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Works? Safe? Scale? Cost? Reqs? Time? Know? Added? Upside? Gov?

Trees ? ? ? ? ? ? ? ? ? ?

Soil ? ? ? ? ? ? ? ? ? ?

BECCS ? ? ? ? ? ? ? ? ? ?

Biochar ? ? ? ? ? ? ? ? ? ?

DAC ? ? ? ? ? ? ? ? ? ?

ERW ? ? ? ? ? ? ? ? ? ?

Fertilize ? ? ? ? ? ? ? ? ? ?

OAE ? ? ? ? ? ? ? ? ? ?

E-chem ? ? ? ? ? ? ? ? ? ?



Further-out or bucket-drop ideas:

– Antarctic condensation 

– Ocean upwelling 

– Kelp forestry 

– Wetland or coastal recovery 

– Building materials 

– … 



does it 
work?

how 
well?

[Royal Society 2018]



is it safe?

what  
drawbacks?



how much 
can we do?

[Dooley et al. 2024]



what does 
it cost?



what else 
is needed?



how long 
is it stored?

🔥



can we 
verify? +1 +2 +3 +4



is storage 
added?  +? +? +? +?



any  
upsides?  

🌳🌲 🌳🌲 🌲



do people 
like it?

is it legal?

🗳



Works? Safe? Scale? Cost? Reqs? Time? Know? Added? Upside? Gov?

Trees ✓ ✓ ~ ✓ X X ✓ ~ ✓ ✓
Soil ? ? ? ? ? ? ? ? ? ?

BECCS ? ? ? ? ? ? ? ? ? ?

Biochar ? ? ? ? ? ? ? ? ? ?

DAC ? ? ? ? ? ? ? ? ? ?

ERW ? ? ? ? ? ? ? ? ? ?

Fertilize ? ? ? ? ? ? ? ? ? ?

OAE ? ? ? ? ? ? ? ? ? ?

E-chem ? ? ? ? ? ? ? ? ? ?



Soil carbon storage

[Pett-Ridge et al. 2023]



Soil carbon storage

[Pett-Ridge et al. 2023]



Soil carbon storage

[Pett-Ridge et al. 2023]



Soil carbon storage

[Meridith Lab, UofA]



Works? Safe? Scale? Cost? Reqs? Time? Know? Added? Upside? Gov?

Trees ✓ ✓ ~ ✓ X X ✓ ~ ✓ ✓
Soil ✓ ✓ ~ ✓ ✓ ~ X ✓ ✓ ✓

BECCS ? ? ? ? ? ? ? ? ? ?

Biochar ? ? ? ? ? ? ? ? ? ?

DAC ? ? ? ? ? ? ? ? ? ?

ERW ? ? ? ? ? ? ? ? ? ?

Fertilize ? ? ? ? ? ? ? ? ? ?

OAE ? ? ? ? ? ? ? ? ? ?

E-chem ? ? ? ? ? ? ? ? ? ?



Bioenergy with carbon capture and storage

[Royal Society 2018]



Bioenergy with carbon capture and storage

[Grantham Institute 2019]



Works? Safe? Scale? Cost? Reqs? Time? Know? Added? Upside? Gov?

Trees ✓ ✓ ~ ✓ X X ✓ ~ ✓ ✓
Soil ✓ ✓ ~ ✓ ✓ ~ X ✓ ✓ ✓

BECCS ✓ ✓ ~ ~ X ✓ ✓ ✓ ~ ✓
Biochar ? ? ? ? ? ? ? ? ? ?

DAC ? ? ? ? ? ? ? ? ? ?

ERW ? ? ? ? ? ? ? ? ? ?

Fertilize ? ? ? ? ? ? ? ? ? ?

OAE ? ? ? ? ? ? ? ? ? ?

E-chem ? ? ? ? ? ? ? ? ? ?



Biochar

[Lück et al. 2025]



Biochar

[Wakefield Biochar]



Biochar



Works? Safe? Scale? Cost? Reqs? Time? Know? Added? Upside? Gov?

Trees ✓ ✓ ~ ✓ X X ✓ ~ ✓ ✓
Soil ✓ ✓ ~ ✓ ✓ ~ X ✓ ✓ ✓

BECCS ✓ ✓ ~ ~ X ✓ ✓ ✓ ~ ✓
Biochar ✓ ✓ ~ ~ X ~ ~ ✓ ✓ ✓

DAC ? ? ? ? ? ? ? ? ? ?

ERW ? ? ? ? ? ? ? ? ? ?

Fertilize ? ? ? ? ? ? ? ? ? ?

OAE ? ? ? ? ? ? ? ? ? ?

E-chem ? ? ? ? ? ? ? ? ? ?



Direct  

Air  

Capture

[Carbon Engineering]



Works? Safe? Scale? Cost? Reqs? Time? Know? Added? Upside? Gov?

Trees ✓ ✓ ~ ✓ X X ✓ ~ ✓ ✓
Soil ✓ ✓ ~ ✓ ✓ ~ X ✓ ✓ ✓

BECCS ✓ ✓ ~ ~ X ✓ ✓ ✓ ~ ✓
Biochar ✓ ✓ ~ ~ X ~ ~ ✓ ✓ ✓

DAC tbd tbd tbd tbd tbd tbd tbd tbd tbd tbd

ERW ? ? ? ? ? ? ? ? ? ?

Fertilize ? ? ? ? ? ? ? ? ? ?

OAE ? ? ? ? ? ? ? ? ? ?

E-chem ? ? ? ? ? ? ? ? ? ?



[Beerling et al. 2025]

Enhanced 

Rock  

Weathering



[CarbonPlan]

Enhanced Rock Weathering



Works? Safe? Scale? Cost? Reqs? Time? Know? Added? Upside? Gov?

Trees ✓ ✓ ~ ✓ X X ✓ ~ ✓ ✓
Soil ✓ ✓ ~ ✓ ✓ ~ X ✓ ✓ ✓

BECCS ✓ ✓ ~ ~ X ✓ ✓ ✓ ~ ✓
Biochar ✓ ✓ ~ ~ X ~ ~ ✓ ✓ ✓

DAC tbd tbd tbd tbd tbd tbd tbd tbd tbd tbd

ERW ~ ~ ✓ ~ ✓ ✓ X ✓ ✓ ✓
Fertilize ? ? ? ? ? ? ? ? ? ?

OAE ? ? ? ? ? ? ? ? ? ?

E-chem ? ? ? ? ? ? ? ? ? ?





Iron fertilization

[Browning & Moore 2023]



Iron fertilization

[ExOIS]



Iron fertilization

[Tagliabue et al. 2023]



Iron fertilization

[Cael et al. in review]



Works? Safe? Scale? Cost? Reqs? Time? Know? Added? Upside? Gov?

Trees ✓ ✓ ~ ✓ X X ✓ ~ ✓ ✓
Soil ✓ ✓ ~ ✓ ✓ ~ X ✓ ✓ ✓

BECCS ✓ ✓ ~ ~ X ✓ ✓ ✓ ~ ✓
Biochar ✓ ✓ ~ ~ X ~ ~ ✓ ✓ ✓

DAC tbd tbd tbd tbd tbd tbd tbd tbd tbd tbd

ERW ~ ~ ✓ ~ ✓ ✓ X ✓ ✓ ✓
Fertilize ~ ~ ~ ✓ ✓ ~ ~ ~ ~ ~

OAE ? ? ? ? ? ? ? ? ? ?

E-chem ? ? ? ? ? ? ? ? ? ?



Ocean Alkalinity Enhancement

[Rosner et al. 2025]



What is alkalinity?

[Williams & Follows 2011]



What is alkalinity?

[Williams & Follows 2011]



What is alkalinity enhancement?

[Williams & Follows 2011]

Add stuff → increase AT

[CO2]→[HCO3 ]+[CO3 ]

Sea CO2 deficit vs. air

Air-to-Sea CO2 flux

– ––





Works? Safe? Scale? Cost? Reqs? Time? Know? Added? Upside? Gov?

Trees ✓ ✓ ~ ✓ X X ✓ ~ ✓ ✓
Soil ✓ ✓ ~ ✓ ✓ ~ X ✓ ✓ ✓

BECCS ✓ ✓ ~ ~ X ✓ ✓ ✓ ~ ✓
Biochar ✓ ✓ ~ ~ X ~ ~ ✓ ✓ ✓

DAC tbd tbd tbd tbd tbd tbd tbd tbd tbd tbd

ERW ~ ~ ✓ ~ ✓ ✓ X ✓ ✓ ✓
Fertilize ~ ~ ~ ✓ ✓ ~ ~ ~ ~ ~

OAE ✓ ~ ✓ ✓ ~ ✓ ~ ✓ ✓ ~
E-chem ? ? ? ? ? ? ? ? ? ?



Electrochemical ocean carbon capture



Electrochemical ocean carbon capture

[Captura]



Works? Safe? Scale? Cost? Reqs? Time? Know? Added? Upside? Gov?

Trees ✓ ✓ ~ ✓ X X ✓ ~ ✓ ✓
Soil ✓ ✓ ~ ✓ ✓ ~ X ✓ ✓ ✓

BECCS ✓ ✓ ~ ~ X ✓ ✓ ✓ ~ ✓
Biochar ✓ ✓ ~ ~ X ~ ~ ✓ ✓ ✓

DAC tbd tbd tbd tbd tbd tbd tbd tbd tbd tbd

ERW ~ ~ ✓ ~ ✓ ✓ X ✓ ✓ ✓
Fertilize ~ ~ ~ ✓ ✓ ~ ~ ~ ~ ~

OAE ✓ ~ ✓ ✓ ~ ✓ ~ ✓ ✓ ~
E-chem ✓ ~ ✓ X ✓ ✓ ✓ ✓ ✓ ✓



Works? Safe? Scale? Cost? Reqs? Time? Know? Added? Upside? Gov?

Trees ✓ ✓ ~ ✓ X X ✓ ~ ✓ ✓
Soil ✓ ✓ ~ ✓ ✓ ~ X ✓ ✓ ✓

BECCS ✓ ✓ ~ ~ X ✓ ✓ ✓ ~ ✓
Biochar ✓ ✓ ~ ~ X ~ ~ ✓ ✓ ✓

DAC tbd tbd tbd tbd tbd tbd tbd tbd tbd tbd

ERW ~ ~ ✓ ~ ✓ ✓ X ✓ ✓ ✓
Fertilize ~ ~ ~ ✓ ✓ ~ ~ ~ ~ ~

OAE ✓ ~ ✓ ✓ ~ ✓ ~ ✓ ✓ ~
E-chem ✓ ~ ✓ X ✓ ✓ ✓ ✓ ✓ ✓



Works? Safe? Scale? Cost? Reqs? Time? Know? Added? Upside? Gov?

Trees ✓ ✓ ~ ✓ X X ✓ ~ ✓ ✓
Soil ✓ ✓ ~ ✓ ✓ ~ X ✓ ✓ ✓

BECCS ✓ ✓ ~ ~ X ✓ ✓ ✓ ~ ✓
Biochar ✓ ✓ ~ ~ X ~ ~ ✓ ✓ ✓

DAC tbd tbd tbd tbd tbd tbd tbd tbd tbd tbd

ERW ~ ~ ✓ ~ ✓ ✓ X ✓ ✓ ✓
Fertilize ~ ~ ~ ✓ ✓ ~ ~ ~ ~ ~

OAE ✓ ~ ✓ ✓ ~ ✓ ~ ✓ ✓ ~
E-chem ✓ ~ ✓ X ✓ ✓ ✓ ✓ ✓ ✓



Works? Safe? Scale? Cost? Reqs? Time? Know? Added? Upside? Gov?

Trees ✓ ✓ ~ ✓ X X ✓ ~ ✓ ✓
Soil ✓ ✓ ~ ✓ ✓ ~ X ✓ ✓ ✓

BECCS ✓ ✓ ~ ~ X ✓ ✓ ✓ ~ ✓
Biochar ✓ ✓ ~ ~ X ~ ~ ✓ ✓ ✓

DAC tbd tbd tbd tbd tbd tbd tbd tbd tbd tbd

ERW ~ ~ ✓ ~ ✓ ✓ X ✓ ✓ ✓
Fertilize ~ ~ ~ ✓ ✓ ~ ~ ~ ~ ~

OAE ✓ ~ ✓ ✓ ~ ✓ ~ ✓ ✓ ~
E-chem ✓ ~ ✓ X ✓ ✓ ✓ ✓ ✓ ✓



Works? Safe? Scale? Cost? Reqs? Time? Know? Added? Upside? Gov?

Trees ✓ ✓ ~ ✓ X X ✓ ~ ✓ ✓
Soil ✓ ✓ ~ ✓ ✓ ~ X ✓ ✓ ✓

BECCS ✓ ✓ ~ ~ X ✓ ✓ ✓ ~ ✓
Biochar ✓ ✓ ~ ~ X ~ ~ ✓ ✓ ✓

DAC tbd tbd tbd tbd tbd tbd tbd tbd tbd tbd

ERW ~ ~ ✓ ~ ✓ ✓ X ✓ ✓ ✓
Fertilize ~ ~ ~ ✓ ✓ ~ ~ ~ ~ ~

OAE ✓ ~ ✓ ✓ ~ ✓ ~ ✓ ✓ ~
E-chem ✓ ~ ✓ X ✓ ✓ ✓ ✓ ✓ ✓





Opinionated Summary
– Lots of ideas out there, all have their problems 

– e.g. at-scale OAE execution would be… not easy 

– If there’s a hail mary silver bullet, it’s probably OAE 

– Probably need a mix, & the more the merrier 

– CDR vs. decarbonization: it’s and, not or

Thanks! Questions?


