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International climate policy

- Paris Agreement: “Holding the increase
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» The concept of Net Zero has spurred
political pledges towards actively
eliminating carbon dioxide from the
atmosphere (CDR).
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How do we tackle climate change
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Need for negative emissions

Some emissions from farming and heavy
industry could persist, so removing
emissions directly from the air may be

Emicsions will hoed to necessary to offset these sources.

dramatically drop to
achieve net negative
emissions.
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Need for negative emissions

- |PCC SR1.5: Maintaining global warming at 1.5°C
with limited or no overshoot requires the use of
carbon dioxide removal (CDR) of 100—1000 Gt CO>
over the 21st century

4 - IPCC WGS3:
E 0 s b g 5 il - CDR is “an essential element of scenarios that
: Bl petassary to oAt esaSErERS, limit warming to 1.5°C or likely below 2°C by
R i e 2100”
- “CDR cannot serve as a substitute for deep
U, e emissions reductions but can fulfil multiple
§b Gross carbon removed — :|“femova/ Complementary rOIGS”
H: » QOcean is a new blue frontier for carbon removal &
S 2 \—I—' ‘—I—' Human-made
$ emissons emicslons enilslons pertious) storage
T — - Multiple feasibility and sustainability constraints
on land

» Very large potential for C uptake
» Huge surface area and volume
» Chemical characteristics

- Monitoring, reporting and verification essential to
keep the crediting system honest



CDR usage

Babiker et al. (2022, IPCC WG3):

CDR cannot serve as a substitute for deep
emissions reductions but can fulfil multiple
complementary roles:

: Some emisiors rom frminganc vy - further reduce net CO2 or GHG emission
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agriculture, in order to help reach net zero
CO2 or GHG emissions in the mid-term;
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» achieve and sustain net-negative CO2 or
GHG emissions in the long-term, by
deploying CDR at levels exceeding annual
residual gross CO2 or GHG emissions.



What is exactly CDR (vs CCS, CCU)

CDR (IPCC): Human activities capturing
COZ2 from the atmosphere and storing it
durably in geological, land or ocean
reservoirs or in products. This includes
human enhancement of natural removal
processes but excludes natural uptake
not caused directly by human activities.

3 key principles (Smith et al., 2024):

1. The CO2 captured must come from
the atmosphere, not from fossil
sources.

2. The subsequent storage must be
durable, such that CO2 is not soon
reintroduced to the atmosphere.

3. The removal must be a result of
human intervention, additional to
the Earth’s natural processes
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CDR overview

Soil carbon sequestration

Blue carbon

Direct ocean removal

Enhanced
weathering
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Unlimited creativity

~
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[Submitted on 11 Jan 2025]
Nuclear Explosions for Large Scale Carbon Sequestration

Andrew Haverly

Confronting the escalating threat of climate change requires innovative and large-scale interventions. This paper presents a bold proposal to employ a buried

nuclear explosion in a remote basaltic seabed for pulverizing basalt, thereby accelerating carbon sequestration through Enhanced Rock Weathering (ERW). By
precisely locating the explosion beneath the seabed, we aim to confine debris, radiation, and energy while ensuring rapid rock weathering at a scale substantial
enough to make a meaningful dent in atmospheric carbon levels. Our analysis outlines the parameters essential for efficient carbon capture and minimal collateral
effects, emphasizing that a yield on the order of gigatons is critical for global climate impact. Although this approach may appear radical, we illustrate its feasibility
by examining safety factors, preservation of local ecosystems, political considerations, and financial viability. This work argues for reimagining nuclear technology

not merely as a destructive force but as a potential catalyst for decarbonization, thereby inviting further exploration of pioneering solutions in the fight against
climate change.




Ocean-based measures

Marine renewable energy

Ocean energy substitution for
fossil energy

Reduce atmospheric
pollution

Reduce emissions of gases and black
carbon from shipping

Carbon capture and storage

Sequestration of CO, underground
under the sea floor

Marine bioenergy with

carbon capture and storage

Marine ft)/ants burnt to generate energy
i

and resulting CO, is captured and stored

Restore and increase
coastal vegetation

Restoration and conservation of coastal
vegetation to enhance CO2 uptake and
avoid further emissions

Enhance open-ocean
productivity

Adding nutrients and cultivating marine
plants

Enhance weathering and
alkalinization

Addition of alkalinity to enhance CO,
removal and/or carbon storagé
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Assisted evolution /n Conservation

Assisted evolution and genetic
modifications

Pollution
reduction

_ _From all sources,
including land and rivers

Protect marine and coastal habitats and
ecosystems, e.q. through marine protected areas
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engineering; assisted
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Cloud brightening

Adding cloud condensation nuclei to the lower

atmosphere to enhance cloud brightness and longevity

/‘ Nature-based solutions

Main areas
of action

V¥ Mitigation (reducing sources of GHG)
A Mitigation (increasing sinks of GHG)
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Surface albedo enhancement

Increase surface ocean albedo by producing
long-lived ocean foam

® Adaptation

Community-based

adaptation

E.g. co-management of food
harvest resources, traditional
knowledge inclusion

Infrastructure-based

adaptation
E.g. seawalls and dykes

Relocate and diversify
economic activities

E. g relocation of shellfish
industry, development of new
tourism products

Relocate people

Either internally (i.e. at a local
scale or within the country) or
internationally

Improve risk-reduction
policies
E.qg., through improved early

warning systems, or urban
regulations in flood-prone areas

% Solar radiation manipulation
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What is marine Carbon Dioxide Removal?
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CDR tax implies consideration of One-Earth CDR

I[CDR tax MCDR tax

Afforestation
/ Direct-Air-Capture

f tati
mCDR £ o‘re's la |qn Bioenergy wit and Carbon Storage
B e e (DACCS)

Carbon Captu»re

o
"
. G

A Q

:‘::“_——~|— — Alkalinisation rl *r( I~e

i W‘} m,.;

Artificial

upwelling Carbon storage

INn the coastal zone

ixation
as carbc 2s in

4‘\
\ ,qli

CC BY 4.0 Artwork: Rita Erven, CDRmare/GEOMAR

(wgs) ‘|e 18 pAog




State of CDR

Only a tiny fraction of all carbon dioxide removal results from

Total amount of carbon dioxide removal, split into conventional and methods (GtCO,/yr)
o
-2.5 2.2 -2 -1.5 -1 -0. 0 GtCO,/yr

Conventional CDR

Bioenergy with carbon
capture and storage (BECCS)

B char 1.3 million vs

. Enhanced rock weathering 40 t;;”'gn CO:2
emitie

. Other novel CDR

-0.0015 -0.0013 o GtCO/yr
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Integrity and effectiveness of mCDR

The integrity and effectiveness of mCDR in producing honest
carbon credits or offsets are influenced by several factors:

» scientific understanding

» technological maturity

» scalability

» cost effectiveness

* permanence
* monitoring, reporting and verification
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Integrity and effectiveness of mCDR

The integrity and effectiveness of mCDR in producing honest
carbon credits or offsets are influenced by several factors:
» scientific understanding
» technological maturity
» scalability
» cost effectiveness
* permanence
* monitoring, reporting and verification
» framework of governance and policy




Science should be ahead of the industry

RUMING TIDE About Carbon Removal Deep Dives

@ Jordan Breighner
A s
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7 minutes read time

< View all posts

Killing Godzilla, 100 Tonnes of
Carbonata Time




Science should be ahead of the industry

RUMING TIDE About Carbon Removal Deep Dives

» Ocean Vision field trials database (

)

» 19 led by academic institutions or research institutes
» 30 led by startups
» 3 others

» World Ocean Initiative:

» 56% of the US$40m industry depends on ocean observation
data

» Future: >50% of industry’s economic value will depend on
observations

» Most ocean data are generated by public money, open-access,
greatly benefitting the industry

Killing Godzilla, 100 Tonnes of EEELA\=Ne[VIle[-R (N eI=Eiq e e-Te1[e=IH
Carbonata Time » results shared transparently, irrespective of outcome
» public registry for field experiments

» projects must be designed to answer scientific questions; be
subject to peer review and transparency requirements; not
be influenced by economic interests; and should be designed
to avoid, minimize, or mitigate adverse environmental
impacts.

» One should remain mindful of the cost of inaction

< View all posts
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