


About [C]Worthy
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[C]Worthy is an independent US-based 501(c)3 non-profit R&D organization building open-source models and
datasets to support research and quantification of intentional ocean-based CO, removal and ocean carbon

storage.
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Regional Modeling for
mCDR
Developing C-Star, a regional

ocean-biogeochemical modeling
system for ocean CDR.

Datasets for mCDR

Producing model-based datasets for
the mCDR community.

A

mCDR R&D

Conducting R&D to to advance the
knowledge base and practical
understanding of mCDR research and
practice.
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Gigatons of CDR are required to stabilize global temperatures
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https://www.ipcc.ch/ar6-syr/
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What does carbon dioxide removal look like? ["]

“"Conventional” CDR “Novel / Durable” on Land ....and in Oceans/Rivers

e  Afforestation / Reforestation e Direct Air Capture e  Ocean Alkalinity Enhancement
e  Improved forest management e Biochar e  Direct Ocean Removal/Capture
) ] e  Bioenergy with carbon capture e  River Alkalinity Enhancement
¢ Soil carbon sequestration and storage (BECCS) e  Wastewater Alkalinity Enhancement
. ° Macro/micro-algae cultivation and
e  Enhanced Rock Weathering sequestration

° etc ° Nutrient Fertilization



No one type of CDRis "best"” — a portfolio of
removal pathways is heeded

Afforestation, reforestation,
agroforestry, forest management

b Peatland & coastal
® wetland restoration

@@ Method

Soil carbon sequestration
in croplands & grasslands
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L4 Durable wood products
16,

‘.Q“ Biochar

Mineral products

PR Enhanced rock
weathering

Biomass burial

% Bio-oil storage

Bioenergy with carbon
capture & storage

Direct air carbon
capture & storage

oo Ocean fertilisation

Ocean alkalinity

enhancement
t—Fn Biomasssinking
00U
@ Direct ocean carbon
capture & storage

The State of CDR, 2nd Ed (2024)

Category Readiness Mitigation  Storage
potential  timescale

M Large B > Ten millennia

1 M Moderate M Centuries to millennia
Small Decades to centuries




Where are we now?

Total amount of carbon dioxide removal, split into conventional and novel methods (GtCO,/yr)
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Can Al accelerate the race to scale?

A

Science and
Research

Accelerating
fundamental discovery

e Materials identification
e Al-based modeling
e Knowledge discovery

23

Process
Engineering

Optimizing project
operations for CDR
projects

e Efficiency
e Safety
e regulatory compliance

Monitoring,
Reporting,
Verification

Enhancing
quantification
practices for ensuring
removals are
equivalent to claims
and legible to markets
and the public

S

Market
Transactions

Facilitating transparent
and efficient carbon
credit trading and
exchange.



Al in ocean CDR -
examples from one pathway
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Ocean CDR (mCDR) pathways

Coastal and ocean Seaweed aquaculture Ocean iron fertilization Ocean alkalinity Direct ocean capture
blue carbon and sequestration and artificial upwelling enhancement by CO, stripping

co,

CO;  4re

Increased biomass Deliberate sinking Natural sinking of plankton Altered seawater Underground geologic
and detritus of seaweed biomass biomass and detritus acid-base chemistry CO, sequestration
Biotic Abiotic

Doney et al., Annu. Rev. Mar. Sci. 2025. 17:55-81



What's special about the ocean CDR pathways?

Change in Surface Alkalinity
01-01 00:00:00

e The carbon storage and removal is
dynamic

e Measurement + model quantification
process

e The oceans are a common:

o Deployments must be managed
alongside other ocean use cases
and priorities

o Coastal communities/governments
are key constituents

o Trust and communication is central!
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Potential for Al: observing CDR in the ocean

e Sensor calibration (ML)

e Mission optimization for ocean
sensor platforms (e.g. neural
networks, reinforcement learning)

e Al navigation for safety — obstacle
avoidance on autonomous vehicles
(computer vision, neural networks,
sensor fusion)

e Underwater image monitoring of
ecosystem health (computer vision,
image classification)

Engineers at Dalhousie University, Halifax, Nova Scotia



Potential for Al: Al/ML in ocean modeling

JGR Machine Learning Volume 2, Issue
and Computation September 2025
€2025JH000686
Research Article & OpenAccess @ ®
GLONET: Mercator's End-to-End Neural Global Ocean
Forecasting System
Anass El Aouni &% Quentin Gaudel, Charly Regnier, Simon Van Gennip, Olivier Le Galloudec, L} CJ o
Marie Drevillon, Yann Drillet, Jean-Michel Lellouche Figures  References  Related
First published: 16 September 2025 | https://doi.org/10.1029/2025)H000686 | ~* VIEW METRICS
Recommended
Volume
Geophysical Research Letters == 28 May

Research Letter & OpenAccess @ @
Samudra: An Al Global Ocean Emulator for Climate

Surya Dheeshjith §% Adam Subel, Alistair Adcroft, Julius Busecke, Carlos Fernandez-Granda,

€2024G

Shubham Gupta, Laure Zanna

First published: 24 May 2025 | https://doi.org/10.1029/2024GL114318
p y 2025 | http: g [ Call for T
»* VIEW METRICS i
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EARTHAND I
AT, sriice science
g
jAM ES Journal of Advances in £
Modeling Earth Systems® @
RESEARCH ARTICLE  Improved Quantification of Ocean Carbon Uptake by Using
ME102A021MS002620 Machine Learning to Merge Global Models and pCO, Data
Special Section: L. Gloege'? %, M. Yan®, T. Zheng®* ), and G. A. McKinley' — e—
Machine learning application to Mean flux molc/y
Earth system modeling 1Lamont-Doherty Earth Observatory and Department of Earth and Environmental Sciences, Columbia University, New York, — . .
NY, USA, 2Now at NASA-GISS, New York, NY, USA, *Department of Statistics, Columbia University, New York, NY, USA,
Key Points: ‘Data Science Institute, Columbia University, New York, NY, USA s
«  With models as a prior to be corrected 5

by partial pressure of CO, (pCO,)

Al emulators for ocean
forecasting (10-day)

Al emulators for
climate (multi-decade)

ML for reconstructing
historical records of
ocean CO2 flux



Al for addressing mCDR within the context of a commons

:
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Geospatial Al for marine spatial
planning support. Development of
interactive tools for tracking
permits.

Multifaceted communities
discuss/deliberate — Al is already
being used to help track and
synthesize complex viewpoints



Al creates the potential for faster, more accurate, more accessible
synthesis of project data
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Al-native certification
for the industrial economy

Initiative

Planetary Tufts Cove

Framework for

Ecotoxicological =
: : Modeling of
AR MOND (EENN
Diligence and Safety Standards Open Data Commons
Certification Al-powered automated tools for Reducing the friction of voluntary data

.. e eneratina proiect-level sharing: unstructured information
Streamlining the verification process 9 g proj (e.q., projects proposals, websites,

help ensure documentatiqn is ecosystem iImpact assessments data sets, sensor spec sheets, etc)
complete and meets requirements can be drafted into fixed schema



