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Summary

• Demand for fossil fuels has peaked in the electricity sector. It will plateau for a few years and 

be in clear decline by the second half of the decade.

• The key driver of change is the rapid growth of solar and wind electricity generation on typical

S-curves, driven by low costs, a shift of global capital, and the rising ceiling of what is possible.  

• In 2022, solar and wind produced 600–700 TWh of new electricity. Added to the 100–200 

TWh from other clean sources implies that clean energy will supply projected global electricity 

demand growth of around 700 TWh; and that means peak fossil fuel demand.

• The story just gets better. As solar and wind advance further up the S-curve, their electricity 

generation will grow threefold by the end of the decade. That will increasingly push fossil fuels out 

of the generation system.

• This is a global phenomenon. Fossil fuel demand for electricity has peaked in 95% of the OECD 

countries and 31% of the non-OECD countries except for China. Chinese demand is about to 

peak as the 2030 renewable deployment goals are hit before 2025. India is choosing its own path 

to development, based on growth from renewables. And renewables offer new solutions for Africa.

• There are plenty of barriers to change, but none of them can maintain the status quo by being 

insoluble, immediate, and universal. We are far from the limits to change, and disruption of the 

incumbent fossil fuel system is thus inevitable.
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Peak, plateau, and decline for fossil fuels in the electricity sector

• Prior to 2008, fossil fuel demand for 

electricity grew at 4% a year. From 

2010 to 2018, it grew at 2% a year.

• Demand for fossil fuels to make 

electricity fell in 2019 and 2020, and 

bounced back in 2021 to 1% higher 

than 2018 levels.

• Rapid solar and wind growth means 

demand for fossil fuels will struggle to 

rise significantly above 2021 levels.

• The implication is that fossil fuel 

demand will form a plateau from 2018 

to 2025. Demand fluctuates, but never 

rises more than 5% over the 2018 

initial peak.

• From 2025 to 2030 fossil fuel electricity 

demand will likely decline at 4% a year 

as renewables get onto the steep part 

of the S-curve of growth.
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The Growth
of the New

1

• Renewables are abundant

• Potential has been unlocked by the cost 

declines of renewables

• Costs will keep falling

• This has already led to a shift in capital
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Fossil fuels are scarce…

• Fossil fuel deposits are highly 

concentrated.

• Just nine countries with 8% of 

the population control 90% of 

global oil reserves. Four 

countries with 3% of global 

population control 57% of gas 

reserves.

• Petrostates charge fossil fuel 

users ‘rents’ of an extra $1 trillion 

a year for the privilege of 

scarcity (and around $2 trillion in 

2022).

• Nearly 80% of people live in 

countries that are net importers 

of fossil fuels.

World coal deposits: punctiform
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Source: Carbon Tracker based on data from Solargis, NREL, Jacobson.  

Solar and wind energy potential as a multiple of total energy demand 

…while renewables are abundant

• Renewables are, obviously, available 

everywhere. Even if you massively 

constrain deployment, the world has 

over 6 million TWh/y of renewable 

flows. Which is more than 100 times 

as much as our use of fossil fuel 

supply.

• Solar rooftops alone (53,000 TWh/y) 

could supply us with all our electricity 

needs of 28,000 TWh/y.

• The Global South has especially 

abundant renewable energy 

resources.

• Only 14% of energy demand comes 

from crowded places like Germany or 

Japan that might struggle to find 

enough space.
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Solar and wind energy potential as a multiple of a just energy 
provision or current usage

Renewables could supply all our energy even if you set a minimum 
level of usage

• Primary annual energy use per person 
in Africa according to BP is only 15 GJ.  
In the United States energy usage per 
person is nearly 300 GJ, and in the UK 
it is 100 GJ.

• We look at the renewable energy 
potential as a multiple of total energy 
demand, assuming that every person 
has at least UK levels of 100 GJ.

• There is still plenty of solar and wind 
potential even then. Africa, for 
example, would have 181 times as 
much land as needed even if everyone 
used energy at UK levels. 
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RMI input of most recent data. P2X means Power-to-X. LCOE is the levelized cost of electricity. 

• Fossil fuel prices have enjoyed no 

structural decline over the past 

century because innovation has been 

balanced by depletion.

• However, renewables prices have 

fallen dramatically.

• Renewables are subject to increasing 

returns to volume: the more you 

deploy, the cheaper they get. Solar 

panels, for example, have a learning 

curve of 28%.

• In the past five years, renewables 

have become indisputably cheaper 

than fossil fuels in most of the world.

We recently figured out how to access these renewables cheaply
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Solar and wind are the cheapest electricity source in 96% of the world

• Since Putin’s War, solar and wind 

are the cheapest source of new 

electricity in 96% of the world as 

analyzed by BNEF.

• The inflationary shocks of 2022 

have significantly improved the 

economics of renewables relative 

to fossil fuels. 

• In 2022 the average levelized 

cost of electricity (LCOE) of wind 

fell 6% and fixed axis solar fell 

2%, but gas and coal went up 

23% and 9% respectively.

• New solar and wind even beat 

existing coal and natural gas 

power plants in 60% of the world.

The cheapest source of new electricity
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Primary

Carrier

Fossil 
fuels

Renewable costs will continue falling on learning curves
Decreasing costs of solar, wind, batteries, and hydrogen — past and future

Source: INET Oxford. 
Note: P2X means Power-to-X

• Key renewable energy technologies enjoy 
learning curves, so the bigger they grow, the 
cheaper they get. 

• Learning curves with renewables are extremely 
persistent and have proven to be the most 
accurate way to forecast future costs.

• Empirical mathematicians at Oxford University 
use this framing to forecast future costs. Their 
central scenario implies below $10 per MWh 
for solar LCOE by 2050 as a global average.

• The Al Shuaiba project in Saudi Arabia reached 
that level in 2021.

• After the inflation of 2022, new polysilicon 
capacity is leading to price falls in 2023, and 
efficiency has increased, setting the scene for 
a new round of cost declines.
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If we continue on existing learning and growth rates, then by 2030 the world will enjoy $15 per 
MWh solar, $25 per MWh wind, $50 per kWh Li-ion batteries, and $1/kg green hydrogen.

Cheap renewables create an entirely new paradigm
The faster change happens, the cheaper renewables become
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Capital expenditure has already shifted to renewables

• Renewable generation capital 

expenditure (capex) in 2021 was $450 

billion, 10 times the level of 20 years 

ago.

• In 2021, 80% of all new electricity 

generation capital was being invested 

into renewables.

• This is true for developed markets 

(88%), China (88%), and the Global 

South (61%).

• Capex on fossil fuel generation peaked 

in 2015 and has dropped to below 20% 

of the total.

• Fossil fuel capex is used mostly to 

maintain existing assets, not to expand 

them.
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Solar and wind are over 90% of new capacity

• Solar and wind only supplied 

12% of new generation capacity 

in 2007.

• By 2020, they already supplied 

91% of new capacity.

• This is a classic S-curve of 

deployment, taking 13 years to 

move up the S-curve from 

tipping point to dominance.

• To put this in context, electric 

vehicle sales in 2021 were only 

9% of car sales. Which is where 

solar and wind were in 2006.
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Growth into the Future

2

• Solar and wind are on S-curves of 

growth

• This type of growth is 

unprecedented in the energy sector

• Growth is forecast to continue

• It is undeniable that change in the 

decade to come will be far greater
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Solar and wind enjoy exponential growth

• Renewable energy is growing 

exponentially and quickly.

• Solar generation has been 

doubling every 2–3 years since 

2000 and grew at a 32% 

compound annual growth rate 

(CAGR) in the past decade.

• Wind generation has been 

doubling every 3–4 years since 

2000, and grew at a CAGR of 

16% in the past decade.

• Exponential growth assumptions 

have been far better at 

forecasting this development 

than detailed country analysis.  -
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Note that 1 EJ of energy is the amount of primary energy Greece uses in a year

The duration and size of this growth is unprecedented

• In 1831, global energy supply from coal 

crossed 1 EJ. It took 51 years to reach 10 EJ, 

but still transformed the global balance of 

power.

• In 1902, oil reached 1 EJ. It took 34 years to 

reach 10 EJ. Gas took 32 years.  

• Nuclear was fast initially but turned out not to 

enjoy a learning curve, and growth stopped 

about 30 years ago.

• Wind crossed 1 EJ in 2005 and reached 10 

EJ only 13 years later.

• Solar crossed 1 EJ in 2012, and within a 

decade reached 10 EJ. 

• These unprecedented growth rates have 

surprised incumbent forecasters for years.

Primary energy supply after crossing 1 EJ
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Note: CAGR is the compound annual growth rate.

Expected growth rates to 2030 are high

• The IEA’s three scenarios 

(STEPS, APS, and NZE) 

forecast 14%–20% annual 

growth (CAGR) of solar and 

wind generation to 2030.

• The Rystad 1.6°C and 1.7°C 

scenarios forecast 14%–20% 

CAGR.

• The BNEF ETS scenario 

forecasts 14% CAGR.

• We feel comfortable thus 

assuming a 15%–20% growth 

rate to 2030 of solar and wind 

electricity generation.
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Solar and wind generation will continue up the S-curve

• In 2021, solar and wind supplied 

3,000 out of 28,000 TWh.

• We assume that solar and wind 

generation is likely to increase 

by 15%–20%/y this decade.

• By 2030, solar and wind will be 

supplying between 10,000 and 

15,000 TWh of electricity.
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The decade-on-decade change is spectacular

Source: BP, RMI estimates 

• There is much debate about the level 

of deployment of new energy 

technologies in 2030.

• However, what is not in debate is that 

the change over the course of this 

decade to come will be far higher than 

the change in the decade past.

• From 2011 to 2021, solar grew from 

72 to 854 GW. By the end of this 

decade, it will be between 3,000 and 

8,000 GW, depending on your 

preferred growth rate.

• From 2011 to 2021 wind capacity 

grew from 220 GW to 825 GW. By 

2031 there will be between 1,500 and 

3,500 GW of wind.

• We expect four times as much 

capacity deployment this decade as 

the past decade.
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In Rystad’s central forecast, solar generation will increase from over 1,000 
TWh in 2022 to around 40,000 TWh in 2050, a growth rate of around 14% a 
year versus 25% today…

...while wind generation will increase from 2,000 TWh in 2022 to over 
20,000 TWh in 2050, a growth rate of 7% versus 15% today.

Solar generation Wind generation

This is where we are heading
Powered by and powering falling costs
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Peak Demand for Fossil 
Fuels

3

• At heart this is the story of the quick overtaking 

the slow

• Total electricity demand grows at roughly 700 

TWh/y

• Renewable supply has been closing in on that 

level for a while

• 2022 was the pivot year where the two lines 

met

• Fossil fuels are thus at a plateau and face 

inevitable decline by the middle of the decade
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Electricity demand growth is quite slow

• Electricity demand has been growing 

at 2.5%/y over the past decade, 

averaging 600 TWh/y of growth, with 

obvious fluctuation in 2020-2021.

• The shift to electrification is likely to 

increase that growth rate to 3.5%...

• …while lower global growth and the 

drive for efficiency will push growth 

back toward 2.5%.

• The most likely framing is that 

electricity demand growth will 

fluctuate in the 700–1,000 TWh/y 

range. A more powerful efficiency 

drive would make this the upper 

boundary.
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Solar and wind supply is growing fast

• In 2011, solar and wind 

generated incremental electricity 

supply of just over 100 TWh.

• By 2021, solar and wind 

generated incremental electricity 

supply of over 450 TWh.

• On top of this, there is a 

fluctuating contribution from 

other non-fossil energy solutions 

— biomass, hydro and nuclear.

Non-fossil electricity supply growth, TWh/y
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Three quarters of all the growth from 2018 to 2021 has been from 
renewables

• Due to the shock and recovery 

of 2020–2021, it is better to look 

at that period on a net basis.

• Since 2018, 60% of the growth 

in global electricity supply —

over 1,000 TWh — has come 

from solar and wind. 

• A further 18% of the growth has 

come from hydro, nuclear and 

biomass.

• Fossil fuels made up less than a 

quarter of the growth in supply 

— just 400 TWh.
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Renewables made up all the supply growth in H1 2022

• Data from Ember shows that 

fossil fuel demand for electricity 

declined in the first half of 2022.

• Total demand growth was 389 

TWh.

• Wind and solar supplied 300 

TWh extra.

• The rest of the growth was made 

up of non-fossil sources —

mainly hydro.

• So fossil-fueled electricity 

demand fell by 37 TWh in the 

first half of 2022.
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The math is finely balanced for 2022 as a whole

• The math in 2022 is quite finely 

balanced.

• Total electricity demand growth is likely 

to be between 600 and 800 TWh.

• Renewables supply growth is also likely 

to be between 600 and 800 TWh.

• So fossil fuel demand may rise 

marginally. But not enough to break out 

of the plateau.

• A recession in 2023 would certainly 

mean a decline in fossil fuel demand.

• And by the time the battle for growth 

begins again in 2024, solar and wind will 

be 2.6 times larger than in 2018.
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The picture gets clearer over the course of the decade

• Biomass, hydro, and nuclear combined  

tend to grow supply by around 2%, or 

150 TWh per annum.

• In 2022, solar and wind are likely to 

increase supply by around 600 TWh of 

electricity, or 20%. 

• If we assume 15-20% CAGR for solar 

and wind, then by 2030 clean energy 

will be supplying between 1,800 and 

2,700 TWh/y of additional electricity

• Meanwhile demand growth as noted 

will be around 700–1,000 TWh/y.

• At 15%–20% solar and wind growth 

rates, there simply will be no room left 

for fossil fuel demand in the power 

sector to grow.
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A Global Story

4

• Big markets dominate demand and growth

• OECD fossil fueled electricity is in decline

• China is about to peak

• One third of non-OECD demand has peaked

• India has limited growth

• Africa has new options from renewables
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The big markets dominate electricity demand and growth

• China, North America, Europe, 

and India dominate both demand 

for electricity and the expected 

growth in demand for electricity 

for the rest of this decade.

• Africa makes up 3% of electricity 

demand and 6% of the expected 

growth in demand.

• Southeast Asia is 4% of demand 

and 8% of expected growth.
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Three key regions for fossil fuel demand for electricity

• There are three key regions for 

fossil fuel demand for electricity, all 

around the same size, 6,000 TWh.

• OECD demand has been falling for 

over a decade at around 2%/y.

• It is matched by non-OECD 

(except China) demand, rising by 

around 2%/y.

• The swing factor is China, which 

has been growing fossil fuel 

demand for the past decade at 

4%/y.

• Over the past 5 years all net 

growth in fossil fuel electricity 

demand has come from China.
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Fossil fuel demand for electricity is falling across the OECD

• Fossil fuel demand for electricity 

peaked in Europe in 2007 and is 

down by 31%.

• Fossil fuel demand peaked in 

the United States in 2007, and is 

down by 16%, with change 

slowed down by cheap gas.

• This is the standard pattern — a 

peak, plateau, and decline.

Fossil fuel demand for electricity in Europe and the United States
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The OECD story in detail: Electricity supply

European Union

TWh
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China per capita electricity demand is higher than UK and in line with EU

• 20 years ago, Chinese per capita 

electricity demand was about one sixth 

of Europe’s.  That set the scene for 

years of rapid growth.

• Chinese electricity demand per person 

has increased sixfold since 2000 and 

is now above the UK’s and around the 

same level as Europe’s.

• The structure of China’s economy is of 

course different, and we expect 

Chinese demand per capita to 

overtake Europe. Nevertheless, the 

story of rapid exponential growth from 

a very low base is over.

• Growth rates have slowed from 12% in 

2001–2011 to 6% from 2011 to 2021, 

and are likely to fall below 5% in the 

decade to come.
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China has a strong track record of exceeding its renewables targets

• For many years China has been 

outperforming its renewable 

targets.

• The 2010 target was 10 GW of 

solar and wind capacity. Chinese 

actual deployment was 31 GW.

• The 2015 target was 121 GW of 

solar and wind. Chinese actual 

deployment was 172 GW.

• The 2020 target was 320 GW.  

Chinese actual deployment was 

530 GW.
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China is racing ahead with solar and wind deployment

• China is the global leader in almost all 

aspects of the renewable energy 

supply chain.

• For China, renewables are a 

domestic energy source, like coal.

• China is deploying solar and wind at 

massive scale as it connects huge 

renewable resources in its West to 

demand centers in its East.

• In 2022 China was on course to 

install 180 GW of solar and wind 

according to estimates from  BNEF.

• BNEFs expected CAGR 2022-25 for 

total solar and wind deployment is 

17%.

China solar and wind new capacity GW

0

20

40

60

80

100

120

140

160

2008 2010 2012 2014 2016 2018 2020 2022 2024

Solar Wind

Future



RMI – Energy. Transformed. 37

China solar and wind capacity GW

Source:  Carbon Brief, CREA, RMI estimates. Note: NDC is the Nationally Determined 
Contribution, a target submitted to the UNFCCC 

China is likely to hit its 2030 solar and wind target by 2025

• The Chinese government plans peak fossil fuel 
demand by 2030 and has an official NDC target 
of 1,200 GW of solar and wind by 2030.

• In 2022, BNEF data indicates that China 
installed 180 GW of solar and wind capacity, to 
reach more than 800 GW of capacity by year 
end. 

• Even on current run rates, the 2030 target will 
thus be reached by 2025.

• Analysis of regional government plans by CREA 
indicates that by 2025, China will install 1,500 
GW of solar and wind — an annual growth rate 
of 24%.

• The implication is that it is reasonable to 
assume growth rates of at least 15-20% for the 
foreseeable future.
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The BNEF detailed forecast for Chinese electricity supply

• As an example, this chart shows 

the relatively conservative BNEF 

ETS scenario. Whilst it is by no 

means a consensus view among 

all stakeholders, it does serve to 

illustrate the story.

• Most of the growth of electricity 

supply in China in this scenario 

comes from solar and wind. 

• In this scenario, fossil fuel 

demand for electricity generation 

in China has a 2021 peak, and a 

plateau until 2025.

Chinese electricity supply TWh
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Not much room for fossil fuel electricity growth in China

• Chinese electricity demand is likely to 

grow at around 400 TWh/y, rising over 

time towards 500 TWh/y by 2030.

• The graph to the right assumes 

growth rates of solar and wind 

generation of 15%–20%.  

• If these growth rates are maintained, 

then by 2025 renewables will clearly 

be able to supply more than total 

demand growth.

• And by 2030 renewables will supply 

far more than the possible growth –

some 800–1,000 TWh/y of new 

supply.
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The non-OECD story is complex

• Of the non-OECD countries, 31% 

(by demand) have passed peak 

fossil fuel demand for electricity.

• Most of South America, parts of 

SE Asia, and South Africa are 

clearly past peak demand.

• Wealthy petrostates like Saudi 

Arabia and Russia have high 

electricity usage per capita but 

have little growth.  

• India is taking its own path.

• Areas such as the rest of sub-

Saharan Africa, Indonesia, 

Pakistan, and Bangladesh have 

low usage per capita. 

Fossil fuel demand for electricity 2021 TWh
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Everywhere outside the petrostates is focusing capex on non-fossil energy

• Across the world, countries are investing in non-

fossil energy. 

• South America has a greater share of capex on 

non-fossil energy than Europe.

• China has a greater share than North America.

• In Africa, 68% of power generation capex in 

2021 was on non-fossil energy ($13 billion out 

of $19 billion).

• The only two regions behind the curve are the 

big petrostate regions of the Middle East and 

Eurasia.
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Renewables can be deployed at any stage

Low energy demand per capita regions deploy about the same share of clean energy as high energy demand regions

• Some argue that states with high levels 

of electricity usage per capita can 

afford non-fossil electricity, but poor 

ones cannot.

• In reality, renewables are being 

deployed at every level of demand 

because they’re cheaper and faster.

• Countries with annual electricity 

demand of over 10 MWh/person have 

around the same share of non-fossil 

electricity (36%) as those with less than 

1 MWh/person (34%).

• Countries with low electricity demand 

per person now have a new way to get 

cheap and distributed electricity. 0%
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Non-OECD countries past the peak of fossil fuel electricity demand
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Petrostates at the peak of fossil fuel electricity demand
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Two key groups lack electricity

• There are two key groups that lack 

electricity.

• These groups make up only 10% of 

electricity demand but nearly half 

(45%) of the global population.

• 21% of the global population lives in 

countries where demand per person is 

1–2 MWh/y, most notably India and 

Indonesia.

• 24% of people live where demand per 

person is less than 1 MWh/y, notably 

sub-Saharan Africa, Pakistan, and 

Bangladesh.  They account for under 

4% of electricity demand.

Share of electricity demand and population
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India is setting out a new path

• The OECD and China built their 

electricity systems when coal was cheap 

and there were few alternatives.

• Countries with rising electricity demand 

now have a choice because renewables 

are much cheaper.

• These countries increasingly are 

choosing cheap clean domestic 

renewables.

• In India, for example, even using the 

more conservative BNEF ETS scenario, 

there is little room for growth from fossil 

fuels.

• Almost all the growth in supply is met by 

renewable sources.

India electricity supply TWh
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India is taking a very different path to China 20 years ago

• India is making a shift to 

renewables at much lower coal 

electricity consumption levels 

than China.

• Chinese coal electricity demand 

per capita is peaking at around 4 

MWh/y.

• Indian coal electricity demand 

per capita will peak at around 1 

MWh/y — the level where China 

was 20 years ago.

• 20 years ago, solar electricity 

cost around 10 times more than 

new coal electricity. Today it 

costs half as much as new coal.
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Fossil fuels have not brought universal electricity to Africa

• After more than a century, fossil 

fuels have failed to bring 

electricity to over 500 million 

people in Africa and 700 million 

people globally.

• The situation has worsened 

because of Putin’s War.

• The people of Africa pay some of 

the highest prices in the world 

for fossil-fueled electricity.

• Fossil fuels have not been a 

good electricity solution for 

widely distributed rural 

populations or those in fragile 

states.

• They need a better solution.

Share of population with access to electricity in 2020
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Renewables provide a superior solution

How to get electricity to those without it

• Renewables provide a far better way to 

provide electricity to those lacking it, 

because they are already a distributed 

technology.

• Renewables can be deployed without much 

infrastructure if necessary.

• For example, the IEA NZE argues that 90% 

of people with no electricity will get it from 

renewables.

• There is a range of renewable solutions: 

standalone, minigrid, and grids.

• Micro- and nano-scale initial solutions—

even enough just to provide light and 

charge a phone—can fit in a pocket but 

transform lives.

Source: IEA NZE
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How to Frame 
Barriers to Change

5

• Change is not easy, but we have done it before

• Falling costs have removed many barriers; the 

seven remaining are mainly about policy

• The ceiling of opportunity is above us

• Change starts with easy and moves to hard

• Change is led by innovators  

• Disruption happens early

• Are barriers insoluble, immediate and 

universal?
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The transition of the electricity system will not be easy

• The electricity system is the 

largest system built by humanity.

• In 2022, electricity generation was 

60% from fossils, 12% from solar 

and wind, and 28% from other 

sources.

• By 2050 in the Rystad 1.6 

scenario it will be 4% fossils, 80% 

solar and wind, and 16% other.

• Changing generation from one 

built on fossil fuels to one built on 

renewables will not be easy.

• It will require large amounts of 

capital and expertise, as well as 

constant innovation, as with all 

technology changes.
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But we have built an entire electricity system from scratch before

• In 1900, the world generated 7 TWh of 

electricity. In dangerous inefficient stations 

in a handful of US and European cities with 

a few overhead wires.

• By 2022 we generated and distributed 

28,000 TWh of electricity to 7 billion 

people, using a network of 7 million km of 

transmission cables and 66 million km of 

distribution cables.

• Nobody sat down in 1900 and worked out 

how to do this. If they had, the conclusion 

would have been that it was not possible 

for reasons of cost, technology, risk, and 

NIMBYism.

• The solution was that we worked it out as 

we went along.
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And we built a fossil fuel system from scratch

• The fossil fuel system also needed 

extraordinary amounts of innovation 

and capital to build.

• The entire colossal infrastructure of 

oil wells, refineries, pipelines, and 

ships required decades of 

innovation.

• In the 30-year period after the end of 

WW2, oil demand increased nearly 

tenfold by 100 EJ.

• In the decade from 1970, natural 

gas generation of electricity 

increased tenfold.

• Because fossil fuels are heavy and 

need to be burned every day, the 

infrastructure needed to deploy them 

is far heavier than renewables.
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Innovation has solved most of the barriers to change

Source:  RMI
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• Innovation has solved most of the barriers 

to change. We illustrate this with solar 

deployment.

• First the technical barriers were crossed 

thanks to innovation from the United 

States, Japan, and Germany.

• Then the economic barriers were crossed 

as China came into the battle at scale.

• And now the barriers to change that we 

face are largely political.

• The question is — can our policymakers 

act before it is too late, or are we 

condemned to failure by inertia and 

incumbent lobbying?

How cost breaks through barriers
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We still face a wide range of barriers to change

• This table shows the seven key barriers 

to change.  

• Every day we expand the realm of the 

possible.  And as we find solutions in 

one country, those lessons can be put to 

work in others.

• In broad terms, we have solved the 

main technology and economics issues.  

• The main barriers to change now are 

linked to policy decisions. 

Challenge Short-term solution Long-term solution

Variability Regulation; batteries; digitization
Efficient/timely use; 
Grids and storage

Land Permitting; roofs Deployment

Minerals More mines; new chemistries
Efficiency; substitution; 
recycle; find resources 

Supply chains Build out Diversify

Chinese dominance Alternative supply chain build Different global nodes

Low-income 
countries

Development banks; policy
Capital and technology 
transfer

Petrostates No barrier to global change Change to survive

The key barriers to change
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Solar and wind are a long way from hard limits to growth

• Solar and wind are 12% of electricity 

generation, so the limits to deployment 

for solar and wind are far above our 

heads.

• At a global level we can deploy at least 

three times as much renewables 

without running up against major 

barriers to change.

• And by the time we get to that level, 

the leaders will have pushed the 

ceiling far higher. Many regions are 

now making detailed plans to get to 

100% clean electricity.

• We need to move away from 

theoretical debates about possible 

barriers to change in the future, and 

focus on what we can do today.
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Importers to exporters

Importers

Exporters
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Time
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Simple to complex

Time
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Solutions
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Electricity
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Time

Shipping
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wheelersLight
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• In every area and sector, 

change progresses from 

easy to hard.

• For example, areas of low 

penetration are easier to 

address than those with high 

penetration. Countries with 

supportive regulatory 

regimes change before 

those with opposed 

regimes. Effective 

governments drive change 

faster than weaker ones.

• This framing is quite normal 

and is seen in many areas of 

life.

In every area, change moves from easy to hard

Source: RMI



RMI – Energy. Transformed. 58Source: Rogers Diffusion of Innovation theory, RMI concept graph

Change is led by innovators

“Leaders and laggards” is a standard framing for change

• We can apply Rogers’ Diffusion of 

Innovation theory to the story of peaking 

demand for fossil fuels in electricity.

• Innovators include Scandinavia, California, 

and Shenzhen, China.

• Early adopters are Europe and selected 

states with large hydro resources.

• North and South America are the early 

majority.  

• China and India are the late majority.

• Africa and the petrostates are the 

laggards. Change here is important, but 

the slow pace of change does not stop the 

global transition.
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Share of population using the internet

• It is quite normal for wealthy countries 
to be early adopters of new 
technologies.

• This helps drive down the costs and 
solve deployment issues before the 
technologies are adopted more widely.

• For example, the United States led the 
deployment of the internet, but this has 
since spread around the world.

• The later deployment of the internet in 
sub-Saharan Africa and South Asia has 
not held back the spread of the internet 
globally.

• New generations of entrepreneurs are 
bringing the internet to those places that 
missed out on the first wave of change.

The internet also had leaders and laggards
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And disruption occurs long before the endgame

• Our focus is on the disruption of the 

current fossil fuel system in this decade.

• Disruption takes place as soon as growth 

stops — when fossil supply peaks and 

reaches a plateau.

• There will be a further disruption when 

the plateau gives way to decline.

• By the time solar and wind overtake 

fossil fuels (the end of this decade), we 

are in the endgame. 

• The debate about the endgame is 

important, but incumbents will be 

affected long before then.

• The details of the endgame will be 

determined by technology and policy 

innovation over the next 30 years.  
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Three key questions to ask of every barrier to change

• For a barrier to hold back the inexorable growth of renewables, 

it needs to be insoluble, immediate, and universal.

• Our contention is that today, and for the foreseeable future, 

none of the barriers fit all these criteria.

• While it is hard to build out supply chains and source the 

necessary minerals, this is something that has been solved 

before and is being addressed; thus it is not an insoluble 

barrier.

• Variability of solar and wind can now be handled at reasonable 

cost at variable renewable penetration levels of up to 70% or 

more. The world as a whole is at 12%, so this threshold is not 

an immediate problem.  

• And while high penetration raises issues to be solved for a 

number of jurisdictions like Denmark or California, it is not a 

universal problem because most are far below this level.

• While some countries (the fragile states) struggle to implement 

renewable technologies, they are a small part of the entire 

system (under 5%). This is then a specific not a universal 

barrier.

Soluble or hard to solve

Immediate or later

Specific or universal
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New area Quote Source

Trains
Rail travel at high speed is not possible because the passengers, 
unable to breathe, would die of asphyxia.

Lardner, professor of natural philosophy, UCL,
c. 1830

Telephones What use could this company make of an electrical toy?
Western Union to Bell when turning down his 
patents, 1876

Electricity
Edison's ideas are unworthy of the attention of practical or 
scientific men.

Committee of the British parliament on Edison's 
work, 1878

Oil
Drill for oil? You mean drill into the ground and try to find 
oil? You're crazy.

Prospective drillers to Drake, 1859

Cars
The horse is here to stay, but the automobile is 
only a novelty — a fad.

Advice to Henry Ford's lawyer, c. 1910

Computing I think there is a market for about five computers. Watson, Chairman of IBM, 1943

Renewables
The fundamentals of our (energy) lives will not change drastically 
in the coming 20–30 years.

Vaclav Smil, 2022

Source: Nairn, Engines that move markets, Recharge News

Beware applying old thinking to the new world
We should not be surprised by the failure of incumbents to forecast a future without them
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About RMI
RMI is an independent nonprofit founded in 1982 that transforms global energy systems through market-driven solutions to align with a 1.5°C
future and secure a clean, prosperous, zero-carbon future for all. We work in the world’s most critical geographies and engage businesses,
policymakers, communities, and NGOs to identify and scale energy system interventions that will cut greenhouse gas emissions at least 50
percent by 2030. RMI has offices in Basalt and Boulder, Colorado; New York City; Oakland, California; Washington, D.C.; and Beijing.
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