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carbon dioxide level (parts per million)

climate.nasa.gov

[CO2] went from ~0.03% to ~0.04%...that’s a huge problem (!)
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Everyone you have ever known or even heard of lives here J



WHERE DO ALL
THE CARBON
EMISSIONS COME
FROM?

... mostly from
energy use

Agriculture,

Forestry & |

Land Use
S~ 184%

OurWorldinData.org - -



CAPTURE CO2 from the air or ocean
PROCESS / CLEAN UP as needed
SEQUESTER (in rock, or in useful stuff)

CARBON DIOXIDE REMOVAL (CDR)



Emissions (GtCO,eq/yr)

Schematic of hard-to-avoid
emissions and the CDR needed to
offset them. Adapted from a
figure produced by Glen Peters
(2020)

-------- Net emissions

Past
emissions

Hard-to-avoid emissions
(1.5-3.1 GtCO,eq)

CDR required to offset

Carbon dioxide removal ’ NS
hard-to-avoid emissions

1980

| | | | | |
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Source: CDR Primer



BUT WHY? FOUR REASONS TO REMOVE CARBON

CLEAN UP Eliminate yesterday’'s emissions

BALANCE Net-zero requires some CDR (e.q. 10 6vyr by 2050)
RISK Reduce risk of “overshooting” 2°C

*JUSTICE A pathway for restoration and fairness
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DOES IT WORK WELL?
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COST AT SCALE?



HOW MUCH CDR
DO WE NEED?

... WAY more than
we have today.

Carbon dioxide removal is a feature of all 1.5°C scenarios that meet the Paris
temperature goal, in addition to reducing emissions

Carbon dioxide removal (GtCO./yr), in 2020 and in three Paris-consistent 1.5°C scenarios

GtCO/yr 2020 2030 2040 2050
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removal by reducing
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-12 4
These three scenarios
] meet a set of criteria
suggesting they do not
exceed sustainability
14 limits in 2050

Source: State of CDR Report 2024



Only a tiny fraction of all carbon dioxide removal results from novel methods

Total amount of carbon dioxide removal, split into conventional and novel methods (GtCO,/yr)
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Conventional CDR .

Bioenergy with carbon
capture and storage (BECCS)

- Biochar

- Enhanced rock weathering
. Other novel CDR

GtCO./yr

-0.0015 -0.0013 -0.0010 -0.0005
° !

Amount of carbon dioxide removal (CDR) is the sum of conventional COR (2013-2022) and novel COR (2023) Source: State of CDR Report 2024
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2007

PAONRS

2018

2019+

2022

2023

UNITED NATIONS TIMELINE

IPCC AR4 CCS .............................................

IPCC AR5 CDR methods have biogeochemical and technological limitations to their

potential on the global scale. There is insufficient knowledge to quantify how much CO2
emissions could be partially offset by CDR on a century timescale. CDR methods may carry
side effects and long-term consequences on a global scale. (footnote 18, p23)

IPCC SR15 Al modeled scenarios limiting warming to 1.5C with no or limited overshoot
rely on CDR (e.g. Summary for policymakers, p14)

Trillion Trees. Let's planttrees! No. But. Yes. And. etc. == =+ = s s rsasssnnssnns
IPCC ARG Need additional 1.2 Gt/yr of CDR by 2030 (summary report) = = === === =+

Paris Agreement Article 6.4 Supervisory Body “Engineering-based
approaches are technologically and economically unproven...do not contribute to
sustainable development...not suitable for implementation in developing countries...do not
contribute to reducing mitigation costs...do not serve any of the objectives ...Article 6.4....”
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CDR IS NOT A RELEVANT THING

MAYBE, BUT PROBABLY NOT

ALRIGHT FINE! SOME IS REQUIRED

WHY DO YOU HATE TREES?
MORE, SOONER THAN WE THOUGHT

YES, BUT ONLY MY FAVORITE
FLAVOR OF CDR






CDR JUST CCS IN DISGUISE
ENGINEERED NATURE BASED
CDR GETS TOO MUCH MONEY & PRESS
ONLY AFTER DEEP DECARBONIZATION
OFFSETS DELAY REAL ACTION
SHINY PLAYTHING TECH BROS
UNPROVEN EXPENSIVE



Climate change mitigation
US $10 + 2.5 B (0.9% - 1.5%)

All global philanthropy
US $810 B

Carbon dioxide removal
US $0.60 + 0.15 B (6%)

(0.06% - 0.09%)

Climate change mitigation
US$10+2.58B

“Funding trends 2022: Climate change mitigation philanthropy”. Climateworks Foundation (2022)



Annual clean energy investment, 2015-2023e
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CDR in here Nuclear

» Battery storage

Billion USD (2022)

mEVs

Grids
® Other end use
Energy efficiency

= Renewable power

2016 2017

IEA World Energy Investment 2023
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EXTRA / APPENDIX



CDR ANALOGUES & TRUST

CDR PATHWAY

FEATURES (ops., financing, human factors)

ANALOGUE / TRUST

DAC + storage

Air handling, steel, construction, FEED studies,
infrastructure; closed system

Onshore wind,

Afforestation Seedlings / nurseries, labor intensive, remote , timber,

sites, long maturation time; open system
Soil carbon Soil handling, tilling / mixing, microbiome, , agriculture

community-based; open system
Bio. carbon + storage (BICRS) Bio-material handling, logistics, steel & Pulp and paper,

concrete construction, FEED studies,

infrastructure; closed + open systems
Enhanced rock weathering (ERW) Logistics; open + closed systems , agriculture
Ocean fertilization Logistics, open system (?7)

Aquaculture?

CO2 removal from seawater (DOC) | Water handling, steel & concrete construction, desalination

FEED studies; closed + open




Public perception can inform policy,
capital, and business, and the climate
community, not just social acceptance

Reproduced from Behavioural frameworks to understand
public perceptions of and risk response to carbon dioxide
removal, T.R.Schrum et al., Interface Focus 10, 20200002
(2020). N = 113 Amazon MTurk participants.

High dread

(high risk)
ocean enhanced
fertilization ‘ e
Well known
(low risk) DAC +CCS ® biochar
. Highly unknown
. BiCRS (highrisk)
soll
carbon
seq.
. re / afforestation
most natural
Low dread .

(low risk)

least natural




Options for Negative Emissions: Plants or Chemistry
Capture via: [Photosynthesis ]

Afforestation & Soll carbon : Bioenergy with Direct arr Enhanced weathering Ocean
Te%grt\glogy reforestation sequestration B'(%Cé‘)a' carbon gay ture caplure & ocean alkalinisation fertilisation
gory (AR) (SCS) & storage (BECCS) | IRLIeS) EW) (OF)
. Suspended || Silicate || Carbonate | Iron
Agro-forestry Crop residues a,ﬁ?,,es ’ rocks rocks fertilisation
Implementation | | [ Aani ] ‘ = |
options Boreal Agg%%‘&?l Dedicated crops ca,g‘,’,%'u-on S,'(','&(aée fem"‘liig;ion
Livestock . : nhanced
Temperate practices Dedicated crops (marginal) ’ Epwelling
Tropical
syi?gmh Land Ocean
Marine sediment

logical r rvoir )
Geological reservoirs Minerals & calcifiers

Storage NI
medium biomass
From Minx et al. 2018

Source: LLNL Carbon Initiative, Overview of California Negative Emissions Report




9 minutes

Dr. Marcius Extavour—

Title: CDR & the science surrounding it

Brief: Define CDR, introduce key scientific concepts relating to CDR,IPCC Modeling, Climate Budgets

Slide outline
1. Title
2. Intro to me personally
3.  What is all this fuss about? 280 ppm vs 420 ppm. The CO2 concentration is too damn high
4, How did we get here? Graph - it’s us, specifically use of fossil fuels
5.  WHY CDR?

a. We're now past the point of JUST reducing; we also will need to clean up some past emissions
b. We may also not be ableto, or NOT WANT TO bring our emissions to zero, it's possible that CDR may be cheaper solution
c. The 80%, 90%...

Defining CDR

CDR vs emissions reductions

How much do we need? 10 Gt/yr by 2050...More on that later

Needed CDR vs existing CDR - we’re closer to being at 0 than we are

L oo N

10. Time matters - Durability. What is it, why it’s important, how different methods may vary in permanence. Introduce the concept and
why it matters

11. Knowledge gaps - list of questions

12. CDR in context: it’s getting a lot of buzz, but is still a tiny part of the actual energy and spending. BUT GROWING VERY FAST

13. END: hot take: list of CDR “myths” (truth-isms)



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26

