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decarbonization pathways?




% Columbia Business School




Fossil vs. renewable power prices
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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%.
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= Coal
900 |~ Gas Combined Cycle

= US Nuclear . T
. - PV price drop primarily driven by
800 | = Wind Onshore improvements in module efficiency and

Solar PV economies of scale.

700 |=— + Storage - Onshore wind remained the cheapest for

the longest, now beaten by PV.
- Lithium-ion battery costs fell 20% in 2023

600

alone.
Solar PV prices dropped .
~90% in 12 years, ~99% + Gas combined cycle power plants

500 in 40 years. cheaper than coal, more expensive

than both solar and wind.

400 - Rapid scale-up of utility-scale batteries
“killer app” to replace gas on grid.

300 - Battery prices expected to continue
falling due to cell manufacturing
overcapacity, economies of scale, and

200 switch to lower-cost lithium-iron-phosphate
(LFP) batteries.
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Evaluating the Causes of Cost Reduction in Photovoltaic Modules (2018). CI. K | Initiati
Credit: Hyae Ryung Kim, Xiaodan Zhu, and Gernot Wagner. Share with attribution: Kim et al., “Scaling Solar” (14 August 2025). imate Knowl edge nitiative



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

Case study: Texas vs. California
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Deregulated Texas energy market boon for solar, surpassing

California in 2024

Total installed utility-scale solar capacity in Texas and California (GW)

CAGR ‘“10-15 CAGR “15-20 CAGR ‘20-'24
CA: 71% CA: 15% CA: 12%
TX: 87% TX: 73% TX: 54%
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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).

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

% Columbia Business School
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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
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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

It is tempting to look to Texas, which has become the North Star of electricity-market

liberalization. The state recently surpassed California in total solar-power

deployment. On most days, a live view of its grid shows that wind, solar, and battery
storage provide the majority of electricity — and at rock-bottom rates. After

( ) One answer is an explicitly pieZatEy=ls K=l [Cunslainde) sluisl<fy L= — one for renewables,

and one for fossil electricity generation. Solar, wind, and, increasingly, batteries

promise to be the cheapest sources of electricity. Making this a reality requires market
reform, while keeping appropriate incentives for the necessary investments.

Gernot Wagner

The Green key (o
Germany's Leonomic
Recovery

Wagner (16 May 2025),




Wagner, “The Climate Policy Pendulum” (16 January 2025)
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Early decarbonization investments are key to keeping temperatures
within livable range and saving trillions in climate costs

Even the least-ambitious Shell scenario reaches near-zero emissions by 2100, but speed Low-carbon investment has risen rapidly

is essential to avoid the worst climate impacts and runaway economic costs recently, though ~2.5-3.5x gap remains
IPCC SSP1-2.6 — — IEA Net Zero by 2050 Shell Archipelagos ® Median
== |PCC SSP2-4.5 IEA Announced Pledges —— Shell Horizon “Likely” ranges Actual
—— IPCC SSP3-7.0 IEA Stated Policies Shell Surge “Probable” outcomes I [EA Net Zero by 2050 scenario
Annual global CO, emissions, GtCO, Projected average Climate Annual investments, US$B q@
global warming?, °C impacts, %
90 1 - 50 GDP loss 8,000 - 7,800
- IEA Net Zero by 2050 ~
75 - =" - 4.5 7,000 - requires a rapid increase < 2.5x
= in early investments
- r 40 6,000 - 5 600
60 A i IPCC SSP2-4.5 and 35 ’
< | 500 1
45 - = - 3,0
C. ° 4,000 - ) ,
| NN 2,3 L 25 Current investment is
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\ N\ 1,8 | '
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\ . 2,0 2,300
15 22
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" Global warming by 2100 above 1850-1900 average, with 66% “likely” ranges. “Probable” ranges are based on own best estimate of current trends.

2 Global warming of >2°C is expected to trigger tipping points with large, highly uncertain costs — e.g., Moore et al., PNAS (2024); Dietz et al., PNAS (2021).

Sources: IPCC, Climate Change Synthesis Report (2023); Shell, The Energy Security Scenarios (2025); IEA, World Energy Outlook (2024); Nature, Emissions — the ‘business as usual’ story is Co'umbia Business Schoo|
misleading (2020); BNEF, Energy Transition Investment Trends (2026). Cli te K led Initiati

Credit: Anika Behrndt, Zacharia Thurston, Isabel Hoyos, Hyae Ryung Kim, and Gernot Wagner. Share with attribution: Kim et al., “Probable Climates” (27 January 2026). Imate knowleage Initiative



https://www.pnas.org/doi/10.1073/pnas.2410733121
https://www.pnas.org/doi/10.1073/pnas.2103081118
https://www.ipcc.ch/report/ar6/syr/downloads/report/IPCC_AR6_SYR_FullVolume.pdf
https://www.shell.com/news-and-insights/scenarios/the-2025-energy-security-scenarios.html
https://www.iea.org/reports/world-energy-outlook-2024
https://www.nature.com/articles/d41586-020-00177-3
https://www.nature.com/articles/d41586-020-00177-3
https://www.nature.com/articles/d41586-020-00177-3
https://www.nature.com/articles/d41586-020-00177-3
https://about.bnef.com/insights/finance/energy-transition-investment-trends/#download-report-summary
https://business.columbia.edu/faculty/people/gernot-wagner
https://business.columbia.edu/insights/climate/cki

Economist “ " (20 June 2024)
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https://www.economist.com/interactive/essay/2024/06/20/solar-power-is-going-to-be-huge

The

E cConomis t L EASY PV fhow solar outgrew expectations

S

" DAWN OF
THE SOLAR AGE

A SPECIAL ISSUE

& On average, actual installations have been more than
- three times higher than their five-year forecasts

- atw

Capacity added each year, GW
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== Reality
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L HERE COMES THE SUN the past and a possible future

Global useful energy consumption® Fast-transition
terawatt hours, 000 scenario’
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Power sector ‘solved’ /\?\é‘“\“[ \\

TTTTTTTTTTTTTTTTTT

BREIT
CHRISTOPHERS

FINANCIAL TIMES




China | Dimming prospects

China’s world-beating solar
industry is in turmoil

The Gulf war won't save it

~e firms have

chan 40 (_Jhmem golar hrmaone

e tnd . N =
¢ 2024.

stock ‘E""‘“h g tu’mb has beent

[l Save [I] Share Summary

EHE&YLh firm.
1s still sell at less

PHOTOGRAPH: GETTY IMAGES

May 26th 2026 | BEIJING | 6 min read : (26 May 2026)



https://www.economist.com/china/2026/05/26/chinas-world-beating-solar-industry-is-in-turmoil

Business school teaching case study: how
should solar-panel makers respond to falling
prices?

China’s Longi was a pioneer. Now commeodification is forcing a dilemma over how to
expand

Gernot Wagner

Source: Financial Times (11 February 2025)




Kotchen, Rising & Wagner. “ . Science (30 November 2023).
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https://gwagner.com/costless

Large abatement opportunities available at low or no cost
McKinsey Global v2.0 effort in 2009 identified 38 GtCO,e abatement potential in 2030
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Abatement cost
€ pertCO.e
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Residential electronics
— Residential appliances
— Retrofit residential HVAC

Tillage and residue mgmt

— Cars full hybrid

|— Waste recycling
|

— Insulation retrofit (residential)

Low penetration wind —
Cars plug-in hybrid
Degraded forest reforestation —

Muclear
Pastureland afforestation

Degraded land restoration
27 generation biofuels

Iron and steel CCS new build -
Coal CCS new build
Power plant biomass

Reduced intensive wl
agriculture conversion

High penetration wind
Solar PY

Solar CSP

Building efficiency
new build

o

Gas plant CCS retrofit
Coal CCS retrofit

co-firing -

L Motor systems efficiency
L Insulation retrofit {commercial)

i

15 [ 20 . 25
Organic soil restoration

Geothermal
Grassland management
Reduced pastureland conversion
— Reduced slash and burn agriculfure conversion

— Small hydro
— 1% generation bicfuels

L Rice management

— Efficiency improvements other industry
- — Electricity from landfill gas

— Clinker substitution by fly ash

Cropland nutrient management

- Lighting — switch incandescent to LED (residential)

30 35 38

Abatement potential
GtCO,e per year

Mote: The curve presents an estimate of the maximum potential of all technical GHG abatement measures below €50 per tCO,e if 2ach
lever was pursued aggressively. It is not a forecast of what role different abatement measures and technologies will play.
Source: Global GHG Abatement Cost Cunve v2.0



Capital intensity varies widely across sectors
Transport and buildings with largest up-front capital expenditure requirements

) Size of the bubble indicates
Abatement cost the abatement potential in each sector

€ per tCO.e, 2030
30
25
20

15 Iron and steel

10
Agriculture

Petroleum and gas
1 //I

15 20 30 i 75 80 Capital

intensity
Transporto € pertCO.e

Cement

Buildings

Source: Global GHG Abatement Cost Curve v2.0
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10 % of techs in the money today — steep cost-dowli,to 2030 - .
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Clean Carbon capture | Circularity
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100%$/tCO, carbon tax would make most techs comi,)eti'tive E

L

Clean Carbon capture | Circularity
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Comparison of global mitigation potentials at different costs

The IPCC results use different baseline emissions to calculate the range of mitigation potentials. The top panel
reports the full set of results, and the bottom panel reports only the mitigation potentials with costs >$0 per
tonne of CO, equivalent (tCO,-eq). USD reported in 2020 dollars. See supplementary materials.

00— ey O - - - - e '
How costly, or costless, is climate - — PAGE © PAGE 25-75th
o - [T L] ] [ — 25 76
emissions mitigation? p.1001 &M FUND  FUND 2575t
O — DICE
a 100 McKinsey
Q < IPCC
;E i |PCC baseline range
§ 50 k4 |[PCC uncertainty range
x;::mb;r;::::mﬂ ::*H;Tmﬂlwrm i Horws cony, er coatiens, in climole
—S—
0 o | | |
0 20 40 60 80 100

Percent reduction in 2030 emissions

Cost in USD/tCOz-eq

|
0 20 40 60 80 100
Percent reduction in 2030 emissions for cost >USD 0/tC02z-eq

Source: Kotchen, Rising & Wagner. “The costs of “costless” climate mitigation.” Science (30 November 2023).
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Moers, Fioriti & Wagner, “Innovation uncertainty shapes divergent pathways toward decarbonization,” Mimeo (31 May 2026)
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L HERE COMES THE SUN the past and a possible future

Global useful energy consumption® Fast-transition
terawatt hours, 000 scenario’
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https://www.economist.com/interactive/essay/2024/06/20/solar-power-is-going-to-be-huge

How does uncertainty in clean-
technology learning shape the
cost, timing, and emissions of
decarbonization pathways?
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Literature: Technology dynamics in transition models

Energy-economy models

« Mainstream energy-economy models often treat
technological change as exogenous or deterministic
(e.g. Way et al., 2022)

« Scenario tools have repeatedly underestimated
renewable cost declines and diffusion speeds (e.g.
IEA WEOQ; Creutzig et al 2017)

| Empirical learning and

forecasting

« Empirical work shows large heterogeneity,
uncertainty, and structural breaks in learning rates
(e.g. Goksin et al 2017, 2025; Trancik 2021)

» Vast endogenous learning literature (e.g. Acemoglu
et al 2012; Coppens, Dietz & Venmans 2025)

» Probabilistic forecasting increas
energy & climate outcomes, but
high-resolution models (e.g. Tra

- Combine empirically disciplined innovation uncertainty
with high-resolution energy system model (PyPSA-Earth)

Moers, Fioriti & Wagner, “Innovation uncertainty shapes divergent pathways toward decarbonization,” Mimeo (31 May 2026)

U\

ingly used for
rarely coupled to
ncik et al 2025)

— Columbia Business School
Climate Knowledge Initiative
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Forecast error is an economic problem

Historical PV cost projections  Solar, wind & batteries have
repeatedly become cheaper
A B
IAM projections 10° - —— Observed average PV system cost faSter than expeCted
10" - ,§ 1000 reported in 2014 D ee, : &pgroxig’late P‘;/F:.s\s;sterrg1 clost . .
@ e Observed value -® e .5 x observe module cos °
g ) | . —o_ |AM PV system floor costs _C:OSt assumptlons_Shape
§ 500 - 0e® (shade denotes year reported) Investments, pollcy trade_
£ | ‘ offs, and perceived feasibility
Y ||| N o (Trancik et al., 2025)
0 10 20

Improvement rate (%/year)

» Too pessimistic: mitigation
looks unnecessarily slow &
expensive

10° =

—— : 5 » Too optimistic: institutional,
L o Ine 19605020 ' grid, and deployment frictions

: : High progressIEAprojections \ | disappear by assumption

Capacity cost (USD[2020]/kW)

10 =

Levelized cost of electricity (USD[2020]/MWh)

High progress IAM projections 2014

High progress |IAM projections 2018 2
il [ I 1 1 10 7 I [ I I 1 1
1980 1990 2000 2010 2020 2030 1980 1990 2000 2010 2020 2030 2040

Year Year

Source: Way et al., (2022) $ Columbia Business School
Moers, Fioriti & Wagner, “Innovation uncertainty shapes divergent pathways toward decarbonization,” Mimeo (31 May 2026) Climate Knowledge Initiative
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Methodology: Empirical calibration

Shared-State Bayesian Regime-learning Wright model hindcasts
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% Columbia Business School
Moers, Fioriti & Wagner, “Innovation uncertainty shapes divergent pathways toward decarbonization,” Mimeo (31 May 2026) Climate Knowledge Initiative
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Methodology: Empirical calibration + Stochastic learning model

Shared-State Bayesian Regime-learning Wright model hindcasts

a
Solar PV - Onshore wind
2 6x10° 1
5 g - —y
10 3 < 3 —
] 3 3x10
- w - -~y
: 2
s 2 3
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Moers, Fioriti & Wagner, “Innovation uncertainty shapes divergent pathways toward decarbonization,” Mimeo (31 May 2026)

Learning Model

Regime-switching Wright learning

® o

Alog cost

Alog cost

Slow
Learning
(S=0)

Solar PV

N\

Po1
Fast
Learning
(5=1)
~
P1g

Onshore wind Li-ion battery

~~

Alog capacity

Alog capacity Alog capacity

$ Columbia Business School

Climate Knowledge Initiative
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Global PyPSA-Earth Power Sector model

Energy System Model

c « High-resolution, open-
source, linear model that
minimizes system costs

« 200 regions, 10 typical days,
S-year steps

. : » Sector-coupled model; our
. . : ; focus on power sector

" " 4 * No emissions constraint in
. baseline

% Columbia Business School
Moers, Fioriti & Wagner, “Innovation uncertainty shapes divergent pathways toward decarbonization,” Mimeo (31 May 2026) Climate Knowledge Initiative
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Global PyPSA-Earth Power Sector model

Energy System Model Learning Model

C d

Solar CAPEX

" g ] 10°
Capacity = ’
update g 10° -
v : /N ) .
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- . : ° = 7] 3

. o . W |eess= Median Forecast 10

; e K/ g 10 90% interval
. mm— Hjstorical cost 10
y Cost ! | |

. update 2000 2025 2050 .

4,: Columbia Business School
Moers, Fioriti & Wagner, “Innovation uncertainty shapes divergent pathways toward decarbonization,” Mimeo (31 May 2026) Climate Knowledge Initiative
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Large pathway uncertainty(?!)

Distribution of feasible energy-system states

e .
Installed capacity
50
— Solar

< 40 ={—— Onshore wind
E - Battery power
= 30 =
8 20 -
Q.
©
© 10

§

2025 2030 2035 2040 2045 2030
Year

Moers, Fioriti & Wagner, “Innovation uncertainty shapes divergent pathways toward decarbonization,” Mimeo (31 May 2026)
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% Columbia Business School
Climate Knowledge Initiative
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Large spread of solar, wind, and grid storage pathways...

d Solar capacity € Onshore wind capacity f Grid storage capacity
40 - 20 - 50 -
s 30 . s 15 —
= E é
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Lo m m
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Moers, Fioriti & Wagner, “Innovation uncertainty shapes divergent pathways toward decarbonization,” Mimeo (31 May 2026) Climate Knowledge Initiative
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Consistently high (>80%) renewables share by 2050

Correspondingly low fossil electricity share (<20%)

a Renewable electricity share b Fossil electricity share
100 = 100 =
80 80 =
S £ 60
L)) 1]
g <
o 40 5 40
20 - 20
0 I 1 ] | ] 0
2025 2030 2035 2040 2045 2050 2025 2030 2035 2040 2045 2050
Year Year

Columbia Business School
Moers, Fioriti & Wagner, “Innovation uncertainty shapes divergent pathways toward decarbonization,” Mimeo (31 May 2026) Climate Knowledge Initiative
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Power systems sort into distinct renewables architectures

2035 wind versus solar shares

Large path dependencies between 2035 & 2050

Wind generation share (%)

60

(&)
o

S
o

w
o

N
o

10

2035 battery storage
p25: 4 TWh
- p50: 5 TWh
p75: 6 TWh
| | | | 1 1 1 1
10 15 20 25 30 35 40 45 50

Solar generation share (%)

Moers, Fioriti & Wagner, “Innovation uncertainty shapes divergent pathways toward decarbonization,” Mimeo (31 May 2026)

Wind generation share (%)
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-+ Columbia Business School

Climate Knowledge Initiative
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High 2035 solar share - high solar (+ battery) share by 2050

c Grid storage deployment 2050 distribution
60 - 60 -
5o J 20%° solartercile 50 4 « By 2035, runs sort into

< 40 e 40 - distinctive renewables

“‘}_; 30 90% interval 30 architectures

.*5

(1] . . .

g 207 20  High solar share = high grid
10 = — T == 101 storage share
0 ' — S— T T T 1 O T T T . . ..

2025 2030 2035 2040 2045 2050 Low Middle High * Fossil shares remain similar
Year across high and low solar

d Onshore wind deployment deployment, with wind as

257 25 7 ‘substitute’
I

20 - 20 - :

s A « 2035 fossil share less

= 7 159 indicative of architecture than

8 10 4 === 10 solar and wind shares

o - -
5 - Yt 5 1
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% Columbia Business School
Moers, Fioriti & Wagner, “Innovation uncertainty shapes divergent pathways toward decarbonization,” Mimeo (31 May 2026) Climate Knowledge Initiative
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Early high renewable systems save significant emissions...

4 Crossed 80% renewable mark
0.125 = Outcome Earliest quintile  Latest quintile
0.100 + Partition runs by when Cumulative emissions 193.3 GtCO, 278.5 GtCO,
> 0.075 - they cross 80% 2050 annual emissions 4.81 GtCOy/yr 10.79 GtCO»/yr
a2 renewables threshold 2050 renewable share 86.4% 68.1%
8 0.050 - 2050 fossil share 11.2% 28.4%
0.025 4
0.000 1 ] 1 1 b . . . d .y .
2030 2035 2040 2045 2050 Cumulative emissions Transition spending
350 = 1200 =
300 o ==Q5 1000 A
Crossed 80% Did not cross 90% interval
56.5% 43.5% 250 = =
» 800 =
o
§' 200 O
3 S 600 - \
All crossed = _ | — o 150 + £:!)‘J <
High 2035 wind = — T 100 g 400 7
High 2035 storage = _t 1 _+— 50 - 200 4
High 2035 solar = — I F—
Low fossil 2030 — —{ 1 1+ 0 ' ' 0 ' '
2025 2035 2050 2025 2035 2050
Low fossil 2035 = s B | —
1 1 1 1 |
2030 2035 2040 2045 2050 ] ]
Year % Columbia Business School

Climate Knowledge Initiative
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... without increasing system costs significantly

0.20

o
—_—
(@)

0.05

Probability density
o
S

0.00

Net value, Q5 vs Q1
(th USD2025)

Moers, Fioriti & Wagner,

Low front-loading

High front-loading

5.0%

32.5%

22.47 GtCO3 lower in high front-loading
0.16 trillion USD higher, p = 0.62

92.55 trillion USD

92.41 trillion USD

I === Q1 low front-loading
’1 | === Q5 high front-loading Outcome
- H I == 3% median aF PR Fag
i \ . 1% sensitivity Probability of !owest _ewssmns quintile
i i i — 5% sensitivity Mean cumulative emissions
. \ : Mean total system cost
- I \ Median total system cost
iV
p. \ =~
1 | 1 1
60 80 100 120 140

Discounted total system cost (tn USD2025)

: Break-even

: carbon value Net value of early investment

= avoided emissions
x carbon value
— change in system costs

07 25 50 100 185
Carbon value (USD2025/tCO5)

“Innovation uncertainty shapes divergent pathways toward decarbonization,” Mimeo (31 May 2026)

Carbon value

Net value of high front-loading

Break-even

50 USD/tCO>
100 USD/tCO,
185 USD/tCO,

7.13 USD/tCO3,
0.96 trillion USD
2.09 trillion USD
4.00 trillion USD

$ Columbia Business School
Climate Knowledge Initiative
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What innovation can and cannot do

Innovation can Innovation may not be able to

» Lower clean-technology costs * Retire some residual coal and gas

» Expand feasible transition pathways » Resolve grid and permitting frictions

 Create self-reinforcing deployment dynamics « Guarantee full decarbonization (by 2050)

» Reduce expected transition spending « Manage distributional and political constraints

U\

— Columbia Business School

Moers, Fioriti & Wagner, “Innovation uncertainty shapes divergent pathways toward decarbonization,” Mimeo (31 May 2026) Climate Knowledge Initiative
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Early decarbonization investments are key to keeping temperatures
within livable range and saving trillions in climate costs

Even the least-ambitious Shell scenario reaches near-zero emissions by 2100, but speed Low-carbon investment has risen rapidly

is essential to avoid the worst climate impacts and runaway economic costs recently, though ~2.5-3.5x gap remains
IPCC SSP1-2.6 — — IEA Net Zero by 2050 Shell Archipelagos ® Median
== |PCC SSP2-4.5 IEA Announced Pledges —— Shell Horizon “Likely” ranges Actual
—— IPCC SSP3-7.0 IEA Stated Policies Shell Surge “Probable” outcomes I [EA Net Zero by 2050 scenario
Annual global CO, emissions, GtCO, Projected average Climate Annual investments, US$B q@
global warming?, °C impacts, %
90 1 - 50 GDP loss 8,000 - 7,800
- IEA Net Zero by 2050 ~
75 - =" - 4.5 7,000 - requires a rapid increase < 2.5x
= in early investments
- r 40 6,000 - 5 600
60 A i IPCC SSP2-4.5 and 35 ’
< | 500 1
45 - = - 3,0
C. ° 4,000 - ) ,
| NN 2,3 L 25 Current investment is
30 N o o ’ aligned with the Shell
\ N\ 1,8 | '

L 3,000 + Archipelagos scenario
\ . 2,0 2,300
15 22

AN . e 2,000 -

0 T T T A\ T . 1 1’000 u

15 T T L 0,5 0
2000 2020 2040 2060 2080 2100 2015 2020 2025 2030 2050

" Global warming by 2100 above 1850-1900 average, with 66% “likely” ranges. “Probable” ranges are based on own best estimate of current trends.

2 Global warming of >2°C is expected to trigger tipping points with large, highly uncertain costs — e.g., Moore et al., PNAS (2024); Dietz et al., PNAS (2021).

Sources: IPCC, Climate Change Synthesis Report (2023); Shell, The Energy Security Scenarios (2025); IEA, World Energy Outlook (2024); Nature, Emissions — the ‘business as usual’ story is Co'umbia Business Schoo|
misleading (2020); BNEF, Energy Transition Investment Trends (2026). Cli te K led Initiati

Credit: Anika Behrndt, Zacharia Thurston, Isabel Hoyos, Hyae Ryung Kim, and Gernot Wagner. Share with attribution: Kim et al., “Probable Climates” (27 January 2026). Imate knowleage Initiative
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