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https://www.vox.com/energy-and-environment/2018/6/14/17445622/direct-air-capture-air-to-fuels-carbon-dioxide-engineering
https://stripe.com/blog/first-negative-emissions-purchases
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Cities exist within a much larger energy system;
Context decides what we try to pursue in cities.
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Global Carbon Project
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IInfographic courtesy of Global Carbon Project. License: CC BY. 

https://www.globalcarbonproject.org/index.htm


Global Carbon Project
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Williams et al 2021 decarbonization pathways
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Courtesy of John Wiley & Sons. License: CC BY. 

https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/2020AV000284
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Courtesy of John Wiley & Sons. License: CC BY. 
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Williams et al 2021 decarbonization pathways

Note: in this paper, the central (least-cost) and low fuel price scenario
means that this is the maximum amount of fossil fuels that could be used.
Remaining use of petroleum and natural gas (both -75%).
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Courtesy of John Wiley & Sons. License: CC BY. 

https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/2020AV000284


Williams et al 2021 decarbonization pathways

How do we go from a reference case to a carbon-neutral pathway that still
has fossil fuels?

lowering final energy use

decarbonizing electricity

switching from FF to electricity

carbon capture, util. & storage
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https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/2020AV000284


Carbon capture, utilization & storage

Cons:

pushed by fossil fuel interests as a way to continue emissions

not competitive, i.e., higher cost than existing renewable alternatives

no fundamental economic value to storing carbon

carbon taxes and prices have not proven to be politically viable

Pros:

short term: high fossil fuel prices

long-term: need to reduce carbon concentrations in the atmosphere
(current levels 415 ppm)
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Figure: S&P Market Intelligence, 2021
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© S&P Global. All rights reserved. This content is excluded from our Creative 
Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/. 

https://www.spglobal.com/marketintelligence/en/news-insights/latest-news-headlines/gas-ban-monitor-building-electrification-evolves-as-19-states-prohibit-bans-65518738
https://ocw.mit.edu/help/faq-fair-use/


CCUS in the lithosphere, geosphere diagram (Rissman et al)

David Hsu (MIT) Future fossil fuel use, CCUS, & nuclear October 20, 2022 12 / 41

Diagram by European Commission, reproduced courtesy of Jeffrey Rissman et al. License: CC BY. 

https://www.sciencedirect.com/science/article/pii/S0306261920303603


Figure 1 from Tomalty report
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© David Suzuki Foundation. All rights reserved. This content is 
excluded from our Creative Commons license. For more 
information, see https://ocw.mit.edu/help/faq-fair-use/. 

https://davidsuzuki.org/wp-content/uploads/2012/08/carbon-bank-ontario-greenbelt-role-mitigating-climate-change.pdf
https://ocw.mit.edu/help/faq-fair-use/


Agricultural soils (MIT CGC terrestrial carbon)
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Diagram courtesy of MIT Climate Grand Challenges. 

https://climategrandchallenges.mit.edu/research/managing-greenhouse-gases-in-terrestrial-and-coastal-ecosystems/


Forest sequestration (MIT CGC terrestrial carbon)
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Diagram courtesy of MIT Climate Grand Challenges. 

https://climategrandchallenges.mit.edu/research/managing-greenhouse-gases-in-terrestrial-and-coastal-ecosystems/


Hydrosphere (MIT CGC terrestrial carbon)
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Diagram courtesy of MIT Climate Grand Challenges. 

https://climategrandchallenges.mit.edu/research/managing-greenhouse-gases-in-terrestrial-and-coastal-ecosystems/


McKinsey 2020 report on CCUS
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© McKinsey & Co.. All rights reserved. This content is excluded from our Creative 
Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/. 

https://www.mckinsey.com/capabilities/sustainability/our-insights/driving-co2-emissions-to-zero-and-beyond-with-carbon-capture-use-and-storage
https://ocw.mit.edu/help/faq-fair-use


McKinsey 2020 report on CCUS
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© McKinsey & Co.. All rights reserved. This content is excluded from our Creative 
Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/. 

https://www.mckinsey.com/capabilities/sustainability/our-insights/driving-co2-emissions-to-zero-and-beyond-with-carbon-capture-use-and-storage
https://ocw.mit.edu/help/faq-fair-use/


Carbon Engineering (David Keith and others)

David Hsu (MIT) Future fossil fuel use, CCUS, & nuclear October 20, 2022 19 / 41

© Carbon Engineering Ltd. All rights reserved. This content is excluded from our Creative 
Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/. 

https://carbonengineering.com/our-technology/
https://ocw.mit.edu/help/faq-fair-use/


Carbon Engineering (David Keith and others)
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Carbon Engineering (David Keith and others)
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Carbon Engineering (David Keith and others)
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Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/. 

https://carbonengineering.com/our-technology/
https://ocw.mit.edu/help/faq-fair-use/


Carbon Engineering (David Keith and others)
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© Carbon Engineering Ltd. All rights reserved. This content is excluded from our Creative 
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Stripe’s negative emissions commitment
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© Stripe. All rights reserved. This content is excluded from our Creative Commons 
license. For more information, see https://ocw.mit.edu/help/faq-fair-use/. 

https://stripe.com/blog/first-negative-emissions-purchases
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Stripe’s negative emissions commitment
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Stripe’s negative emissions commitment
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Stripe’s negative emissions commitment
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Frontier
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© Frontier Climate. All rights reserved. This content is excluded from our Creative 
Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/. 

https://frontierclimate.com/
https://ocw.mit.edu/help/faq-fair-use/


Are you pro- or anti-nuclear?

Pro:

Sepulveda et al 2018 make a convincing argument that it will be more
expensive to achieve decarbonization without “firm” resources

plenty of other reasons: land use!

Cons:

will it ever get cheaper?

plenty of other reasons: nuclear waste! proliferation!

Perhaps a more useful way to think about it:

operating and maintaining the existing nuclear fleet
(Lyman 2022, Diablo Canyon article)

building new nuclear with existing technology?

building new nuclear with new technology?
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From Our World in Data
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Figure courtesy of Our World in Data. License: CC BY. 

https://ourworldindata.org/cheap-renewables-growth


From Our World in Data
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Figure courtesy of Our World in Data. License: CC BY. 
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From Our World in Data
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Figure courtesy of Our World in Data. License: CC BY. 
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From Our World in Data
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Figure courtesy of Our World in Data. License: CC BY. 
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From Our World in Data
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Figure courtesy of Our World in Data. License: CC BY. 
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MIT 2020 paper on nuclear costs
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Courtesy of Elsevier, Inc., https://www.sciencedirect.com. Used with permission. 

https://www.sciencedirect.com/science/article/pii/S254243512030458X
https://www.sciencedirect.com


MIT 2020 paper on nuclear costs
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Courtesy of Elsevier, Inc., https://www.sciencedirect.com. Used with permission. 
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French nuclear costs
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Courtesy of Elsevier, Inc., https://www.sciencedirect.com. Used with permission. 

https://www.sciencedirect.com


French nuclear costs
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Courtesy of Elsevier, Inc., https://www.sciencedirect.com. Used with permission. 
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Thank you!
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