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Executive summary 
Global energy supply and demand outlook (Reference 
Scenario) 
India, MENA and ASEAN account for three quarters of the global energy 
consumption growth 
▌ Under the Reference Scenario, which incorporates the expected effects of past trends and 

extends the energy and environmental policies and technologies to date, global primary 
energy consumption will increase by about 20% between the current level and 2050. As 
the macroeconomy expands beyond the increase rate for consumption, the world’s energy 
consumption intensity is decreasing, reflecting efficiency improvements and energy 
conservation efforts.  

▌ India, the Middle East and North Africa (MENA), and the Association of Southeast Asian 
Nations (ASEAN) will lead the global increase in primary energy consumption. The global 
share of these three will increase from 18% in 2019 to 28% in 2050. They will account for 
76% of the increase in consumption between 2019 and 2050. 

▌ Although non-fossil energy increases substantially in this scenario, it appears very 
difficult that they could alone cover all the energy consumption. In the timeline to 2050, it 
is realistic for the world to expect a combination of fossil fuels and non-fossil energy, 
especially in the Emerging Markets and Developing Economies where consumption will 
increase. 

Middle Eastern oil producers lead oil supply at low production costs 
▌ In the medium-term, until 2030, global oil demand will increase at an annual rate of 0.5%. 

In response, the Organization of Petroleum Exporting Countries (OPEC) and non-OPEC 
countries will both increase crude oil production. In the longer run, oil production in 
North America will peak out, while production in Middle Eastern OPEC countries, which 
boast abundant oil reserves, will continue to increase. 

▌ As the main axis of crude oil production will shift to Middle Eastern oil producing 
countries, Asia’s dependence on crude oil from the Middle East will once again intensify. 
Asia’s share will reach almost 80% of the global crude oil imports in 2050, and the world’s 
largest oil importer will shift from China to India, with future imports exceeding those of 
China today. 

Sustained expansion of LNG market due to abundant supply potential 
▌ In the United States, the world’s largest producer and consumer of natural gas, production 

of shale gas will continue to increase at an annual rate of about 1% for a decade or so and 
stabilise thereafter. Liquefied natural gas (LNG) exports will play an important role in 
expanding sales channels and improving trade balance. 
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▌ East and West Africa, the frontier regions of the world’s natural gas, will overtime increase 
supply. As there are offshore and, in some cases, small- and medium-sized gas resources 
in these regions, floating LNG production will be considered a practical option for 
development,. 

Reduced supply flexibility and unstable supply-demand balance for coal 
▌ Coal production will increasingly be limited to specific countries and regions, as the trend 

toward decarbonisation is gradually becoming accepted and coal-related investments and 
loans are severely constrained. Demand remains highly uncertain as the supply structure 
becomes less flexible. 

▌ By type of coal, production of steam coal will temporarily expand due to an increase in 
demand for power generation but will decline after peaking around 2040. Coking coal 
used mainly as feedstocks for steel production will decrease from 1 050 Mt in 2019 to 
800 Mt level by 2040. 

Power generation is rapidly expanding in Asia. Natural gas will become the largest 
power source 
▌ Global electricity generation will increase at an annual rate of 1.7%, and by 2050 will be 

1.7 times the 2019 level. The increase is equivalent to 2.3 times China’s current generation, 
the world’s largest electricity generator. 95% of the increase is coming from the Emerging 
Markets and Developing Economies. 

▌ Natural gas will be the largest source of energy for electricity generation by 2050. As the 
introduction of renewable energies increases, the role of balancing supply and demand of 
electricity will become more important than ever. Coal will continue to play a role as a 
base-load power source, but its share will fall below current levels. 

▌ It has become difficult for Japan, Korea, the United States and some European countries 
to build new nuclear power plants as planned. On the other hand, China and a few other 
countries continue to promote the use of nuclear, while some Middle East countries, and 
others, are introducing nuclear. As a result, global capacity will gradually increase 
through 2050. 

▌ Variable renewable energies, such as wind and solar photovoltaics, will generate 
8 409 TWh in 2050, increasing their presence to 19% of the electricity generation mix. 
Achieving harmony with energy and social systems is an important issue. 

Advanced Technologies Scenario 
Advanced Technologies Scenario is still far from achieving global carbon neutrality in 
2050, and it is necessary to mobilise all possible means to further promote energy 
conservation and climate change measures. 
▌ In the ‘Advanced Technologies Scenario’, maximum reduction measures for carbon 

dioxide (CO2) emissions are expected based on social opportunities and acceptability. 
Relative to the reference scenario, the reduction in primary energy consumption in 2050 
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will be 2.9 billion tonnes of oil equivalent (Gtoe) and the reduction in CO2 emissions will 
be 15.8 Gt or 42% less than for the Reference Scenario. Although many countries have 
declared carbon neutrality targets since 2020, it would seem extremely difficult for the 
world to achieve carbon neutrality as early as 2050. 

▌ The CO2 emission reduction rates for 2030 will be 33% in the United States (compared to 
2005), 40% in the European Union (compared to 1990), 37% in Japan (compared to 2013), 
and 10% in Canada (compared to 2005). All those reductions fall short of the nationally 
determined contribution (NDC) rate of reduction in greenhouse gas (GHG) emissions 
previously announced by those countries. It is clear that further policies and measures 
beyond those considered in the Advanced Technologies Scenario are required. 

▌ China, the United States, the European Union and Japan have announced net zero 
emissions and carbon neutral targets. Scenarios from many of these countries and regions 
are expected to reduce emissions by around 80% in 2050, but none of them will reach their 
target. It is necessary to further develop and quickly introduce emission reduction 
technologies that are not commercialised yet. 

▌ Compared to the Reference Scenario, investment in fossil fuels decreases while investment 
in renewable energy increases. The overall investment cost will be $34 trillion in the 2040s. 

Road to carbon neutrality 
▌ Since the Paris Agreement in 2015, many countries, including the United States, the 

European Union, China, Japan and the United Kingdom, have set carbon-neutral targets 
for the middle of this century. Carbon neutrality, however, is by no means an easy target 
given the current high dependence on fossil fuels and the path-dependent effects of 
existing infrastructure and supply systems. 

▌ While there is of course a positive effect of green growth policies, we should not turn our 
attention away from the fact that climate change policies inherently have associated costs 
and growth constraints. Measures to achieve carbon neutrality should not be explained 
from the perspective of ‘growth’ but should be positioned as a global ‘norm’ that each 
country should pursue while bearing a certain burden. 

▌ One of the major concerns in the process towards carbon neutrality is the emergence and 
potential expansion of new disparities. Factors such as economic conditions, resource 
endowment and technological capabilities naturally vary from country to country. 
Differences in these factors can produce new disparities by creating winners and losers. 

▌ As we move towards carbon neutrality, we will see more electrification, and electricity 
security will become one of the most important energy security issues. The stable supply 
of mineral resources (critical minerals), which plays an important role in promoting the 
introduction of renewable energy and the electrification, is also a new important element 
for energy security. 

▌ The suspension of new investment in crude oil production does not cause a tight supply-
demand situation in a few months. However, in both the Reference Scenario and the 
Advanced Technologies Scenario in which demand growth slows down, the global oil 
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supply-demand balance will be a shortage of supply and an excess of demand in 2024. 
The suspension of new investment could lead to tight supply and demand and higher 
prices in the not too distant future. 

Circular Carbon Economy/4Rs Scenario 
▌ The concept of circular carbon economy is an extension of the conventional concept of 

circular economy. In contrast to the concept of circular economy in which the use of 
resources and the generation of waste are controlled through the three ‘R’s of ‘reduce’, 
‘reuse’, and ‘recycle’, the concept of circular carbon economy is to control the total amount 
of CO2 in the atmosphere through the four ‘R’s with ‘remove’ added. 

▌ In the ‘Circular Carbon Economy/4Rs Scenario’, which anticipates the spread of more 
diverse decarbonisation technologies than in the Advanced Technologies Scenario, global 
CO2 emissions in 2050 will be reduced to 15.7 Gt, less than half of the current level. 
Compared to the Advanced Technologies Scenario, more than half of the additional 
reductions will be in the non-power sector. 

▌ Total primary energy consumption will increase slightly from the Advanced Technologies 
Scenario because the introduction of various decarbonisation technologies will generate 
additional demand for energy transformation. The share of fossil fuels in 2050 will be 60%, 
which is almost the same level as in the Advanced Technologies Scenario. By actively 
introducing decarbonisation technologies for fossil fuels, significant reductions in 
emissions can be achieved while continuing to use fossil fuels. 

▌ Clean hydrogen (blue hydrogen and green hydrogen) plays an important role in various 
sectors and Asia is a particularly large market. The supply will mainly come from North 
America, the Middle East and Russia, where fossil fuel resources for blue hydrogen are 
abundant. 
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What is IEEJ Outlook?
- Study to quantify the future global energy supply and demand situation until 2050.
- Outlook with forecast-approach, using econometric models etc.
- Scenario analysis on progress and trends in technologies and policies.

[Reference Scenario (REF)]
A scenario in which trends and changes continue while reflecting current energy and 
environmental policies.

[Advanced Technologies Scenario (ATS)]
A scenario in which energy and environmental technologies are introduced to the 
maximum extent in order to secure a stable energy supply and strengthen climate 
change countermeasures.

[Circular Carbon Economy/4R Scenario (CCE)]
A scenario based on the concept of a circular carbon economy with the "4Rs” 
(Reduce, Reuse, Recycle, Remove). The scenario reflects not only the Advanced 
Technologies Scenario assumptions, but also examines the maximum introduction of 
decarbonization technology using fossil fuels.

Emitters of twowo-o-thirds of the emissions declare CN, but...

3



Emissions in countries that have not declared CN increase

4

Developing economies need more energy

5



Power demand is certain to grow

6

Decarbonization of the power sector is progressing

7



Decarbonization of nonn-n-power generation sector is difficult

8

The introduction of nonn-n-fossil energy in nonn-n-power sectors is a challenge

9



Circular Carbon Economy/4R Scenario 

10

11

Utilize clean hydrogen/ammonia
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Reduce COO22 emissions without reducing fossil fuels

13

Asiaia-a-Middle East relations remain unchanged



There remain many challenges for CN in the world

14

Summary

15

Reference and Advanced Technologies Scenarios
- CO2 emissions are expected to grow in countries that have not expressed carbon
neutrality (CN), such as India, ASEAN, the Middle East, Africa, and others.
- Electricity demand increases in both the Reference Scenario that reflects the
current situation and in the Advanced Technologies Scenario where decarbonization
is progressing. The stability and security of electricity supply must be improved.
- CO2 reduction in the power generation sector is likely to proceed, but emission
reductions in the non-power generation sectors will not progress much.
Decarbonization in the non-power generation sector is key to achieve CN.

Circular Carbon Economy Scenario
- In order to decarbonize the non-power generation sector, clean hydrogen/ammonia
and synthetic methane/fuels using these materials will be required.
- There is a shift from fossil fuel trade to hydrogen/ammonia trade, but the
importance of trade relations between Asia and the Middle East remains unchanged.
- In order to achieve a world-wide CN, it is important to promote and share
decarbonization technologies under international cooperation.
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Countries/regions in the world are geographically aggregated into 42 regions.
Especially the Asian energy supply/demand structure is considered in detail, aggregating 
the area into 15 regions. That of the Middle East is also aggregated into 8 regions.
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Energy supply-
demand model

World trade model

Computable general 
equilibrium model

Climate change model

Use the linear programming 
(LP) method to calculate the 
future international trade 
flows of crude oil, petroleum 
products, etc.

Estimate economic impacts 
induced by changes in energy 
supply and demand, based on 
input-output table data.

Calculate future GHG 
concentration in the 
atmosphere, temperature rise, 
damage caused by climate 
change, etc.

Major assumptions
GDP, population, energy 
prices, exchange rates, 
international trade, etc.

Technology assessment 
model

Optimal power 
generation planning 
model

Calculate GDP-related indices, 
price indices, activity indices 
including material production, 
etc. consistently. 

Use a bottom-up approach to 
calculate future efficiencies of 
appliances, vehicles, etc. 

Calculate the cost-optimal 
power generation mix to meet 
the projected future electricity 
demand.

Econometric model to project 
future energy supply and 
demand by regression 
analysis of historical trends 
based on the energy balance 
tables data of the 
International Energy Agency.
This model calculates energy 
demand, supply and 
transformation as well as 
related indices including CO2
emissions, CO2 intensities and 
energy self-sufficiency ratios.

Experts’ opinions

Macroeconomic model

37

Basic scenarios in IEEJ Outlook

Reference Scenario Advanced Technologies 
Scenario

Reflects past trends with technology 
progress and current energy policies, 
without any aggressive policies for 
low-carbon measures

Assumes introduction of powerful 
policies to address energy security and 
climate change issues with the utmost 
penetration of low-carbon 
technologies

Socio-economic 
structure

Stable growth led by developing economies despite slower population growth.
Rapid penetration of energy consuming appliances and vehicles due to higher 
income.

International energy 
prices

Oil supply cost increases along with 
demand growth.
Natural gas prices converge among 
Europe, North America and Asia 
markets.
Coal keeps unchanged with today’s 
level.

Slower price increase due to lower 
demand growth (coal price decreases)

Energy and 
environmental policies

Gradual reinforcement of low-carbon 
policies with past pace

Further reinforcement of domestic 
policies along with international 
collaboration

Energy and 
environmental 
technologies

Improving efficiency and declining 
cost of existing technology with past 
pace

Further declining cost of existing and 
promising technology
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CAGR Composition

Assumptions
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Assumptions

CAGR Composition
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Reference
Advanced Technologies

: 
: 

Crude oil

Note: Historical prices are nominal. Assumed future prices as real in $2020.

CIF import prices for Japan

Natural gas

Coal

Assumptions

Energy and environmental technology

41

Assumptions

Reference
Advanced

Technologies

Improving energy efficiency

Industry
Intensity in steel industry
(ktoe/kt) 0.271 0.244 0.205

Intensity in non-metallic
minerals industry 0.092 0.076 0.064

Transport
Electrified vehicle share in
passenger car sales 5% 63% 91%

Average fuel efficiency in new
passenger car (km/L) 14.4 26.8 37.0

Buildings
Residential total efficiency
(Y2019=100) 100 157 201

Commercial total efficiency 100 153 178

Power
Thermal generation efficiency
(Power transmission end 38% 46% 46% Financial scheme for initial investment in high-efficient thermal power

plant.

Penetrating low-carbon technology

Biofuels for transport (Mtoe) 95 145 268 Development of next generation biofuel with cost reduction.
Relating to agricultural policy in developing regions.

Nuclear power generation capacity (GW) 428 476 731 Appropriate price in wholesale electricity market.
Framework for financing initial investment in developing regions.

Wind power generation capacity (GW) 622 1,981 3,890

Solar PV power generation capacity 581 3,015 5,427

0 0 1,152 Installing CCS after 2030 (regions which have storage potential except for
aquifer).

Zero-emission generation ratio (incl. CCS) 37% 44% 80% Efficient operation of power system including international power grid.

Assumptions for Advanced Technologies Scenario2019
2050

100% penetration of Best Available Technology by 2050.

Cost reduction of electrified vehicles.
Promotion measures including fuel supply infrastructure.
*electrified vehicle includes hybrid vehicle, plug-in hybrid vehicle, electric vehicle and
fuel-cell vehicle

Efficiency improvement at twice the speed for newly installed appliance,
equipment and insulation.
Electrification in space heating, water heater and cooking (clean cooking
in developing regions).

Further reduction of generation cost.
Cost reduction of grid stabilization technology.
Efficient operation of power system.

Thermal power generation capacity with
CCS (GW)
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Reference Scenario

Advanced Economies Emerging Market and Developing Economies
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Reference Scenario

By region By energy source
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Primary energy consumption (by region)
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Reference Scenario

Energy consumption Changes (2019-2050)
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Reference Scenario

Energy consumption Changes (2019-2050)
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Primary energy consumption (by sector)
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Reference Scenario
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Reference Scenario

By sector By energy source
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Oil consumption
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Reference Scenario

By region By sector
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Reference Scenario

Changes (2019-2050)By region
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Net exports and imports of oil
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Reference Scenario
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Major trade flows of crude oil (2020)
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Major trade flows of crude oil (2050)
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Natural gas consumption

54

Reference Scenario

By region By sector
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Net exports and imports of natural gas
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Major trade flows of natural gas (2020)
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Coal consumption
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By sector
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Net exports and imports of coal
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Major trade flows of steam and coking coal (2020)
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Reference Scenario

Source: Estimated from IEA “Coal Information 2021”, “TEX Report”, etc.
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Major trade flows of steam and coking coal (2050)
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Final consumption of electricity
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By region By sector
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Energy-related CO2 emissions
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Energy-related investments (2021 – 2050)

69

Reference Scenario

By sector By region

Transmission
and

distribution
12.6

Renewables
13.0

Thermal, 3.6
Nuclear, 1.7

Oil
14.0

Natural gas
11.6

Coal, 2.0
Biofuels, 0.6

Transport
6.7

Buildings, etc.
5.8

Industry, 2.0

30.9
28.2

14.5

0

10

20

30

40

Electricity
supply

Fuel supply Efficiency

$2
01

0 
tri

lli
on

Total $73.6 trillion

1.4 

6.0 

6.4 

6.4 

6.5 

8.6 

11.6 

26.6 

0 10 20 30

Oceania

Africa

Oth.
Europe/Eurasia

Latin America

Advanced Europe

Middle East

North America

Asia

$2010 trillion

Electricity
supply
Fuel supply

Efficiency



Primary energy consumption
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Advanced Technologies Scenario

By region By energy source

Note: Solid lines stand for Advanced Technologies Scenario and
dotted lines stand for Reference Scenario.
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Share of passenger vehicle
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Energy efficiency in buildings sector
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Biomass
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Wind and solar PV power generation capacity
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Energy-related CO2 emissions
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By region By technology
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Primary energy consumption
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By region By energy source
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Oil consumption
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Natural gas consumption
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Coal consumption
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Final consumption of electricity
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Energy-related CO2 emissions
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Asia Reference Scenario

Emissions Changes (2019-2050)
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Asia Reference Scenario

By sector By region
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Primary energy consumption
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Advanced Technologies ScenarioAsia

By region By energy source

Note: Solid lines stand for Advanced Technologies Scenario and
dotted lines stand for Reference Scenario.
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Advanced Technologies ScenarioAsia

By sector By energy source

Note: Solid lines stand for Advanced Technologies Scenario and
dotted lines stand for Reference Scenario.
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Power generation mix
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Advanced Technologies ScenarioAsia

Electricity generated Power generation capacity
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Advanced Technologies ScenarioAsia
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Energy-related CO2 emissions
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Advanced Technologies ScenarioAsia

By region By technology
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Advanced Technologies ScenarioAsia

By sector Changes from Reference Scenario
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Energy consumption
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Primary energy consumption Final energy consumption
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Power generation mix
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Energy-related CO2 emissions and investments

CO2 emissions Investments
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Energy consumption
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Power generation mix
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Energy consumption
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ASEAN

Primary energy consumption Final energy consumption
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Power generation mix
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