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Agenda 

• Panellist Presentations

Dr. Richard Sanders

Dr. Matthias Haeckel 

• Questions and Answers 

This webinar is being video recorded
• Cameras & Microphones have been disabled
• Questions posted in the chat will not be included in the video 

recording so your name will not be displayed.

Questions and Answers
• Please use the chat function to ask any questions you have.

• Questions will be directed to the appropriate panellist
by the moderator during the Q&A session.

• Questions & Answers covered during the session, along with 
any that we did not have time to respond to, will be posted 
in text form on the OceanICU website; a link will be sent to 
you in a post-webinar email communication.

Any problems or comments during or 
after the session: 

Contact: hello@ocean-icu.eu

About Today’s Format
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Climate Change is the single largest
issue we face

Fundamentally driven by accumulation of CO2

in the atmosphere

• The EU Green Deal requires us to move towards operating in 
a carbon neutral way.

• How does this affect ocean users?

• Need to compensate for: 
• Direct effects (e.g. GHG production by shipping) 
• Indirect effects (e.g. disturbances to seabed C storage by 

mining, disturbances to foodwebs by fishing or mining)

• How large are these indirect effects?

• How do they operate?

• What can we do to reduce or minimise them?
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Ocean ICU will address these issues 
General Strategy

• 1. Define current state of C cycle (provide a 
baseline) 
• Assess future climate driven change to ocean C cycle

• 2. Quantify key processes relevant to these
indirect effects

• 3. Incorporate key processes into models: 
• Evaluate significance
• Quantify indirect effects

• 4. Build new tools to support decison making: 
• Allow ocean users to estimate C impacts of industry

and fishing

• 5. Couple these to future fishing and industrial
scenarios 
• Estimate industrial impacts on ocean C cycle
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Industrial processes

MEETING/EVENT | DATE
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• Most people making decisions are not experts:
• Investments
• Medical pathways
• Pensions

• Complex tradeoffs involved.

• How do I balance increased fishing revenue vs 
improved C storage ?

• Need for simple tools that draw on complex 
models and deep understanding.

• What will be the impact of a particular fishing or 
exploitation scenario in 2050 on carbon storage 
in a climate which has changed?

WP7 Decision Support Tools
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• Lead by Jorn Bruggeman, 
WP7 Lead, (B&B) 

• Designed to fit into 
European Digital Twins of 
the Oceans 

Decision Support Tools 



OceanICU has received funding from the European Union
HORIZON EUROPE Programme under Grant Agreement No.101083922

Environmental impacts of 
deep-sea mining 

Matthias Haeckel
Webinar, 2nd May 2024
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main metals of interest: ~3 % Ni – Cu – Co

important trace metals: Li, Mo, REE

Co 0.2%

Mn 27.0%

Fe 8.0%

Cu 1.3%
Ni 1.4%

source: BGR

typical land deposits: 1% Cu   or   1% Ni   or   <1% Co

For economic reasons mining operations need to 
collect 2‐3 Mio t of nodules per year

=> mining area 200‐300 km2/a

5 mines would contribute 10% Ni, 25% Co, <1% Cu to
today‘s global production, but saturate the Mn market

Average composition of polymetallic nodules

global estimate: 3-5x more Co+Ni than all land reserves
33% of all Cu

Marine Mineral Resources in the Deep Sea
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in the Clarion-Clipperton Fracture Zone

18 exploration licenses
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Independent scientific research on impact of a 
nodule collector trial

GSR

APEI 3 APEI 6

BGR

Vanreusel et al. (2016) Scientific Reports 6

Pre-prototype nodule collector system Patania II

SO268 (2019)
Baseline

Reference + trial sites

IP21 (2021)
pre- and post
collector trial

SO295 (2022)
Ref + trial sites
1.5 yr after trial

BEL and GER areas have different environmental conditions

Reference site

Trial site

BEL area

Reference site

Trial site

GER area
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Natural background <0.03

~2000 m

~500 m Fine fraction (30 µm)  

Plume dispersion modelling: 
probability scenarios

current profiler + optical backscatter sensor

ADCPCTD + optical backscatter sensor

current profiler + optical backscatter sensor

50 acoustic + optical sensors on 
20 platforms (intercalibrated to 
quantify particle concentrations)

Gazis et al. (accepted), Purkiani et al. (unpublished)

Sediment plume dispersal + deposition
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Trace elements in the sediment plume

AUV survey at 5/10/30 m above seafloor 
monitored turbidity in the bottom water

JUB-PFM-01 close to BEL-3

Release of metals in the sediment plume (DGT measurements)
Schmidt et al. (unpublished)Gazis et al. (accepted)

Sediment plume dispersal + deposition
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Sediment plume dispersal + deposition

Gazis et al. (accepted), Purkiani et al. (unpublished)

<50 m

150 m

500 m

1000 m

Modelled sediment redeposition

thick
ness

1000 m
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Sediment plume dispersal + deposition

Collector areas: BEL 37,000 m2 GER 22,000 m2

Plume deposition area is several times larger than Collector area 

• Removal of 4-8 cm of surface sediment => redeposition of 2-3 cm inside+vicinity
• Sediment plume remained mainly close to the seafloor (<10 m)
• Far-field transport in low concentrations with bottom currents (~4 km in 24 h) 
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Impacts on biogeochemical processes

Janssen et al. (unpublished)

Collector impact site: removal of reactive surface layer => O2 diffusing into sediment

after 
1.5 years

after 
1.5 days

no microbial POC remineralization and no bioturbation



20Indication that deposited fauna did not survive nodule collection and redeposition?
Janssen et al. (unpublished)

Impacts on biogeochemical processes
Plume impact site: thick sediment deposition => increased O2 consumption

after 
1.5 years

after 
1.5 days
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 Benthic processes will only recover on millenial time scale after removal of biologically active
surface layer in the course of polymetallic nodule mining (on 200-300 km2 per year and operation)

Haeckel et al. (2001), König et al. (2001), Haffert et al. (2020), Volz et al. (2020), Vonnahme et al. (2020)

Impacts on benthic ecosystem functions
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The global ocean is 
sequestering ~25% of the 
annual anthropogenic 
CO2 emissions released 
into the atmosphere.

<1% of the annual global primary 
production reach the deep ocean 
floor (0.34-0.6 GtC/yr), where 70-
90% of it is degraded in the bioactive 
surface sediments (top 10 cm).

Transport and mining of 
3 Mio t of PMN emit 0.1-
0.5 Mio t CO2 (1-8%).

Processing of 3 Mio t of PMN emits 5.6-
6.0 Mio t CO2 (92-99%). The processing 
step dominates the total CO2 emissions 
in metal production from LBM and DSM 
with comparable GHG emissions.
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Industrial deep seabed mining scenarios

Oebius et al. (2001) DSR II 48

Industrial-scale PMN mining operations in the CCZ 
(~200 km2/a per operation):

• 1 / 5 / 20 parallel mining operations for 1 / 10 / 50 years

• Dispersal of collector plume at seafloor

• Dispersal of return waste discharge in water column in 100 / 1000-1500 / >4000 m water
depth

• Interaction of sediment plume with carbon pump processes



Thank you
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Questions & Answers

Visit ocean-icu.eu | hello@ocean-icu.eu

Stay up-to-date with the latest news
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Upcoming OceanICU Webinars

August:
- Wider Society, Educational Pathways and Atlas of the seas

September:
- Decision Support Tools linked to AMEMR

October:
- Ocean Acidification

Check our website and Social Media for additional information
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Do you work in a blue economy industry such as fishing, mining, 

offshore renewable energy, tourism or oil and gas? 

Are you  a manager, decision-maker, scientist or policy-maker? 

Or are you  a citizen interested in climate change and its relationship 

with a sustainable blue future? 

If any of these apply to you, why not join us? 

Get in touch via the sign-up form to join our stakeholder panels.

SIGN UP



Visit ocean-icu.eu | hello@ocean-icu.eu

Understanding Ocean Carbon

Stay up-to-date with the latest news
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Thank You!
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