Schatten in de diepzee - Treasures in the deep sea
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Growth in mineral needs for low-carbon energy technology

Production Demand

Mineral (kilo-metric tons)
. 201 2050
Lithium 965% 43 415
Cobalt | P10 644
Graphite 1200 4590
Indium 0.72 173
Vanadium 80 138
Nickel 2100 2268
Silver : 25 15
Neodymium. 37°/|b 23 84
Molybdenum. 1% 290 33
Aluminum || 9% 60,000 5583
Copper | 7% : 19700 1378
2050 demand
Manganese | 4% Percentage = BOTZprsBlCton ) 16,000 594

0 100%

All production and demand data reflect annual values. 2017 data reflect annual production for all uses. 2050 data reflect estimated demand for anly
low-carban energy technology uses. Data from (7).

Picture from Sovacool et al. 2020 Science Policy



Countries accounting for the largest share of critical raw materials

Russia
46% Palladium

France —s¢
USA - 43% Hafnium
90% Berylliu
73% Helium

DRC 4 Thailand
64% Cobalt 32% MNatural rubber

Brazil :

90% Niohium
South Africa gﬁ"{l at |
85% Iridium anaum
70% Platinum
83% Rhodium

93% Ruthenium

China

87% Antimony
44% Baryte

82% Bismuth

64% Fluorspar

73% Gallium

67% Germanium
57% Indium

87% WMagnesium
69% Natural graphite
44% Phosphate rock
38% Phosphorus
66% Scandium

61% Silicon metal
84% Tungsten

53% Vanadium
95% LREEs

95% HREEs

DRC, Democratic Republic of Congo; LREES, light rare earth elements; HREEs, heavy rare earth elements. Figure modified from European
Commission, "Third list of critical raw materials for the EU of 2017" (European Commissian, 20173; https:ec.europa.euser owth/sectorss
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Picture from Sovacool et al. 2020 Science Policy



ig at a Cogalese coppr and cobalt 'ie.
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Exploration contratcs in International Seas (under ISA control):  Intra EEZ: T Polymetallic nodules areas
Polymetallic nodules exploration [ Areas with polymetallic sulfides exploration licences - > Cobalt-rich ferromanganese crusts areas

|| Cobalt-rich ferromanganese crusts exploration E “ Areas with polymetallic sulfides exploitation licences @ Hydrothermal polymetallic sulfides areas
[] Hydrothermal polymetallic sulfides exploration 0 5 000 Km
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Japan undertakes large-scale deep-sea mineral extraction at 1600m off the
Okinawa coast:

https://www.japantimes.co.jp/news/2017/09/26/national/japan-successfully-
undertakes-large-scale-deep-sea-mineral-extraction/#.WcpbpcgjE2w
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THE LAW
OF THE

* areas beyond national jurisdiction (i.e. “The Area”; outside the
EEZ) are managed by the International Seabed Authority (ISA)

*|SA assigns 15 year-exploration contracts to countries and
companies. Afterwards exploitation contracts might be assigned.



Dark blue — international waters
Light blue — EEZ (200 mile zone)

Single exploration area’s cover total sizes of up to 150 000 km? of
seafloor (for polymetallic nodules)

*Currently there are 17 exploration contracts for polymetallic
nodules, 7 for polymetallic sulphides, and 5 for cobalt-rich crusts
*Current total area of exploration about size of Europe

*No exploitation yet

*Mining Code for exploration currently drafted by ISA



SEVENTH FRAMEWORK
PROGRAMME

Large current and past EU-projects:

BLUE MINING
BLUE NODULES
Increase technical knowhow of deep-sea mining

JPIOceans project ‘Mininglmpact’ (I & I1)
assess long-term impacts of polymetallic nodule mining on the
deep-sea environment

MIDAS (Managing Impacts of Deep Sea Resource Exploitation)
|Identify the possible impacts created by mining and develop
solutions for environmentally friendly deep-sea mining



The deep sea

< 200 meters

92% of the ocean
50% below 3000 m
Mean depth 3800 m
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Figure 1. Map of the abyssal seafloor, namely bottom depths of 3000-6000 m (light blue). Depths greater than 3000 m are dark blue, depths of 0-3000 m are gray and
landmasses are black or off-white. (Map created with GeoMapApp.).
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Abyssal plains (with polymetallic nodules)
Seamounts (with cobalt-rich crusts)
Continental margins (and canyons, cold seeps)
Whale falls & wood falls

Mid-ocean ridges & hydrothermal vents (with polymetallic sulfides)



InterRidge Vents Database Version 2.1
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The fastest growing animal on earth: Tubeworm Riftia pachyptila
The hottest animal on earth: Alvinella pompeijana
Armor for heat, chemicals & predation: the scaly foot gastropod

Chrysomallon squam/feru
(image from Chen et al. 2015)



“hydroids, anemones, barnacles, sponges,
corals, lobsters, holothurians”




InterRidge Vents Database Version 2.1
www.interridge.org/irvents
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Mining Scenario (Nautilus minerals) Seafloor Production System

Production Support Vessel (PSV)
Riser and Lifting System (RALS)
Subsea Slurry Lift Pump (SSLP)
Seafloor Production Tools (SPTs)

-Production S.ﬁpp'ort_ H
-Vessel (PSV) ‘

1,600 metres

' Riser and Lifting
. System (RALS)

Test mining at Papua New Guinea

*Within 200 nautical-mile
Exclusive Economic Zone (EEZ)




Mining will leave permanently disturbed areas at the mine site with
a surrounding area potentially impacted by debris plumes.

The rock-composition is modified from mineral-rich to mineral poor.

Faunal recovery at active vents difficult to estimate, and likely very
variable, depending on biogeography ( ~10 — 100 -1000 years?)

Disruption of connectivity at active vents? Loss of species?
Recovery in vent surrounding???

Recovery at inactive vents???



The abyssal plains & polymetallic nodules

Small scale natural disturbance events
Stable and low temperatures

Low productivity

High diversity




N Copepod (Emertonia clausi)
(image from Pointner et al. 2013)

Fig. 11. Relationship between number of adult copepod speci-
[
mens (N) and number of species (§) in abyssal sediments. Data What & hOW

from P. Martinez.

Figure 11 from Ramirez et al. Biogeosciences, 7, 2851-2899, 2010 m a ny S peCIES?
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Figures from: Vanreusel et al., 2016. Nature, Scientific Reports 6, Article 26808



Average abundance of nodules
Kilograms per square metre

Clarion-Clipperton
Zone

Peru Basin

Indian Ocean Cook Islands

5 kg/m? 5 kg/m?2

Source: James R. Hein, US Geological Survey



Polymetallic Nodules Exploration Areas in the Clarion-Clipperton Fracture Zone

Areas under contract and areas reserved for the International Seabed Authority
1550 150700 145T0W 140°T0W 135°00W 1o 1Z5 W 00T

1550w 1500w 145T0W HITOW 120w HETOW 100w
Slntemabonal Seabed Aulhonty, 2013 Background map: ESR!

Contract area or contract approved as of 28 February 2013 e FEE

Il Warawa Research and Exploration Ltd (Kiribati) I (nstitut frangais de recherche pour 'explcitation de la mer (IFREMER; France)

[ Bundesanstalt fir Gecwissenschaften und Rohstoffe (BGR; Germany) [ Interoceanmetal (IOM; Bulgaria, Cuba, Czech Republic, Poland, Russian Fed., Slovakia)

[ | China Ocean Mineral Resources Research and Development Association (COMRA; China) || Nauru Ocean Resources Inc, (NORI: Nauru)

|| Deep Ocean Resources Development Company (DORD; Japan) Il Tonga Offshore Mining Lid (TOML, Tonga)

I G-TEC Minerals Resources NV (GSR; Belgium) [ ] UK Seabed Resources Ltd (UKSRL, UK)

[ ] Government of the Republic of Korea Il Yuzhmorgeologia (Russian Federation)

_| Reserved area®™ D Area of particular environmental interest (APEI)*™ D Exclusive Economic Zones (VLIZ, 2011)

* In the case of polymetallic nodules, the so-called parallel system provides that each application for exploration by a developed State must cover two paris of “equal estimated commercial value”,
One pan s allocated to the applicant and the other is to become the reserved area, which is set aside for the conduct of activities by the Authority or developing States.

** In July 2012, the Authority adopted an environmental management plan for the Clarion-Clipperion Zone to be implemented on a provisional basis over an initial three-year period,

The plan includes the designation of a netwerk of areas of pariicular environmental interest (ISBAMB/CI22),
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Increasing demand in minerals.

Minerals are abundant in the deep sea.
Substrates are permanently removed (grow very slowly).
Species depending on these substrates may not recover at all.

Recovery of species after sediment plume and long-term
impacts of mining (plume) on ecosystems and functioning?






Topics that could be further developed:

The deep sea: the largest biome on earth
- diversity (who lives where) g gt
many ecosystems in the deep sea e fron R T A
- ecosystem function & services (why should be care?)
carbon pump
food supply
marine genetic resources (bioinspired materials, medical
applications enzyme use)



Topics that could be further developed:

Your mobile phone for what price?
-modern technology & mineral demand
-mineral mining on land & impact
-mineral mining in the sea & impact
-responsible use & recycling
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