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Highlights

Recent policy developments in the United States, increased 
ambition in the European Union, and efforts by other 
nations are sowing the seeds of an energy transition. 
Although coal, oil, and gas consumption are at or near their 
all-time highs globally, climate ambition and action are 
growing in public and private sectors. How quickly, and at 
what scale, will these seeds bear fruit?

Global energy additions have continued, rebounding from 
the lows of 2020 and the COVID-19 pandemic. In 2021, 
global coal demand roughly equaled its previous peak, and 
preliminary 2022 data from IEA show it reaching an all-time 
high. Oil and natural gas demand remain at or near their 
all-time global highs.

Clean energy technologies are seeing record levels of 
investment. This trend will need to accelerate if the world 
is to have any chance of limiting global mean temperature 
rise to 1.5°C or 2°C by 2100. Under scenarios that achieve 
these climate targets, wind and solar together produce 
more electricity in 2050 than all of global electricity 
generation in 2021. 

The United States passed major federal climate 
legislation, but questions about implementation remain. 
The US subsidy-based approach is projected to reduce 
emissions, but the speed and scale of reductions will 
depend on noncost barriers, such as local acceptance 
of energy infrastructure and state and local permitting 
processes.

India and China are at different stages of energy 
development. As India becomes the world’s most populous 
country, its energy demand is projected to grow strongly in 
the decades ahead, with the energy mix heavily dependent 
on climate policy ambition. In China, a declining population 
and slowing economic growth lead to stagnant or declining 
energy demand, with a declining reliance on fossil fuels. 
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1.  Introduction
The future of the global energy system is deeply uncertain, and the choices that are 
made in the coming years will have enormous consequences for the future of the 
climate and, indeed, human civilization. To understand how our energy system is 
changing, each year various organizations produce long-term projections that imagine 
a wide range of futures based on divergent visions about policies, technologies, prices, 
and geopolitics. 

Because these projections vary widely and depend heavily on their different 
assumptions and methodologies, they are difficult to compare on an apples-to-
apples basis. In this report, we apply a detailed harmonization process to compare 14 
scenarios across seven energy outlooks published in 2022. We also include BP’s Energy 
Outlook 2023, which was published in January 2023. Taken together, these scenarios 
offer a broad scope of potential changes to the energy system as envisioned by 
some of its most knowledgeable organizations. Table 1 shows the historical data sets, 
outlooks, and scenarios examined here; details are provided in Section 4.

A brief description of our methodology appears under Data and Methods (Section 4), 
with select data indicators under Statistics (Section 5). For the full methodology, data 
sets, and interactive graphing tools, visit www.rff.org/geo. 

Table 1.  Outlooks and Scenarios Examined in This Report

Source Data set or outlook Scenario(s) Years
Grubler (2008) Historical — 1800–1970

IEA (2022) Historical — 1970–2020

BNEF (2022) New Energy Outlook 2022
Energy Transition Scenario (ETS)

Net Zero Scenario (NZS)
To 2050

BP (2023) Outlook for Energy 2023

New Momentum

Accelerated

Net Zero

To 2050

Equinor (2022) Energy Perspectives 2022
Walls

Bridges
To 2050

ExxonMobil (2022) 2022 Energy Outlook Reference To 2050

IEA (2022) World Energy Outlook 2022

Stated Policies (STEPS)

Announced Pledges (APS)

Net Zero Emissions by 2050 (NZE)

To 2050

IEEJ (2022)
Energy Outlook 2023 
(published in 2022)

Reference

Advanced Technologies
To 2050

OPEC (2022) World Oil Outlook 2022 Reference To 2045

http://www.rff.org/geo
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Throughout the figures included in this report, we use a consistent labeling system that 
distinguishes the different scenarios (see Table 2):

•	 For “Reference” scenarios, which assume limited or no new policies, we use a long-
dashed line. This set comprises Reference scenarios from ExxonMobil, IEEJ, and OPEC. 

•	 For “Evolving Policies” scenarios, which assume that policies and technologies 
develop according to recent trends and/or the expert views of the team producing the 
outlook, we use solid lines. This set comprises BNEF ETS, BP New Momentum, and 
IEA STEPS. Although they do not follow the same sets of assumptions, we also include 
Equinor Walls and IEEJ Advanced Technologies scenarios in this group because their 
trajectories for carbon dioxide (CO

2
) emissions are similar to those in other Evolving 

Policies scenarios. For IEA APS, which assumes that governments implement all 
announced energy and climate policies, we use a dot-dash line.

•	 For “Ambitious Climate” scenarios, which are built around limiting global mean 
temperature rise below 2°C by 2100, we use short-dashed lines. Just one scenario met 
this definition: BP’s Accelerated Transition. 

•	 For Ambitious Climate scenarios, designed to limit global mean temperature rise to 
1.5°C by 2100 or net-zero emissions by 2050, we use a dotted line. This set includes 
BNEF NZS, BP Net Zero, Equinor Bridges, and IEA NZE.

Figures and tables in this report sometimes refer to regional groupings of “East” and 
“West.”i Table 3 provides those regional groupings.

i	 This year, regional data were limited for roughly half of the scenarios, making it impossible to 
create consistent “East” and “West” groupings for many scenarios.

Table 2.  Legend for Scenario Types

Reference Evolving Policies Ambitious Climate (2°C) Ambitious Climate (1.5°C)

                  Exxon-Mobil                   BNEF ETS                   BP Accel.                   BNEF NZS

                  IEEJ Reference                   BP New Momentum                   BP Net Zero

                  OPEC Reference                   Equinor Walls                   Equinor Bridges

                  IEA APS                   IEA NZE

                  IEA STEPS

                  IEEJ Advanced

Table 3.  Regional Definitions for “East” and “West”

“East” Africa, Asia-Pacific, Middle East
“West” Americas, Europe, Eurasia
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2.  Key Findings
Despite pledges from governments and major corporations around the world to reduce 
greenhouse gas emissions, the world is mostly continuing its long history of adding to, 
rather than transitioning away from, older energy sources. Although policymakers, civil 
society, and business leaders have begun sowing the seeds of the energy transition, 
much more action will be required to ensure that these seeds bear fruit at the scale 
and speed necessary to avert the worst effects of climate change.

Global investment in clean energy technologies, led by renewable power and electric 
transportation, grew to an estimated $1.1 trillion in 2022, up 31 percent from the prior 
year.11 And yet, preliminary data indicate that world CO

2
 emissions grew by 1 percent 

that same year, surpassing their 2019 peak.12 Such trends illustrate the immense scale 
of the global energy system and the challenge of shifting it not just toward clean 
sources but also away from polluting sources.

At the same time, more and more policymakers and private sector leaders are 
making commitments to reduce emissions to net zero in the decades ahead. These 
commitments are shifting the energy system at national and regional scales, 
particularly in developed economies in Europe and North America. Nonetheless, 
the projections included in this analysis, and those prepared by other experts and 
organizations,13–15 demonstrate clearly that the world needs to match words with 
actions to reduce emissions and limit global warming to 2°C, let alone 1.5°C, by the end 
of the century.

Figure 1.  Global Primary Energy Demand, by Source

Data sources: Grubler,1 IEA,7 and IEA.10
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Although emissions and fossil fuel consumption remain at or near their all-time 
highs globally, some regions—particularly Europe—appear to have entered a true 
energy transition, with fossil fuel sources being displaced at large scale by cleaner 
technologies. Russia’s invasion of Ukraine and the resulting energy insecurity have 
accelerated Europe’s shift away from fossil fuels.

Europe’s progress in reducing emissions has been driven by its pioneering carbon 
market, along with other policies that support the deployment of renewable electricity, 
encourage low- or zero-emissions transportation options, and levy high taxes on fuels 
such as diesel  and gasoline. 

However, the region’s energy transition has come with challenges, some of which have 
been exacerbated by the Russian invasion of Ukraine. For example, most European 
nations have needed to increase their reliance on coal-fired electricity to ensure 
reliable power supplies in the face of high prices and uncertain supplies for natural 
gas. In the European Union, coal demand grew by 14 percent in 2021, following the 
COVID-19 pandemic lows, but is projected to grow again by 7 percent in 2022.16

Looking forward, Europe’s policy framework is likely to drive deep reductions in the use 
of coal and other fossil fuels in the coming years. For example, ExxonMobil’s Reference 
and IEA’s STEPS project that the share of fossil fuels in Europe’s primary energy 
mix falls from 68–70 percent in 2021 to 59–62 percent by 2030, followed by further 
reductions in subsequent years.

Figure 2.  Primary Energy Demand in Europe, by Source

Data source: BP Statistical Review of Energy. Excludes nonmarketed biomass.
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Negative emissions technologies (NETs)—such as direct air capture—and carbon capture 
and storage (CCS) play a large role in every Ambitious Climate scenario examined here. As 
long as fossil fuel use and greenhouse gas emissions remain high, achieving international 
targets of 1.5°C or 2°C by 2100 will become ever more reliant on large-scale NETs, CCS, and 
perhaps even more controversial technologies such as solar geoengineering.17

Over roughly the past 30 years, energy-related CO
2
 emissions grew by almost two-thirds. By 

2050, less than 30 years from today, projections range from further emissions growth of 10 
percent to emissions reductions of greater than 100 percent, as in Equinor’s Bridges, which 
envisions net-negative global CO

2
 emissions by midcentury.

CCS plays a substantial role in many scenarios, including some with relatively modest 
climate policy assumptions. By 2050, CCS is projected to capture at least 1 gigatonne 
of CO2 per year in Reference Scenarios from Equinor and ExxonMobil, Evolving Policies 
scenarios from IEA and bp, and all Ambitious Climate scenarios. The largest volumes of 
CCS are seen in the four 1.5°C scenarios, where annual capture rates exceed 5 gigatonnes 
(including NETs and CCS that avoid emissions)—more than all energy-related CO

2
 

emissions from the United States in 2021. 

Challenges associated with this scale of CCS deployment include costs, social acceptance 
of associated infrastructure, and protocols for monitoring, reporting, and verification to 
ensure that captured carbon remains safely stored for centuries to come.18

Figure 3.  Global Energy-Related CO
2
 Emissions

Notes: Negative emissions include direct air capture and biomass energy with CCS. We exclude negative emissions from land-
use change and “nature-based solutions” (e.g., afforestation). 
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The future of global energy demand varies considerably depending on assumptions 
about technological innovation, energy efficiency, and government policy. Under several 
Reference and Evolving Policies scenarios, global energy demand rises to nearly 700 
QBtu by midcentury. But under other scenarios, particularly those that achieve net-zero 
emissions by 2050, global energy demand declines considerably as global demand for 
energy services is met much more efficiently.

All scenarios envision lower coal consumption in 2050 than 2021, but liquids 
consumption is higher under four of the 14 scenarios considered here. Natural gas 
demand is higher in 2050 under eight scenarios. As in previous years, wind and solar 
grow at dramatic rates under all scenarios, but the range is quite wide. By 2050, wind 
and solar account for 10 percent (ExxonMobil) to roughly 50 percent (Equinor Bridges) 
of global primary energy demand. 

Recent announcements related to nuclear fusion technology have generated excitement 
across the energy world,19 but no outlooks examined here specifically consider its 
potential during the projection period. Compared with 5 percent in 2021, nuclear’s share 
in 2050 ranges from 5 percent (IEEJ Reference) to 14 percent (BNEF and BP Net Zero). 
Under three of the four net-zero scenarios, energy consumption from nuclear more than 
doubles by 2050, driven in some cases by the production of hydrogen for end uses in 
other sectors.

Figure 4.  World Primary Energy Mix in 2021 and Projections for 2050

Notes: Ordered from highest to lowest levels of fossil fuel consumption in 2050. “Liquids” excludes biofuels for BNEF. “Other” 
includes hydro for BNEF, and wind and solar for Equinor, IEEJ, and OPEC.
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Global electricity demand is projected to grow between 62 and 185 percent by 2050 
compared with 2021 levels. The share of fossil fuels in the electricity mix declines 
from 59 percent in 2021 to 2–55 percent by 2050, but in some Reference scenarios, the 
aggregate level of fossil fuels used for power generation grows. Under most Ambitious 
Climate scenarios, wind and solar together generate more electricity in 2050 than all 
sources combined in 2021. In two scenarios (BNEF NZE, IEA NZE), wind or solar alone 
produces more electricity than all sources globally in 2021.

Under all scenarios other than IEEJ Reference, electricity from coal, today’s largest 
generation source, declines considerably by 2050, while natural gas consumption falls 
in just over half of the scenarios. Under most Ambitious Climate scenarios, use of coal 
and natural gas continues in the power sector through midcentury but is paired with 
CCS to reduce emissions. 

In some outlooks, hydrogen begins to play a substantial role in the power sector by 
midcentury, exceeding 1,000 TWh of global generation by 2050 in four scenarios (BP 
Net Zero, Equinor Bridges, IEEJ Advanced Technology, and IEA NZE). However, most 
scenarios that envision a major role for hydrogen in the future energy system project 
its playing a more substantial role for other applications, particularly industrial heat and 
long-distance transportation.

Figure 5.  World Electricity Mix

Notes: 2050 scenarios arranged in declining order of fossil fuel electricity generation. “Other” includes oil, geothermal, and 
marine. For BNEF it also includes hydro.
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Russia’s invasion of Ukraine has reinforced Europe’s efforts to reduce fossil fuel 
consumption and associated CO

2
 emissions. In the United States, the passage of the 

Inflation Reduction Act is also expected to shift the energy system away from fossil 
fuels and toward cleaner sources. The effects of these shifts in Europe and the United 
States can be seen by comparing natural gas demand in last year’s projections (2022 
for BP20 and 2021 for IEA21) with the most recent outlooks. What’s more, projections 
for natural gas demand in the rest of the world are considerably lower than in the 
equivalent scenarios from last year.

How do these projections compare with those from a decade ago? Consider IEA’s 2012 
New Policies Scenario (NPS, roughly equivalent to today’s STEPS), which projected 
that global natural gas demand in 2020 would be 130 QBtu. In 2021, global demand 
exceeded this projection by roughly 6 percent, reflecting a growing market for global 
liquefied natural gas and abundant low-cost supplies of shale gas in the United States, 
among other things. 

The 2012 IEA NPS projected global natural gas demand of 152 QBtu in 2030. This year’s 
projections, however, envision much slower or even declining growth, reaching 143 
Qbtu under IEA STEPS and falling to 126 Qbtu under the IEA APS by 2030. 

Although they are well below projections from a decade ago, the current Evolving 
Policies scenarios envision substantially higher natural gas demand than the levels 
associated with achieving international climate goals. For example, global natural gas 
demand in 2050 in Reference and Evolving Policies scenarios ranges from 142 to 191 
QBtu, about three times the level envisioned in Ambitious Climate scenarios, which fall 
between 38 and 65 QBtu by 2050. 

Figure 6.  Previous and Current Projected Natural Gas Demand from BP and IEA

Note: Historical data from BP.22
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Global demand for coal has also been revised downward this year. However, near- and 
medium-term concerns over natural gas supplies have resulted in an upward revision 
for Europe in the IEA’s STEPS and little change in BP’s New Momentum scenario. 
The transition away from coal is particularly sharp  in the United States, where 2030 
demand under this year’s IEA STEPS is projected to be roughly half the level projected 
just last year.

Outside Europe and the United States, projections of future coal demand have also 
been revised downward in IEA STEPS and BP New Momentum. Although global coal 
demand was projected to begin declining by 2030 or before under last year’s scenarios, 
that decline occurs more quickly in this year’s projections. 

Expectations for future coal demand have changed even more significantly during 
the past decade. In 2012, the IEA NPS projected global coal demand of 162 QBtu in 
2020, which is roughly 7 percent higher than the actual amount consumed in 2021 
(2020 demand was even lower, but this was largely due to the effects of the COVID-19 
pandemic). By 2030, the 2012 IEA NPS projected global coal demand rising to 166 
QBtu. However, no scenario examined here reaches this level by 2030. The highest 
projection for global coal demand in 2030 comes from IEEJ’s Reference scenario, which 
reaches 156 QBtu in that year. 

Nonetheless, the projected coal demand in Reference and Evolving Policies scenarios 
vastly exceeds the levels needed to limit global warming to 1.5°C or 2°C by 2100. In 
2050, most Ambitious Climate scenarios project global coal demand between 15 and 
17 QBtu, compared with a range from 77 to 156 QBtu under Reference and Evolving 
Policies scenarios.

Figure 7.  Previous and Current Projected Coal Demand from BP and IEA

Note: Historical data from BP.22
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Under most scenarios, global oil demand is considerably lower by 2050 than it is 
today. Under Reference scenarios from ExxonMobil, IEEJ, and OPEC, oil consumption 
plateaus in the 2030s and remains at or above 100 mb/d through 2050, a level that is 
incompatible with achieving international climate targets. Evolving Policies scenarios 
illustrate a fairly wide range of future consumption, but scenarios that limit global 
temperature rise to 1.5°C by 2100 project that oil demand falls to roughly 20 to 25 mb/d 
by midcentury.

Future oil demand varies considerably across regions and scenarios. For example, all 
three of BP’s and IEA’s scenarios project demand in the Asia-Pacific region to peak 
by 2030 and then decline, whereas Reference scenarios from ExxonMobil and IEEJ 
project regional demand growth through 2050. In China, demand peaks by 2030 
under all scenarios other than OPEC’s Reference case (ExxonMobil does not publish 
China-specific projections). In India, demand grows under all Reference and Evolving 
Policies scenarios but begins declining in the 2030s or 2040s under Ambitious Climate 
scenarios. 

In North America, oil demand peaks in 2025 to 2030 and falls under all scenarios. 
However, the rate of decline varies dramatically between scenarios. By 2050, North 
American oil demand ranges from highs around 16 mb/d under ExxonMobil’s Reference 
and IEA STEPS to lows of just 3 mb/d under Ambitious Climate scenarios. In Latin 
America, demand remains relatively flat through 2050 under Reference and Evolving 
Policies scenarios but falls by more than half under most Ambitious Climate scenarios.

Figure 8.  World Oil Demand

Note: Where outlooks do not provide projections in physical units (mb/d), we convert to mb/d using a factor of 1.832 QBtu per 
mb/d.
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Energy demand in China has spiked over recent decades, roughly tripling since 
2000. However, China’s population is expected to begin declining in the years ahead, 
reducing the projected rate of economic growth. As a result, primary energy demand 
in China is lower by midcentury under most scenarios examined here, particularly the 
Ambitious Climate scenarios. This is a marked change from last year, when more than 
half of scenarios projected considerable growth in demand by midcentury.23

By 2050, coal demand in China is projected to be well below 2021 levels, falling by 28 
percent  (IEEJ Reference) to 93 percent (BP Net Zero). China’s oil demand also declines 
considerably in all scenarios except OPEC Reference. Under IEA STEPS and APS, oil 
demand by 2050 falls by 8 and 48 percent, respectively, highlighting the gap between 
China’s current and expected government polices and announced climate goals. Under 
Ambitious Climate scenarios, China’s oil demand declines by roughly 60 to 80 percent. 
Natural gas also declines considerably under Ambitious Climate scenarios but grows 
under most other scenarios. 

Nuclear in China grows dramatically under all scenarios. In 2021, nuclear accounted for 
roughly 3 percent of China’s primary energy mix. By 2050, the absolute level of nuclear 
power more than triples under most scenarios and accounts for roughly 10 percent of 
the mix under Evolving Policies scenarios, such as IEA STEPS. Nuclear’s share is even 
higher under Ambitious Climate scenarios, contributing 13 to 22 percent of China’s 
primary energy by 2050.

Wind and solar account for the bulk of renewables growth in China, with more 
modest growth from hydropower. Compared with 3 percent in 2021, wind and solar 
are projected to contribute 15 percent or more of China’s primary energy by 2050 in 
scenarios that report these data.

Figure 9.  Primary Energy Demand in China

Notes: Region-specific data not available for BNEF, ExxonMobil, or IEA NZE. Projections ordered from highest to lowest levels of 
fossil fuel demand.
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In 2023, India is expected to surpass China to become the world’s most populous nation.24 
As it continues to grow and modernize, India’s energy demand is projected to grow under 
all scenarios examined here. The composition of that growth, however, varies widely 
across scenarios. Under Reference and Evolving Policies scenarios, India’s demand for all 
fossil fuels grows through 2050, but under Ambitious Climate scenarios, it mostly declines.

In 2021, India’s energy mix was dominated by coal (46 percent), oil (23 percent), and 
biomass (22 percent). By 2050, India’s coal demand grows under half of the scenarios 
examined here, ranging from more than doubling (IEEJ Reference) to falling by 80 percent 
(Equinor Bridges). Oil demand increases under all but three scenarios, one of which is the 
IEA APS, which indicates the ambition of India’s announced (but not yet implemented) 
efforts to reduce emissions. 

India’s use of biomass energy, which has been dominated by traditional biomass (i.e., 
locally gathered and combusted materials such as wood and dung), stays at a fairly 
consistent level, around 8 to 10 QBtu under most scenarios. However, this consistency 
masks considerable changes as traditional biomass is displaced by modern bioenergy 
(e.g., wood pellets, biofuels) in certain sectors of the economy. 

Nuclear, wind, and solar grow dramatically in India under all scenarios. These three 
sources combined accounted for just 3 percent of India’s primary energy mix in 2021. By 
2050, they grow to 15 percent or more under most scenarios, reaching as high as 50 to 60 
percent of India’s energy mix under Ambitious Climate scenarios from BP and Equinor.

Figure 10.  Primary Energy Demand in India

Notes: Region-specific data not available for BNEF, ExxonMobil, or IEA NZE. Projections ordered from highest to lowest levels of 
fossil fuel consumption.
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3.  In Focus

3.1.  Whither Peak Oil and Gas Demand?
An energy transition that addresses climate change must  involve shifting energy 
demand away from oil and gas, but prospects  for the repeatedly predicted time of 
“peak oil” have remained elusive. Both IEA’s and BP’s scenarios have long featured 
steadily increasing consumption of both oil and gas, except in their most aggressive 
decarbonization scenarios. However, those organizations’ recently released scenarios 
have begun to break from that pattern, indicating shifting views among analysts and 
institutions. Importantly, these updated scenarios incorporate major changes to energy 
markets that occurred in 2022, including Russia’s invasion of Ukraine and the passage of 
the Inflation Reduction Act in the United States.

Figure 11 shows both IEA’s and BP’s scenarios for oil and gas demand over time. In a 
notable change from past scenarios, now for the first time, to our knowledge, all  of BP’s 
scenarios feature lower oil demand in 2025 than in 2019 (see top left panel), suggesting 
that global oil demand may already be peaking. By contrast, as recently as last year, BP’s 
highest-fossil case (New Momentum) had oil demand peaking in 2030. Meanwhile, IEA 
STEPS continues to foresee rising and elevated levels of oil demand growth through 
2040 (bottom left panel), although the NZE scenario features more aggressive declines 
in oil demand by 2030 than any of BP’s scenarios. 

On natural gas, IEA’s and BP’s long-term prospects are more closely aligned, with growth 
and decline in gas demand possible through 2050, depending on the scenario. Of BP’s 
scenarios, only in the Net Zero case have we already passed “peak gas.” As for IEA, its 
2022 STEPS features roughly flat gas demand through 2050, breaking from its 2021 
projection, which featured modest but persistent growth in the coming decades. 
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When peak oil demand or peak gas demand does occur, what regions might we expect 
to play the largest roles in this part of global decarbonization? Figure 12 tells this story 
by plotting BP’s scenarios of oil and gas consumption across six regions that constitute 
global demand. Oil demand broadly declines in North America and Europe-Eurasia 
but rises somewhat in Asia-Pacific before peaking toward the end of this decade, then 
declining sharply. Natural gas consumption also declines broadly in North America 
and Europe-Eurasia, but the alternative scenarios envision very different pathways 
of natural gas demand in Asia, the primary driver of uncertainty in long-term global 
gas demand and the possibility of peak gas. Across the low, medium, and high fossil 
scenarios, Asia-Pacific gas demand either peaks in 2030 or 2035 or continues to rise 
through 2050. 

These ranges demonstrate large uncertainties in the timing of peak oil and peak gas. 
Nonetheless, revisions in this year’s scenarios from BP and IEA highlight the potential 
for an acceleration of the energy transition.

Figure 11.  Global Oil and Natural Gas Demand, Current and Previous Outlooks from       
BP (top) and IEA (bottom)



Global Energy Outlook 2023: Sowing the Seeds of an Energy Transition 15

Figure 12.  BP Pathways of Oil (top) and Gas (bottom) Demand, by Region
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3.2.  Assessing Regional Growth Trends for Wind 
and Solar
In recent years, growth in renewable energy—especially wind and solar—has achieved 
significant momentum. In Ambitious Climate scenarios, renewable generation sources 
are enabling  the shift away from fossil fuels. However, the pace of growth varies widely 
across scenarios. In the most conservative scenario (IEEJ Reference), wind and solar 
power generation is expected to triple by 2050, but in the most ambitious scenario 
(BNEF NZS), it is expected to grow by a factor of 21 (Figure 13).

Several factors have contributed to these renewables’ accelerating growth, including 
policy support in critical regions and an overall decline in capital costs for equipment. 
However, projected growth is not evenly distributed across regions, especially in the 
near term. Only a few regions are expected to contribute most of the growth in wind 
and solar generation through 2030. 

Energy security concerns due to Russia’s invasion of Ukraine have spurred European 
countries to accelerate their shift away from imported fossil fuels, particularly natural 
gas, and toward renewables. In May 2022, the European Commission presented the 
REPowerEU plan, which aim to increase  the share of renewables in primary energy 
consumption from 40 to 45 percent  by 2030.25 The Commission estimates that 
the renewable energy share of electricity generation will reach 69 percent by 2030 
in the plan . In the United States, the Inflation Reduction Act has provided support 
for renewables.26 The bill extends existing technology-specific energy investment 
and production tax credits through 2024, at which point the tax credits will become 

Figure 13.  Historical and Projected Wind and Solar Generation through 2050
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emissions-based rather than technology-specific. Additional measures, including the 
Environmental Protection Agency’s $27 billion Greenhouse Gas Reduction Fund and 
the $40 billion in loan authority provided to the Department of Energy’s Loan Program 
Office, seek to mobilize private capital for clean energy projects. 

China’s recent 14th Five-Year Plan includes upwardly revised goals in renewable power 
growth and targets a 50 percent increase in renewable power generation from 2020 to 
2025.27 A suite of policy incentives, available land, and several planned gigawatt- and 
utility-scale clean energy bases  are expected to boost China’s renewable energy.  

All scenarios (except Equinor Bridges) locate most of the growth in wind and solar 
generation in China, North America, and the European Union over the next decade 
(Figure 14). These regions are projected to account for 62 percent (Equinor Walls) to 
83 percent (BP Accelerated) of all such growth. 

However, the aggregate level of wind and solar deployment in China, North America, 
and the European Union differs considerably between most Reference and Evolving 
Policies scenarios (Equinor Walls, BP New Momentum, IEA STEPS, IEA APS) and the 
Ambitious Climate scenarios (BP Accelerated and BP Net Zero). This gap suggests 
the need for additional policy support for displacing fossil-based resources if climate 
targets are to be met, as well as policies addressing issues such as regulatory and 
permitting challenges, transmission, and private financing that can accelerate wind and 
solar deployment.

Figure 14.  Growth in Wind and Solar Power Generation, by Region, 2019–2030

Notes: Equinor and BP data in Figure 14 use 2019 as base year. IEA data uses 2020 as base year because of data availability.
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The divide between Evolving Policy and Ambitious Climate scenarios becomes more 
apparent in the long term, from 2030 to 2050, especially outside the United States, 
European Union, and China (Figure 15). Across scenarios, the rest of the world is 
expected to contribute 39 to 66 percent of the growth in wind and solar generation 
from 2030 to 2050. However, Evolving Policies scenarios project that growth in these 
regions will be less than half of the total generation necessary for meeting net-zero 
goals. To remain on track for net zero, much greater clean energy investment in 
emerging and developing economies is necessary. According to IEA, the World Bank, 
and the World Economic Forum, investment in emerging and developing countries will 
need to increase sevenfold, from less than $150 billion in 2020 to more than $1 trillion 
by 2030.28

3.3.  Fuels of the Future
In a future where fossil fuels play a smaller role in the primary energy mix, new energy 
sources will be needed to fulfill essential energy services. The three fuels   that play the 
largest role in decarbonization across scenarios are electricity, hydrogen, and bioenergy 
—particularly the forms of these sources that involve low, zero, or even negative 
greenhouse gas emissions. Of course, these fuels are already available: electricity is 
used throughout the economy, hydrogen for refining and in chemicals production, 
and bioenergy for select industrial, electricity and heat generation, and transportation 
applications. We examine the outlook for each energy source in this section.

Figure 15.  Growth in Wind and Solar Power Generation, by Region, 2030–2050
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3.3.1.  Electricity

Electricity generation is shown in Figure 16, and electricity consumption as a fraction 
of total final consumption is shown in Figure 17. In most cases, electricity generation is 
higher in the Ambitious Climate scenarios. The two highest levels of generation, by a 
significant margin, are the BNEF and IEA Net Zero scenarios. This is also the case for 
the consumption fraction, which exceeds 50 percent for IEA NZE and 45 percent for 
BNEF NZS. Interestingly, generation is also quite high in the IEA APS scenario.

Figure 16.  World Electricity Generation, All Sources

Note: ExxonMobil presents electricity generation data in net generation, whereas other outlooks provide data in gross 
generation terms (i.e., before on-site electricity consumption)
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One way to visualize the relationship between electrification and decarbonization is 
to plot electricity generation alongside carbon dioxide emissions. Figure 18 shows the 
values for the year 2050 in each scenario.

Figure 17.  Share of Electricity in World Final Energy Consumption

Figure 18.  World Electricity Generation and Net CO
2
 Emissions in 2050
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Here, we again see the highest levels of generation in the IEA and BP Net Zero 
scenarios. Although most of the points reflect a roughly linear relationship, with 
generation increasing as emissions decline, the Equinor Bridges scenario has 
generation comparable to scenarios with much higher emissions while achieving 
negative overall emissions. This likely reflects the fact that Equinor’s outlook does 
not include electricity used for hydrogen production in its measure of electricity 
generation.    

In addition to high levels of electricity generation, these scenarios all have substantial 
hydrogen production (as does the IEEJ Advanced Technologies scenario). Among 
the Evolving Policies scenarios for which data are available, the two scenarios with 
the largest hydrogen production have electricity as a higher fraction of consumption. 
Although isolating the underlying source of hydrogen in these scenarios (e.g., 
electrolysis versus steam reforming) without further investigation is difficult, it 
appears that hydrogen produced from electrolysis is leading to increased electricity 
consumption in these scenarios.ii The hydrogen production in the IEEJ Advanced 
Technologies scenario may also not cause as large an increase in electricity 
generation because the increased demand from hydrogen production is offset by 
reductions in demand due to energy efficiency. We explore hydrogen outlooks further 
in the next section. 

3.3.2.  Hydrogen

Hydrogen use (in the scenarios that include it) is shown in Figure 19. The three 
scenarios where hydrogen plays the largest roles are BNEF and BP Net Zero (both 10 
percent of final energy consumption in 2050), and Net Zero (IEA Net Zero (6 percent). 
Evolving Policies scenarios such as the IEEJ Advanced Technologies and the IEA APS 
include some hydrogen consumption but considerably less than their two ambitious 
scenarios. 

Projections from BP generally show a higher share of hydrogen in final energy 
consumption than other scenarios, but this is partly the result of BP’s historical 
data, which shows hydrogen playing a larger role than other historical datasets. The 
cause of the underlying discrepancy in historical data is unclear, and may result from 
different accounting or reporting protocols across organizations.

ii	 Based on internal communication, we understand that Equinor’s outlook does not 
include electricity used for hydrogen production in its measure of electricity generation, 
which makes direct comparison with other scenarios difficult.
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Although most outlooks do not report how the hydrogen is produced, some do provide 
these projections. In 2019, BP reports that 99.99 percent of all hydrogen production 
came from fossil fuels, primarily steam methane reforming. In its outlook, BP projects 
that the share of fossil-based hydrogen production decreases to 59, 36, and 28 percent 
by 2050 under its New Momentum, Accelerated, and Net Zero scenarios, respectively. 
In its Net Zero scenario, BP projects that in 2050, wind and solar provide two-thirds 
of the energy to produce hydrogen, primarily through water electrolysis. Under IEA’s 
STEPS, 68 percent of the 24 metric tons of low-emissions hydrogen production comes 
from water electrolysis by 2050, with the remainder coming from fossil fuels with 
CCUS. Under the APS and NZE, water electrolysis plays a much larger role, producing 
roughly three-quarters of all low-emissions hydrogen by 2050.

3.3.3.  Biomass

Primary energy consumption from biomass is shown in Figure 20, and its share of the 
total is shown in Figure 21, including both traditional biomass (e.g., wood, dung, and 
agricultural by-products) and marketed, commercial-scale biomass (e.g., wood pellets)  
but excludes biofuels. Compared with hydrogen and electricity, biomass has very 
different patterns. Please note that we have not been able to completely harmonize 
these data, so the overall levels and shares of primary energy are not aligned across 
sources, as seen in the variety of starting points for outlooks in years 2025 and 2030. 
Even taking into account the calibration issue, the IEA scenarios show the highest 
absolute levels of biomass consumption, regardless of scenario type.

Figure 19.  Share of Hydrogen in World Final Energy Consumption



Global Energy Outlook 2023: Sowing the Seeds of an Energy Transition 23

Figure 20.  World Biomass Primary Energy Consumption

Figure 21.  Share of Biomass in World Primary Energy Consumption
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Unlike electricity, biomass does not appear to have a strong relationship between 
consumption and emissions (Figure 22). This likely reflects assumptions about the 
economics and availability of biomass. Moreover, except for the IEA scenarios, most 
projections show a leveling off or even a decrease in the absolute level of biomass 
consumption. Some of this reflects an offsetting decline in traditional biomass as more 
modern forms of biomass, such as wood pellets,  become more prevalent.

4.  Data and Methods
In this paper, we examined projections from the following publications: 

•	 BNEF: New Energy Outlook 2022

•	 BP: Energy Outlook 2023

•	 Equinor: Energy Perspectives 2022

•	 ExxonMobil: 2022 Outlook for Energy 

•	 IEA: World Energy Outlook 2022

•	 IEEJ: Energy Outlook 2022

•	 OPEC: World Oil Outlook 2022

These outlooks vary across many dimensions, including differences in modeling 
techniques, historical data, economic growth assumptions, and policy scenarios. 
Generally, scenarios can be grouped into three categories: (1) Reference, which assume 
no major policy changes; (2) Evolving Policies, which incorporate the modeling team’s 
expectations of policy trends; and (3) alternatives, which are typically based on certain 
policy targets or technology assumptions. We focus on Ambitious Climate scenarios, a 
major subset of (3). Table 4 summarizes the scenarios included in this year’s analysis.

Figure 22.  World Biomass Energy Consumption and Net CO
2
 Emissions in 2050
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Table 4.  Sources and Scenarios

Source Scenario

Grubler (2008) Historical data

IEA (2022) Historical data

BNF (2022)

ETS: Baseline assessment of how the energy sector may evolve, based primarily on cost 
projections, with limited new policies.

NZS: Achieves net-zero emissions by 2050 with rapid deployment of existing technologies and 
emergence of new technologies, such as CCS and clean hydrogen.

BP (2023)

New Momentum: Reflects current policies and “places weight” on achieving recently announced 
ambitions for emissions reductions.

Accelerated: Emissions fall 75 percent below 2019 levels by 2050, consistent with 
Intergovernmental Panel on Climate Change (IPCC) scenarios limiting warming to 2°C by 2100.

Net Zero: Emissions fall 95 percent below 2019 levels by 2050, consistent with IPCC scenarios 
limiting warming to 1.5°C by 2100.

Equinor (2023)

Walls: Begins with current policies and assumes that future climate and energy policies slowly 
become more ambitious.

Bridges: A scenario designed around limiting warming to 1.5°C by 2100

ExxonMobil 
(2023)

Reference: Begins with current market, technology, and policy trends. The extent to which 
additional energy and climate policies are included is unclear.

IEA (2022)

Stated Policies Scenario (STEPS): Focuses on what governments “are actually doing,” including 
existing policies and those under development. Roughly consistent with 2.5°C warming by 2100.

Announced Pledges Scenario (APS): Includes announced climate commitments by governments 
and nongovernmental entities, including net-zero pledges, regardless of implementation status. 
Roughly consistent with 1.7°C to 1.8°C warming by 2100.

Net Zero Emissions by 2050 (NZE): This follows an updated roadmap to net-zero emissions by 
2050, consistent with 1.5°C warming by 2100. Also achieves UN Sustainable Development Goals, 
such as universal energy access by 2030.

IEEJ (2022)

Reference: Uses historical trends to evaluate future changes in current policies and technologies. 

Advanced Technologies: Includes “maximum carbon dioxide emissions reduction” measures, new 
technology deployment, and additional energy security efforts.

OPEC (2022)
Reference: Incorporates policies that have been enacted. Assumes some future policy changes, 
but details are not specified.
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Variations in underlying assumptions about the future of policies, technologies, and 
markets produce useful variation among outlooks, allowing analysts to view a wide range 
of potential energy futures. However, outlooks also have important methodological 
differences that can complicate direct comparisons and reduce the ability to draw insights. 

One major difference is the choice of reporting units. For primary energy, outlooks use 
QBtu, million tonnes of oil equivalent (mtoe), or exajoules. In this report, we standardize all 
units to QBtu. For fuel-specific data, outlooks use million barrels per day (mbd) or million 
barrels of oil equivalent per day (mboed) for liquid fuels, billion cubic meters (bcm) or 
trillion cubic feet (tcf) for natural gas, and million tonnes of coal-equivalent (mtce) or short 
tons for coal. Table 5 presents the reporting units for each outlook, and Table 6 provides 
relevant conversion factors.

Table 5.  Units of Energy Consumption, by Outlook

BNEF BP Equinor ExxonMobil IEA IEEJ OPEC

Primary energy units PJ EJ mtoe qBtu EJ mtoe mboed

Fuel- or sector-specific units

          Liquids NA mbd NA qBtu mbd mtoe mbd

          Oil PJ mbd mbd qBtu mbd mtoe mbd

          Biofuels NA mbd mtoe qBtu mboed mtoe mbd

          Natural gas PJ bcm bcm qBtu bcm mtoe mboed

          Coal NA EJ mtoe qBtu mtce mtoe mboed

          Electricity TWh TWh TWh qBtu TWh TWh NA

Notes: Units are per year unless otherwise noted. “NA” indicates that fuel-specific data are not available for a given source.

Table 6.  Conversion Factors for Major Energy Units

Primary energy Multiply by Natural gas Multiply by Coal Multiply by

mtoe to QBtu 0.0397 bcm to bcfd 0.0968 mtce to short ton 1.102

mboed1 to QBtu 1.976 bcm to tcf 0.0353 mtce to mtoe 0.7

EJ to QBtu 0.948

Notes: There is no agreed-upon factor for boe. IEA reports that typical factors range from 7.15 to 7.40 boe per toe, and OPEC 
uses a conversion factor of 7.33 boe per toe. We derive 1.976 QBtu/mboed by multiplying 49.8 mtoe/mboed (=1 toe / 7.33 boe * 
365 days per year) by 0.03968 QBtu/mtoe.
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A second difference among outlooks is that assumptions about the energy content in 
a given physical unit of fuel result in different conversion factors for data presented 
in energy units (e.g., QBtu) and those presented in physical units (e.g., mbd or bcm). 
Among the outlooks we examine, these assumptions vary by up to 10 percent. 
Although conversion unit variations may appear small, they are amplified when applied 
across the massive scale of global energy systems, particularly over long time horizons. 

A third difference results from varying decisions about including nonmarketed 
biomass, such as locally gathered wood and dung, in historical data and projections 
for primary energy consumption. In previous years, BP and the US Energy Information 
Administration (EIA) had not included these sources in their projections. However, 
BP’s Energy Outlook 2023 does include nonmarketed biomass, allowing for enhanced 
comparability (the EIA publishes its International Energy Outlook every two years and 
did not publish it in 2022).  

Yet another difference relates to comparing the energy content of fossil and 
nonfossil fuels. The primary energy content of oil, natural gas, and coal is relatively 
well understood and similar across outlooks. However, a substantial portion of that 
embodied energy is wasted as heat during combustion. Because nonfossil fuels, such 
as hydroelectricity, wind, and solar, do not generate substantial amounts of waste 
heat, identifying a comparable metric for primary energy is difficult, and outlooks take 
various approaches. 

Other differences in outlooks include (1) different categorizations for liquids fuels and 
renewable energy, (2) different regional groupings for aggregated data and projections, 
(3) use of net versus gross calorific values for reporting the energy content of fossil 
fuels, (4) use of net versus gross generation for reporting electricity data, and (5) 
whether and how to include flared natural gas in energy consumption data. 

To address those challenges and allow for a more accurate comparison across 
outlooks, Newell and Iler29 apply a harmonization process. We update and use it here. 
For details, see Raimi and Newell.30  
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5.  Statistics

Table 7.  Global Indicators

Population Energy GDP Net CO
2

GDP/
capita

Energy/
GDP

Energy/
Capita

Net CO
2
/

energy

$ in PPP terms Millions qBtu $T, 2020 BMT
$1,000/
person

1,000 
Btu/$

1,000 Btu/
person

MMT/qBtu

1990  5,279  350  53  22  10.0  6.6  66.3  64.0 

2020  7,749  560  138  32  17.9  4.0  72.3  57.0 

2021  7,835  590  145  34  18.5  4.1  75.4  57.0 

2050

   BP New Momentum  9,735  595  302  25  31.0  2.0  61.2  42.3 

   BP Accelerated  9,735  465  302  7  31.0  1.5  47.7  15.8 

   BP Net Zero  9,735  417  302  1  31.0  1.4  42.8  2.8 

   IEA STEPS  9,692  699  336  29  34.7  2.1  72.1  41.4 

   IEA APS  9,692  595  331  11  34.2  1.8  61.4  19.1 

   IEA NZE  9,692  504  333  1  34.3  1.5  52.0  1.0 

   OPEC (2045)  9,457  694  295  34  31.2  2.4  73.3  49.0 

$ in MER terms

2020  7,749  560  91  32  11.7  6.2  72.3  57.0 

2050

   BNEF ETS  9,628  596  210  25  21.8  2.8  61.9  41.3 

   BNEF NZS  9,628  529  210  0  21.8  2.5  54.9  0.1 

   Equinor Bridges  9,730  430  186  (1)  19.2  2.3  44.2  (1.9)

   Equinor Walls  9,730  602  185  22  19.0  3.3  61.9  37.0 

   ExxonMobil  9,700  658  221  25  22.8  3.0  67.8  38.2 

   IEEJ Advanced Tech  9,597  570  210  17  21.9  2.7  59.4  29.7 

   IEEJ Reference  9,597  700  210  37  21.9  3.3  73.0  52.9 

Notes: Historical data from IEA. Net CO
2
 emissions include positive (gross) and negative emissions from sources such as direct 

air capture and bioenergy with CCS. CO
2
 emissions data include fossil fuel combustion and exclude industrial process emissions.
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Table 8.  World Primary Energy Consumption

qBtu Total Coal Liquids Natural gas Nuclear Hydro Other renewables

1960 151 56 42 17 0 3 34

1990 350 88 131 66 21 7 38

2020 560 149 167 132 28 15 70

2021 590 157 178 139 29 15 74

2050

   BNEF ETS 596 97 142 145 34 NA 178

   BNEF NZS 529 55 41 65 76 NA 292

   BP New Momentum 595 91 139 158 35 19 154

   BP Accelerated 465 22 83 83 48 24 203

   BP Net Zero 417 16 47 57 58 26 214

   Equinor Bridges 430 15 48 39 45 19 265

   Equinor Walls 602 77 154 144 43 19 164

   ExxonMobil 658 88 200 178 44 19 128

   IEA Steps 699 106 196 142 44 23 187

   IEA APS 595 45 121 87 53 26 264

   IEA NZE 504 15 49 38 60 28 314

   IEEJ Advanced Tech 570 76 125 149 55 22 144

   IEEJ Reference 700 146 209 191 34 21 140
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Table 9.   Liquids Consumption, by Region

World
Avg. annual 

growth
West

Avg. annual 
growth

East
Avg. annual 

growth

mbd mbd CAAGR mbd mbd CAAGR mbd mbd CAAGR

1960 23 nd nd

1990 72 1.6 3.9% 50 21

2020 91 0.7 0.8% 41 -0.3 -0.7% 42 0.7 2.3%

2021 97 0.8 1.0% 43 -0.2 -0.5% 45 0.8 2.4%

2050 2020–2050 2020–2050 2020–2050

   BNEF ETS 78 -0.5 -0.5% — — — — — —

   BNEF NZS 23 -2.3 -4.6% — — — — — —

   BP New Momentum 76 -0.5 -0.6% 28 -0.4 -1.3% 45 0.1 0.2%

   BP Accelerated 46 -1.5 -2.3% 14 -0.9 -3.4% 27 -0.5 -1.5%

   BP Net Zero 26 -2.2 -4.1% 7 -1.1 -5.9% 14 -1.0 -3.7%

   Equinor Bridges 27 -2.2 -4.0% — — — — — —

   Equinor Walls 84 -0.2 -0.3% — — — — — —

   ExxonMobil 110 0.6 0.6% 35 -0.2 -0.5% 65 0.7 1.4%

   IEA STEPS 108 0.5 0.5% 34 -0.2 -0.6% 56 0.5 0.9%

   IEA APS 66 -0.8 -1.1% 16 -0.8 -3.1% 35 -0.3 -0.7%

   IEA NZE 27 -2.2 -4.0% — — — — —

   IEEJ Advanced Tech. 68 -0.8 -1.0% — — — — —

   IEEJ Reference 115 0.8 0.8% 35 -0.2 -0.5% 63 0.7 1.3%

   OPEC (2045) 112 0.7 0.7% — — — — — —

Notes: “Liquids” includes only oil for BNEF and Equinor; biofuels data were not available. Regional totals may not sum because 
of different treatment of international aviation and bunker fuels and, for IEA, exclusion of biofuels in regional data. Where 
volumetric data are not published, we assume a conversion factor of 1.832 QBtu per mbd, or 0.54585 mbd per QBtu.
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Table 10.  Natural Gas Consumption, by Region

World
Avg. annual 

growth
West

Avg. annual 
growth

East
Avg. annual 

growth

TCF TCF CAAGR TCF TCF CAAGR TCF TCF CAAGR

1960 15 nd nd

1990 61 1.5 4.7% 52 9

2020 122 2.0 2.3% 74 0.7 1.1% 47 1.3 5.8%

2021 128 2.2 2.4% 77 0.8 0.1% 50 1.3 0.2%

2050 2020–2050 2020–2050 2020–2050

   BNEF ETS 134 0.4 0.3% — — — — — —

   BNEF NZS 60 -2.1 -2.4% — — — — — —

   BP New Momentum 145 0.8 0.6% 66 -0.3 -0.4% 79 1.1 1.7%

   BP Accelerated 76 -1.5 -1.6% 33 -1.4 -2.7% 44 -0.1 -0.3%

   BP Net Zero 52 -2.3 -2.8% 23 -1.7 -3.7% 29 -0.6 -1.6%

   Equinor Bridges 36 -2.9 -4.0% — — — — — —

   Equinor Walls 133 0.4 0.3% — — — — — —

   ExxonMobil 165 1.4 1.0% 73 0.0 0.0% 91 1.5 1.7%

   IEA STEPS 131 0.3 0.2% 61 -0.4 -0.6% 69 0.7 -0.3%

   IEA APS 80 -1.4 -1.4% 34 -1.3 -2.5% 45 -0.1 -1.6%

   IEA NZE 35 -2.9 -4.1% — — — — — —

   IEEJ Advanced Tech. 138 0.5 0.4% — — — — — —

   IEEJ Reference 177 1.8 1.2% 84 0.4 0.4% 89 1.4 2.1%

   OPEC (2045) 156 1.1 0.8% — — — — — —

Note: Where volumetric data are not available, we assume a conversion factor of 0.923 TCF per QBtu.
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Table 11.  Coal Consumption, by Region

World
Avg. annual 

growth
West

Avg. annual 
growth

East
Avg. annual 

growth

QBtu QBtu CAAGR QBtu QBtu CAAGR QBtu QBtu CAAGR

1960 56 nd nd

1990 88 1.1 1.5% 52 36

2020 149 2.0 1.8% 26 -0.9 -2.3% 123 2.9 4.2%

2021 157 2.2 1.9% 28 -0.8 -1.9% 128 3.0 4.2%

2050 2020–2050 2020–2050 2020–2050

   BNEF ETS 97 -1.7 -1.4% — — — — — —

   BNEF NZS 55 -3.1 -3.3% — — — — — —

   BP New Momentum 91 -1.9 -1.6% 9 -0.6 -3.4% 82 -1.4 -1.3%

   BP Accelerated 22 -4.2 -6.1% 2 -0.8 -8.5% 20 -3.4 -5.8%

   BP Net Zero 16 -4.4 -7.2% 1 -0.8 -9.7% 14 -3.6 -6.9%

   Equinor Bridges 15 -4.5 -7.4% — — — — — —

   Equinor Walls 77 -2.4 -2.2% — — — — — —

   ExxonMobil 88 -2.0 -1.7% 6 -0.7 -4.9% 82 -1.4 -1.3%

   IEA STEPS 106 -1.4 -1.1% 12 -0.5 -2.6% 94 -0.9 -0.9%

   IEA APS 45 -3.5 -3.9% 7 -0.6 -4.4% 38 -2.8 -3.8%

   IEA NZE 15 -4.5 -7.4% — — — — — —

   IEEJ Advanced Tech. 76 -2.4 -2.2% — — — — — —

   IEEJ Reference 146 -0.1 -0.1% 15 -0.4 -1.9% 132 0.3 0.2%

   OPEC (2045) 115 -1.1 -0.9% — — — — — —
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Table 12.  Nuclear Consumption, by Region

World
Avg. annual 

growth
West

Avg. annual 
growth

East
Avg. annual 

growth

QBtu QBtu CAAGR QBtu QBtu CAAGR QBtu QBtu CAAGR

1960 0 0 0

1990 21 0.7 18 0.6 3 0.1

2020 28 0.2 0.9% 21 0.1 0.5% 7 0.1 2.8%

2021 29 0.2 1.0% 21 0.1 0.5% 8 0.1 3.0%

2050 2020–2050 2020–2050 2020–2050

   BNEF ETS 34 0.2 0.7% — — — — — —

   BNEF NZS 76 1.6 3.4% — — — — — —

   BP New Momentum 35 0.2 0.8% 13 -0.3 -1.6% 22 0.5 3.9%

   BP Accelerated 48 0.7 1.9% 17 -0.1 -0.6% 31 0.8 5.2%

   BP Net Zero 58 1.0 2.5% 21 0.0 0.1% 36 1.0 5.7%

   Equinor Bridges 45 0.6 1.6% — — — — — —

   Equinor Walls 43 0.5 1.5% — — — — — —

   ExxonMobil 44 0.5 20 20 0.0 -0.2% 24 0.6 4.3%

   IEA STEPS 44 0.5 21 21 0.0 0.0% 23 0.5 4.1%

   IEA APS 53 0.8 24 24 0.1 0.4% 29 0.7 4.9%

   IEA NZE 60 1.1 2.6% — — — — — —

   IEEJ Advanced Tech. 55 0.9 2.3% — — — — — —

   IEEJ Reference 34 0.2 0.7% 18 -0.1 -0.4% 16 0.3 2.9%

   OPEC (2045) 46 0.6 0.7% — — — — — —
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Table 13.  Electricity Generation, by Region

Coal Natural gas Hydro Nuclear
Other 

renewables
Oil Total

1990 4,403 1,752 2,142 2,013 172 1,242 11,864

2020 9,439 6,333 4,343 2,673 3,256 664 26,708

2021 10,202 6,551 4,327 2,776 3,796 682 28,334

2050

   BNEF ETS 4,334 3,514 nd 3,163 35,339 97 46,447

   BNEF NZS 2,845 2,799 nd 7,335 67,789 0 80,769

   BP New Momentum 6,683 9,256 6,000 3,550 24,300 227 50,015

   BP Accelerated 507 3,381 7,574 4,950 40,577 1 56,990

   BP Net Zero 453 2,533 8,063 5,873 44,486 1 61,410

   Equinor Bridges 762 1,317 5,433 4,240 38,750 39 50,542

   Equinor Walls 4,952 7,625 5,700 4,094 22,497 273 45,143

   ExxonMobil 6,767 11,149 5,713 4,338 20,575 241 48,784

   IEA STEPS 5,952 6,730 6,809 4,260 25,781 312 49,845

   IEA APS 2,594 3,902 7,543 5,103 41,952 175 61,268

   IEA NZE 827 572 8,251 5,810 57,768 3 73,231

   IEEJ Advanced Tech. 4,254 9,542 6,464 5,300 25,037 203 50,800

   IEEJ Reference 11,434 13,658 6,010 3,314 10,871 490 45,777

Notes: Historical data from IEA. OPEC does not publish electricity data. BNEF groups hydro with other renewables. Equinor 
excludes electricity generation used in electrolysis to produce hydrogen.
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Table 14.  Global Renewable Electricity Generation, by Source

Hydro
Biomass/

biogas/waste
Wind Solar Geothermal Other Total

1990 2,142 131 3.9 0.1 36 0 2,313

2020 4,343 709 1,596 846 94 11 7,598

2021 4,327 746 1,870 1,018 97 64 8,123

2050

   BNEF ETS nd 332 16,694 13,530 nd 4,784 35,339

   BNEF NZS nd 286 39,058 22,546 nd 5,899 67,789

   BP New Momentum 6,000 1,054 11,349 11,678 166 52 30,300

   BP Accelerated 7,574 1,568 21,122 17,209 404 273 48,151

   BP Net Zero 8,063 1,244 23,376 18,427 497 943 52,550

   Equinor Bridges 5,433 1,383 15,900 17,026 nd 4,442 44,183

   Equinor Walls 5,700 1,192 9,152 11,162 nd 991 28,197

   ExxonMobil 5,713 nd 8,307 10,614 nd 1,655 26,288

   IEA STEPS 6,809 1,951 10,691 12,447 458 234 32,590

   IEA APS 7,543 3,179 17,416 19,927 686 743 49,495

   IEA NZE 8,251 3,280 23,486 28,506 857 1,638 66,019

   IEEJ Advanced Tech. 6,464 nd 10,290 9,846 482 4,419 31,501

   IEEJ Reference 6,010 nd 4,717 3,904 319 1,931 16,881

Notes: OPEC does not present electricity generation data. BNEF includes hydro and geothermal in “other.” Equinor includes 
geothermal in “other.” ExxonMobil includes biomass and geothermal in “other.”  IEEJ includes biomass in “other.”
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Table 15.  Net Carbon Dioxide Emissions, by Region

World
Avg. annual 

growth
West

Avg. annual 
growth

East
Avg. annual 

growth

MMT MMT CAAGR MMT MMT CAAGR MMT MMT CAAGR

1990 22.4 — — 13.9 — — 6.0 — —

2020 31.9 0.3 1.2% 10.0 -0.1 -1.1% 23.2 0.6 4.6%

2021 33.7 0.4 1.3% nd nd nd nd nd nd

2050 2020–2050 2020–2050 2020–2050

   BNEF ETS 24.6 -0.2 -0.9% — — — — — —

   BNEF NZS 0.1 -1.1 -18% — — — — — —

   BP New Momentum 25.2 -0.2 -1% — — — — — —

   BP Accelerated 7.4 -0.8 -5% — — — — — —

   BP Net Zero 1.2 -1.0 -10.4% — — — — — —

   Equinor Bridges -0.8 -1.1 NA — — — — — —

   Equinor Walls 22.3 -0.3 -1.2% — — — — —

   ExxonMobil 25.1 -0.2 -0.8% 7.6 -0.1 -1% 17.6 -0.2 -0.9%

   IEA STEPS 28.9 -0.1 -0.3% — — — — —

   IEA APS 11.3 -0.7 -3% — — — — — —

   IEA NZE 0.5 -1.0 -12.9% — — — — — —

   IEEJ Advanced Tech. 16.9 -0.5 -2.1% — — — — — —

   IEEJ Reference 37.0 0.2 0.5% 10.2 0.0 0.1% 24.7 0.0 0.2%

   OPEC (2045) 34.0 0.1 0.2% — — — — — —

Notes: Historical data from IEA. Net CO
2
 emissions include positive (gross) and negative emissions from sources such as direct 

air capture and bioenergy with CCS. CO
2
 emissions data include fossil fuel combustion and exclude industrial process emissions. 

BP and IEA regional data are excluded because they include methane emissions (BP), flaring (BP), and industrial process 
emissions (BP and IEA).
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