UC SANTA BARBARA

Biomass Sinking

also known as

AMarine Anoxic Carbon Storage (MACS)

Morgan Reed Raven, Associate Professor

University of California Santa Barbara

NASEM mCDR Standing Committee, September 15, 2025

also: Chief Science Officer, Carboniferous Inc.

funding: Grantham Foundation for the Protection of the Environment



id land—ocean CDR approach (“CDR with marine storage”).

from the atmosphere avoids the complexities of air-sea gas exchange.
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Potential advantages of MACS for CDR:

* Photosynthesis is highly efficient; low energy requirements

deep

-, Vaulted
v LCAs vary by source and transport mode but

SMGge Sequesration can readily achieve >90% carbon efficiency.
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Potential advantages of MACS for CDR:

* Photosynthesis is highly efficient; low energy requirements

e Uses existing agricultural biomass and infrastructure with opportunities for co-benefits
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Potential advantages of MACS for CDR:

Photosynthesis is highly efficient; low energy requirements

Uses existing agricultural biomass and infrastructure with opportunities for co-benefits

Isolated anoxic basins have edges Orca Basin: anoxic seafloor brine pool

* Facilitates monitoring + permitting in a defined jurisdiction

* Reduces potential impacts on surrounding environments

Anoxia limits biological processes

* No seafloor macrofauna / animals Oxic water column
* Enhanced organic matter preservation ~2,200m
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Ocean Carbon Retention under Anoxia (OCRA 1-4) project

Benthic lander incubations of various biomass materials; parallel lab incubations @ UCSB

Biomass (softwood, algae) recovered after 200 days in
Orca Basin shows exceptional preservation.

Evans, Martinez, and Raven, in prep



Quick Results: Fate of sugarcane bagasse in anoxic seawater
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3% Ahead: U.S. EPA MPRSA Research Permit status (to Carboniferous)

Public comment period was open June 12 — July 14, 2025.

Would allow the placement of up to 20, one-tonne bales of compressed
sugarcane bagasse into Orca Basin over 18 months. .
J ? & Carboniferous

o . . BASELINE PLACEMENT RECOVERY MONITORING
* In-situ incubations to compare with lab

mesocosms

testing at sea testing at sea /
surface

* Development and validation of MRV tools
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3£ MACS Workshop: Bucharest, Romania, February 4-5, 2025

* Brought together >30 researchers and community leaders from
15 countries

* |dentified key open questions and potential risks
* Evaluated potential sites

* Developed five priority criteria that could limit the
potential global scale of MACS

In prep manuscript for submittal to Biogeosciences:
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constraining the potential global scale
of Marine Anoxic Carbon Storage for

CO, removal
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Marine Anoxic Carbon Storage: Where are we now?

MACS (aka terrestrial biomass sinking) has the potential to contribute to near-term CO, removal needs in the U.S.

and globally.

Key unknowns can be addressed with a focused research program.

Field trials are needed to validate initial results and better understand outcomes at scale.

Although MACS is a hybrid terrestrial /marine approach, it

Rodrigo Pacheco-Ruiz, Hirriyet DN

nevertheless deserves consideration as part of the
updated NASEM marine CDR strategy.

Thank you!
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