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Source: climatecentral.org/climate-shift-index
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~$200 / tCO2



~€200 / tCO2



>€200 / tCO2



~$200(!?) Social Cost of CO2
Based on 2% discount rate, subject to external review

Source: EPA External Review Draft of Report on the Social Cost of Greenhouse Gases: Estimates Incorporating Recent Scientific Advances (September 2022)

~$200 U.S. EPA SC-CO2, subject to 
external peer review



~$185 Social Cost of CO2
Based on 2% constant discount rate, with most of the increase due to discounting

Source: Rennert et al “Comprehensive Evidence Implies a Higher Social Cost of CO2” (Nature, September 2022).

~$50 to ~$80 from updated damages,
~$80 to ~$185 from discounting

https://www.nature.com/articles/s41586-022-05224-9


“Synthetic” Social Cost of Carbon with median = $185 and mean = $284
For 1 tonne of CO2 emitted in 2020, in $2020, with 5%–95% range of $32–$874(!)

Source: Moore, Drupp, Rising, Dietz, Rudik & Wagner (2024), gwagner.com/synthesis-scc

https://gwagner.com/synthesis-scc/


“Synthetic” Social Cost of Carbon with median = $185 and mean = $284
For 1 tonne of CO2 emitted in 2020, in $2020, with 5%–95% range of $32–$874(!)

Source: Moore, Drupp, Rising, Dietz, Rudik & Wagner (2024), gwagner.com/synthesis-scc

https://gwagner.com/synthesis-scc/


Economic impacts of tipping points in the climate system
Tipping points increase SCC by between ~27-43%, with large, right-skewed distribution

Source: Dietz, Rising, Stoerk & Wagner (PNAS 2021), gwagner.com/tipping-economics

https://gwagner.com/tipping-economics/


~ $200 / tCO2
=

~8-10% of
global GDP



~ $1,000 / tCO2
=

~50%(!!) of
global GDP

Source: Bilal & Känzig (NBER, 13 May 2024), nber.org/papers/w32450

http://www.nber.org/papers/w32450


Source: Financial Times (10 March 2023)
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McKinsey’s 2022 The Net-Zero Transition report



Wagner, “The Cost to Reach Net Zero By 2050 Is Actually a Bargain,” Bloomberg Green Risky Climate (28 January 2022)

https://gwagner.com/risky-climate-mckinsey/


Large abatement opportunities available at low or no cost
McKinsey Global v2.0 effort in 2009 identified 38 GtCO2e abatement potential in 2030 



Source: Kotchen, Rising & Wagner. “The costs of “costless” climate mitigation.” Science (30 November 2023). 

https://gwagner.com/science-costless/


McKinsey & Company

Clean electrons & electrification

100$/tCO2 carbon tax would make most techs competitive
Estimated abatement costs, USD/tCO2e   

Source: McKinsey Global MACC with regional/product estimations
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Source: BCG

Impact of IIJA + IRA on Climate Solutions



Negative climatic tipping points, meet the positive 
socio-economic ones the IRA is jumpstarting

– The challenge: Addressing ‘fossilflation’ while keeping 
‘greenflation’ in check

– Direct effects are important
– e.g. get $8k rebate for your heat pump, $2.5k to improve electric 

wiring, … $250b in DOE loans
– adding up to $1.2 trillion in federal spending over first decade, 

spurring $2.9 trillion in total spending over first decade, >$10 
trillion by 2050, per Goldman Sachs Research,

But:

– It’s the external effects, norm changes, positive socio-
economic tipping points that will make the real difference

https://gwagner.com/trump-climate/


Source: conor-walsh.com/s/CleanGrowth.pdf

http://www.conor-walsh.com/s/CleanGrowth.pdf
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Carbon Barometer

Policy Contributions

POLICY CONTRIBUT IONS

The Carbon Barometer framework allows users to clearly understand the relative contribution of various policies to a 
country-level Carbon Price

Individual Policy Contribution to Carbon Barometer Price

Country Carbon 
Barometer 
Price

Fossil Fuel 
Subsidies

Carbon Tax Emissions 
Trading 
Systems

Carbon 
Barometer 
Price

Fossil Fuel 
Subsidies

Carbon Tax Emissions 
Trading 
Systems

$USD/MTCO2 $USD/MTCO2 $USD/MTCO2 $USD/MTCO2 $USD/MTCO2 $USD/MTCO2 $USD/MTCO2 $USD/MTCO2

2021 2022

Global $18.97 -$11.07 $1.03 $3.09 $4.08 -$27.67 $1.12 $6.00

France $120.64 -$34.85 $26.69 $19.91 $63.71 -$110.32 $25.55 $34.61

United 
States $18.47 -$1.99 $0.00 $1.21 $17.85 -$2.91 $0.00 $2.03

China $13.93 -$2.38 $0.00 $0.35 $18.87 -$2.37 $0.00 $4.55



CKI Steel Background v231101-GFBOS

Green H2, electrolysis, and CCUS could reduce steelmaking CO2 
emissions by over 85% if implemented at scale

100% Green Hydrogen (H2) 
DRI-EAF

Iron Ore Electrolysis Carbon Capture, Utilization, 
and Storage (CCUS)

Description • Green hydrogen replaces natural 
gas as an iron ore reductant in DRI 
shaft; the rest of the process remains 
the same

• Generates water as a byproduct 
instead of CO2

• Two different processes are 
possible:
Molten oxide electrolysis: High current 
runs through mixture of iron ore and liquid 
electrolyte to split ore into pure molten iron
Electrowinning-EAF: Iron from iron ore is 
dissolved in acid. Iron-rich solution is then 
electrified to form pure solid iron

• CCUS equipment can be added to 
existing steel-producing 
infrastructure to capture emitted 
CO2

• Captured CO2 is then sequestered 
underground or reused

Real-time sector initiatives HYBRIT
100% fossil fuel-free DRI-EAF production 
with green H2 used for DRI

Electra
Electrowinning to produce high-purity iron 
plates ready for EAF input (no DRI or 
MOE step)

ArcelorMittal
Carbalyst® captures carbon from a blast 
furnace and reuses it as bio-ethanol. 
However, technology not proven at scale

Applicability to conventional 
routes

Applicable to existing DRI-EAF route, 
with minor retrofitting

Full overhaul of BF-BOF equipment 
required; replacement of DRI shaft in 
DRI-EAF

Retrofitting of capture technology is 
possible on conventional BF-BOF and 
DRI-EAF

Decarbonization potential (vs. BF-
BOF)

~90% ~97% ~90%

Estimated production cost (excl. 
CapEx)

<$800 per tonne of steel ~$215 per tonne of iron + cost of 
‘stranded’ iron ore

~$380 – 400 per tonne

321

Sources: Columbia Center on Global Energy Policy (2021); IEA, Iron and Steel Technology Roadmap (2020); McKinsey (2020); Mining Technology (2023); Tata Steel; Primetals Technologies;
Edie, ArcelorMittal accused of net-zero greenwashing (2023). Credit: Mimi Khawsam-ang, Max de Boer, Grace Frascati, and Gernot Wagner (13 March 2024); share/adapt with attribution. 
Contact: gwagner@columbia.edu 

Hypothetical best-case scenario

https://www.hybritdevelopment.se/en/hybrit-demonstration/
https://www.electra.earth/technology/
https://corporate.arcelormittal.com/climate-action/decarbonisation-technologies/carbalyst-capturing-and-re-using-our-carbon-rich-waste-gases-to-make-valuable-chemical-products
https://www.energypolicy.columbia.edu/publications/low-carbon-production-iron-steel-technology-options-economic-assessment-and-policy/
https://www.iea.org/reports/iron-and-steel-technology-roadmap
https://www.mckinsey.com/%7E/media/McKinsey/Industries/Metals%20and%20Mining/Our%20Insights/Decarbonization%20challenge%20for%20steel/Decarbonization-challenge-for-steel.pdf
https://www.mining-technology.com/uncategorized/the-four-horse-race-to-decarbonise-steel/
https://www.tatasteeleurope.com/sites/default/files/tata-steel-europe-factsheet-hisarna.pdf
https://www.primetals.com/portfolio/ironmaking/corexr
https://www.edie.net/arcelormittal-accused-of-net-zero-greenwashing-over-carbon-capture-plans/
https://business.columbia.edu/faculty/people/gernot-wagner
https://creativecommons.org/licenses/by/4.0/
mailto:gwagner@columbia.edu


Since H2GS announced, over ~40mt green  
steel projects have been promised by 2030

DRI announcements in Europe today, mt liquidsteel

2025 2027 2028 2029 20302026
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2.0mt
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Northern Sweden has unique advantages from low-
cost renewable electricity and iron oredeposits

Source: International Energy Agency (IEA); Eurostat; ProMine

Renewable share in electricity production in Europe
2019

Industrial electricity prices in Europe
2019
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Potential projects in North America
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