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Global Carbon Inventory (not including rocks)

270 Gt carbon
needs to be
removed from
the
atmosphere

Ocean Carbon

Approximately

* Ocean will take up 95% of the atmospheric carbon, but 24000
slowly...

* The oceanisthe largest reservoir of carbon on the planet,
storing 38,000 Gt carbon (as dissolved inorganic carbon, DIC)
with a residence time of ~100,000 yrs.
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MCDR - an open system problem

Effective CDR requires efficient capture and long-term storage — the ocean has the potential to do
both.

ScienceNews

ALL TOPICS HEALTH HUMANS LIFE EARTH PHYSICS SPACE 16 0
INDEPENDENT JOURNALISM SINCE 1921 b |
12 4 .
= a Enhanced r(?ck Direct Storage
g gl weathering ocean duration
e, ]
= ] . capture | (years)
g 4 : Oceaniron Artificial upwelling 180
g fertilization and downwelling ®
g ®
9 0.8 1,000+
o)
e 067 >—o @
S 0.4 - Seaweed Electrochemical
a farming alkalinity
enhancement
0.2+
0 T T T T T T T T T \ T T T T T T T

0 20 40 60 80

G
200 400 600 800 1,000

Dollars/ton CO, removal

Global ocean CDR opportunity
>1GTyr' CO,
100s to >1000s of years

CLIMATE

Will stashing more CO, in the ocean
help slow climate change?

Seaweed farming, iron fertilization and direct capture are among the strategies being tested

Ocean carbon dioxide removal could
draw the greenhouse gas out of the
atmosphere to help slow climate
change.




MCDR: What is being considered?

Direct

CO, removal
Artificial Artificial from seawater

downwelling upwelling with CCS CO-
(carbon capture

Negative Emission and storage) Storage
Technologies CO.
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*Not Complete OceanNETs, H2020



Its not all territorial waters, but......

GEBCO Depth Zones (2021
<200m

200-1,000m

S0, all comments are predicated on the scope of the Workshop




Broadly Biotic (living) & Abiotic (non-living

Foundation for Climate Restoration. 2023

BIOTIC

Coastal blue carbon, seaweed
cultivation, artificial upwelling,
iron fertilization
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Leverages photosynthesis
to store CO, dissolved in
seawater as biomass and
natural ocean cycles to
store a portion of
that captured CO,

ABIOTIC:
Geochemical

Alkalinity enhancement

Dissolution of rocks
and minerals

Mimics natural rock weathering
to store CO, dissolved in
seawater as stable
bicarbonate (HCO3)

*Byproducts depend
on alkalinity source

ABIOTIC:

Electrochemical

Electrochemical concepts
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CO, rich
seawater

Seawater stripped
of CO, or
alkalinized

Employs electrolysis to extract

CO, dissolved in seawater or

make seawater more alkaline.
Extracted CO, must be
sequestered elsewhere.

ABIOTIC:
Physical

Artificial downwelling

Warmer

water contains
‘ less CO,

Water cools and
absorbs more CO,
as it moves to
higher latitudes

Colder, denser
water containing
more atmospheric
CO, sinks and
stores carbon
at depth

Utilizes characteristics of
temperature and solubility to
store dissolved CO, in deep
waters by moving water via

pumps or other means.




Biotic: Blue Carbon

What is it? Coastal Ecosystems: eg. Kelp. Mangrove,
seagrass meadows, wetlands, ecosystem restoration

Artificial Artificial

downwelling OCEAN upwelling
Negative Emission
Technologies

How does it work? Photosynthesis (years to decade &
Burial (centuries to millennia)

Potential? Low

Sea level rise/

Could we detect the changes? Yes (some) ) adaptation boneits

R&C? Non-CO, GHGs, Vulnerable carbon stores

COASTAL BLUE CARBON

methods for assessing carbon stocks"'and'emission actors
in mangroves, tidal salt marshes, and seagrass meadows :




Biotic: Macroalgae Cultivation

What is it? Growing macroalgae deliberately for

harvesting or sinking it
i OCEAN Ui
. . . Negative Emission
How does it work? Photosynthesis Harvesting or Technologies

Sinking cosmo
Potential? Low —
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Biotic: Fertilization )
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What is it? Adding macro (N&P) and micronutrients (Fe)
How does it work? Stimulates organic carbon growth through - il
photosynthesis NESa e

Technologies

Potential? Low -t
Could we detect the changes? Medium export remains the - -
challenge ) ! |
aF-' 1 Additional nutrients
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lock-in, inefficient, often co-limiting ‘ : WETE—

g equipment to =

quantify C sequestration

b

Primary or »

co-limiting 1Chlv:)n:)phyll a (mg m?)
o Increase in phytoplan
= y 2in henpytp kton
=08 growth rate
ER 6 Serially ~ ©
b5 limiting
I 0.0
1 3S @ P L SN

LSO K : :
e &3¢ & 3 Natural sinking of some
(] . .
(T2 efc ®©F @zn et portion of carbon rich
7 12 ; :
[}
o ®oN @Mn Co ®Si biomass in the deep sea

Model aerosol sFe > 0.075 umol m2d™"

Browning & Moore 2023



Biotic: Upwelling

What is? Upwelling nutrients & cold water to the surface ocean

% or®

How does it work? Increased photosynthesis &sinking,+ solubility N OcEA

Technologies

Potential? Low

Could we detect the changes? Medium export remains the
challenge

UPWELLING

Sensors and moni
including autonon
CO, upkeep and data-¢

R&C? Oxygen levels, brings up carbon, and cold water breaks ocean ——
Stratification, serious impacts on heat etc, scenario dependent et whhatnd haeh

marine environment

More phytoplankton to uptake CO,

increasing CDR and boosting

ecosystems /
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Ocean Negative Carbon Emissions

Pump elevates

nutrient-rich deep-sea
water to the surface

Cold, nutrient rich oc




Biotic :
Biomass Burial & Downwelling

How does it work? Sinking biomass into the
deep ocean Negative Emission

Technologies

upwelling

How does it work: into low ocean areas or areas that ventilate
on very long time scales - =y -y

DOWNWELLING

=

Potential: Low

nitoring systems,
»mous vehicles, for
a-collection

Could we detect the changes? Yes

R&C? Loss of valuable biomass & oxygen loss
Loss of Oxygen in the deep ocean, ocean biota




Abiotic:

Direct Seawater Carbon Extraction

What is it? Directly removing CO, from sea water

How does it work? Pump in water, scrub CO,, and release

Potential? Moderate
Could we detect the changes? Yes

R&C? Energy usage, can be combined with
Desalination

captura — o

How our Direct
Ocean Capture
system works

— e The base is added
to the seawater to
neutralize the acidity




Abiotic: Alkalinisation

What is it? Adding alkalinity to seawater

How does it work? Alkalinity addition changes
chemistry, leading to more ocean carbon uptake

Potential? Moderate
Could we detect the changes? Maybe

R&C? pH changes, not pure sources of alkalinity
(leaching), non-linear chemistry, energy use

Air-Sea Equilibrium Air-Sea Equilibrium
restored (> 1 yr)
co, Alkalinity CO, CO, co,
Addition ingassing
e AVAVAW -
CO
CO, : CO,->HCOy

ocean pCO, decreased

Artificial Artificial

downwelling OCEAN upwelling
Negative Emission
Technologies

Ocean Alkalinity Enhancement

. electrochemical acid
* removal from
brine/seawater outfall

silicate
chemical rock
reactor

alkaline solution

storage of process into seawater
emissions



MRV - combined approaches .
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Efforts Underway ( ocEaN visiONSs
mCDR Field Trials Map
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https://oceanvisions.org/mcdr-field-trials/mcdr-field-trial-map/
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