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WHAT IS CARBON DIOXIDE REMOVAL (CDR)?
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“Deliberate human activities — using technologies, practices and approaches - that remove and

durably store carbon dioxide from the atmosphere”

“Storage can be vegetation on land, soils, geological formations, manufactured products or in the

ocean and coastal marine environments”

IPCC 6t Assessment Working Group Il Report

Marine-based CDR (mMCDR) when

CO, removal takes place in a marine environment (not just storage in marine environment)



SOME BIG NUMBERS

Greenhouse gas emissions (stylised pathway)

[ ]Emissions: Non-CO, GHGs

I Emissions: Fossil CO,

I Emissions: Managed land

I CDR: Removals on managed land

[ |CDR: Other removals
—— Net GHG Emissions
- = :Net CO, emissions

Gross emissions

net zero net zero

Gross CO, removals

[(1) Before net zerol [(2) Net zero CO, or GHG] [(3) Net negative]

2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

For Net Zero: Remove 5-10 billion tonnes CO2 per year?

For Clean up: Remove 950 Gt over 100 years, say = 10Gt/year

How much feasible by enhancing ocean uptake?



BIG NUMBERS (continued) i

Carbon Price:; $100/t CO2

Remove: 10Gt/year

Annual value:
$1,000,000,000,000

What first attracted you to the trillion-dollar CDR industry?



WHY THE OCEAN ?

70% EARTH’S SURFACE IN CONTACT WITH ATMOSPHERE
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% indicates relative proportion of Earth’s surface. [x] shows increase relative to UK land area.

What parts of the ocean are most suitable for different techniques?

Maps and data from Wikipedia.



WHY THE OCEAN? i
80% OF EARTH’S MOBILE CARBON - LONG DURATION 100°S-1000°S YEARS
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What is the ultimate aim for mCDR?
Ocean takes up 10Gt/y —enhance it by 1Gt/y (10%), 10Gt/y (100%), more?



COMPLEX OCEAN-ATMOSPHERE INTERACTIONS AT GLOBAL SCALE i

MEASUREMENT OF LOCAL CO2 REMOVAL DOES NOT TELL WHOLE STORY

Add CO2 Remove CO?2

P

Ocean Ocean

And are we competing with natural ocean CO2 uptake reducing?



SOME MARINE BASED CDR TECHNIQUES

CO3 removal
from seawater
with CCS

0 OCEAN VISIONS

oceanvisions.org/oceancdr

Boettcher et al. (2021)
What is their efficacy, impact, permanence, scalability?




OCEAN CDR: GROWING INTEREST IN THE OPTIONS
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CO2 removal is an important climate solution

TheCarbon Dioxide
Removal Research &
Development Act

118" Congress
Sponsors: Rep. Paul Tonko (D-NY) & Senator Brian Schatz (HI)

We must use every tool at our disposal to meet the chatlenge of the climate crisis, and carbon
remaval will be a vital part of this comprehensive approach.

Who iIs interested and how to focus effort?



RESEARCH:
LIFE CYCLE ANALYSIS AND TECHNO-ECONOMIC ASSESSMENTS

ATMOSPHERE
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Example: Process stages for Ocean alkalinity enhancement using calcium oxide process steps

(1) Do total volumes of mineral materials used, energy consumption,
CO2 production and costs of processes stack up - before the ocean?



RESEARCH: EVALUATING CDR APPROACHES (IN THE OCEAN)

Durability Impact ’Scalablllty ’

IN THE OCEAN

v' Small-scale controlled field trials

v Diverse ocean settings

v Operational requirements

v’ Design/test Monitoring Reporting Verification (MRV)

Durability dependent on depth and location
(2) How much CO2 can be removed, for how long, what are impacts?



HEADLINE EVALUATION
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RESEARCH: METHODS FOR TESTING AND MRV

Field Observations Autonomy/ drifters/ satellites Modelling
Deployment site Tracking perturbation Deployment to global
Immediate Month(s) Days to 100s years

What methods enable CDR evaluation at relevant space-time-scales?



GLOBAL INFRASTRUCTURE FOR CONTINUOUS OCEAN OBSERVATIONS
(PRESENTLY AN INCOMPLETE, FINANCIALLY FRAGILE SYSTEM OF SYSTEMS)

FAIR, CARE DATA PRINCIPLES

vvvvvvvv

7920 Platforms; GOOS OceanOPS (2023)

SOCAT (2023)

What is needed to enable global observations to support MRV?



RESEARCH: BRINGING THE COMMUNITIES TOGETHER
NATURAL SCIENCE, ENGINEERING, GOVERNANCE, ECONOMICS, SOCIAL

ﬂ: SE AOZ CDR pathways for OCDR | To evaluate and establish the

Integrated assessment of OCDR
CT1: Technical evaluation of OCDR approaches
A common LCA and TEA of OCDR (WP2)

Public and
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MRV

Modelling NCBY" 1. Governance frameworks for OCDR
of system-level

B i uptake at scale
environmental an (] Understanding public/stakeholder perceptions (WP4)
ecological

. . Multi-dimensional governance frameworks (WP5)
interactions .
Commercial frameworks (WP6)

./ Collaboration
~7 and consultation
with OCDR
businesses and
investors

€7M Horizon Europe funded project |
14 partner institutions |
Runs from June 2023 to May 2027

What is the totality of considerations to assess and facilitate mCDR?




SUMMARY

GLOBAL CLIMATE
TARGETS

Implementation and upscaling of

CDR approaches

THE OCEAN

Carbon sink, scale, durability

SCIENTIFIC AND SOCIO-
ECONOMIC RESEARCH

Efficacy

Durability

Scalability
Environmentally safe,
Socially acceptable
Economically viable
MRV local, global

GOVERNANCE

» Regulation

* London Convention

« UNCLOS - High Seas BBNJ

« UNFCCC — NDC vs High Seas

OPEN COMMUNICATION &
COLLABORATION

Essential between all parties







