: Courtesy of UiB and NPD

Autonomous underwater vehicle (AUV) 

used for high resolution seabed mapping

Remote operated vehicle (ROV) 

used for sampling and more detail mapping of the seabed

Coil-tubing operation of sulfide deposits conducted by NPD 2020

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


The deep sea is different from shelf areas

200 m

3682 m

≈1 % of primary production reaches
abyssal seafloor

Nutrient rich Nutrient poor

SHELFLAND DEEP SEA

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
•Very little food reach the sea 
floor
•Most species have low 
abundances 
•Most species are small
•Most species are rare
•But this fauna is species rich 
compared to shelf fauna

(=average depth of the ocean)

Shelf areas
•Nutrient run off from land 
makes shelfs nutrient rich
•Most of the green algae 
production reaches shelf 
seafloor

Source: Thomas Dahlgren, UTC Marine Minerals 14 June 2022



Environmental studies

Total spending on deep-sea exploration in International 

Waters (“The Area”): USD 1.6 billion 

Environmental studies expected to count for ~50% of the 

contractor exploration spending. 

Rapid increase in environmental studies over the last years.

Contractors are using independent researcher to conduct 

environmental baseline studies. 

Project Examples:

JPI Oceans have supporter several joint studies, such as:

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

MIDAS: www.eu-midas.net/

SponGES: deepseasponges.org

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

Dillon Marsh artwork from Palabora mine

→ Potential for less footprint, energy and waste

S. Northey et.al. (2014)



Potential for less negative environmental impact
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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.

H4 Processing

H3 Production
H2 Exploration 

H1 Environment

Green Platform

Granted: 70,8 MNOK

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

Picture: Courtesy of UiB



ESG handbook

Purpose: Enable evidence-based assessments of the 

ESG performance of marine minerals projects in the 

context of global standards.

E – Environmental

S – Social

G – Governance 

Main project (2022-2023)

Perasdf

Collaborating institutions per 24 February 2023



Drivers, importance, perception and possibilities



The Energy Transition

World grid-connected electricity generation [PWh/yr]

DNV Energy Transition Outlook 2021

Rystad Energy 2020



Minerals - Key for the Energy Transition

The higher climate ambision

– the higher need for minerals

The data shows a looming mismatch between the world’s 

strengthened climate ambitions and the availability of 

critical minerals that are essential to realising those 

ambitions” – Dr. Fatih Birol, IEA Executive Director

2040

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


IEA 2021

Seabed minerals of highest 

economical interest

Seabed minerals: Key metals for the energy transition

Note: Steel and aluminium not included



Contribution of battery recycling and reuse

IEA 2021

EV and storage batteries reaching the end of their first life Contribution of recycling and reuse



Recycling and circular economy is far from sufficient

“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” 

Source: The Future is Circular, SINTEF report for WWF, 2022  

Even the most optimistic scenarios requires 

significant amount of mining

58% reduced demand vs. “Business-as-usual”



Increasingly complex systems

Achzet et al (2009)



% of value of total production excludig coal

Europe has outsourced mining
- but becoming increasingly aware of supply risk



Picture: Visual Capitalist. Source: IEA



Metals are key for Europe’s value creation

Source: JRC



Marine minerals with annual revenue potential up to USD 20 billion

Annual Norwegian marine minerals revenue split by scenario
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Source: Rystad Energy research and analysis

USD billion (real 2020)

• Marine minerals are «in the money»

• 3-21 000 employees depending on
senario

• Export, processing and value of 
minerals not included



6 reflections since the launch of the report in November 2020

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



Rystad Energy 2020



OG21 – Rystad Energy 2021



Mining = Bad                                Batteries = Good

Public perception tend to be



Norway rank top on ESG

Norway are in a good position to establish 

battery value chain

Seabed minerals can strengthen our current 

relatively week position related to raw 

materials



Minerals key part of the Norwegian policy

«Norge har store 
mineralforekomster som vil være 
viktige i det grønne skiftet» 

«Vi har muligheten til å utvikle 
verdens mest bærekraftige 
mineralnæring»

«Gitt betydningen av mineraler for 

grønn omstilling er det naturlig å se 

arbeidet med det grønne 

industriløftet og mineralstrategien i 

sammenheng» 

«Forutsatt at utvinning kan skje på en lønnsom måte 

og med akseptabel grad av miljøpåvirkning, kan dette 

bli en spennende ny næring» 

Olje- og energiminister Terje Aasland.



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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