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The old commodities narrative of business-as-usual: 
reducing fossil fuel demand will be slow, expensive, and painful

The two visions of the 
energy future

Source: Exxon Mobil Global Outlook 2023.

The new technology narrative of exponential and beneficial 
change: a shift to a cheaper, faster, and distributed energy system

The old guard’s energy outlook The new technology insurgent’s energy outlook
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Source: Rystad Energy 1.6°C Scenario.
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4Source: Way et al. 2022. Individual fossil fuel technologies of course do have learning curves; but because of depletion and cartels, fossil fuel prices have not shown structural decline over time.
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Manufactured technologies grow fast; commodities grow slowly

Technologies beat commodities on speed

Source: Ember 2023 Global electricity review; Wind and solar generation data from Ember annual electricity data, nuclear, gas, coal and hydro generation data from Pinto et al. (2023). This graphic 
is based on a chart by Nat Bullard. Nuclear technologies in 2024 have a 10–15 year lead time.

0

500

1,000

1,500

2,000

2,500

3,000

0 5 10 15 20 25 30 35

8 years 
(to 2021)

12 years 
(2017)

12 years 
(1983)

28 years 
(1981)

32 years 
(1957)

39 years 
(1967)

Years since generating 100 TWh

TWh
Nuclear

Gas

Coal

Hydro

Solar

Wind

Electricity generation after reaching 100 TWh



6

S-curve 
trend

ActualActual Actual

Forecasts

S-curve 
trend

S-curve 
trend

Forecasts

Battery sales

Source: BNEF (solar and battery actuals), IEA STEPS for WEO forecasts , RMI annotation.
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Even neutral actors modeled in linear terms. But change has been exponential
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There are three big levers of change

Source: IEA WEO 2023. The primary energy split is the amount of primary energy going to electricity (electrons) or other (molecules). 
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The first cleantech trillion took decades; the second trillion will happen in four years

Capital has poured into cleantech

Source: BNEF.
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Leading to exponential growth in renewables

Source: IEA, BNEF; Note: CAGR is the compound annual growth rate between 2013 and 2023.  
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Solar
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Solar and batteries are taking over

Source: BNEF, IEA.
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13Source: IEA, BNEF.
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Buildings and industry have been electrifying for 120 years; now transport joins the party 

A century of electrification

Source: IIASA, IEA WEB.
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Electricity is the largest supplier of useful energy

Electricity is the new king of energy

Note: All sectors excluding non-energy uses. Estimates for useful energy differ, and here we have taken data from IIASA, which has prepared the most detailed data we have seen. 
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China has been electrifying at 10 percentage points per decade, nine times faster than the rest of the world

And China is the king of electricity

Notes: IIASA data to 1971, IEA onward. 
Source: IIASA, IEA WEB. WEB defines final energy slightly differently than WEO.
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Exponential growth is also happening in the OECD

Source: Ember, IEA.
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The adoption of superior technology is not confined to the Global North

Exponential growth in emerging economies

Source: IEA.
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Over 75% of fossil demand today is under direct threat by exponentially growing cleantech

The vast majority of fossil demand is at immediate risk

Source:  IEA, IIASA, RMI.
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As growth turns to decline

Flashing red lights all over the fossil fuel system

Source: Ember (new fossil fuel electricity generation capacity), IEA WEI (oil and gas upstream capex), BNEF (ICE sales), Energy Institute (global fossil fuel demand pp). 
Note fossil fuel capacity additions are a net figure.

million cars$ billionGW GJ per capita

Fossil fuel capacity additions Oil and gas capex ICE sales Fossil fuel demand
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Fossil fuel demand across sectors peaked more than 15 years ago

United States — every major sector is past peak fossil demand

Source: BNEF NEO 2024.
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Cleantech costs will continue to fall

Source: BNEF, RMI analyses.
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Cleantech is 3 times more efficient

Source: IEA, IIASA, RMI analysis, Adapted from Prof. Tomas Kåberger. Note: Solar and wind’s 100% efficiency represents the fact that there are no conversion losses from primary to secondary energy.
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Cleantech is now a key driver of GDP growth all over the world

Everyone wants a piece of the action

Source: IEA.
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Adoption moves from early adopters to laggards up a series of S-curves.  This time anyone can be a leader 

Cleantech adoption resembles that of the internet

Source: OWID, Energy Institute.
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Rapid exponential growth along S-curves is a standard characteristic of 
successful new technologies. S-curve-type growth even applies to infrastructure.

Technological adoption by household in the United States Share of maximum size in the United States

Source: Comin & Hobijn via OWID (L); Grubler (R).
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35Source: Energy Institute, BNEF, RMI S-curves. For more see X-Change: Electricity.
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Transport is joining the party just as electrification picks up in other sectors

Electrification will pick up speed

Source: Rystad Energy 1.6°C. 
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Outlook

Renewables push out fossil electricity, electrons push out molecules, and efficiency reduces waste

In with the new, out with the old

Source: Rystad Energy 1.6°C scenario.
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Share of generation from renewables1, %GWh

Source: 2013-2023 National Electricity Industry Statistics Bulletn; China electricity council; ENSTO-E; EIA
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Share of generation from renewables1, %GWh

Source: 2013-2023 National Electricity Industry Statistics Bulletn; China electricity council; ENSTO-E; EIA
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Share of sales from EV 1, %GWh

Source: 2013-2023 National Electricity Industry Statistics Bulletn; China electricity council; ENSTO-E; EIA
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Focus on modular technologies with steep learning curves; avoid expensive and hard-to-deploy technologies

Pay close attention to the small, modular technologies

Source: Adapted from Malhotra and Schmidt, “Accelerating Low-Carbon Innovation.”
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If you want to stay in the game, you need to deploy renewables and electrify end-use demand, and fast

Build, baby, build…

Source: IEA.
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Redesign electricity markets to pass the low cost of renewables onto industry and households

Speed up electrification

Source: IEA WEB, IEA, RMI. Note: assuming a 40% efficiency of natural gas for a fairer comparison between the two energy carriers. 
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Pessimists sound clever; optimists make money

Source: Ember.

Innovation beats bottlenecks, time and again
Pessimist’s and optimist’s take on solar and wind uptake
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Across US states, wind and solar uptake does now correlate with higher electricity prices

Source: EIA

More renewables does not mean higher prices

5

10

15

20

25

30

0% 10% 20% 30% 40% 50% 60% 70%

Connecticut

Delaware

Colorado

Florida

California

Georgia

Idaho

Illinois
Indiana

IowaKansas

Kentucky

ArkansasLouisiana

Maine

Maryland

Massachusetts

Michigan

Minnesota

Mississippi
Missouri

Electricity 
price,

 c$/kWh

Montana

Nebraska

Nevada

New Hampshire

Arizona

New Jersey

New Mexico

New York

North Carolina

Alaska

North Dakota
Oklahoma

Oregon

Pennsylvania

Rhode Island

South Carolina

South DakotaTennessee

Texas

Utah

Vermont

Virginia

Washington

West Virginia

Wisconsin

Alabama

Wyoming

Solar + wind share of generation

5

10

15

20

25

30

0% 10% 20% 30% 40% 50% 60% 70%

Indiana

Iowa
Kansas

Kentucky

Illinois

Louisiana Idaho

Maine

Maryland

Georgia

Massachusetts

Michigan

Florida Minnesota

Delaware
Mississippi

Solar + wind share of generation

Connecticut

Montana
Colorado

Nebraska

Nevada

California

New Hampshire

New Jersey

New Mexico

New York

North Carolina

North Dakota
OklahomaOregon

Arkansas
Pennsylvania

Rhode Island

South Carolina

South Dakota

Tennessee

Arizona

Texas

Alaska

Utah

Vermont

Virginia

Alabama

Washington
West Virginia

Wisconsin

Wyoming

Missouri

Residential Commercial Trendline



52

606

411
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Sources: IEA, IIASA, RMI. For more see The Incredible Ineffciency of the Fossil Fuel System.
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Faster cleantech deployment will speed up efficiency improvements

Efficiency will be pulled up the S-curve

Source: Rystad Energy 1.6 °C. Electricity efficiency is final as a share of primary. Sector efficiency is useful as a share of secondary.
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2000 2010 2020 2030

China is the global pivot nation

Source. IEA APS scenario.

0

50

100

150

200

2000 2010 2020 2030

EJ
Outlook

2000 2010 2020 2030

From slow decline...

From rapid  
growth…

From rapid 
growth...

…to 
plateau

… to fast 
decline

…to fast 
decline

Peak

Peak

When China peaks, the world peaks

OECD
Primary fossil fuel demand by region

China Global South

China has driven two-thirds of fossil fuel 
demand growth in the past decade

Outlook Outlook



55

Fossil fuel demand is peaking across the Chinese system

Source: IEA WEB (past), Ember, IEA Electricity 2024 (electricity generation forecast), BNEF NZS (transport forward).
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This is the pivot decade from growth to decline

Paris is feasible

Source: Global Carbon Project, OWID (1850-2023), Rystad Energy to 2023-2070; RMI illustrative onwards.  Paris 
here means the goal of the 2015 Paris Agreement to keep global warming well below 2°C .
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On the one hand, climate tipping points are coming 
faster than expected…

We are in a race between climate   and economic tipping points

Source: Lenton et al based on IPCC reports

Actual solar additions vs. consensus outlooks

…on the other hand, climate solutions are scaling 
faster than most analysts thought possible.
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There is both inevitability and agency.     As time is short there is every reason to act.

Direction is inevitable,   but speed is up to us

Source: Rystad Energy scenarios (1.6°C  Faster, 1.8°C  Fast).
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Assets get stranded at the top of the market, and disruption is driven by price changes

The fossil fuel system faces trillions in stranded assets

Source: Rystad Energy, OPEC, RMI.
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The first fossil peaks in the Global South

Source: Ember; Note coal additions are a net figure — gross additions minus retirements. 
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S-curves suggest we will triple renewables, and more than double electrification and efficiency rates

Tripling renewables by 2030

Source:  IEA APS scenario as likely (Announced Pledges Scenario); NZE as feasible (net zero emissions).
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Peak fossil fuel demand in electricity

Source: IEA Renewables 2023.
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The required growth in investment is achievable, and reallocation from fossil to cleantech is well underway

We are halfway through a Great Capital Reallocation

Source: IEA, RMI. For more see The Great Reallocation: Capital expenditure on energy production.
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