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Risk ≡ draw from distribution

Uncertainty ≡ unknown distribution

Climate uncertainties ≻ risks

Wagner, “The Risky Language of Climate Uncertainty” (OpenMind, 2022)

https://gwagner.com/risky-uncertainty
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But:

“Unvertainty” → “wait and see”

“Risk” → “manage”, “mitigate”
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Climate risk = Financial risk

Climate risk = Policy risk

Climate risk = Legal risk

Climate risk = Reputational risk

Wagner, “Climate risk is financial risk” (Science, 2022)
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Source: Financial Times (10 March 2023)



> $200 / tCO2



“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 (PNAS 2024), gwagner.com/synthesis-scc

https://gwagner.com/synthesis-scc/
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>~$200 / tCO2 :
  Climate damage quantification
   including tipping points
 

 Tail risks

 Discounting
 

  Risk calibration, equity, etc.



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
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~ $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
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McKinsey & Company

Clean electrons & electrification

10 % of techs in the money today – steep cost-down to 2030
Estimated abatement costs, USD/tCO2e   

Clean 
molecules

Carbon capture 
& removal

Circularity 
& resources

Source: McKinsey Global MACC with regional/product estimations
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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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Wagner, “The Climate Policy Pendulum” (16 January 2025)

https://gwagner.com/policy-pendulum


CKI Solar-250426_updateBOS

Utility-scale solar and wind now cheaper than fossil fuels,
battery storage costs not far behind and falling fast

Levelized cost of electricity (LCOE) & storage (LCOS) ($USD/MWh) Observations
• Solar photovoltaic (PV) prices 

dropped by ~80% in the past 
decade, wind by ~70%, and lithium-
ion battery costs by ~90%.
− PV price drop primarily driven by 

improvements in module efficiency and 
economies of scale.

− Onshore wind remained the cheapest for 
the longest, now beaten by PV.

− Lithium-ion battery costs fell 20% in 2023 
alone.

• Gas combined cycle power plants 
cheaper than coal, more expensive 
than both solar and wind.
− Rapid scale-up of utility-scale batteries 

“killer app” to replace gas on grid.

− Battery prices expected to continue 
falling due to cell manufacturing 
overcapacity, economies of scale, and 
switch to lower-cost lithium-iron-phosphate 
(LFP) batteries.

Sources: Lazard, LCOE+ (2025); Our World in Data, Our World in Data (2024); Energy Institute, Statistical Review of World Energy (2024); BNEF, Battery Price Survey (2024); Kavlak et al., 
Evaluating the Causes of Cost Reduction in Photovoltaic Modules (2018).
Credit: Hyae Ryung Kim, Xiaodan Zhu, and Gernot Wagner. Share with attribution: Kim et al., “Scaling Solar” (14 August 2025).
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Solar PV prices dropped 
~90% in 12 years, ~99% 
in 40 years.

https://www.lazard.com/media/uounhon4/lazards-lcoeplus-june-2025.pdf
https://ourworldindata.org/
https://www.energyinst.org/statistical-review
https://about.bnef.com/blog/lithium-ion-battery-pack-prices-see-largest-drop-since-2017-falling-to-115-per-kilowatt-hour-bloombergnef/
https://www.sciencedirect.com/science/article/pii/S0301421518305196
https://www.sciencedirect.com/science/article/pii/S0301421518305196
https://www.sciencedirect.com/science/article/pii/S0301421518305196
https://www.sciencedirect.com/science/article/pii/S0301421518305196
https://business.columbia.edu/faculty/people/gernot-wagner
https://business.columbia.edu/insights/climate/cki
https://business.columbia.edu/insights/climate/solar








Source: Economist “Sun Machines” (20 June 2024)

https://www.economist.com/interactive/essay/2024/06/20/solar-power-is-going-to-be-huge


CKI Solar-250426_updateBOS

Deregulated Texas energy market boon for solar, surpassing 
California in 2024

Total installed utility-scale solar capacity in Texas and California (GW) Observations
• Texas surpassed California as leading solar PV 

state after adding 1.6 GW in Q2 of 2024 (ACP). 

• Texas installed nearly 9 GW of new solar by the 
end of 2024 – over one-fourth of the U.S. 2024 
additions – for a total capacity of 27.5 GW (ACP).

• Texas is expected to install 11.6 GW new utility-
scale solar in 2025 (EIA).

• Texas’ advantage: 

– Deregulated, electricity-only energy market

– Streamlined approval process

– Abundant land

– Minimal state-incentives

• California’s challenge: 

– Strong state incentives

– Strict regulations

– Interconnection delays

Source: ACP, Clean Power in 2024 (2025); EIA, Solar, Battery Storage to Lead New U.S. Generating Capacity Additions in 2025 (2025).
Credit: Hyae Ryung Kim, Taicheng Jin, Isabel Hoyos, and Gernot Wagner. Share with attribution: Kim et al., “Scaling Solar” (14 August 2025).

Case study: Texas vs. California
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Texas solar capacity 
annual growth started 
outpacing California in 
2014

Texas solar capacity 
annual growth started 
outpacing California in 
2014

https://cleanpower.org/resources/clean-power-annual-market-report-2024-snapshot/
https://www.eia.gov/todayinenergy/detail.php?id=64586
https://www.eia.gov/todayinenergy/detail.php?id=64586
https://www.eia.gov/todayinenergy/detail.php?id=64586
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https://www.eia.gov/todayinenergy/detail.php?id=64586
https://www.eia.gov/todayinenergy/detail.php?id=64586
https://business.columbia.edu/faculty/people/gernot-wagner
https://business.columbia.edu/insights/climate/cki
https://business.columbia.edu/insights/climate/solar


Wagner (16 May 2025), gwagner.com/german-recovery



Not if, when



Source: gwagner.com/green-growth-mindset
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http://www.gwagner.com/green-growth-mindset
http://www.gwagner.com/green-growth-mindset
http://www.gwagner.com/green-growth-mindset
http://www.gwagner.com/green-growth-mindset


Gernot Wagner
gwagner@columbia.edu
gwagner.com





CKI Solar-250426_updateBOS

One Big Beautiful Bill Act phases out incentives for solar & wind, 
biggest impacts on EV adoption and US manufacturing

Technology IRA Incentives (2022-2025) vs OBBBA Policy Changes (2025 onward) Industry Outlook2 in the U.S. with OBBBA

Solar & Wind • 48E and 45Y credits available until 2033 
• Phased out after 20271; sourcing rules tightened (FEOC)

• Continued growth trend through 2030, 
significant slow-down by 20353

• Overall higher electricity end-user prices

Green Hydrogen • 45V credit available until 2033 
• Phased out by 2028

• Deployment undermined by weak demand, 
loss of incentives, and sourcing restrictions

Electric Vehicles • 30D, 25E, and 45W credits for EVs; 30C for charging infrastructure
• Phased out by 2026 (30D/25E/45W by Oct 2025, 30C by Jul 2026)

• Consumer adoption hit by loss of credits and 
policy uncertainty

Manufacturing
• 45X and 28C credits support clean tech supply chain 
• 45X phased out after 2027 (wind) and 2028 (solar/storage); 

48C compromised by sourcing rules

• Clean energy manufacturing hit by loss of 
credits and supply chain constraints

• Subsidy loss threatens existing investments

Carbon Capture • 45Q credit available until 2033 
• Preserved; EOR provisions enhanced

• Growth in oil and gas CCS, challenged by 
foreign entity restrictions

Energy Storage • 48E credit available until 2033 
• Preserved in full

• Preserved credits support growth, 
challenged by foreign entity restrictions

Biofuels • 45Z credit available until 2027 
• Extended to 2029; feedstock sourcing rules tightened; capped SAF

• Slow adoption, challenged by foreign 
entity restrictions

Geothermal • 48E and 45Y credits available until 2033 
• Preserved in full

• Moderate growth from low baseline
• R&D support for superhot geothermal

Nuclear • ITC/PTC for new, 45U for existing plants available until 2033 
• Preserved in full; fuel sourcing rules apply after 2028

• Challenges remain for large ~1GW reactors
• More optimistic outlook for SMRs, XMRs

Oil, Gas • No support
• Gains tax breaks, public land access, and regulatory rollbacks

• Stable or rising share, as renewables face 
disadvantage

(1) Construction by 4 July 2026 = 4 years to completion, after = in service before 2028. (2) EV, Carbon Capture, Energy Storage, Biofuels, Hydrogen and Oil, Gas & Coal’s Outlook use EIA’s reference 
case and alternative transportation case. (3) Outlook expectations for solar and wind based on EIA's 2025 AEO, using "Reference" Case and "High Zero-Carbon Technology Cost" Case​. Sources: 
Congress, One Big Beautiful Bill Act (2025); DOE, Inflation Reduction Act (2022); Norton Rose Fulbright, Effects of "One Big Beautiful Bill" On Projects (2025); CKI Analysis (2025). Credit: Mariana 
Castaño, Ariela Farchi, Nicolas Herrera Isaza, Isabel Hoyos, Hyae Ryung Kim, and Gernot Wagner. Share with attribution: Castaño et al, “Climate Impact of One Big Beautiful Bill Act” (15 July 2025).

OBBBA

https://www.congress.gov/bill/119th-congress/house-bill/1/text
https://www.energy.gov/lpo/inflation-reduction-act-2022
https://www.projectfinance.law/publications/2025/july/effects-of-one-big-beautiful-bill-on-projects/
https://business.columbia.edu/faculty/people/gernot-wagner
https://business.columbia.edu/insights/climate/cki
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German FIT phase-out led to capacity 
spikes in December, before rate decreases

Germany’s monthly solar capacity additions, MW

Spikes in 2025 Chinese solar deployment mirror effects of gradual 
feed-in tariff (FIT) phase-out in Germany from 2004 to 2006 

Sources: CKI Analysis, IRENA, (2025); , (2020); PV Tech (2025)
Credit: Brenda Rain, Nicolas Herrera Isaza, Isabel Hoyos, Hyae Ryung Kim, and Gernot Wagner. Share with attribution: Kim et al., “Scaling Solar” (14 August 2025).
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Chinese deployment proceeds apace, ~2x same period 
last year, on track to surpass 2024 deployment ~8-40%

China’s cumulative solar capacity additions, MW

China

https://public.tableau.com/views/IRENARETimeSeries/Charts?%3Aembed=y&%3AshowVizHome=no&publish=yes&%3Atoolbar=no
https://data.open-power-system-data.org/renewable_power_plants/
https://www.pv-tech.org/china-adds-14gw-pv-capacity-in-june-down-85-percent-month-on-month/
https://business.columbia.edu/faculty/people/gernot-wagner
https://business.columbia.edu/insights/climate/cki
https://business.columbia.edu/insights/climate/solar
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US manufacturing

Bolstered by the IRA, the United States’ solar PV manufacturing 
capacity grew ~50% annually since 2020
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(1) US solar PV manufacturing & installation capacity as of May 2025 (SEIA, 2025)
Source: SEIA, Solar Industry Research Data (2025); IEA PVPS, Trends in Photovoltaic Applications 2024 (2024); IRENA, Stats Tool (2025).
Credit: Yosafat Partogi, Heonjae Lee, Isabel Hoyos, Hyae Ryung Kim, and Gernot Wagner. Share with attribution: Kim et al., “Scaling Solar” (14 August 2025).

Observations
• China still dominates the global market:

– As of 2025, China’s manufacturing capacity exceeds 1,200 
GW/year which accounts for 80-90% of the global 
supply across key stages (polysilicon, wafers, cells, 
modules).

– China has aggressively increased solar module 
production along with producing in countries in APAC 
region such as Vietnam, Malaysia, and S. Korea.

– China benefits from economies of scale, vertically 
integrated supply chains and low productions costs.

• US manufacturing capacity is growing rapidly:
– US module manufacturing capacity grew from ~7 GW in 

2020 to over 56 GW as of May 2025.

– The IRA was a game changer unlocking billions in public 
and private investment.

• China’s market faces headwinds as 
overcapacity and price crashes in 2024/2025 are 
pressuring Chinese manufacturers.

• While the US cannot match China’s scale, the 
country strategically built high-quality, incentivized 
and politically supported capacity from 2022 to 
2025, starting to position itself as a strategic 
alternative supplier in the West to mitigate 
geopolitical and supply chain risks.
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https://seia.org/research-resources/solar-industry-research-data/
https://iea-pvps.org/wp-content/uploads/2024/10/IEA-PVPS-Task-1-Trends-Report-2024.pdf
https://www.irena.org/Data/Downloads/Tools
https://business.columbia.edu/faculty/people/gernot-wagner
https://business.columbia.edu/insights/climate/cki
https://business.columbia.edu/insights/climate/solar
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