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Pathways Forwardhttps://www.ipcc.ch/report/ar6/syr/

Fossil fuels

Bioenergy with Carbon Capture

Agriculture and Forestry

All pathways forward require carbon dioxide removal (CDR)



Why use the ocean for CDR?
Effective CDR requires efficient capture and long-term storage – the ocean has the potential to do both. 

The ocean contains  ~38,000 Gt* carbon (as dissolved inorganic carbon). Restoring 
atmospheric CO2 levels to 280ppm requires removing 270 Gt carbon. 

* 1 Gt = 6 million blue whales



mCDR: Enhacing Ocean Carbon Storage 
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https://www.oceannets.eu



Macroalgae Cultivation (Blue Carbon)

Hurd et al., 2022

https://www.thebluecarboninitiative.org



Iron (or other nutrient) fertilisation
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Artificial Upwelling and Downwelling
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Ocean Alkalinity Enhancement

Oschlies et al. (2023)



Risks and/or Unintended Consequences
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Mansour & Anestis (2021)



Emerging International Consensus and Ongoing Challenges

From Tilbrook et al., 2019



Australia’s National Science Agency

IMOS Capability

Integrated across scales (coastal/shelf/open ocean) 
and disciplines (physics/BGC/ecosystem)

All data is public 
and FAIR

Potential use in Monitoring Reporting and Verification (MRV)



Opportunities for IMOS – examples from overseas



Australia’s National Science Agency



Opportunities for the IMOS community

“Climate and Green Engineering” 
White Paper (WP)

Andrew Lenton
Bronte Tilbrook
Kerryn Brent
Lennart Bach



The Global (Ocean) Carbon Problem



II. Ocean Alkalinity Enhancement (OAE)

CO2 CO2CO2
Alkalinity
Addition

CO2 CO2 -> HCO3
-

CO2

CO2
ingassing

Air-Sea Equilibrium

ocean pCO2 decreased

Air-Sea Equilibrium
restored (> 1 yr)

This is analogous to the natural process of 
weathering, which adds (mineral) alkalinity 

to the ocean regulating atmospheric CO2 
levels over geologic timescales.

Science, Vol 378, Issue 6626.



Research and Development Needs

Existing platforms for (carbon) monitoring at sea

Fraction of CO2 retention for 100yr or more
in response to a surface bloom 

(modified from Seigel et al., 2021)



Amount of carbon that remains sequestered 
as a fraction of time after injection.

SOCAT pCO2

GLODAP DIC

BGC-Argo pH

Modified from Gray (2023)

From Tilbrook et al., 2019

Southern Ocean (carbon) Observations

Sequestration times are decades to centuries, except for where
C is injected to the abyss. Different basins, different sequestration times

N. PACIFIC

N. ATL



Emerging Efforts



The Southern Ocean Time Series 

SAZ
Sediment
Trap Mooring

SOFS
Air-Sea Flux, Physics and

Biogeochemistry 
Mooring

~4500 m
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