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Mining Situation (present and future)

= Extremely complex ore bodies

= Ore grades decline

= Economy of scale approach

= More complex regulations (Health, Safety, Environment)

= Recylcing can't solve it all
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Seafloor Production Equipment/Rock Cutting

“Nautilus Minerals/SMD”

= Pre-cutting

= Collecting/“re-cutting®

= Rock cutting

“Bauer Maschinen GmbH”

= Vertical Cutting

@®
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Seafloor Production Equipment/Rock Cutting

“Nautilus Minerals/SMD”

= Disadvantages
- Sediment plume
- “layer by layer cutting”
- 3 machines required

“Bauer Maschinen GmbH”

= Disadvantages
- Subsea deployment/motion
- Potential down times (1 machine)

A Advantages Y\ | |# Advantages )
- Flexibility - Low environmental impact
- Partly active during down times - Single machine system
- Independent from ore body
thickness
\- J /
}
[ Combination ]
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Seafloor Production Equipment/Nodules

[ Harvesting }

4 )

Design optimization

- Improved nodule recovery rate
- Less sediment disturbance

- J
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I
Automation !
Remote Control _ Autonomous Systems
- Strong boundaries
- Requires skilled workers - “dull-dirty-dangerous” - Self learning (within boundaries)
- Machinery designed for people - Repetition - Operates on its own
- Requires excellent communication |- pMachinery design: 1 task - Makes decisions
- Economy of scale - Flexible solutions
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From Remote Control to Autonomous Systems

4 )
Sensing Required Machine Iearnlng/AI
- Sonar technologies
- Computer Vision

(Images) J

[Multi-use tools } ( Reconsideration of ]

L mining processes
Change of
design
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Towards New Mining Systems

Swarm robotics

“traditional machinery”
- Big systems
- Economy of scale

~ 58| - Not flexible

| - Single-use

- Some degree of automation

AR B
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- Small subsystems

- Very flexible

- Multi-use

- Autonomous systems
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[ Transport/Lifting ]
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Transport/Lifting

discontinuous
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continuous

| RISER AND LIFTING
SYSTEM (RALS)

SUBSEA SLURRY LIFT
PUMP (SSLP)

w .
FH
-
e
]
E
[=
o
e
-

13



TU Clausthal

Offshore
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Processing

[ Transport/Liftin
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Processing

/ Recov_ery of \

NI

[ Acid Leaching

[ Smelting

LT

[ Flotation
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Processing/Zero-waste

4 \
[Fine milling <100 pm | / Recovery of \ Selective extraction

particle size REE (designed complexes)
. . J
— T N
Zn e "
[ Advanced flotation ]_ \_ Zr Y \ Bioleaching )
1
| |
[ Electrolysis ] [ lon-exchange ]

'y v ) | 7o
scale scale
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Processing/Zero-waste

|

Zero-waste
processing

!

(
Re-mining of
tailings

\
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Offshore Infrastructure/Processing

VesseJ

Platform

[ Dewatering

i

[Concentration ]

i

[ Metallurgical processing ]
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Offshore Infrastructure

N
[ Wave Power Plants / |

)

-

[ Offshore Wind Power 1
(floating) _J
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Environmental Impact

Monitoring requirements

- What

- How

- When/How often
- Spatial extent

-

- Increased acceptance
- Adapting to adverse conditions

/

Multi-use
- Ocean exploration

- Monitoring of other maritime activities \

Gpacts on mining projects \
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Image references

= Slide 2:
= Slide 10:
= Slide 12:
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http://visibleearth.nasa.gov/view.php?id=73909
https://commons.wikimedia.org/
http://www.nautilusminerals.com/irm/content/images/technology_overview.jpg

