
Build more solar farms

Build more wind farms

Build more nuclear reactors

Switch from coal to gas 

Solar farms and rooftop systems use 
photovoltaic panels to turn sunlight into 
electricity. These produce power without 
burning fuel, so it does not release CO₂.

Solar power only generates during 
daylight hours and so needs to be 
supported by stronger grids, flexible 
supply and demand, or energy storage.

Requires a 33% increase of solar powered 
electricity (compared to what is produced 
today). This is equivalent to the total 
electricity of Europe.
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Wind farms turn wind into electricity 
using large-bladed wind turbines. These 
produce power without burning fuel, so it 
does not release CO₂. 

Wind power only generates when it is 
windy and so needs to be supported by 
stronger grids, flexible supply and 
demand, or energy storage.

Requires a 13% increase of wind-powered 
electricity (compared to what is produced 
today). This is equivalent to the total 
electricity of Europe.
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Nuclear power stations generate electricity 
by splitting uranium atoms to produce 
steam, which spins a turbine to generate 
electricity. Because no fossil fuel is burned 
in the reactor, nuclear power has very low 
direct CO₂ emissions. 

Nuclear power requires strict oversight, 
robust safety systems, and long-term 
management of radioactive waste to 
minimise the risk of accidents and 
environmental harm.

Requires twice as much electricity than all 
nuclear power produced worldwide. This is 
equivalent to the total electricity of Europe.

Replacing coal-fired power stations with 
gas-fired power station cuts emissions 
because burning gas emits roughly half 
the amount of CO₂ for each unit of 
electricity generated. 

However, gas is still a fossil fuel, so this 
strategy does not eliminate emissions. It 
can also increase emissions of methane 
(a powerful greenhouse gas).

Requires replacing around 40% of the 
world’s coal-fired plants with gas-fired 
plants. 20 large power stations must be 
switched each year until 2050.×3

Retrofit coal plants for CCS
Extra equipment is added for CCS, in 
which emissions are captured, then 
injected deep underground for permanent 
storage.

CCS uses energy to run the capture 
system, so the plant may need to burn 
more coal for the same delivered 
electricity

Requires retrofitting CCS at 13 large 
power stations per year until 2050. Today 
there are only a few CCS power plants 
operating, so this scale-up is hundreds of 
times larger×2

Retrofit gas plants for CCS
Extra equipment is added for CCS, in 
which emissions are captured, then 
injected deep underground for permanent 
storage.

Carbon capture does not eliminate all 
emissions and can increase the cost of 
electricity.

Requires retrofitting CCS at 33 large 
power stations per year until 2050. Today 
there are only a few CCS power plants 
operating, so this scale-up is hundreds of 
times larger

×2



Power BECCS using waste

Power BECCS with crops

Reduce tropical forest loss

Re-wet drained peatlands

Bioenergy with carbon capture and 
storage (BECCS) produces electricity by 
burning plant material, then using CSS to 
capture and inject emissions deep 
underground for permanent storage..

The supply of genuine waste biomass is 
limited and may not be available at large 
scales.

This is hundreds of times more than 
current use, requiring about 75% of 
globally available straw residues
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Bioenergy produces electricity by burning 
plant material (from crops) then uses CSS 
to capture and inject emissions deep 
underground for permanent storage..

With purpose-grown energy crops, 
climate benefits are strongest when crops 
are grown on appropriate land (i.e., 
avoiding clearance of natural 
ecosystems) and managed with 
low-carbon farming practices.

This is hundreds of times more than 
current use, around one-third of all crops 
in 2020.

×2

Tropical forests store huge amounts of 
carbon in trees and soils. When forests are 
cleared, that carbon is released. Forests left 
standing can continue absorbing CO₂ as 
they grow.

Protecting forests can be difficult where 
there are strong economic pressures for 
farming, mining, or logging.

Achieving one wedge requires avoiding 75 
million hectares of forest loss over 30 years, 
an area about the size of Pakistan. This is 
roughly a 40% reduction relative to the 
historical rate of deforestation.

Peatlands store vast amounts of carbon 
as decaying plant material (peat). When 
drained, oxygen reaches and decomposes 
the peat, releasing the stored carbon to 
the atmosphere. Rewetting reverses this 
drainage, which slows decomposition.

Rewetting peatlands can reduce land 
available for agriculture and may 
increase methane emissions.

This would require stopping tall new 
peatland drainage that occurs in the 
tropics each year, and rewetting an area 
of tropical peatland roughly the size of 
Wisconsin and New Hampshire combined.

×1

Reforest the tropics
Reforesting the tropics means bringing 
forests back to places that have been 
cleared or degraded. As new forests 
grow, they remove CO₂ from the air and 
store it in trunks, roots, leaf litter and 
soils. 

The climate benefit only lasts if the 
forests are protected from future loss (for 
example from logging, fires, pests or 
drought).

Achieving one wedge requires creating 
new forest about the size of Colombia (1.1 
million km²), about 2.6% of today’s total 
global forest area.

×2

Reforest the temperate zone
Reforesting the temperate zone means 
bringing forests back to places that have 
been cleared or degraded. As new forests 
grow, they remove CO₂ from the air and 
store it in trunks, roots, leaf litter and 
soils. 

The benefit only lasts if the forests are 
protected from future loss.

Achieving one wedge requires creating 
new forest that spans roughly the land 
area of Mongolia (1.6 million km²). That’s 
about 3.5% of today’s total global forest 
area

×1



Add trees to tropical pasture

Add trees to temperate pasture

Add trees to tropical cropland

Add trees to temperate cropland

Silvopasture involves grazing livestock 
among trees and shrubs, rather than on 
open grassland. The trees store carbon in 
wood and help build soil carbon through 
roots and leaf litter, so the land can 
remove CO₂ from the air over time. 

Adding trees can reduce the amount of 
open grazing land available for livestock.

Achieving one wedge requires adding 
trees across a grazing area roughly the 
size of Peru (1.3 million km²). This wedge 
implies expanding tree-on-farm systems 
by roughly 13% from today’s footprint

×1
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This involves grazing livestock among 
trees and shrubs, rather than on open 
grassland. The trees store carbon in wood 
and help build soil carbon through roots 
and leaf litter, so the land can remove CO₂ 
from the air over time. 

Trees may compete with pasture grasses 
for sunlight, water, and nutrients.

Achieving one wedge requires adding 
trees across a grazing area roughly the 
size of Iran (1.6 million km²). This implies 
expanding tree-on-farm systems by 
roughly 18% from today’s footprint.

×1

Adding trees to tropical cropland is where 
farmers grow crops alongside trees or 
shrubs. The trees store carbon in wood and 
help build soil carbon through roots and 
leaf litter, so the land can remove CO₂ from 
the air over time. 

Trees can reduce space available for crops 
and may complicate farm machinery use.

Achieving one wedge requires adding trees 
to croplands roughly the combined size of 
Thailand (0.5 million km²) and Tanzania (0. 9 
million km²) combined. This implies 
expanding tree-on-farm systems by roughly 
15% from today’s footprint.

Adding trees to temperate cropland is a 
form of agroforestry, where farmers grow 
crops alongside trees or shrubs. The trees 
store carbon in wood and help build soil 
carbon through roots and leaf litter, so 
the land can remove CO₂ from the air 
over time. 

The climate benefit depends on trees 
being maintained for decades.

Achieving one wedge requires adding 
trees to cropland roughly the combined 
size of Mexico (2.0 million km²) and 
Mongolia (1.6 million km²). This implies 
expanding tree-on-farm systems by 
roughly 34% from today’s footprint.×1

Waste less food
Around one third of all food produced 
globally does not get eaten. Crops spoil 
during harvesting, storage and transport, 
while waste happens when food is thrown 
out. Cutting food loss and waste avoids 
all associated emissions of food 
production.

Reducing food waste often requires major 
changes in consumer habits, storage, and 
transport systems.

Achieving one wedge requires avoiding 
just over half of the 2.5 billion tonnes of 
food that is lost or wasted globally.  This 
is roughly 8 times the amount of food 
consumed in the US in 2024.×2

Eat less meat
Eating meat causes more emissions than 
other diets because livestock production 
releases large amounts of greenhouse 
gases and uses a lot of energy and land 
to grow feed. Eating less meat cuts 
emissions mainly by reducing demand for 
these animals. 

Dietary changes can face cultural 
resistance and may affect livestock 
farming communities.

Achieving one wedge requires people to 
reduce their meat consumption by about 
6% each day, approximately about the 
same as skipping a hamburger every 
other day of the week.×3



Apply soil carbon management

Apply enhanced weathering

Produce clean hydrogen

Build direct air capture
Changing how cropland is farmed can 
allow more (of the 2 trillion tonnes) 
carbon to stay in the soil instead of 
returning to the air. “Conservation 
agriculture” practices include reducing/ 
avoiding ploughing, using cover crops, 
and diversifying crop rotations.

Stored soil carbon can be lost again if 
farming practices change or soils are 
disturbed. 

Achieving one wedge requires applying 
these kinds of practices across roughly 
the land area of the United States (9.1 
million km²). 

×1
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Spreading finely crushed silicate rocks 
over farmland speeds up natural chemical 
reactions that remove CO₂ from the air. As 
the silicate dust dissolves, it forms 
carbonates that wash into rivers and 
eventually the ocean, where the carbon 
can be stored in long-lived, stable forms. 

Mining, crushing, and transporting large 
amounts of rock requires energy and 
infrastructure.

Requires treating a total cropland across 
an area of roughly the size of India. 
Would use 13 billion tons of crushed rock 
to be distributed each year. 

×4

Hydrogen is a fossil fuel alternative that 
can replace them across many sectors. 
Currently, 99% of hydrogen is produced 
from fossil fuels. Cleaner production could 
cut industrial emissions and decarbonize 
hard-to-electrify sectors like heavy 
transport.

Producing clean hydrogen currently 
requires large amounts of low-carbon 
electricity.

Requires more than 150 times today’s 
amount of clean hydrogen. The process of 
making this hydrogen uses more electricity 
than the entire US produced in 2024.

Direct air capture (DAC) uses large fans 
and chemical filters to pull CO₂ directly 
out of the air, then concentrates and 
stores it deep underground. 

DAC is energy-intensive, so it only 
delivers real climate benefits if it is 
powered by clean electricity and the 
captured CO₂ is permanently stored.

Achieving one wedge requires building 
56,000 Mammoth-scale DAC plants. These 
plants would consume slightly more than 
all electricity sold to US households in 
2024.

×2

Decarbonize steelmaking
Steelmaking uses coal to separate 
oxygen and iron ore, which has large 
carbon emissions. Emissions can be 
reduced with CSS, in which emissions are 
captured, then injected deep 
underground for permanent storage.

Low-carbon steel production technologies 
are still expensive and not yet widely 
available.

Requires decarbonising 1.3 Gt of steel 
production per year by 2050, or enough 
to build 1.6 billion cars per year or 50 per 
second.

×2

Decarbonize cement with CCS
Cement is typically made by heating 
limestone in kilns to form clinker. Carbon 
capture and storage (CCS) is then used, in 
which emissions are captured, then 
injected deep underground for permanent 
storage.

Although CCS can cut these on-site 
emissions, it does not remove emissions 
from mining, transport, or use of the 
cement.

Requires fitting CCS technology at 
around 30 large cement plants each year 
until 2050.×1



Reduce oil & gas methane emissions

Reduce refrigerant emissions

Decarbonize surface freight

Deploy more electric vehicles
Oil and gas production releases methane, 
which is a powerful greenhouse gas. 
Methane can leak, be vented, or be 
incompletely flared at oil and gas wells, 
processing plants, pipelines, and other 
parts of the supply chain. 

Detecting and repairing methane leaks 
across large networks of equipment can 
be difficult and costly. 

Requires cutting 1 billion tons of methane, 
almost half of all emissions, cumulatively 
to 2050. 1 billion tonnes is about 12–13 
years of today’s oil-and-gas methane 
emissions.

×2

×1

Hydrofluorocarbon (HFC) refrigerants are 
used in fridges, air conditioners and heat 
pumps. If they leak during manufacture, 
servicing, use, or disposal, they contribute 
strongly to global warming, 1,000 to 
15,000 times more than CO₂. 

Replacing old cooling systems and 
refrigerants can be expensive for 
businesses and households.

Requires avoiding two-thirds of the HFC 
emissions that are still allowed under 
global regulations (Montreal Protocol). 

×2

Freight transport over land and sea can 
be decarbonised by shifting to 
lower-carbon modes (from trucks to 
railways) and by using more efficient 
vehicles and logistics. 

Shifting freight to lower-carbon transport 
often requires major infrastructure 
investments.

Requires emissions from surface freight 
to fall from 5.7 to 3.7 GtCO₂e in 2050, 
relative. This means shifting from +1.1% 
growth per year to -0.34% decline per 
year over 30 years.

Electric vehicles (EVs) cut emissions by 
replacing gasoline and diesel cars with 
vehicles powered by electricity. 

Electric vehicles require large amounts of 
critical minerals such as lithium, nickel, 
and cobalt, which are environmentally 
damaging to mine for.

Requires the global stock of electric 
vehicles to increase 17-fold to around 1 
billion in 2050. This also requires major 
growth in clean power to meet the extra 
charging demand. The additional clean 
electricity required is comparable to 
India’s entire electricity generation.

×4

Deploy more biofuel vehicles
Biofuels replace gasoline and diesel with 
liquid fuels made from plants (such as 
sugar, corn, or oils) or from wastes and 
residues. When grown sustainably, the 
carbon released when biofuels are burned 
can be partly balanced by the CO₂ that 
the feedstock absorbed while growing. 

Producing biofuels can increase pressure 
on land, water, and food supplies.

Requires roughly a ten-fold increase in 
bioethanol use. This requires around 22 
million hectares of cropland, an area 
roughly the size of Belarus. 

×1

Improve efficiency of cars
Improving vehicle efficiency reduces 
emissions by using less gasoline or diesel 
to travel the same distance. 

Efficient cars tend to be lighter and, 
therefore, provide less safety features.

Requires doubling the fuel economy of 
current vehicles, getting the average car 
on the roads up to current “best-in-class” 
hybrid performance, similar to that of a 
Toyota Prius (31 mpg to 63 mpg)

×1



Fly less

Use more public transport

Avoid car travel: walk or cycle

Install more heat pumps

Airplanes contribute to global warming 
through both burning jet fuel and other 
effects like contrails and nitrogen oxide 
emissions. 

Reducing air travel can negatively affect 
tourism and industries that depend on 
aviation.

Achieving one wedge requires a reduction 
similar in scale to the drop seen during 
the COVID-19 pandemic, when global 
airline traffic fell 66% in 2020.

×1
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Using more public transport cuts 
emissions by using buses, trams, metros 
and trains that carry many people at 
once. That means less fuel burned per 
passenger-mile.

Public transport systems require large 
investments and may not work well in 
low-density areas.

Requires increasing global public 
transport usage by around 80%, from 
around 7.9 km/capita/day in 2020 to 13.9 
km/capita/day in 2050. This is roughly 
twice the rates seen in London.

×1

Using active travel cuts emissions by 
shifting trips from private vehicles to 
walking and cycling. That means less fuel 
burned per mile travelled, and can also 
reduce traffic and local air pollution. 

Walking and cycling infrastructure can 
require major redesigns of roads and 
cities.

Requires that active travel rises from 
about 3 km per person per day today to 
6.6 km per person per day by 2050. If this 
distance were walked, it would be roughly 
9,000 steps per day.

Heat pumps move heat (from air outside, 
the ground, or water) into buildings. 
Because they move heat rather than 
create it by burning fuel, modern heat 
pumps can deliver 3–5 units of heat for 
each unit of electricity. 

Heat pumps can be expensive to install, 
especially in older buildings.

Requires heat pumps to provide about 
four times their current global 
contribution. Operating these heat pumps 
would require roughly half of the EU’s 
total electricity generation in 2024.
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Reduce building heat transfer
Improving buildings with more insulation, 
draft-proofing, and better windows allows 
less heat to escape in winter, and less 
unwanted heat to enter in summer. This 
lowers the amount of fuel burned for 
boilers and electricity required for air 
conditioning.

Retrofitting buildings with insulation and 
better windows can have high upfront 
costs.

Requires roughly halving average heat 
transfer. This is similar to insulating an 
unfilled cavity wall with cavity fill and a 
thermal plasterboard in all new and 
existing builds.×1

Deploy clean cookstoves
Clean cookstoves cut emissions by 
burning fuel more completely and using 
less of it. “Clean cooking” can also allow 
switching away from burning solids 
entirely, which can further reduce 
emissions. 

Clean cookstoves may still be too 
expensive or difficult to access in some 
communities, and viable fuel may not be 
available.

Requires all of the world’s “unimproved” 
stoves to be replaced with clean stoves 
immediately. This is triple the current 
global stock ×1


