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Deep-sea mining

What next from science

… technology



Life is easy for a technician…
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1. Slurry excavation/

picking up/screening/

crushing/diluting 
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6. Slurry storage, power generation, separation of 

waste water, disposal of waste water
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4. Power supply

Process flow
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3. Flow 

generation
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Related uncertainties Technical challenges Related projects within Deep-Deep

1.1 Diversity of soil properties at hyperbaric 

conditions

2.1 Gas handling: free gas (expansion of bubbles 

size during the vertical transport) and dissolved gas 

(bubble point pressure). 

2.2 Deposits at the riser walls

2.3 Unknown dynamics 

3.1 Possible extreme loads caused by the outer 

currents

3.2 Unknown unbalance forces

4.1 Possible extreme loads caused by the outer 

currents

4.2 High pressures 

4.3 Corrosion

1-7 Positioning

7.1 Stability of waste water transfer pipeline

1. Process of cutting and criteria for the cutting tool

2.1 Behavior of slurry flow (clustering, interaction with 

pumps, degradation of material, wear)

2.2 Gas handling (separation or dissolving) 

2.3 Subsea positioning system

3.1 Optimal placement along the riser

3.2 Optimal coupling to the riser

3.3 Failure model analysis

4.1 High power motors are not yet available on the 

market

4.2 Optimal way to generate the power

5.1 Optimal way to transfer the power

5.2 High power umbilicals are very expensive

6.1 Separation and storage of high volumes

6.2 Method to supply power for the booster station

1-7 Control and search for not yet covered 

uncertainties

1 Soil-rock mechanics

2,3 Slurry dynamics

2,3 Riser dynamics

1-7 Design fundamentals

4,5,6,7 Energy supply

1-7 Market research
6,7 Optimal depths of disposal

6,7 Possibility to loop waste water in the system



Gradually we found there were other issues….

• Economics

• Exploration 

• Environment

• Legislation
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Slurry excavation/

picking up/screening/

crushing/diluting 
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  Slurry storage, separation of waste water, disposal of 

waste water
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Power supply
Flow 

generation
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Environment

Exploration

Mining

Production

Habitat removal / destruction

Turbidity

Light

Noise
Pollution risk

Fines returning

Recovery monitoring



Lay-out of a mining system

Mining vessel

Riser handling

Ship-to-ship 

transfer

Return water

Booster station

Riser

Nodule collector



Where are we now

• National subsidy programs

• Company investments

• EU

• Blue Mining (EU grant 604500)

• Blue Nodules (EU grant 688975)

• MIDAS (EU grant 603418)

• Technology will be around TRL 5 - 6 (technology / prototype validated in 
relevant environment) within 2 years from now)

• Economically it looks feasible at moderate commodity price level

• Commodity demand is rising (batteries)

• Legislation for Exploitation not ready yet…

• Norms for ecosystem assessment

• Limits for limitation of pressure on the eco system

• Guarantees for funding restorative actions

• Extent and options for restorative actions

• Norms form monitoring recovery

• etc
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Development, Exploration, Environment Decision (DEED)
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What next…?

• A test mining program following DEED principles

• Harmoniously combined Technological / Economical / Ecological development of a test site

• Best practice technological solutions

• Test mining 

• Various restorative actions

• Extensive monitoring 
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