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To limit warming to below 1.5˚C, the world not only needs to put an end to 
fossil fuel expansion, but also needs to actively wind down production 
from existing coal mines and oil and gas wells. Fortunately, the world 
has no need for further fossil fuel production, as there is abundantly 
more than enough renewable energy potential worldwide to meet every 
person’s energy needs during this transition and ensure 100% energy 
access for all.
This report analyses fossil fuel phase out pathways that will be necessary to keep global 
warming below 1.5˚C1 and compares these to a feasible scale up pathway for renewable 
energy. Even if fossil fuel expansion were to stop immediately, the world would still massively 
overshoot the goal of limiting the average global temperature rise to 1.5˚C with just the fossil 
fuels to be extracted from existing projects alone. So avoiding catastrophic climate change 
therefore requires both an end to exploration and expansion of fossil fuel production, and 
an active phase down of existing projects. This information is not new: foundational work 
by authors including Leaton; Hare; Ekins and McGlade; Muttitt; Berners-Lee and Clark; and 
McKibben2 identify that emissions from already developed fossil fuel reserves alone would 
far exceed a 1.5˚C target. Yet this fact has not yet been widely recognised, and every year 
that the fossil fuel industry continues to expand, the gap between emissions embedded in 
existing projects and the remaining carbon budget grows.

Yet, it is possible to achieve a rapid phase out of fossil fuels without any impact on the 
provision of energy. In fact, it is possible to scale up renewable energy at the rate needed to 
ensure 100% energy access globally, while also winding down fossil fuels in line with a 1.5˚C 
pathway. This conclusion emerges based on realistic modelling assumptions that take into 
account land availability and other resource constraints. 

These findings are particularly important in the context of the COVID-19 pandemic and 
it’s impacts on the global energy economy, with wealthier countries propping up their 
domestic fossil fuel industries, while those poorer countries that are highly dependent 
on fossil fuel revenue for public services were impacted by falling oil revenues. This 
discrepancy underscores the need for a reliable and sustainable just transition for all.

The report’s main findings are as follows:

Ending fossil fuel expansion is necessary but insufficient to limit warming to 1.5˚C

 ›  The analysis confirms that, even without any new fossil fuel extraction projects, there will 
still be a significant overshoot of fossil fuel production by 2030. Emissions under a “no 
expansion” scenario are already 22% too high in 2025 and 66% in 2030 compared to a 
50% chance of achieving a 1.5˚C temperature target.

1  This target is based on a cumulative carbon budget of 450 GtCO2 between 2015-2050 (IPCC 2018).

2  Leaton, “Unburnable Carbon – Are the World’s Financial Markets Carrying a Carbon Bubble?”; McGlade and 
Ekins, “The Geographical Distribution of Fossil Fuels Unused When Limiting Global Warming to 2 °C”; Muttitt, “The 
Sky’s Limit: Why the Paris Climate Goals Require a Managed Decline of Fossil Fuel Production”; Hare, Fossil Fuels and 
Climate Protection; Berners-Lee and Clark, The Burning Question; McKibben, “Global Warming’s Terrifying New Math 
- Rolling Stone.”
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The industry’s expansion plans would push warming well above 1.5˚C 

 ›  The reality, however, is that the fossil fuel industry is continuing to expand production, 
leading to an even greater overshoot that will become harder to rectify with time. As 
documented in the 2019 Production Gap Report, the resulting energy-related CO2 
emissions by 2030 would exceed what is possible within a 1.5˚C target by 120% if all plans 
for new coal, gas and oil production were implemented. 

 › Many existing projects are already obsolete and risk becoming stranded assets as they 
simply are not needed to meet demand and cannot compete with renewable energy. 
Any expansion of fossil fuel extraction runs the risk of creating even more stranded 
assets.3

There is more than enough renewable energy potential worldwide to meet growing 
energy demands 

 › There is no need for more fossil fuels. In fact, more fossil fuels are already being 
produced than what is needed, as the world has more than enough renewable energy 
resources that can be scaled up rapidly enough to meet the energy demands of every 
person in the world without any shortfall in global energy generation.

 › Between 2019 and 2050 primary energy demand is projected to fall globally due to 
efficiency measures in industrialised countries and increased electrification, even with 
increased electricity access becoming available to citizens worldwide.

 › Even with conservative estimates that account for environmental safeguards, land 
constraints and technical feasibility, solar and wind energy could meet primary energy 
demand more than 50 times over, indicating no new fossil fuel development is needed 
(see map below).

 ›

3  Muttitt, “The Sky’s Limit: Why the Paris Climate Goals Require a Managed Decline of Fossil Fuel Production.”
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A 1.5˚C aligned pathway will have a significant impact on the global fossil fuel industry, 
but the transition is necessary and technically feasible to accomplish

 ›  To keep warming below the temperature goal of 1.5ºC, as reflected in the scientific 
literature and the IPCC’s Special Report on 1.5ºC, there must be both an end to 
expansion of fossil fuel production and a phase down of existing production.

 › This report finds that to remain aligned with a 1.5˚C trajectory, global fossil fuel 
production will need to decline by an average of 9.5% for coal, 8.5% for oil and 3.5% for 
gas per year between 2021 and 2030. 

Renewable energy potential can be scaled up fast enough to ensure energy security 
and achieve 100% energy access for all.

 › Almost 800 million people worldwide still lack adequate access to electricity, and the 
COVID-19 pandemic is threatening to increase this number.4 Total primary energy 
demand will decrease by 27% between now and 2050 due to efficiency measures in 
industrialised countries and electrification. By contrast, electricity demand is projected 
to increase by 287% under our 1.5ºC scenario.

 ›  The report finds that the world can phase down fossil fuel production in line with a 1.5˚C 
temperature goal without any risk to energy security or land constraints, and by relying 
solely on wind and solar technology. While overall global energy demand is projected to 
fall, access to energy and energy services will increase due to increased electrification 
and energy efficiency, resulting in less wastage and a 1.5˚C phase out strategy aligned 
with energy access for all.

 › All regions, including top fossil fuel producer countries across North America, the 
Middle East and Asia, have more than enough renewable energy to meet the needs 
of the individual countries within each region, thereby changing the nature of energy 
dependency and imports worldwide. The fossil fuel phase out need not leave behind 
anyone in the dark and without energy access (see Section 5.2). Africa is the only 
continent projected to see a major increase in total primary energy demand, but is also 
the region with the greatest renewable energy potential by far.

 › This report shows that it is possible to meet the twin challenges of phasing out fossil 
fuels and increasing electricity access at the speed required through the scaling up of 
renewable energy.

A 1.5˚C aligned renewable energy transition is both technically feasible and 
economically rational 

 › As documented in Carbon Tracker’s recent ‘The Sky’s the Limit’ report5, there has been 
a significant drop in the cost of renewable energy in the last three years. Renewable 
energy has become cost-competitive with fossil fuels worldwide. As the cost of 
renewables has dropped, economic potential for renewables has grown alongside 
technical potential. The opportunities for cleaner and cheaper energy, plus more local 
jobs are there for the taking.

 › Consequently, a 1.5˚C-aligned energy pathway is technically feasible, cost-effective, and 
can be realised with the right leadership and political action. The pathway would see a 
rapid deployment of renewable energy, energy efficiency measures, and would avoid 

4  IEA, “The Covid-19 Crisis Is Reversing Progress on Energy Access in Africa.”

5  Bond et al., “The Sky’s the Limit: Solar and Wind Energy Potential Is 100 Times as Much as Global Energy De-
mand.”
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locking developing countries into inefficient and outdated technologies.

 › The 1.5˚C scenario outlined in this report demonstrates that it is possible to undertake 
a 1.5˚C aligned energy transition without relying on unreasonable assumptions around 
technology or land availability. However, while the scenario shows what is possible, it is 
not a political prognosis. Strong leadership and political action must steer the world on 
course to drive the emissions cuts required by science in order to catalyse a fair energy 
and economic transition for all people.

 › As outlined in section 2.3 below, the 1.5˚C scenario relied on in this report differs from 
that of the recently released International Energy Agency Net Zero pathway in that it 
includes fewer assumptions about technologies that are not yet developed or that rely 
on unreasonable amounts of land (for example Bioenergy with Carbon Capture and 
Storage, or BECCS). Instead, the report relies on already available renewable energy 
technology and energy efficiency measures to create a scenario that is achievable 
right now. The differences between the two scenarios are explored further in section 2.3.

National leadership and international cooperation, supported by clear policies and the 
necessary international finance and technology transfers, are required to make a 1.5˚C 
pathway possible

 › While renewables have become cost competitive with fossil fuels, policy settings 
in many countries create an impediment to fully exploiting this opportunity. 
Providing subsidies for fossil fuel production is one example of such an impediment. 
Consequently, national and subnational governments have a vital role to play in 
facilitating the transition to a renewable energy-powered world.

 › In addition, a major global energy transition of this scale and speed will require 
unprecedented levels of international cooperation and new multilateral frameworks. 
With the need to wind down existing production of fossil fuels, a global just transition 
plan is required to prevent development or humanitarian consequences from the 
stranded assets that already exist.

 › Delayed political action will only impede efforts to limit warming to 1.5˚C. Renewables are 
already more than capable of scaling up at the speed necessary to protect the climate, 
meet energy demands, ensure energy access for the poor, and support sustainable 
development, while limiting the direct harms caused by the extraction and burning of 
fossil fuels, and its wider impact on people, nature and the global climate. The report 
shows that a safer, more prosperous world is possible, and it is incumbent on decision-
makers worldwide to make this possibility a reality. 

 › Ultimately, the rate of decline in fossil fuel production within each country should be 
based on principles of equity, reflecting the needs and specific circumstances of 
each region and the support required particularly by fossil fuel-dependent developing 
countries.6 

6  Muttitt and Kartha, “Equity, Climate Justice and Fossil Fuel Extraction”; Muttitt, “The Sky’s Limit: Why the Paris Cli-
mate Goals Require a Managed Decline of Fossil Fuel Production.”
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2.1 Background
The Paris Agreement achieved consensus among all member states to keep global 
warming well below 2°C above pre-industrial levels while pursuing efforts to limit the 
increase to 1.5°C, since this would significantly reduce the risks and impacts of climate 
change.7 The role of governments in implementing national climate targets and 
endeavours to reduce emissions at the country level are crucial for achieving global 
success. Considering the level of current concentration of CO2 in the atmosphere (416.2 
parts per million)8, a global effort is required to reduce emissions as close as possible to 
zero, while removing atmospheric CO2 by restoring ecosystems. 

In order to reduce emissions to zero, in line with 1.5°C, coal, oil and gas need to be phased 
out on an urgent timeline. Yet, current climate debates have not involved open discussion 
of the orderly withdrawal from the coal, oil, and gas industries. Instead, the political debate 
about coal, oil, and gas has continued to focus on supply and price security, ignoring the 
fact that mitigating climate change is only possible when fossil fuels are phased out.

This paper analyses fossil fuel phase out pathways relating to a 1.5ºC target9 and examines 
a feasible scale-up pathway for renewable energy. It concludes that it will be possible 
to scale up renewable energy at the rate needed to ensure 100% energy access globally 
while also phasing down fossil fuels in line with a 1.5˚C pathway. All this can be done without 
relying on unrealistic modelling assumptions or excessive reliance on land for mitigation, 
infringing upon land of environmental, social or political significance. The scenario does not 
rely on carbon capture, utilisation and storage (CCUS), and unlike scenarios modelled by 
the IPCC and IEA, also does not include any Bioenergy with Carbon Capture and Storage 
(BECCS).10

As well as being possible, this transition is desirable and would produce millions of new 
jobs, reduce annual air pollution deaths, stabilise global energy prices and provide annual 
savings in health and climate costs.11 Clean, modern, sustainable renewable energy systems 
can increase energy security, support the development of productive sectors, increase 
energy access, and avoid the risks and insecurity of centralised energy systems.12

8  Paris Agreement to the United Nations Framework Convention on Climate Change.

8  US Department of Commerce, “ESRL Global Monitoring Laboratory - Research Areas.”

10  IPCC, “Summary for Policymakers” (based on a cumulative carbon budget of 450 450 GtCO2 between 2015-
2050). This model utilises the IPCC 1.5˚C budget while recognising that more stringent budgets would increase the 
probability of remaining within 1.5˚C

10  Teske, Achieving the Paris Climate Agreement Goals.

11 IEA, “Net Zero by 2050”; Muttitt, “The Sky’s Limit: Why the Paris Climate Goals Require a Managed Decline of Fossil 
Fuel Production”; Vohra et al., “Global Mortality from Outdoor Fine Particle Pollution Generated by Fossil Fuel Com-
bustion.”

12 IRENA, “Research and Analysis into the Benefits of Renewables”; Jacobson et al., “100% Clean and Renewable 
Wind, Water, and Sunlight All-Sector Energy Roadmaps for 139 Countries of the World.”
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2.2 Research Questions
The goal of this paper is to understand, through a comprehensive modelling analysis, 
whether it will be possible to phase out fossil fuels at the rate needed to remain within 1.5˚C, 
while ensuring continued and improved energy provision across the whole planet. It does 
this by answering three key questions:

1. How quickly do fossil fuels need to decline for the world to remain within the 1.5˚C 
average temperature goal as set out in the IPCC’s Special Report on Global Warming of 
1.5˚C?

2. To what extent does this plan require efforts to phase out existing production of fossil 
fuels, in addition to stopping expansion of new production?

3. Is a 100% renewable energy transition (in line with a 1.5˚C pathway) technically feasible 
without any shortfall in energy supply? 

2.3 Methodology
To answer these questions, a robust modelling analysis was undertaken under two policy 
scenarios:

 › A 1.5˚C scenario taking into account the technically available means and options to 
allow a 50% chance of remaining within a 1.5˚C target including rapid deployment of 
renewable energy and energy efficiency measures. 

 › A “no expansion” scenario projecting how fossil fuel production would likely decline 
over time at standard industry rates in a world without fossil fuel expansion.

Both scenarios assume that global GDP will grow on average by 3.2% per year over the 
period 2015–2050 (with significant regional differences)13 and that global population is 
expected to grow by 0.8% per year on average over the period 2015–2050 (again with 
significant regional differences).14 This will mean an increase from 7.49 billion people in 2021 
to nearly 9.8 billion by 2050. Aside from these demographic assumptions, each scenario is 
built on a different set of assumptions about the policy and technological landscape, set 
out below.

2.3.1  1.5˚C Scenario
The 1.5˚C scenario is based on the goal of limiting global warming to 1.5˚C, drawing on 
scenarios underpinning the IPCC’s Special Report on Global Warming of 1.5˚C, and the 
scientific consensus around the severe risks associated with global warming even at 1.5˚C, 
and which will continue to increase significantly beyond 1.5˚C.15 The scenario aims to achieve 
a global energy-related CO2 emission budget of around 450 Gt, accumulated between 
2015 and 2050.16 

The 1.5°C scenario requires immediate action to realise all available options. It is a technical 
pathway, not a political prognosis. It is based on technically possible measures and 

13 GDP projection drawn from IEA, “World Energy Outlook 2017.”

14 Department of Economic and Social Affairs: Population Dynamics, “World Population Prospects.”

15 IPCC, “Summary for Policymakers.”

16 It is noted that since the release of the IPCC’s Special Report on Global Warming of 1.5ºC a number of studies 
have noted that IPCC scenarios potentially understate tipping points, noting limitations relating to modelling of 
non-CO2 forcers, the probabilities associated with limiting warming to below 1.5ºC and other factors, see: Molina, 
Ramanathan, and Zaelke, “Climate Report Understates Threat.”
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options and includes key social constraints around land use for renewables, but it is not 
limited by assumptions of political or social feasibility. Rather, it recognises that significant 
political change will need to occur for the 1.5˚C scenario to become a reality. The 1.5˚C 
scenario shows that a 1.5˚C aligned world is possible with the right leadership and political 
action. The 1.5˚C scenario involves a rapid deployment of renewable energy and energy 
efficiency measures and avoids locking developing countries into inefficient and outdated 
technologies. 

The scenario-building process involves many assumptions and narratives about how future 
economies, societies, and energy systems may develop under the overall objective of ‘deep 
and rapid decarbonisation’ by 2050. These depend on three main strategic pillars: 

1. Improvements in energy efficiency as well as demand reduction, leading to a 
continuous reduction in both primary and final energy consumption. In the 1.5°C 
Scenario, these measures must be supplemented by consumers transitioning away 
from combustion engine vehicles towards electric vehicles and public transport.

2. Deployment of renewable energy involves large scale implementation of new 
technologies for the generation of electricity and heat in all sectors. 

3. Sector coupling: stringent direct electrification of heating and transport technologies in 
order to integrate renewable energy in the most efficient way, complemented by the 
use of hydrogen (generated by electrolysis) or other synthetic energy carriers for heavy 
industry uses where electricity is incapable of producing the heat required. 

In order to meet the 1.5˚C global energy-related CO2 emission budget of 450 Gt CO2 (2015-
2050), decarbonisation of the entire global energy sector by 2050 would see:

 ›  High energy efficiency across all sectors and high penetration of renewable energy, with 
100% primary energy supply met with renewable energy by 2050; 

 › New renewable energy projects – predominantly solar and wind – will contribute around 
83% of total electricity generated;

 › Renewable energy will provide 100% of total heat demand in 2050; 

 › Sustainable use of biomass partly substitutes for fossil fuels in all energy sectors – 
limited to an annual global energy potential of less than 100 EJ per year (see section 
5.3.1); 

 › Maximum possible electrification across all sectors; 

 › Significantly higher global electricity demand due to electrification of the transport and 
heating sectors, a moderate increase in the electricity demand of “classical” electrical 
devices, the generation of hydrogen (for transport and high-temperature process heat) 
and the manufacture of synthetic fuels for transport; 

 › Major technological shifts in the transport sector, including electrification, use of biofuels 
and synthetically produced fuels, modal shifts. General limitation of further person-
kilometre and ton-kilometre growth in the OECD countries; internal combustion engines 
almost entirely phased out by 2050; modal shifts from domestic aviation to rail and 
from road to rail; hydrogen used as a complementary renewable option in the transport 
sector; and 

 › Exclusion of BECCS and phase out of nuclear energy due to significant uncertainties 
about techno-economic, societal, and/or environmental risks associated with these 
technologies; 

 › Process emissions in key sectors (e.g., cement) continue but offset by negative 
emissions from reforestation and ecosystem regeneration. 
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The analysis assumes large-scale forest restoration and reforestation where forests have 
been lost and/or degraded, particularly in the subtropics and tropics, and reduced logging 
in temperate regions, resulting in net land-based removals of 108 GtC by 2100.17 Delivering 
such ambitious mitigation in the land sector involves substantial challenges, and is by no 
means guaranteed or reflected in current climate policy scenarios. This analysis assumes 
the land sequestration pathways make a positive contribution towards a 1.5˚C goal. Using 
them to justify offsetting via carbon markets and continued fossil fuel use would be 
incompatible with 1.5˚C under this (and other plausible) 1.5˚C scenarios. These assumptions 
are all technically feasible but require policy change to make them a reality. The 1.5˚C 
Scenario was developed in conjunction with a Reference Scenario which is explained in 
further detail in Annex 3.

2.3.2 ‘No Expansion’ Scenario
The No Expansion scenario is not a full scenario, but rather a projection of how fossil 
fuel production is likely to decline over time in a world without fossil fuel expansion. The 
No Expansion Scenario takes a static snapshot of fossil fuel production and applies the 
following rules:

 ›   No new fossil fuel extraction projects are developed; and

 ›  All existing projects see production declining at standard industry rates (2% for coal, 4% 
for onshore oil, 6% for offshore oil and 4% for gas). 

 › Production at each project site stops once the resource is exhausted. Projects are not 
expanded, and no neighbouring wells/mines are developed.

17 Teske et al., “It Is Still Possible to Achieve the Paris Climate Agreement.”

Photo by Prashanth Vishwanathan (IWMI)
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Box 1: Comparison with IEA 1.5˚C Scenario

IEA Net Zero Scenario 1.5ºC Scenario in this report

Aside from projects already committed as of 2021, no 
new oil or gas fields, or coal mines or mine extensions 
should be approved for development after 2021.

It’s not enough only to stop development of new 
projects. Existing oil and gas fields and coal mines need 
to be phased out at an average annual rate of at least 
8.5%, 3.5% and 9.5% respectively.

Fossil fuel use falls from almost 80% of global energy 
supply in 2021 to just over 20% in 2050.  Fossil fuels 
remaining in 2050 include those embodied in plastics, 
facilities fitted with CCUS and in sectors where there is a 
lack of low-emissions technology options.

Fossil fuels will account for just under 8% of total energy 
supply in 2050. Fossil fuels remaining in 2050 will only be 
used for non-energy uses such as the petrochemicals 
industry.

The pathway includes providing electricity to around 
785 million people who currently lack access, and clean 
cooking solutions to 2.6 billion people.

Likewise, the scenario includes 100% electricity access 
for all.

No new final investment decisions should be taken 
for new unabated coal plants, the least efficient coal 
plants should be phased out by 2030, and by 2040 any 
remaining coal plants should be retrofitted with CCUS.

No new investment in fossil power plants after 2030, 
and coal power plants (including combined-heat and 
power (CHP)) will be phased out in Europe and North 
America between 2030 and 2035.

Emissions reductions through to 2030 rely on existing 
technologies, but by 2050, 46% of emissions reductions 
come from technologies that are currently at the 
demonstration or prototype phase.

Emissions reductions are almost completely driven by 
the shift to existing renewable energy technology, with 
some new technological development needed to assist 
the transition to electric vehicles, biofuels and hydrogen 
in the industry and transport sectors.

In May 2021 the International Energy Agency (IEA) for the first time released a comprehensive roadmap to 
achieving net zero emissions globally by 2050, on a path compatible with a 50% chance of limiting warming to 
1.5˚C. This came after a multi-year campaign by many civil society organisations calling on the IEA to align the 
scenarios in its World Energy Outlook reports with a 1.5˚C temperature target.18 A critical finding of the report is that 
there is no need for investment in new fossil fuel supply beyond 2021.19

The IEA’s report is a critical step on the road to broad international acceptance of the need to phase out fossil 
fuel production to prevent catastrophic climate change. However, the assumptions underpinning the report 
tend towards an underestimation of wind and solar potential while relying on riskier and as yet commercially 
unproven technology such as carbon capture and storage, and large amounts of offsets and carbon removals 
including BECCS and Direct Air Capture and Storage (DACS). There are several major risks associated with relying 
on future abatement and negative emissions technologies, namely: 1) these technologies may not prove feasible 
in reality; 2) deploying such technologies may involve unacceptable ecological and social impacts, such as 
significant land use implications; and 3) the technologies might be less effective than hoped due to natural or 
climate impacts.20 By contrast, the 1.5ºC scenario modelled in this report limits reliance on unproven technology 
and unrealistic levels of land use while acknowledging the vast potential of wind and solar technology. This report 
therefore offers an alternative pathway to 1.5˚C that is achievable right now. Key to this is ensuring that fossil 
fuels are phased out more rapidly, with immediate, large-scale investments in scaling up renewable energy and 
energy efficiency in all countries.

Key differences between the two scenarios are laid out below:

18 “#FixTheWEO: The IEA Needs to Change Course.”

19 IEA, “Net Zero by 2050”; Trout, “IEA’s First 1.5°C-Aligned Scenario Bolsters Call for No New Fossil Fuel Extraction.”

20 Kartha and Dooley, “The Risks of Relying on Tomorrow’s ‘Negative Emissions’ to Guide Today’s Mitigation Action.”
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IEA Net Zero Scenario 1.5ºC Scenario in this report

Carbon Capture, Utilization and Storage (CCUS) will 
capture 7,600 Mt CO2 per year by 2050. 5,245 Mt of this 
will be from fossil fuels and processes (including power, 
industry, and hydrogen production), 1,380 Mt from 
bioenergy (e.g., BECCS), and around 1,500 Mt will be 
from DACS technologies.

BECCS and CCUS are both excluded from the analysis 
due to their lack of commercial viability.

Reforestation begins immediately, and deforestation 
ends by 2030.

Hydrogen production will be scaled up to be used as 
fuel in sectors such as shipping, air travel and heavy 
industry, with a total of 528 Mt produced by 2050. 

7% of final energy use will be supplied by renewable 
generated hydrogen, mainly for industrial process heat.

Electricity will account for almost 50% of total energy 
consumption in 2050, and total electricity generation 
will increase by 250% from 2021.

Electricity will account for around 65% of total energy 
consumption in 2050. Electricity generation will almost 
double by 2050, based on 2020 levels.

Almost 90% of global electricity generation in 2050 
comes from renewable energy. Solar and wind account 
for 70%. Two thirds of total energy supply in 2050 is from 
renewables, with solar accounting for one fifth of total 
global energy supply.

100% of electricity generation will be from renewable 
energy. 100% of total energy supply will be from 
renewable energy, with solar accounting for one third 
of global energy supply. Any remaining fossil fuels 
will only be used for non-energy uses such as the 
petrochemicals industry.

Solar generation capacity is expected to increase 
20-times between now and 2050, and wind capacity by 
11 times.

Solar generation is expected to increase by 23 times 
between 2020 and 2050, and wind by 14.5 times.

This includes annual additions of 630 GW of solar and 
290 GW of wind by 2030.

Solar and wind are expected to phase up by 500 GW 
for solar PV per annum between 2020-2030, and 350 
MW wind per annum (of which 14% will be offshore).

Annual rate of energy intensity improvements of 
around 4% per year to 2030.

While the rate differs per region, this report assumes 
a comparable global average rate of energy intensity 
improvements to the IEA.

Total global energy demand in 2050 is around 8% less 
than 2021.

Total global energy demand is 27% less than in 2021.

Hydropower and nuclear energy provide an essential 
foundation for the energy mix.

The scenario assumes a phase out of nuclear energy 
and minimal reliance on hydropower beyond existing 
capacity.

Sustainable bioenergy will deliver emissions reductions 
in areas such as air travel, shipping, clean cooking, and 
replacing natural gas with biomethane to provide heat 
and electricity. Bioenergy will produce 102,000 PJ/a by 
2050.

Sustainable biomass will generate 66,000 PJ/a in 2050, 
responsible for around 15% total energy supply. It will 
primarily be used for process heat and aviation.

The biggest innovation opportunities are in the areas of 
advanced battery storage, hydrogen electrolysis and 
direct air capture and storage (DACS).

No reliance on “break-through” technologies such 
as BECCS or DACS, but focused on technology that is 
already market ready, including technologies that may 
still evolve and fall in cost over time use to economies 
of scale. 

There is a need for governments to create markets for 
investment in batteries, digital solutions and electricity 
grids to ensure the electricity system is able to flexibly 
meet energy demand.

To become a reality, this scenario requires long-term 
mandatory and legally binding energy and climate 
policies to provide investment security. This will drive 
required technical improvements and innovations.
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Box 2: Classification of reserves and resources

3.1 Trends and developments in coal, oil and gas
Fossil fuels have historically dominated the global energy system and continue to do so. 
However, fossil fuels are the subject of complex geopolitics, with the geographic distribution 
of resources meaning that production of fossil fuels is concentrated in a small number of 
countries, with the majority of the world relying on fossil fuel imports. Fossil fuel resources 
and production distribution varies across coal, oil and natural gas, but all experienced slight 
to significant declines in 2020 due to impacts to demand during the COVID-19 pandemic.

3.1.1  Total fossil fuel reserves and resources

There are several classification systems for fossil fuel reserves and resources. Broadly, 
‘resources’ refer to the fossil fuels that exist within the earth’s crust, estimated with varying 
degrees of confidence. By contrast, reserves reflect the subset of resources that are 
recoverable under current economic and technological conditions. As the IPCC (2014) 
notes:21

Fossil fuel resources are not fixed; they are a dynamically evolving quantity. 
The estimates shown span quite a range reflecting the general uncertainty 
associated with limited knowledge and boundaries. Changing economic conditions, 
technological progress and environmental policies may expand or contract the 
economically recoverable quantities altering the balance between future reserves 
and resources.

All reserves figures provided in this paper are therefore static reflections of the amount of 
fossil fuels that countries and companies would be able to extract under the economic 
conditions and technology available at the time. Resources figures do not fluctuate in the 
same way, and therefore provide a clearer understanding of the total amount of coal, oil 
and gas that could theoretically be extracted in the future.

A further subcategory of reserves, known as ‘developed reserves’ refers to oil and gas fields 
and coal mines that have a final investment decision, are already in operation, or are under 
construction. Historical analysis suggests that there is already too much embedded carbon 
in these developed reserves alone to overshoot a 1.5ºC temperature target.22

The Global Energy Assessment brings together more than 300 international researchers 
to publish a comprehensive overview and estimate of available fossil fuel reserves 
and resources. Figure 1 shows these estimates for conventional and unconventional 
coal, oil and gas reserves and resources as of 2012.23 This report relies on these Global 

21 Intergovernmental Panel on Climate Change and Edenhofer, Climate Change 2014.

22 Muttitt, “The Sky’s Limit: Why the Paris Climate Goals Require a Managed Decline of Fossil Fuel Production”; 
McGlade and Ekins, “The Geographical Distribution of Fossil Fuels Unused When Limiting Global Warming to 2 °C.”

23 GEA, “Global Energy Assessment - Toward a Sustainable Future.”
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Energy Assessment figures as while more recent analysis of fossil fuel reserves exist, the 
assessment of fossil fuel resources is complex, expensive and very limited information 
exists in the public sphere. The GEA2012 was the first major global effort to map resources in 
addition to reserves.

As Figure 1 demonstrates, reserves and resources of coal, oil and gas exceed annual 
demand for each fuel by many times over. This means that reducing global fossil fuel 
consumption for reasons of resource scarcity alone is not essential, even if there were to 
be substantial price fluctuations and regional or structural shortage as has been seen in 
the past.24 However, the global reserves and resources contain significantly more fossil fuels 
than could be burnt without catastrophic consequences for the climate. 

Figure 1 –A snapshot of fossil fuel reserves and resources. Source GEA201225

3.1.2  Past and current production
3.1.2.1 Coal
Ten coal producing countries accounted for 90% of global coal production in 2019. Of these 
ten countries, global coal production has been dominated by China. In 2019, the country 
produced over 3.8 billion tonnes of coal, accounting for 47% of the world’s volume, followed 
by the United States (799 million tons), Indonesia (702 million tons), and India and Australia 
(just over 600 million tons each). Russia, South Africa, Germany (lignite - domestic use only), 
Poland and Kazakhstan make up the remainder of the top 10 producing countries. 

Figure 2 shows the historical time series for global coal production. The data are based on 
the BP Statistical Review 2019 and 2020.26 The production volume for 2019 is based on first 
preliminary statistical data. The coal production volume for 2020 is based on IEA estimates 
published in the Global Energy Review in April 202027, as well as COVID-19 related IEA 
estimation published before 17th August 2020.28

24 Teske et al., “Energy [r]Evolution: A Sustainable World Outlook 2015, 100% Renewable Energy for All”; Teske, 
Achieving the Paris Climate Agreement Goals.

25 The distinction between reserves and resources is based on the current technology (exploration and produc-
tion) and market conditions. The resource data in this table are not cumulative and do not include reserves: GEA, 
“Global Energy Assessment - Toward a Sustainable Future.”

26 BP, “Statistical Review of World Energy,” 2020; BP, “Statistical Review of World Energy,” 2019.

27 IEA, “Global Energy Review 2020.”

28 IEA, “World Energy Investment 2020”; “COVID-19 – Topics.”

Energy carrier Reserves [EJ/a] Resources [EJ/a] Demand in 2020 [EJ/a]

Conventional Oil 4 900 – 7 610 4 170 – 6 150
43.9

Unconventional Oil 3 750 – 5 600 11 280 – 14 800

Conventional Gas 5 000 – 7 100 7 200 – 8 900
35.8

Unconventional Gas 20 100 – 67 100 40 200 – 121 900

Coal 17 300 – 21 000 291 000 – 435 000 17.7
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Figure 2 – Global coal production from 1981–2020 (BP 2019, IEA 2020)

The COVID-19 pandemic had a significant impact on the global coal production due mainly 
to decreased demand in the first half of 2020. First estimates by the IEA indicate a decrease 
of 8% for 2020.29 For instance in Indonesia, the third largest producer, coal exports dropped 
in April 2020 to their lowest levels since October 2010. Exports had already dropped below 
2015-2019 averages in February 2020, before an even more precipitous decline.30

3.1.2.2 Oil
Oil production is more widely distributed than coal production. While about half of global oil 
production occurs in the United States, Russia and Saudi Arabia (each with a global market 
shares of 12-14% each), Canada, Iran, Iraq and China each produce approximately 5%, 
followed by a significant number of smaller producers who contribute to the remainder of 
oil extraction globally.

Between 1965 and 1975, global oil production almost doubled. Production picked up again 
in the early 1990s and grew consistently, leading to a tripling of 1965 levels of production by 
2018 (Figure 3).

There was no sign of a decline in oil production until the beginning of the COVID-19 crisis. 
Due to significantly reduced travel demand resulting from lockdown restrictions in almost 
all countries around the world in early 2020, oil demand dropped by 8% compared to the 

29 IEA, “Global Energy Review 2020.”

30 IEA, “Indonesia Coal Exports, January-April 2020 vs. 2015-2019.”
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same period in 2019. At the time of writing (June 2021), it seems very unlikely that the oil 
demand will bounce back to previous levels, particularly for aviation kerosene, at least in 
the near term. 2020 IEA data on international oil demand were not yet available at the time 
of writing. However, the IEA projected that:31

“Global oil demand is expected to be a record 9.3 mb/d lower in 2020 than in 2019. The 
impact of containment measures in 187 countries and territories has almost brought 
global mobility to a halt. Demand in April is estimated to be 29 mb/d lower than a 
year ago, falling to a level last seen in 1995. For Q2 2020, demand is expected to be 
23.1 mb/d below 2019 levels. The recovery in the second half of 2020 is projected to be 
gradual, as economies come out of containment and activity levels rise. Nonetheless, 
demand is not expected to reach pre-crisis levels before the end of the year, with 
December demand projected to be down 2.7 mb/d from December 2019 levels.”

Therefore, this analysis assumes an 8% decrease for the oil demand in 2020.

 

Figure 3 – Global oil production from 1965–2017 (BP 2019, IEA 2020)

3.1.3.3 Gas
Gas production is also widely distributed amongst a large number of countries. 2019 figures 
indicate that the largest producers are the United States (23.1%) and Russia (17%). Four 
countries have market share of around 5% each: Iran (6.1%), Qatar (4.5%), China (4.5%) and 
Canada (4.3%). The remaining 40% of global gas production is distributed across 42 further 
countries. 

31 IEA, “Global Energy Review 2020.”
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Gas is mainly used for heat and electricity generation and gas production has grown 
over the past four decades. By the end of 2018, the overall production of gas was 3,857 
billion cubic meters (bcm), more than 3.5 times higher than in 1970 (see Figure 4). In 2019, 
production increased again by 3.5% to 3,989 billion cubic metres (bcm).32

The COVID-19 crisis did not affect gas demand as strongly as it did for oil, in part because 
gas is not widely used in the transport sector. However, estimates based on demand 
development during the first half 2020 indicate a global decline of 2% for 2020.  

Figure 4 Global gas production in 1970–2017 (BP, 2018)

3.2 Global status of renewable energy
The IPCC Special Report on Renewable Energy Sources and Climate Change Mitigation33 
defines renewable energy (RE) as: 

 “(…) Any form of energy from solar, geophysical or biological sources that is 
replenished by natural processes at a rate that equals or exceeds its rate of use. 
Renewable energy is obtained from the continuing or repetitive flows of energy 
occurring in the natural environment and includes low-carbon technologies such as 
solar energy, hydropower, wind, tide and waves and ocean thermal energy, as well as 
renewable fuels such as biomass.” 

32 IEA, “Gas 2019.”

33 Edenhofer et al., Renewable Energy Sources and Climate Change Mitigation.
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Scaling up renewable energy is vital to meet the phase down of fossil fuels in line with a 
1.5˚C pathway. This section, therefore, considers recent developments in renewable energy, 
drawing on key findings of the Renewables 2020 - Global Status Report.34 

Renewable energy has grown rapidly as a source of electricity generation, with slower 
progress made in employing renewable energy technology for heating and transport. In 
2019, renewable energy had another record-breaking year as installed electricity capacity 
grew more than 200 gigawatts (GW) – its largest increase ever. Capacity installations 
and investment continued to spread to all corners of the world and distributed renewable 
energy systems provided additional households in developing and emerging economies 
with access to electricity and clean cooking services. Also, during 2019, the private sector 
signed power purchase agreements (PPAs) for a record amount of renewable electricity 
capacity, driven mainly by ongoing cost reductions in some technologies. 

Shares of renewable energy in electricity generation continued to rise around the world. 
In some countries, the share of renewables in heating, cooling, and transport also grew, 
although these sectors continue to lag far behind due to insufficient policy support and 
slow development of new technologies. This slow technological development in other 
sectors meant that there was only a moderate increase in the overall share of renewables 
in total final energy consumption, despite significant progress in the electricity sector. In 
fact, despite growing faster than other energy sources, renewables made up less than one-
third of demand growth.

As of 2018, modern renewable energy (excluding the traditional use of biomass) accounted 
for an estimated 11% of total final energy consumption, only a slight increase from 9.6% in 
2013. The highest share of renewable energy use (26.4%) was in electrical uses excluding 
heating, cooling and transport; however, these end uses accounted for only 17% of total 
final energy consumption in 2017. Energy use for transport represented some 32% of total 
final energy consumption and had a low share of renewables (3.3%), while the remaining 
thermal energy uses accounted for more than half of total final energy consumption, of 
which 10.1% was supplied by renewables. Overall, the slow growth in the renewable energy 
share indicated the complementary roles of energy efficiency and renewable energy.

Among the general public, support for renewable energy continued to advance alongside 
rising awareness of the multiple benefits of renewables, including reduction of carbon 
dioxide (CO2) emissions, with polling data consistently showing strong public support for 
expanding renewable energy in many countries around the world.35 At the same time, while 
some countries were phasing out coal, others continued to invest in new coal-fired power 
plants, both domestically and abroad. In addition, funding from private banks for fossil fuel 
projects has increased, totalling USD 2.7 trillion between 2016 and 2019. 

While new statistics on 2020 trends are not yet available at the time of writing (June 2021), 
several additional data sources provide an indication of the trends in renewable energy 
throughout 2020 during the time of COVID-19.

34 REN21, “Renewables 2020 Global Status Report,” 21.

35 REN21, 21.
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3.2.1 Solar Photovoltaics

European Union (EU)
Solar PV power in the European Union has shown strong resilience in 2020 despite impacts 
from the COVID-19 pandemic. Surprisingly, demand for solar power technology in the EU did 
not decrease but rather increased notably in 2020. EU member states installed 18.2 GW of 
solar power capacity in 2020, an 11% improvement over the 16.2 GW deployed in the previous 
year. In fact, 2020 was the second-best year ever for solar installations in the EU, only 
topped by 2011 when 21.4 GW was installed.  

Germany installed 4.8 GW, enough to become the largest solar market in Europe again, a 
position it has held for most of the last 20 years. In addition to Germany, the countries with 
the highest rates of solar installation in the EU in 2019 were:

 › Netherlands (2.8 GW)

 › Spain (2.6 GW) 

 › Poland (2.2 GW) (which more than doubled annual solar deployment)

 › France (0.9 GW)

The broadening acknowledgement of solar PV’s benefits can be also observed in increased 
member state participation. In 2020, 22 of the 27 EU member states installed more solar 
than the year before, which has resulted in the EU increasing the cumulative installed solar 
power capacity by 15% to 137.2 GW by the end of 2020.36

China
48.2 GW of solar photovoltaic was installed during 2020, of which 32.7 GW is utility scale, 10.1 
GW is residential (roof-top), and 5.4 GW is commercial & industrial solar PV systems. The 
total installed capacity of solar PV in China by the end of 2020 was 253 GW, roughly one 
third of the total global solar photovoltaic capacity. For comparison, the entire installed 
electricity capacity of the African continent, both fossil fuels and renewables, is currently 
almost exactly the same capacity – 255 GW. 

Solar PV makes up approximately 11.5% of China’s entire electricity generation capacity and 
contributed approximately 3.4% to the total power generated.37

3.2.2 Wind power
It is projected that in 2020 65 GW new wind capacity was installed, 8% more than in 2019. 
The COVID-19 pandemic led to onshore construction activity slowing down from February 
to April 2020 due to supply chain disruptions and logistical challenges in many countries. By 
contrast, due to the longer project lead times of offshore wind projects, the offshore wind 
sector was only mildly affected by delays caused by the COVID-19.

For 2021, the forecast assumes a further acceleration of added wind generation capacity to 
68 GW (7.3 GW offshore) driven by delayed onshore projects becoming operational as key 
countries in Europe and the United States have passed regulations providing flexibility for 
commissioning deadlines.38

36 Schmela, “EU Market Outlook: For Solar Power 2020-2024.”

37 REN21, “Renewables 2020 Global Status Report,” 21.

38 IEA, “Renewables 2020.”
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3.2.3 Battery storage
In 2019, the global energy storage market added approximately 4 GW new battery 
capacity.39 The costs continue to decline and market analysts estimate an almost 
quadrupling of the market by 2024 to 15 GW new battery capacity. 

Particularly in the United States, internet companies such as Microsoft, Google and 
Facebook are becoming important customers, with solar and wind power generation, in 
combination with battery storage, a key part of their decarbonization plans to supply the 
growing electricity demand of internet servers. 

3.2.4 Role of corporations
Businesses are more eager than ever to make bold renewable energy promises. In 2019, 
19.5 GW of solar and wind power purchase agreements were signed by more than 100 
corporations in 23 countries, according to data from business intelligence firm Bloomberg 
New Energy Finance. This analysis highlights the French oil major Total, and French-owned 
German auto company Opel announcement of a collaboration on electric vehicle (EV) cell 
manufacturing this year, potentially investing as much as $5.5 billion in up to 47 GWh of 
manufacturing capacity.40 In January 2019, Google announced a solar-plus-storage deal 
with Nevada utility company, NV Energy, in a bid to meet Google’s real-time energy needs 
with renewables rather than offsetting the electricity it consumes. In February 2019, German 
carmaker Daimler announced a deal with Norwegian power firm, Statkraft, to deliver 24/7 
renewable electricity to the automotive giant’s German sites. Storage costs continue 
to decline across most use cases and technologies, particularly for shorter-duration 
applications, in part driven by evolving preferences in the industry regarding battery 
chemistry.41

39 IEA, “Energy Storage.”

40 Maisch, “Global Energy Storage Market to Surge to 15 GW by 2024.”

41 LAZARD, “LAZARD’s Levelised Cost of Storage Analysis.”
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Our analysis shows that even if expansion of the fossil fuel industry were to stop 
immediately, the world is still on a trajectory to overshoot a 1.5˚C pathway.42 A new scenario 
termed the Existing International Production Trajectory (‘No Expansion’) scenario was 
developed and modelled for this report, specifically to understand what global fossil fuel 
production would look like under the following parameters:

• No new fossil fuel projects are developed;

• Existing fossil fuel production projects stop producing once the resource at the existing 
site is exhausted, and no new mines are dug or wells are drilled in the surrounding field;

• Production at existing products declines at standard industry rates: 
 Coal:  2% per year decline 
 Oil:  4% per year decline onshore and 6% per year decline for offshore 
 Gas:  4% per year decline on & offshore

In this section, the No Expansion scenario is compared to the 1.5˚C pathway for coal, oil 
and gas, to highlight why a rapid and complete phase out of fossil fuels is necessary. This 
analysis complements prior foundational work by authors including Leaton; Hare; Ekins 
and McGlade; Muttitt; Berners-Lee and Clark; and McKibben.43 It adds to the literature by 
modelling the expected over production of fossil fuels under a scenario where an end is put 
to the expansion of fossil fuels compared to a realistic 1.5˚C scenario that avoids reliance 
on unproven technology or vast amounts of land for renewable energy and GHG removals 
such as through BECCS. 

Our analysis shows that even with no expansion of fossil fuel production, the current 
productions levels will exhaust the carbon budget associated with a 1.5°C target by 2025. 
Without active phase out of fossil fuel production, production will significantly surpass what 
could be produced under a 1.5˚C scenario from 2025 onwards for all fossil fuel types. This is 
shown in Figure 5, and broken down by fuel type below. 

4.1 The 1.5ºC Scenario: Outcomes
Implementation of a 1.5°C climate mitigation pathway will have a significant impact on 
the global fossil fuel industry.44 Despite the extensive literature outlining the need to phase 
out fossil fuel production to address climate change, current climate debates have not yet 
involved open discussion about the orderly withdrawal from the coal, oil, and gas extraction 

42 This is also supported by the IEA, which found a need to end new fossil fuel expansion and phase out una-
bated coal, although due to its reliance on CCS and emissions removals technologies it does not suggest phasing 
down as rapidly as the analysis in this report indicates is necessary IEA, “Net Zero by 2050.”

43 Leaton, “Unburnable Carbon – Are the World’s Financial Markets Carrying a Carbon Bubble?”; Hare, Fossil Fuels 
and Climate Protection; McGlade and Ekins, “The Geographical Distribution of Fossil Fuels Unused When Limiting 
Global Warming to 2 °C”; Muttitt, “The Sky’s Limit: Why the Paris Climate Goals Require a Managed Decline of Fos-
sil Fuel Production”; Berners-Lee and Clark, Achieving; McKibben, “Global Warming’s Terrifying New Math - Rolling 
Stone.”

44 Teske, Achieving the Paris Climate Agreement Goals.
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industries. The 1.5°C Scenario modelled in this report (based on the methodology outlined 
in Section 2.3 above) reinforces that for even a 50% chance of keeping average global 
temperatures within 1.5°C above pre-industrial levels, fossil fuel production must decline 
rapidly over the next decade to 2030.

It finds that:

• Coal production will need to decline by 9.5% per year between 2021 and 2030, followed 
by at least 5% per year beyond 2030. By 2025, global coal production will need to fall to 
3.7 billion tonnes, equivalent to China’s production in 2017.

• Oil production will need to fall by 8.5% per year until 2030, then 6% thereafter. By 2040, 
global oil production will need to fall to the equivalent of the production volume of just 
one of the three largest oil producers (the USA, Saudi Arabia, or Russia). Oil demand for 
non-energy use such as the petrochemical industry is not included in this analysis.  

• Gas production will need to decline by 3.5% per year between 2021-2030, declining 
even further to 9% per year beyond 2030. The 1.5˚C scenario also projects that existing 
gas infrastructure, such as gas pipelines and power plants, will be retrofitted after the 
gas phase out to accommodate hydrogen and/or renewable methane produced with 
electricity from renewable sources. 

Figure 5 Projected average decline rate of fossil fuels necessary to remain within a 1.5˚C scenario

Figure 6 shows the modelled trajectories for global coal, oil and gas production for the 1.5˚C 
Scenario and the No Expansion Scenario. The 1.5˚C Scenario represents a possible pathway 
to achieve a 50% likelihood of limiting average global temperature rises to 1.5˚C above 
pre-industrial levels, with minimum phase out rates for each fuel type. It should be noted 
that a faster pathway away from coal, oil and gas would increase the probability of limiting 
warming below 1.5˚C. These trajectories are the result of the Paris consistent scenario 
modelling documented in more detail in Teske et. al (2019).45 In each of the tables in this 
section, 2020 values are calculated based on an assumed reduction in GDP of 8% in 2020, 
while projections beyond 2025 are extrapolated based on the fossil fuel production values 
for 2018 and 2019, taken from the BP Statistical Review and IEA World Energy Balances. 46    

45 Teske et al 2019.

46 See: https://www.iea.org/data-and-statistics 

1.5ºC 
Scenario

Average 
annual rate of 

decline 
 2021-2013

Average 
annual rate of 

decline  
2030-2050

Coal -9.5% -5%

Gas -3.5% -9%

Oil -8.5% -6%
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Scenario 2020 2025 2030 2035 2040 2045 2050

Total fossil fuel production (PJ/a)

No expansion: 434,189 396,466 333,153 280,973 237,843 202,084 172,340

1.5ºC 421,333 330,307 215,701 132,202 82,275 49,031 31,800

Coal [million tons per year]

No expansion: 5,470 5,493 4,972 4,501 4,074 3,688 3,338

1.5ºC 5,016 3,511 1,723 593 381 390 407

Production overshoot 1,982 3,249 3,908 3,693 3,298 2,931

Lignite [million tons per year]

No expansion: 2,009 1,785 1,606 1,446 1,301 1,171 1,054

1.5ºC 2,009 527 216 82 0 0 0

Production overshoot 1,258 1,390 1,364 1,301 1,171 1,054

Gas [billion cubic meters]

No expansion: 3,910 3,387 2,762 2,252 1,836 1,497 1,221

1.5ºC 3,103 3,218 2,676 2,075 1,305 595 188

Production overshoot 169 86 177 531 902 1,033

Oil [thousand barrels per day]

No expansion: 87,446 76,778 60,671 47,943 37,885 29,937 23,656

1.5ºC 91,499 65,509 38,996 20,818 13,059 9,555 8,428

Production overshoot 11,269 21,675 27,125 24,826 20,382 15,228

Figure 6 Comparison of 1.5ºC Scenario with No Expansion scenario
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4.2 The need for a phase out of fossil fuels

4.2.1 Coal
The No Expansion scenario assumes an average annual production decline of all existing 
coal mines of 2% annually. The estimated decline in 2020 of 8% due to the COVID-19 crisis is 
built into the scenario, and the scenario assumes production will not recover back to 2019 
production volumes.47  

Under the No Expansion scenario, the modelling suggests that between 2020 and 2050, 
global coal production would nearly halve in terms of volume (falling 42%, a decline of 
2,967 Mt), reaching 4,193 Mt in 2050. Despite this global decline, China, the United States, 
non-OECD countries in Asia, and India are projected to remain the largest producers, 
accounting for 47%, 10%, 9% and 8% respectively by 2050. Indonesia, Vietnam and Thailand 
represent the largest coal producing nations (and fastest growing economies) in the non-
OECD Asia region.  

Even with the estimated 8% reduction in global coal production in 2020 due to COVID-19 
and a 2% annual reduction beyond this, coal will not decline fast enough under the 
No Expansion scenario in the post-2020 period, resulting in significant over production 
compared to the limits of what could occur within the 1.5°C Scenario. By 2030, 69% more 
coal will be being produced under a No Expansion scenario than is compatible with the 
1.5˚C target, rising to 90% by 2050 (Figure 7 and Figure 8). Based on the modelling, by 2050 
the world would be producing at least 90% more coal per year than is consistent with the 
Paris agreement to keep global warming well below 1.5°C. The data shows that China, alone, 
under the No Expansion scenario will produce eight times more coal than the entire world 
would produce under the 1.5°C scenario.

Figure 7 Coal production 2017-2050 – No Expansion projection (red line) vs. the pathway required to 
limit warming to 1.5ºC (green line)

47 Note, this is still an estimate as the latest data is not yet available as at June 2020 IEA, “Global Energy Review 
2020.”
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Figure 8 Global and regional coal production 2017-2050 (in million tons per year) and required 
volumes of coal production in order to limit global warming to 1.5°C. Coal data from 2017 and 2018 is 

based on BP Statistical Review (BP, 2018, 2019). Estimate.48 

 

48 The 2019 BP coal production data for Europe seems lower than cited in other sources. Based on EU data, coal 
production amounts for 443.8 Mt (EC, 2019), and adding Turkey’s coal production of 86.3 Mt, comes to 530 Mt in 
2018 (European Association for Coal and Lignite, 2019).

Coal (including lignite) [million tons/year] - No Expansion Scenario

2017 2018 2019 2020 2030 2040 2050

North America 776 751 702 645 568 464 379

South and Central 
America 99 93 92 84 74 61 50

Europe 660 682 577 531 467 382 312

Eurasia 535 571 567 521 459 375 306

Middle East 2 2 2 1 1 1 1

Africa 278 285 279 256 226 184 151

Other Asia 629 744 803 738 649 531 434

India 712 760 756 696 612 500 409

China 3,524 3,698 3,846 3,538 3,112 2,543 2,078

Pacific 487 506 507 466 410 335 274

Total Coal Production 7,701 8,091 8,129 7,479 6,579 5,375 4,392

Global Coal Demand: 
1.5˚C Scenario 1,940 381 407

Projected 
overproduction of 
coal compared to 
1.5ºC Scenario

69% 93% 90%
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4.2.2 Crude Oil
The COVID-19 crisis led to an 8% reduction overall in the production of crude oil in the first 
half of 2020.49 In April 2020, some oil prices became negative, leading the USA, Russia and 
Saudi Arabia to agree to reduce daily production by 10 million barrels per day (~10%) from 1 
May until 30 June 2020.50 In this report, it is assumed that demand rose slightly in the second 
half of 2020, and is projected to increase by 6% again in 2021.

Our findings show that under a 1.5°C scenario, oil production will need to decline on average 
by 8.5% per year between 2021-2030. The fall in oil production due to COVID-19 for the year 
2020 is therefore roughly in line with this pathway. However, any recovery back to pre-
COVID production levels will exceed the maximum amount of production possible under 
the 1.5°C scenario. As shown in Figure 9 below, the projected recovery in oil production 
combined with the projected decline rate of 4% for onshore oil and 6% for offshore oil 
(4.6% on average) would cause an ever-increasing divergence between production (and 
therefore emissions) under the No Expansion and 1.5°C scenarios. By 2030, under the No 
Expansion scenario, the world would produce 35% more oil per year than is consistent with 
the 1.5°C pathway, increasing to 65% by 2040 (Figure 10). 

Regionally, North America, Eurasia and the Middle East are projected to remain the largest 
oil producers in barrels per day under this No Expansion projection, although production will 
drop in absolute terms by at least 70% for those regions by 2050.

The figures indicate that global oil production is more than 2.5 times larger than consistent 
with climate targets, it also shows the substantial effect of COVID-19 on future production.

Figure 9 Crude oil production (2015-2050) - No Expansion projection (red line) vs. the pathway 
required to limit global warming 1.5°C (green line)

49 IEA, “Global Energy Review 2020.”

50 Stevens, “OPEC and Allies Agree to Historic 10 Million Barrel per Day Production Cut.”
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Figure 10 Global and regional oil production 2017-2050 (thousand barrels per day) and required 
volumes of oil production in order to limit global warming to 1.5°C. Oil production data from 2017 and 
2018 is based on BP Statistical Review (BP, 2019). The No Expansion oil production projection assumes 
an annual production decline of 4% for onshore fields which represent 70% of global oil production 
and 6% for offshore oil fields. As a result, our approach suggests that the decline rate could be at 

least 4.6% per year under the No Expansion scenario assumptions.

Oil [thousand barrels per day] - No Expansion Scenario

2017 2018 2019 2020 2030 2040 2050

North America 20,396 22,929 24,614 22,644 15,711 9,810 6,126

South and Central 
America 7,161 6,495 6,174 5,681 3,941 2,461 1,537

Europe 3,573 3,532 3,413 3,140 2,178 1,360 849

Eurasia 14,255 14,524 14,614 13,445 9,328 5,825 3,637

Middle East 31,512 31,848 30,329 27,903 19,359 12,089 7,548

Africa 8,109 8,308 8,399 7,727 5,361 3,347 2,090

Other Asia 2,713 2,595 2,497 2,297 1,594 995 621

India 885 869 826 760 528 329 206

China 3,846 3,798 3,836 3,529 2,449 1,529 955

Pacific 346 347 348 320 222 139 87

Total Oil Production 92,798 95,254 95,192 87,446 60,671 37,885 23,656

Global Oil Demand: 
1.5˚C Scenario 38,996 13,059 8,428

Projected 
overproduction of oil 
compared to 1.5ºC 
Scenario

35% 65% 64%
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4.2.3 Gas
Annual gas production worldwide has constantly increased since the 1970s except during 
the global financial crisis (GFC) in 2009. The gas market jumped by 6.1% from 2018 to 2019.51 
The COVID-19 crisis led to an overall moderate production decrease of 2% in the first half of 
2020.52 In this report, it is assumed that the gas demand in 2021 will increase by 2% again, 
bringing gas production back to 2018 levels.  There is some uncertainty in the assessment of 
decline rates of shale gas, and for that reason estimates of the likely over production under 
the No Expansion scenario for gas are highly uncertain and provide a tentative indication 
only. As shown in Figure 11 below, there may be a minor overproduction of gas under the No 
Expansion scenario by 2030 and 85% by 2050, but these numbers are variable and subject 
to change, depending on the decline rate of shale gas production. 

 

Figure 11 Gas production (2017-2050) – No Expansion projection (red line) vs. the pathway required to 
limit global warming to 1.5°C (green line)

Figure 11 shows that under the 1.5˚C scenario, demand for gas will need to drop sharply in 
2021. Plans to fund a ‘gas-led recovery’ to COVID-19 in some countries such as Australia53 
are already potentially derailing this pathway and risk locking in gas infrastructure that 
will only result in a greater number of stranded assets and the need to wind down existing 
projects even more rapidly in future years. Between 2021-2030, gas production will need to 
decline at an average of 3.5% per year.

51 IEA, “Gas 2019.”

52 IEA, “Global Energy Review 2020.”

53 Slezak, “What Will Australia’s Gas-Led Recovery Mean for the Country’s Carbon Emissions?”
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Figure 12 Gas production under the No Expansion projection by region (2017-2050) in billion cubic 
metres per year. Natural gas production data from 2017 and 2018 is based on BP Statistical Review 

(BP, 2018, 2019). Estimates for 2019 and 2020 are based on IEA projections.

54 As noted above, the production overshoot figures for gas are uncertain and subject to change, depending on 
the decline rate of shale gas.

Gas [Billion cubic metres] - No Expansion Scenario

2017 2018 2019 2020 2030 2040 2050

North America 960 1,050 1,128 1,105 781 519 345

South and Central 
America 181 176 174 170 120 80 53

Europe 263 251 236 231 163 109 72

Eurasia 789 831 847 830 586 390 259

Middle East 647 681 695 681 481 320 213

Africa 224 236 238 233 165 110 73

Other Asia 319 313 314 308 218 145 96

India 28 27 27 26 19 12 8

China 149 162 178 174 123 82 54

Pacific 113 130 153 150 106 71 47

Total Gas Production 3,673 3,858 3,989 3,910 2,762 1,836 1,221

Global Gas Demand: 
1.5˚C Scenario 2,676 1,305 188

Projected 
overproduction of gas 
compared to 1.5ºC 
Scenario

85%55
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4.3 Greenhouse gas emissions: No expansion vs. 
1.5ºC Scenario
Calculations for the resulting carbon emission of the energy production pathways under 
the No Expansion and 1.5˚C scenarios are in Figure 13. Even under the No Expansion scenario, 
which assumes no new oil, gas and coal mining projects, the annual carbon emissions from 
all fossil fuels combined would decrease from 34.7 Gt CO2 in 2018 to 18.1 GtCO2 in 2050 and 
lead to cumulative emissions of well above 638 Gt CO2 between 2018 and 2050. In order to 
achieve the Paris Agreement, the emission pathway for the 1.5˚C is required. In comparison, 
the emissions under the No Expansion case are already 22% higher than than a 1.5ºC-
aligned trajectory by 2025, 66% higher in 2030 and 242% in 2050.

In Figure 13 fossil fuel demand for 2020 is projected using two different GDP projections:55 a 
2% increase in GDP neglecting the effect of the COVID-19 pandemic and – more realistically 
– under the assumption of a global fall in GDP of 8% in 2020. The following years – 2025 
through to 2050 – are based on the original scenario and assume that the global economy 
will recover from the pandemic by 2025. Showing the production overshoot in emissions 
terms, it is clear that not only is there no room for expansion, but production across all fuel 
types must be phased out rapidly to meet a 1.5˚C target.

55 For more detail on assumptions and methodologies around the coupling of GDP and emissions, see Chapter 
5 of Teske, Achieving the Paris Climate Agreement Goals.
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Figure 13 Projected emissions from fossil fuel production

56 Note the uncertainty around these gas figures due to uncertainty of decline rates for shale gas, as noted 
above.

Projected emissions from fossil fuel production [Gt CO2/a]

Scenario 2018 2019 2020 
-8% GDP

2020 
+2% GDP 2025 2030 2040 2050

No expansion: 34.7 35.5 32.1 34.5 29.3 24.9 21.2 18.1

1.5ºC pathway 34.7 35.5 32.1 33.2 24.1 15 8.6 5.3

Emissions overshoot  
(Gt CO2/a) - - - 1.3 5.2 9.9 12.6 12.8

Emissions overshoot 
(% over 1.5°C scenario) - - - 4% 22% 66% 147% 242%

Coal

No expansion: 12.8 13.1 11.2 12.7 11.5 10.4 9.4 8.5

1.5ºC pathway 12.8 13.1 11.2 11.6 7.8 3.7 1.1 0.6

Emissions overshoot - - - 1.1 3.7 6.7 8.3 7.9

Lignite

No expansion: 2.3 2.3 2.1 2.0 1.9 1.7 1.5 1.4

1.5ºC pathway 2.3 2.3 2.1 1.9 0.6 0.2 0.1 0.0

Emissions overshoot - - - 0.2 1.3 1.5 1.4 1.4

Gas

No expansion: 6.7 6.9 6.8 7.3 5.9 4.9 4.0 3.2

1.5ºC pathway 6.7 6.9 6.8 7.4 7.0 5.9 4.6 2.9

Emissions overshoot - - - -0.1 -1.1 -1 -0.6 0.357

Oil

No expansion: 12.9 13.2 12.0 12.5 10.0 7.9 6.3 5.0

1.5ºC 12.9 13.2 12.0 12.3 8.7 5.2 2.8 1.8

Emissions overshoot - - - 0.2 1.3 2.7 3.5 3.2
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4.4 Industry plans to expand production
The analysis above shows that even if the world were to stop expanding fossil fuel 
production overnight, emissions from existing projects would still result in a substantial 
over production of fossil fuels beyond what is possible within the 1.5˚C temperature target. 
Worryingly, the fossil fuel industry is continuing to expand production, leading to an even 
greater overshoot that will become harder to rectify the more time that passes.

Major producing nations around the world still have plans to expand plans for production 
and exploration despite calls to ‘build back better’ during post-COVID-19 economic 
recovery efforts by investing in renewable energy. Expansion plans vary from nation to 
nation and amongst fuel types. The 2019 Production Gap Report57 assessed the planned 
coal, oil and gas production of ten major producer countries58 against climate objectives 
to evaluate consistency with the Paris Agreement of keeping global warming well-below 
2°C and pursuing efforts to limit the temperature increase to 1.5°C.59 The report quantifies 
the production gap in the form of carbon emissions (Giga tonnes CO2 emissions – GtCO2), 
which is an overall measure to assess the over/under-production of all fossil fuel resources 
(coal, gas, oil) and the impacts on climate change.  

The ‘production gap’ describes the ‘gap between increasing fossil fuel production and the 
decline needed to limit global warming’.60 If all plans for new coal, gas and oil production 
were implemented, overall fossil fuel production would be significantly too high. In fact, the 
resulting energy-related CO2 emissions by 2030 would be 50% higher than a median 2.0°C 
pathway allows. Compared to a 1.5°C pathway, the resulting CO2 emissions would be 120% 
too high.61

The current investment plans in fossil fuel production are exceedingly inconsistent with 
the Paris Agreement goals. The assessment of pandemic recovery packages shows that 
- while China’s financial commitments (public money) to clean energy are five times 
larger than those to fossil fuels - the US, India and Australia continue their strong fossil fuel 
commitments through pandemic relief packages.

4.4.1 Coal
As the largest contributor to global GHG emissions, coal’s rapid phase out is crucial to 
reduce GHG emissions and keep warming well-below 1.5°C and 2°C as set out in the Paris 
Agreement. 

Based on government plans, countries will produce 5.2 billion tonnes more coal by 2030, 
which is 150% more than what would be consistent with a median 2°C pathway and 
280% more than consistent with the 1.5°C scenario in this analysis. Although global coal 
production is expected to decline, countries produce 110% more coal than would be 

57 The Production Gap report was developed various institutions, including SEI, IISD, ODI, Climate Analytics and 
CICERO in collaboration with UNEP, and follows UNEP’s Emission Gap Report which reviews national emissions in the 
light of global emission reduction targets.

58 The ten countries include the major fossil fuel producers (China, the United States, Russia, India, Australia, 
Indonesia, and Canada) and producers with strong national climate targets (Germany, Norway, and the United 
Kingdom).

59 Paris Agreement to the United Nations Framework Convention on Climate Change.

60 SEI et al., “The Production Gap: The Discrepancy between Countries’ Planned Fossil Fuel Production and Global 
Production Levels Consistent with Limiting Warming to 1.5°C or 2°C.”

61 SEI et al., “The Production Gap: The Discrepancy between Countries’ Planned Fossil Fuel Production and Global 
Production Levels Consistent with Limiting Warming to 1.5°C or 2°C.”
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consistent with a 2°C pathway and 210% more than supportive of a 1.5°C pathway by 2040. 

Planned coal production at no point in time is consistent with production as required for a 
2°C pathway, let alone the 1.5°C pathway. Australia, China and India will dominate global 
coal production and determine the global emission trajectory until 2040.

4.4.2 Oil
Under current production plans, global oil production would be expected to increase by 
around 25% between 2015 and 2040.62 Like coal, crude oil experienced a substantial decline 
of historical production during the COVID-19 pandemic. The planned increase in crude oil 
production will far exceed the limits of both a 2°C and 1.5°C pathway.

4.4.3 Gas
In the Production Gap Report gas production is projected to remain consistently high until 
2040, and even increase in all top producer nations.63 However, the report finds  that gas 
production would need to decline annually by 3% to be consistent with the 1.5ºC pathway 
mapped out in the report (this is similar to the finding of a need to reduce gas production 
by 3.5% between 2021-2030 in this report – differences in proposed phase out rates arise 
from different base years and methodology, but are complementary).

In comparison to coal and oil, gas has gained substantial economic momentum due to 
attempts by the fossil fuel industry to frame it as a potential transition fuel in a low-carbon 
economy. This suggestion overlooks the risks of locking in further risky carbon-emitting 
infrastructure. Further, leaking gas pipelines which emit methane into the atmosphere are a 
major climate risk.

Over a relatively short period (20-year horizon), the global warming potential of methane 
is 25 times larger than it is for CO2 (IPCC, UNFCCC).64 The prosperous future predicted 
by some for gas has caused a boom in Liquefied Natural Gas (LNG) among the top gas 
producing countries including the United States, Australia and Russia. Yet as the findings in 
both this report and the Production Gap Report show, this is clearly incompatible with either 
2°C or 1.5°C.65

62 Own analysis based on projections from several sources, including SEI et al (2019).

63 SEI et al., “The Production Gap: The Discrepancy between Countries’ Planned Fossil Fuel Production and Global 
Production Levels Consistent with Limiting Warming to 1.5°C or 2°C.”

64 UNFCCC at https://unfccc.int/process-and-meetings/transparency-and-reporting/greenhouse-gas-data/
frequently-asked-questions/global-warming-potentials-ipcc-fourth-assessment-report

65 SEI et al., “The Production Gap: 2020 Special Report.”
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Having affirmed above that it is necessary to both end expansion of fossil fuels and as 
rapidly as possible phase out existing production, a scenario and modelling analysis 
has been developed to explore whether it is feasible to phase out fossil fuels at the rate 
required to keep within a 1.5˚C temperature goal without facing any shortfall in meeting 
energy demand. This section explains the scenarios and the rates at which fossil fuels will 
need to reduce to keep to the 1.5˚C target, while section 6 explains the implications for 
renewable energy and the potential of renewable energy to scale up to meet the world’s 
energy needs. 

Ultimately, the rate of decline of fossil fuel production within each country and region 
should be distributed based on principles of equity, reflecting the needs and specific 
circumstances of each region and the support required particularly by fossil fuel-
dependent developing countries.66 However, this report shows what is needed at the global 
level, and that it is both technically and economically possible for the world to transition to 
renewable energy in line with a 1.5˚C goal.

Scenario studies cannot predict the future, but they can describe what is needed for a 
successful pathway in terms of technology implementation and investments. Scenarios 
also help us to explore the possible effects of transition processes, such as supply costs 
and emissions. 

The energy demand and supply scenarios in this study are based on information about 
current energy structures and today’s knowledge of energy resources and the costs 
involved in deploying them. Potential regional constraints and preferences are also taken 
into account. 

The energy modelling presented here primarily aims to achieve a transparent and 
consistent scenario, an ambitious but still plausible storyline from several possible techno-
economic pathways. Knowledge integration is the core of this approach because it is 
necessary to consider different technical, economic, environmental, and societal factors. 
The scenario modelling follows a hybrid bottom-up/top-down approach, with no objective 
cost-optimization functions. 

The analysis considers the key technologies required for a successful energy transition and 
focuses on the roles and potential of renewable energies. Wind and solar energies have 
the highest economic potential and dominate the pathways on the supply side. However, 
variable renewable power from wind and photovoltaics (PV) remains limited by the need 
for sufficient secured capacity in energy systems. Therefore, this report also considers hydro 
power, bioenergy and geothermal energy as well as concentrated solar power (CSP) with 
high-temperature heat storage as a solar option that promises large-scale dispatchable 
and secured electricity generation. 

The assumptions used in this report are extracted from the study ‘Achieving the Paris 
Climate Agreement Goals - Global and Regional 100% Renewable Energy Scenarios with 
Non-energy GHG Pathways for +1.5°C and +2°C’. For further detail on this methodology, see 
Teske et al (2019).67 

66 Muttitt and Kartha, “Equity, Climate Justice and Fossil Fuel Extraction”; Muttitt, “The Sky’s Limit: Why the Paris Cli-
mate Goals Require a Managed Decline of Fossil Fuel Production.” 

67 For more information on the methodology and assumptions employed in this analysis, see Teske, Achieving 
the Paris Climate Agreement Goals.
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5.1 Potential of renewable energy resources and a 
1.5ºC world
There are a wide range of estimates of global and regional renewable energy potentials in 
the literature and all conclude that the total global technical renewable energy potential is 
substantially higher than the current global energy demand.68 Furthermore, the IPCC reports 
that the global technical renewable energy potential will not limit continued renewable 
energy growth.69 However, the technical potential is also much higher than the sustainable 
potential due to limitations such as land availability and other resource constraints. 

This section begins by providing an overview of various estimates of global renewable 
energy (RE) potential. It then presents the results of our spatial mapping analysis which 
shows that even with a set of key constraints applied to avoid land use conflicts, there are 
both more than enough energy resources available and these resources can be brought 
online fast enough to meet the world’s growing energy needs while also phasing out fossil 
fuel production in line with 1.5˚C. 70

Bond et al71 show that for the first time this year, renewable energy has become cost-
competitive with fossil fuels worldwide. They draw on a similar renewable energy mapping 
exercise performed by Solargis to identify the global technical potential of wind and solar. 
This report complements their work and adds to the literature by layering several different 
types of potential into our analysis including the economic potential of renewable energy in 
a space-constrained environment, explained in further detail below. 

Bond et al72 argue that ‘people tend rapidly to exploit cheap energy resources when they 
find them’ and predict continued rapid exponential growth of renewable energy. This is a 
strong cause for optimism, but this potential can only be unleashed at the required scale 
and speed if policymakers reduce barriers and provide safe investment environments, 
particularly to smaller and less experienced developers – households, communities, 
cooperatives, farmers, small and medium enterprises, smaller companies and public 
institutions – that will need to constitute a significant part of the deployment of this 
renewable energy opportunity.

The German Advisory Council on Climate Change identifies several types of renewable 
energy potential: 73

• The theoretical potential looks at the physical upper limit of the energy available from 
a specific source without limits on use or efficiency of technologies used, for example 
the total amount of solar radiation falling on a particular surface;

• Conversion potential refers to the efficiency of a particular technology to convert 
energy from a particular source into a useable form (e.g., electricity); 

• The technical potential is a product of the conversion potential and any other 

68 Jacobson et al., “100% Clean and Renewable Wind, Water, and Sunlight All-Sector Energy Roadmaps for 139 
Countries of the World”; Bond et al., “The Sky’s the Limit: Solar and Wind Energy Potential Is 100 Times as Much as 
Global Energy Demand”; Edenhofer et al., Renewable Energy Sources and Climate Change Mitigation.

69 Edenhofer et al., Renewable Energy Sources and Climate Change Mitigation.

70  Teske, Achieving the Paris Climate Agreement Goals.

71 Bond et al., “The Sky’s the Limit: Solar and Wind Energy Potential Is 100 Times as Much as Global Energy Demand.”

72 Bond et al.

73 German Advisory Council on Global Change, Welt im Wandel.
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restrictions governing how much of the particular source can realistically be used for 
energy generation;

• Economic potential refers to the percentage of the technological potential that can be 
utilised under current or projected future economic conditions; and 

• Sustainable potential can include both ecological and socio-economic considerations 
that might impact the availability and use of a particular energy source.

For the development of the 1.5°C Scenario used in this analysis, an additional renewable 
energy potential — the economic renewable energy potential in a space-constrained 
environment — has been used.

The theoretical and technical potentials of renewable energy are significantly larger than 
the current global primary energy demand. The minimum technical potential of solar 
energy, shown in Figure 14,74 could supply the 2019 global primary energy 102 times over.

75

Figure 14 Theoretical and technical renewable energy potentials versus utilization in 2015

However, the technical potential is only a first indication of the extent to which the resource 
is available. There are many other limitations, which must be considered. One of the main 
constraints on deploying renewable energy technologies is the available space, especially 
in densely populated areas where there are competing claims on land use, such as 
agriculture and nature conservation, to name just two. 

It is neither necessary nor desirable to exploit the entire technical potential. The 
implementation of renewable energy must respect sustainability criteria to achieve 
a sound future energy supply. Public acceptance is crucial, especially because the 

74 Turkenburg et al., “Renewable Energy.”

75 Theoretical energy potential drawn from IPCC-SRREN 2011; Technical potential drawn from IIASA Global Energy 
Assessment 2012,  Ch 11, p 774; Utilisation in 2015 drawn from IEA WEO 2017. Lump sum utilisation figures in the IEA 
2017 WEO were remodelled based on to separate into each of the re newable energy categories of solar, wind, bio-
energy, geothermal, hydropower and ocean energy..

Renewable Energy 
Resource 76

Theoretical Potential 
(Annual Energy 

Flux) [EJ/a]

Technical Potential 
[EJ/a]

Utilization in 2015 
[EJ/a] 

Solar energy 3 900 000 62 000 – 280 000 1.3 

Wind energy 6 000 1 250 – 2 250 1.9 

Bioenergy 1 548 160 - 270 51.5 

Geothermal energy 1 400 810 – 1 545 2.4 

Hydropower 147 50 - 60 13.2 

Ocean energy 7 400 3 240 – 10 500 0.0018 

Total 3 916 495 76 000 – 294 500 
primary energy 

demand 2019
603 EJ/a
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decentralised character of many renewable energy technologies will move systems 
closer to consumers. Without public acceptance, market expansion will be difficult or even 
impossible.76 The energy policy framework in a particular country or region will have a 
profound impact on the expansion of renewables, in terms of both the economic situation 
and the social acceptance of renewable energy projects. 

5.2 A realistic renewable energy model
This section outlines the inputs and assumptions that were incorporated into the modelling 
analysis to ensure that renewable energy potentials identified are based on physically 
feasible and realistic assumptions around land constraints and other factors that might 
limit the capacity of renewable energy.

5.2.1 Bioenergy
First, the discrepancy between the technical potential for bioenergy and the likely 
sustainable potential raises some issues that warrant further discussion. Recent analyses 
put the technical potential for primary bioenergy supply at 100–300 EJ/a.77 However, the 
dedicated use of land for bioenergy—whether through energy crops or the harvest of 
forest biomass—raises concerns over competition for land and the carbon neutrality of 
bioenergy.78 Research that focused on the trade-offs between bioenergy production, food 
security, and biodiversity found that less than 100 EJ/a could be produced sustainably,79 
although such production levels would be dependent on strong global land governance 
systems.80  

The carbon neutrality of bioenergy is based on the assumption that the CO2 released 
when bioenergy is combusted is then recaptured when the biomass stock regrows.81 
However, most land is part of the terrestrial carbon sink or is used for food production, 
so that harvesting for bioenergy will either deplete the existing carbon stock or displace 
food production.82 Leaving carbon stored in intact forests can represent a better climate 
mitigation strategy,83 because increased atmospheric concentrations of CO2 from the 
burning of bioenergy may worsen the irreversible impacts of climate change before the 
forests can grow back to compensate the increase. There are also risks that without strong 
governance or incentives, the trees are not replanted, are prematurely cut or are impacted 
by climate change such as through wildfires or disease and therefore result in a net 
addition of greenhouse gas emissions.84 

76 Teske et al., “Energy [r]Evolution: A Sustainable World Outlook 2015, 100% Renewable Energy for All.”

77 GEA, “Global Energy Assessment - Toward a Sustainable Future”; Smith et al., “Agriculture, Forestry and Other 
Land Use (AFOLU).”

78 Field and Mach, “Rightsizing Carbon Dioxide Removal”; Searchinger, Beringer, and Strong, “Does the World Have 
Low-Carbon Bioenergy Potential from the Dedicated Use of Land?”

79 Boysen et al., “The Limits to Global-Warming Mitigation by Terrestrial Carbon Removal”; Heck et al., “Biomass-
Based Negative Emissions Difficult to Reconcile with Planetary Boundaries.”

80 Creutzig, “Govern Land as a Global Commons.”

81 EASAC, “Forest Bioenergy and Negative Emissions Update.”

82 Searchinger and Heimlich, “Avoiding Bioenergy Competition for Food Crops and Land”; Searchinger, Beringer, 
and Strong, “Does the World Have Low-Carbon Bioenergy Potential from the Dedicated Use of Land?”

83 Sterman, Siegel, and Rooney-Varga, “Does Replacing Coal with Wood Lower CO 2 Emissions?”; Smyth et al., 
“Quantifying the Biophysical Climate Change Mitigation Potential of Canada’s Forest Sector”; Ter-Mikaelian, Co-
lombo, and Chen, “The Burning Question”; DeCicco and Schlesinger, “Opinion.”

84 Courvoisier, European Academies Science Advisory Council, and Deutsche Akademie der Naturforscher Leo-
poldina, Multi-Functionality and Sustainability in the European Union’s Forests; Booth, “Not Carbon Neutral”; Schles-
inger, “Are Wood Pellets a Green Fuel?”
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The use of harvested forest products (e.g., wood pellets) for bioenergy is also not carbon 
neutral in the majority of circumstances. Bioenergy sourced from wastes and residues 
rather than harvested from dedicated land can be considered carbon neutral, because 
of the ‘carbon opportunity cost’ per hectare of land (i.e., bioenergy production reduces the 
carbon-carrying capacity of land).85 Therefore, for carbon neutrality, bioenergy must be 
sourced from wastes and residues rather than dedicated harvest. 

However, the supply of waste and residues as a bioenergy source is always inherently 
limited.86 Although in some cases, burning residues can still release more emissions into 
the atmosphere in the mid-term (20–40 years) than allowing them to decay.87 There is 
general agreement that specific and limited waste materials from the forest industry (for 
example, black liquor or sawdust) may be used with beneficial climate effects.88 The use of 
secondary residues (cascade utilization) may reduce the logistical costs and trade-offs 
associated with waste use.89 

5.2.2 Economic Renewable Energy Potential in Space-Constrained 
Environments 
Land is a scarce resource. The use of land for nature conservation, agricultural production, 
residential areas, and industry, as well as for infrastructure, such as roads and all aspects 
of human settlements, limits the amount of land available for utility-scale solar and wind 
projects. Furthermore, solar and wind generation require favourable climatic conditions, 
so not all available areas are suitable for renewable power generation. To assess the 
renewable energy potential of the available area, the [R]E-SPACE methodology described 
in this chapter applied across all of the world’s regions apart from Eurasia (countries in the 
Caspian regional grouping and the Russian Federation due to a lack of data). Regional 
groupings are based on the IEA’s definition, and explained Annex 2: Regional and country 
groupings.

Given the constraints and concerns related to dedicated land-use for bioenergy outlined 
above, this report assumes that bioenergy is sourced primarily from cascading residue use 
and wastes, and do not analyse the availability of land for dedicated bioenergy crops. This 
analysis quantifies the available land area (in square kilometres) in all regions and sub-
regions with a defined set of constraints.

5.2.3 Constraints for Utility-Scale Solar and Wind Power Plants
The following land-use areas were excluded from the deployment of utility-scale solar 
photovoltaic (PV) and concentrated solar power plants: 
• Residential and urban settlements; 
• Infrastructure for transport (e.g., rail, roads); 
• Industrial areas; 
• Intensive agricultural production land; 
• Nature conservation areas and national parks; 
• Wetlands and swamps; and 
• Closed grasslands (GLC 2000).

85 Searchinger et al., “Assessing the Efficiency of Changes in Land Use for Mitigating Climate Change”; Search-
inger, Beringer, and Strong, “Does the World Have Low-Carbon Bioenergy Potential from the Dedicated Use of 
Land?”

86 Miyake et al., “Land-Use and Environmental Pressures Resulting from Current and Future Bioenergy Crop Ex-
pansion.”

87 Booth, “Not Carbon Neutral.”

88 EASAC, “Forest Bioenergy and Negative Emissions Update.”

89 Smith et al., “Agriculture, Forestry and Other Land Use (AFOLU).”
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5.2.4 Putting It All Together: Mapping Solar and Wind Potential

After the spatial analysis, the remaining available land areas were analysed for their solar 
and wind resources. For concentrated solar power, a minimum solar radiation of 2,000 
kilowatt hours per square meter and year (kWh/m2 per year) is assumed as the minimum 
deployment criterion and onshore wind potentials under an average annual wind speed of 
5 m/s have been omitted. 

In the next step, the existing electricity infrastructure of power lines and power plants was 
mapped for all regions with WRI (2018) data. These maps provide important insights into 
the current situation in the power sector, especially the availability of transmission grids. 
This is of particular interest for developing countries because it allows a comparison of the 
available land areas that have favourable solar and wind conditions with the infrastructure 
available to transport electricity to the demand centres. This assessment tends to be less 
important for OECD countries, where energy infrastructure is usually already fairly evenly 
distributed across the country—except in some parts of Canada, the United States, and 
Australia. For some countries, coverage is not 100% complete due to a lack of public data 
sources. This is particularly true for renewable energy generation assets such as solar, wind, 
biomass, geothermal energy, and hydropower resources. 

The available solar and wind potentials are distributed differently across all world regions. 
Whereas some regions have significantly more resources than others, all regions have 
enough potential to supply their demand with local solar and wind resources—together with 
other renewable energy resources, such as hydro-, bio-, and geothermal energies.

Figure 15 provides an overview of the key results of the [R]E-SPACE analysis. The available 
areas (in square kilometres) are based on the space-constrained assumptions (see Teske 
et al 2019, Section 2.1 in Chapter 7). The installed capacities are calculated based on the 
following space requirements: 

• Solar photovoltaic:     1 MW = 0.04 km2 

• Concentrated solar power:  1 MW = 0.04 km2 

• Onshore wind:      1 MW = 0.2 km2

5.3 Results: Global renewable energy potential
Our analysis shows that even applying a set of robust, conservative estimates that take 
into account environmental safeguards, land constraints and technical feasibility, solar 
and wind energy could power the world more than 50 times over (based on 2019 global 
demand). This means that to meet global energy demand and ensure 100% energy access 
for all, no fossil fuels are needed. Renewable energy is more than capable of replacing fossil 
fuel-generated energy at the rate and scale needed under a 1.5˚C phase out trajectory.

Figure 15 below outlines the renewable energy potential of each region globally compared 
to 2018 demand for electricity. Figure 16 visualises the amount of renewable energy 
potential per region compared to total energy demand for the region in 2019 and 2050 
respectively. Global renewable energy potential continues to far outstrip energy demand 
over the next three decades. In fact, between 2019 and 2050 global primary energy demand 
is projected to fall due to efficiency measures in industrialised countries and increased 
electrification, even with increased electricity access becoming available to citizens 
worldwide. The key exceptions are for Africa and India, which will see an increase in demand 
as more citizens gain access to electricity. 
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Region

Solar Wind Total 
Generation 

Potential 
Solar + 

Onshore 
Wind 

[TWh/a]

Current 
Electricity 
Demand 
[TWh/a]

Potential 
Supply 
Factor

Potential 
availability 
for utility-

scale [km2]

Space 
Potential 

[GW]

Solar 
Generation 

[TWh]

Potential 
availability 
for utility-

scale [km2]

Space 
Potential 

[GW]

Wind 
Generation 

[TWh]

North 
America 13,094,767 327,369 589,264 12,710,832 141,873 347,589 936,854 5,293 177

Latin 
America 5,946,569 148,664 208,130 5,947,135 29,736 72,853 280,983 1,280 220

Europe 49,440,273 1,236,011 1,421,413 45,242,245 226,944 486,568 1,907,981 3,554 537

Middle 
East 48,865,697 1,221,647 2,198,965 44,814,466 224,072 548,976 2,747,941 1,046 2,626

Africa 47,887,663 1,197,196 2,394,392 44,720,505 223,601 559,003 2,953,395 781 3,782

Asia 10,005,058 250,131 479,501 5,777,229 28,886 84,260 563,762 1,362 414

India 8,242,512 206,065 412,130 4,829,287 24,146 61,283 473,413 1,383 342

China 7,076,636 176,917 270,860 3,569,615 17,848 50,438 321,298 5,883 55

Pacific 4,967,112 124,177 173,848 4,889,446 24,446 71,945 245,792 1,948 126

Global 195,526,287 4,888,177 7,795,665 172,500,760 941,552 2,445,023 10,240,687 24,262 422

 

Figure 15 Theoretical and technical renewable energy potentials versus electricity demand in 2018 

 

 

Figure 16 Solar and wind potential by region (orange circle)  
compared to 2050 total energy demand (blue circle)
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The map clearly shows that solar and wind alone are more than capable of providing 
enough energy capacity to meet the energy demands of each region. This is the case 
even for Africa and India with their growing energy demand. The map also demonstrates 
the potential for changing political dynamics as a result of the distribution of renewable 
energy potential. For example, Bond et al have recently noted that Africa has the capacity 
to become a renewable energy ‘superpower’ as the wind and solar potential across the 
continent far outstrip every other region of the world. By contrast, Europe’s solar and wind 
potential is on par with its 2019 energy demand, but as efficiency and electrification cause 
demand to fall it will also see a small but sufficient excess of potential.

As the geospatial analysis represented in the two maps represents only wind and solar, 
actual renewable energy potential is even higher when sources such as geothermal, hydro 
and biomass are also included.

5.4 A feasible phase out trajectory
Figure 17 shows the projected increase in electricity demand worldwide up to 2050 due to 
greater electrification of transport and industry. 

Figure 17 Global projected electricity demand

Figure 18 onwards show the projected energy mix in each region up to 2050.90 While 
electricity demand is projected to increase across all regions, the charts show in greater 
detail the projected fall in overall energy demand in industrialised regions like Europe and 
North America, and the projected increase in Africa and India. Latin America and Asia 
(excluding India and China) see demand remain relatively steady, reflecting greater energy 
access and economic development combined with energy efficiency in these regions. 
Greater energy efficiency means the energy that is produced is utilised more effectively, 
with limited wastage.

90 Region classifications are the same as those used by the IEA.
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It is important to note that these charts are not intended to be prescriptive. The rate at 
which different countries and regions phase out fossil fuels and scale up renewables 
should be influenced by considerations of equity and support for those countries with 
less capacity. However, these charts paint the picture of a technically and physically 
feasible transition to renewable energy in line with 1.5˚C.91 This means that it is possible to 
meet the twin challenges phasing out fossil fuels and increased electricity access at the 
speed required through scaling up renewable energy. The actual rate at which different 
countries and regions should transition should be based on principles of equity, such as 
level of dependence on fossil fuels and capacity to transition, and provision of support from 
wealthier countries to poorer, more fossil fuel-dependent countries to ensure the transition 
is fair and ensures prosperous outcomes for all.92 

Projected energy mix under 1.5ºC scenario per region
With energy efficiency improvements, meeting 100% of global energy needs more effectively

World

Figure 18 Global projected energy mix to 2050 with energy efficiency improvements

North America

Figure 19 North America projected energy mix to 2050 with energy efficiency improvements

91 See complementary analysis which supports the conclusion that renewable energy can be scaled up at a rate 
sufficient to meet energy demand in line with a fossil fuel phase out: Muttitt, “The Sky’s Limit: Why the Paris Climate 
Goals Require a Managed Decline of Fossil Fuel Production”; Bond et al., “The Sky’s the Limit: Solar and Wind Energy 
Potential Is 100 Times as Much as Global Energy Demand.”

92 Muttitt and Kartha, “Equity, Climate Justice and Fossil Fuel Extraction”; Muttitt, “The Sky’s Limit: Why the Paris 
Climate Goals Require a Managed Decline of Fossil Fuel Production.”
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Central and South America

Figure 20 Central and South America projected energy mix to 2050 with energy efficiency improvements

Europe

Figure 21 Europe projected energy mix to 2050 with energy efficiency improvements

Africa

Figure 22 Africa projected energy mix to 2050 with energy efficiency improvements
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Middle East

Figure 23 Middle East projected energy mix to 2050 with energy efficiency improvements

Eurasia

Figure 24 Eurasia projected energy mix to 2050 with energy efficiency improvements

India

Figure 25 India projected energy mix to 2050 with energy efficiency improvements
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China

Figure 26 China projected energy mix to 2050 with energy efficiency improvements

Rest of Asia

Figure 27 Rest of Asia projected energy mix to 2050 with energy efficiency improvements 

Pacific and Oceania

Figure 28 Pacific and Oceania projected energy mix to 2050 with energy efficiency improvements
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This report has shown that:

1. Even if fossil fuel expansion ended overnight, far too much fossil fuels are 
already under production in existing coal mines and oil and gas wells to 
remain within a 1.5˚C budget.

2. To keep warming to below the temperature goal of 1.5ºC, as reflected in 
the scientific literature and the IPCC’s special report on 1.5ºC, there must 
be both an end to expansion of fossil fuel production, and a rapid phase 
down of existing production.

3. Doing so poses no risk to sufficient energy provision. In fact, the world 
has more than enough renewable energy resources that can be scaled 
up rapidly enough to meet reasonable energy demands of every person 
in the world without any shortfall in global energy generation.

4. Each region of the world has enough renewable energy potential to 
meet the energy needs of the countries within that region.

5. As the cost of renewables has dropped, economic potential for 
renewables has grown quickly alongside technical potential.

6. Continuing to expand the fossil fuel sector will only lock in further 
infrastructure that will become stranded assets, with devastating 
climate and humanitarian consequences.

A 1.5˚C aligned energy pathway is necessary to prevent catastrophic 
climate change. These findings show that an exciting new future is 
possible, but policy change is necessary to make this future a reality, by 
actively preventing further expansion of fossil fuels, phasing down existing 
production and supporting the scaling up of renewable energy. While 
recent analysis by Bond et al93 shows that renewables have become cost 
competitive with fossil fuels, policy settings in many countries around the 
world create an impediment to fully exploiting this opportunity, for example 
through providing subsidies to fossil fuel production. Scaling up renewable 
energy at the rate required will also likely require government investment 
to reduce project lead times, at least initially. National and subnational 
governments therefore have a vital role to play in facilitating the transition 
to a renewable energy-powered world.

93 Bond et al., “The Sky’s the Limit: Solar and Wind Energy Potential Is 100 Times as Much as Global Energy De-
mand.”
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In addition, a major global energy transition of this scale and speed 
will require unprecedented levels of international cooperation and new 
multilateral frameworks, especially given the Paris Agreement does not 
mention the words ‘coal’, ‘oil’, ‘gas’ or ‘fossil fuels’. This implies that first mover 
governments should act now while also encouraging global cooperation in 
a time of global crisis, particularly between the Global North and the Global 
South, the latter of which can hugely benefit from a just transition and 
increased energy access.

Finally, with the need to wind down existing production of fossil fuels, a global 
just transition plan is required to prevent development or humanitarian 
consequences from the stranded assets that already exist. Ensuring this 
transition is just requires each country to take on their fair share of action in 
addressing fossil fuel production, financial and other support to developing 
countries to support them to transition, transition plans for workers and 
fossil fuel-dependent communities, and global cooperation to ensure that 
the renewable energy deployment and mining for its expansion do not 
harm local communities in other countries. This transition also provides 
opportunities for a new, more decentralised, smart and people-centred 
energy model. The transition to renewable energy can be a driver for new 
development models that fosters sound local economies and genuine well-
being and energy democracy.

This report shows that a safer, more prosperous world is possible, and it 
is incumbent on decision-makers worldwide to make this possibility into 
reality.
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ANNEX 1: GLOSSARY OF KEY METRICS

Abbreviation Explanation

BCM Billion cubic metres

BECCS Bioenergy with Carbon Capture and Storage

CO2 Carbon dioxide

EJ Exajoules: One quintillion (1018) joules. 1000 
petajoules

GHG Greenhouse gas

Gt Gigatonne (one billion tonnes)

GtC Gigatonne of carbon

GW Gigawatt: 1 billion watts

IEA International Energy Agency

IPCC Intergovernmental Panel on Climate Change

Joule Equivalent to one watt of power radiated for one 
second

Mb/d Million barrels per day

Mt Million tonnes

OPEC Organisation for the Petroleum Exporting Countries

PJ Petajoules: One quadrillion (1015) joules

TW Terawatt: 1 trillion watts or 1,000 GW

TWh Terawatt hour: unit of energy equivalent to 
outputting one TW for one hour

Watt Unit of power, equivalent to one joule of work per 
second
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ANNEX 2: REGIONAL AND COUNTRY 
GROUPINGS

Region Countries included in 1.5°C scenario modelling

Countries included in  
[R]E-SPACE analysis to 
assess wind and solar 
potential

Africa All of North Africa and sub-Saharan Africa All of North Africa and sub-
Saharan Africa

Asia Pacific 
(combines 
‘Rest of 
Asia’ and 
‘Pacific & 
Oceania’ 
below)

Southeast Asia regional grouping (Brunei Darussalam, 
Cambodia, Indonesia, Lao People’s Democratic Republic 
(Lao PDR), Malaysia, Myanmar, Philippines, Singapore, 
Thailand and Viet Nam) and Australia, Bangladesh, Hong 
Kong96, Japan, Korea, Democratic People’s Republic of 
Korea, Mongolia, Nepal, New Zealand, Pakistan, Sri Lanka, 
Chinese Taipei, and other Asia Pacific countries and 
territories (excludes China and India, which were analysed 
separately)

n/a

China People’s Republic of China, not including Hong Kong People’s Republic of China, not 
including Hong Kong

Eurasia
Countries in the Caspian region (including Azerbaijan, 
Belarus, Kazakhstan, Turkmenistan, Uzbekistan) and the 
Russian Federation

Data not available for GIS 
mapping

Europe

European Union (Austria, Belgium, Bulgaria, Croatia, 
Cyprus1,2, Czech Republic, Denmark, Estonia, Finland, 
France, Germany, Greece, Hungary, Ireland, Italy, Latvia, 
Lithuania, Luxembourg, Malta, Netherlands, Poland, 
Portugal, Romania, Slovak Republic, Slovenia, Spain and 
Sweden) plus Albania, Belarus, Bosnia and Herzegovina, 
North Macedonia, Gibraltar, Iceland, Israel, Kosovo, 
Montenegro, Norway, Serbia, Switzerland, Republic of 
Moldova, Turkey, Ukraine and United Kingdom

All countries

Throughout this report, the regional groupings of countries have been adapted from the 
IEA’s World Energy Outlook, with some modifications based on the available data.94 These 
are defined below.

95

94 IEA, World Energy Outlook 2020.

95 The IEA includes Hong Kong as part of China, but it has been assessed separately for this analysis
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Region Countries included in 1.5°C scenario modelling

Countries included in  
[R]E-SPACE analysis to 
assess wind and solar 
potential

South and 
Central 
America

Argentina, Plurinational State of Bolivia (Bolivia), Brazil, 
Chile, Colombia, Costa Rica, Cuba, Curaçao, Dominican 
Republic, Ecuador, El Salvador, Guatemala, Haiti, Honduras, 
Jamaica, Nicaragua, Panama, Paraguay, Peru, Suriname, 
Trinidad and Tobago, Uruguay, Bolivarian Republic of 
Venezuela (Venezuela), and other Central and South 
American countries and territories

All countries with country 
specific analysis for Brazil, 
Argentina and Chile

Middle East
Bahrain, Islamic Republic of Iran (Iran), Iraq, Jordan, 
Kuwait, Lebanon, Oman, Qatar, Saudi Arabia, Syrian Arab 
Republic (Syria), United Arab Emirates and Yemen

All countries with country 
specific analysis for Iran, Iraq 
and United Arab Emirates

North 
America Canada, Mexico and the United States Canada, Mexico and the 

United States

Pacific & 
Oceania Australia, Japan, New Zealand South Korea

All countries with country 
specific analysis for Australia, 
Japan, New Zealand South 
Korea
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The 1.5˚C scenario was developed based on an underlying Reference Scenario based on 
the IEA’s Stated Policy Scenario from World Energy Outlook 2017, which predates the latest 
IEA 1.5˚C phase out pathway and takes into account only existing international energy and 
environmental policies. 96

This scenario is different and separate from the No Expansion scenario. It formed a key 
part of the development of the methodology and assumptions of the 1.5˚C Scenario. 
Its assumptions include, for example, continuing progress in electricity and gas market 
reforms, the liberalization of cross-border energy trade, and recent policies designed 
to combat environmental pollution. The scenario does not include additional policies to 
reduce GHG emissions.

As the IEA stated policy scenario only extends to 2040, the key macroeconomic and energy 
indicators have been extrapolated forward to 2050 to provide a baseline for comparison 
with the 1.5°C scenario. 

It is indisputably clear from climate science that following such a scenario in reality would 
result in catastrophic impacts on the planet, causing the death, displacement and loss of 
livelihoods of hundreds of millions globally.97 In fact, this scenario is likely to lead to around 
5˚C of warming, which is far beyond any the temperature at which major tipping points 
would be triggered and is incompatible with ongoing organised human civilisation due to 
irreversible destabilisation to the Earth’s climate and ecological systems. This scenario is 
included only for the purposes of illustrating how the 1.5˚C pathway differs from the current 
state of climate policies, and how rapidly the reduction in fossil fuel production must occur 
by comparison to avoid such an outcome.

Key results of this reference scenario in comparison with the 1.5˚C scenario are set out 
below:

• Coal production: Under the Reference Scenario, production of thermal coal (excluding 
coal for non-energy uses, such as steel production) would be projected to increase 
by around 1% per year until 2050. By contrast, under the 1.5˚C scenario global coal 
production will fall rapidly and immediately. By 2025, global coal production will have 
already fallen to 3.7 billion tonnes, equivalent to China’s production in 2017.

• Oil production: Oil production under the Reference Scenario would grow steadily by 1% 
until 2050. Under the 2.0°C Scenario, oil production will need to decline by a minimum 
6% per year until 2025, rising to an average of 8.5% per year between 2021-2030. After 
2030, production will decline by around 6% per year, on average, until oil production for 
energy is phased out entirely. Under the 1.5˚C scenario, oil production will need to fall to 
the equivalent of the production volume of just one of the three largest oil producers 
(the USA, Saudi Arabia, or Russia) by 2040. Oil demand for non-energy use such as the 
petrochemical industry is not included in this analysis.  

• Gas production: In the Reference Scenario, gas production would be projected 
to increase steadily by 2% a year for the next two decades, leading to an overall 
production increase of about 50% by 2050.  However, under the 1.5˚C scenario, gas 
production will reduce at around 1% until 2025, but will reduce more rapidly, at an 
average annual rate of 4%, from 2025 onwards.  

96 IEA, “World Energy Outlook 2017.”

97 IPCC, “Summary for Policymakers.”
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98

98 Based on 2019 global GDP growth of +2.4% - cross checked with BP 2020 – BP statistic differs from IEA World 
Energy Balances and is therefore not used for this table in order to be consistent with the scenario comparison. The 
scenario is calculated with IEA statistics.

Figure 29 Summary—coal, oil, and gas trajectories for a just transition under the Reference and 1.5°C Scenarios

Comparing the Reference and 1.5°C Scenarios

IEA Estimation99

Estimation             
Decreased 

GDP

Estimation             
Increased 

GDP
2025 2030 2040 2050

2018 2019 2020 
-8% GDP

2020 
+2% GDP

Estimated production

Coal 
million tons/year

5,698 5,835 5,016 5,671 5,161 4,672 4,230 3,829

Lignite  
million tons/year

2,134 2,185 2,009 1,766 1,785 1,606 1,446 1,301

Gas  
billion cubic 
meters/year

3,097 3,171 3,103 3,390 3,187 2,599 2,119 1,728

Oil  
thousand barrels/
day

98,023 100,318 91,499 93,682 76,310 60,301 47,650 37,654

1.5°C Production Units

Coal 
million tons/year

5,698 5,835 5,016 5,226 3,511 1,723 593 381

Lignite  
million tons/year

2,134 2,185 2,009 1,785 527 216 82 0

Gas  
billion cubic 
meters/year

3,097 3,171 3,103 3,391 3,218 2,676 2,075 1,305

Oil  
thousand barrels/
day

98,023 100,318 91,499 93,408 65,509 38,996 20,818 13,059
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