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Summary 
Energy supply and demand outlook 
▌ Under the “Reference Scenario” (REF), in which the prevailing changes from the past 

continue, energy consumption in 2050 will increase by 1.2 times over 2021. Energy demand 
in China, which has thus far driven global demand growth, will peak around 2030, with 
India, the Association of Southeast Asian Nations (ASEAN), the Middle East and Africa 
becoming the main regions for demand growth. 

▌ Energy consumption under the “Advanced Technologies Scenario” (ATS), in which the 
introduction of energy and environmental technologies is strengthened to ensure a stable 
supply of energy and combat climate change, will plateau around 2030, and consumption in 
2050 will be roughly 0.9 times that in 2021. It should be noted that this outlook is a forecast-
type future projection that is based on assumptions about technology and policy trends, and 
contrasts with a backcast-type analysis that defines a future “landing point” and charts a 
path to reach it. 

▌ In the Reference Scenario, global energy-related carbon dioxide (CO2) emissions will remain 
roughly flat until 2050, and in the Advanced Technologies Scenario, they will be 14.7 Gt 
(down 56% from 2021), indicating that the world is halfway to achieving carbon neutrality. 
Reducing to the point of almost eliminating emissions in the non-power generation sectors 
and Emerging Market and Developing Economies remains a challenge. 

▌ Electricity generation will double from the current level due to economic growth, 
electrification, and a boost in demand for green hydrogen. As the expansion of variable 
renewable energy is expected to continue for the foreseeable future, measures such as 
electricity storage and thermal power generation (with carbon capture and storage [CCS], 
hydrogen, etc.) will become extremely important to provide stabilisation and balance 
between electricity supply and demand. 

▌ Oil and natural gas will increase throughout the Reference Scenario but, in the Advanced 
Technologies Scenario, they will start to decline in the 2020s and the 2030s, respectively. Still, 
fossil fuels together account for 73% of primary energy consumption (2050) in the Reference 
Scenario and 53% in the Advanced Technologies Scenario. Along with efforts to improve 
efficiency and reduce emissions with technologies such as CCS, securing a stable supply will 
continue to be an important issue. 

Toward fulfilling the role of LNG and natural gas 
New investment needed for stable supply of LNG and natural gas 
▌ Cumulative required investments in the natural gas production sector from 2022 to 2050 are 

$9.8 trillion in the Reference Scenario and $7 trillion in the Advanced Technology Scenario. 
The liquefied natural gas (LNG) production sector will require an annual capacity addition 
ranging from 8 Mt/year (ATS) to 18 Mt/year (REF) on average, during the outlook period up 
to 2050. 
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▌ There is also uncertainty over those projects for which investment decision have already 
been made, with possible delays and failures to materialise. 

Cost trends in LNG production projects and challenges in procuring LNG for Japan 
▌ Since 2021, supply chain disruptions triggered by the pandemic have caused delays and 

rising costs in the construction of LNG production projects. The overall cost pressures 
associated with the Russo-Ukrainian war are growing. Even after investment decisions have 
been made, rising instability factors in host countries of LNG production projects have 
caused delays. 

▌ At the same time, technological innovations in small- and medium-scale liquefaction 
facilities and the expansion of modular systems (“design-one-and-build-many” strategies) 
are being introduced to control cost increases. 

▌ In order to secure Japan’s necessary LNG procurement in the 2030s and beyond, it will be 
important to form procurement partnerships such as joint purchasing and volume 
optimisation between multiple buyers, to make Japanese companies semi-portfolio players, 
and to provide public-private cooperation and policy support in these areas. 

Clarification of LNG role and need for stronger security presented at G7 and at LNG 
Producer-Consumer Conference 
▌ Whilst the Group of Seven (G7) recognised the importance of natural gas and LNG, it will 

be crucial to establish standards for acceptable ‘abated’ LNG in the energy transition. The 
importance of an internationally aligned approach for measurement and reporting of 
methane and greenhouse gas (GHG) emissions and their mitigations was emphasised at the 
G7 Ministerial Meeting and at the LNG Producer-Consumer Conference in 2023. 

▌ The enhancement of the International Energy Agency’s (IEA) role in strengthening gas and 
LNG security, which was presented at the LNG Producer-Consumer Conference, is also 
noteworthy. 

▌ Furthermore, close dialogue between LNG producing and consuming countries through 
bilateral government-level consultations, procurement cooperation among consuming 
countries, and promotion of emergency accommodation cooperation will be important to 
strengthen gas and LNG security. 

Issues for long-term stabilisation and development of the LNG market 
▌ In the international LNG market, LNG investment and construction activities are advancing, 

especially in the United States, partly supported by LNG offtake commitments under long-
term contracts. On the other hand, projects for which investment decisions were made in the 
past also face uncertainty and delays. Therefore, there is no guarantee that buyers' 
procurement of LNG with a combination of measures including long-term contracts, as well 
as suppliers' capability of LNG delivery, are secured yet. 

▌ It is necessary to develop a variety of financial instruments to meet the funding needs of 
LNG production projects. 

▌ Building partnerships between LNG buyers from the same and/or different countries, 
including joint procurement, will be effective in light of the buyers' desire for flexibility, 
especially from emerging LNG markets with the expanding composition of buyers. Such 
partnership will also contribute to ensuring the stability of Japan’s LNG requirements, 
including long-term contracts. 
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Growing importance of negative emissions technology 
▌ Interest in negative emission technologies (NETs), which capture GHGs from the 

atmosphere and store them elsewhere to stay over long periods of time, has increased in 
recent years both domestically and internationally. It is extremely difficult to achieve carbon 
neutrality without the contribution of NETs, especially in the industry and long-haul 
transport sectors, where the use of fossil fuels is certain to continue. Countries should more 
clearly and specifically position the use of NETs in their emissions reduction plans for long-
term carbon neutrality. 

▌ There are a wide variety of NETs, but many will take time to be commercialised. For 
individual NETs, countries need to take early steps to understand the potential for carbon 
removal in their countries, consider accurate and transparent methods for measuring 
removal, reduce removal costs, establish the value chains required for the introduction of 
each NETs, and assess the impact on surrounding ecosystems. 

▌ International cooperation is also essential to the full-scale introduction of NETs. First, there 
is a need to widely share international recognition that NETs are an essential means of 
achieving carbon neutrality, and to accelerate preparatory work towards the establishment 
of internationally shared measurement, reporting and verification (MRV) systems and 
carbon removal certification and removal credit systems. At the same time, it is important to 
deepen discussions at the intergovernmental level in the future with a view to creating a 
mechanism to realise cross-border removal projects and their reflection in Nationally 
Determined Contributions (NDCs). 

Paths towards ASEAN’s energy transition 
▌ ASEAN, with its remarkable economic development, will be at the centre of future global 

energy demand growth, and of the emission reductions. ASEAN will affect the success or 
failure of the global decarbonisation. As such, cost reductions are essential for achieving both 
economic growth and carbon neutrality, while an economically rational energy mix should 
be pursued. 

▌ Assumptions about future economic growth and energy efficiency improvements will make 
a big difference in projecting future energy demand. It is not enough to focus only on the 
‘ratio’ of renewable energy, because the total amount of energy demand will significantly 
change the energy mix we should be aiming for. 

▌ The power generation cost by renewable energy is expected to be low among zero-emission 
power sources, making it a promising power source. However, it should be kept in mind 
that there is a possibility of higher electricity costs if the power facilities are spread beyond 
the suitable area, and that integration costs for stabilising electricity supply and demand will 
increase if variable renewables account for the majority of the power supply. It is necessary 
to determine the optimal quantity according to demand, weather conditions and land 
availability. 

▌ Natural gas plays a major role in reducing emissions in the industry sector (especially for 
high temperature demand that is difficult to be electrified) and balancing electricity supply 
and demand. It can be an affordable fuel, especially in reducing emissions during the 
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transition period toward zero emissions. Expansion of supply capacity and stabilisation of 
the natural gas supply will contribute to reducing energy transition costs. 
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Part 1 : Global Energy Supply and Demand Outlook to 2050
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What is IEEJ Outlook 2024 ?

Quantitative outlook of energy supply and demand in the world, toward 
2050.

Has two scenarios;

Forecast analysis using econometric and other models.

2

REF: (Reference Scenario)
the prevailing changes will continue against the 
backdrop of current energy and environmental 
policies

ATS: (Advanced Technologies Scenario)
Energy/environmental technologies are 
introduced to the maximum extent possible to 
ensure a stable supply of energy and 
strengthen measures against climate change
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Part 1: Global Outlook
Demand will grow significantly in Asia, Middle East, and Africa

(REF) Demand continues to increase with the current trend, reaching 1.2 times the current level by 
2050.
(ATS) Global demand peaks before 2030, however, India, ASEAN, the Middle East, and Africa

will continue their demand growth.

3

Primary energy demand
Changes in primary energy demand 

(2021-2050)



IE
EJ

 ©
 2

02
3

Part1: Global Outlook    Power generation moves closer to CN. 
Decarbonization of non-power is a challenge.

4

CO2 emissions by regionEnergy-related CO2 emissions

REF CO2 emissions are nearly flat as increased demand is offset by lower CO2 intensity. 
ATS The emission peaks out before 2030 and decline to 14.7 GtCO2 in 2050 (56% below 2021).

It is still far from carbon neutrality, and decarbonization in the non-power sector and emerging and 
developing countries are significant challenges.

IEA-APS: Announced Pledges Scenario from IEA “World Energy Outlook 2023”

Power

Non-
Power

Non-
Power

Power

IEA-APS 2023
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Part 1: Global Outlook   Power generation will be 1.7 to 2 times.
Among them, renewable increase significantly.

5

Share in Power GenerationPower Generation

(REF)  Power generation increases 1.7 times from current levels. Most of the increase is in 
developing countries, but also in developed countries as electrification progresses.
(ATS)  Power generation doubles the current level. In addition to electrification progress, demand 
for green hydrogen is boosting demand. About 85% of power sources are decarbonized. 
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Part 1: Global Outlook    Renewable energy capacity will more than 
double by 2030 and continue the expansion. 

6

Renewable capacity GW
Remarkable penetration of renewables 
continues. The installed capacity of renewable 
energy in 2030 is expected to be 2.0~2.4 times 
that of 2021.
Increases will continue after 2030 under both 
scenarios;
(REF) The expansion will slightly slow down due 
to higher system costs and a decrease in suitable 
locations.
(ATS) Renewable energy installation accelerates, 
increasing capacity to 5.4 times the current level.
Particularly, solar PV and wind will be nearly 10 
times the current capacity. Both daily and 
seasonal storage will be essential for a stable 
power supply.
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Part 1: Global Outlook  While electrification and hydrogenation proceed 
rapidly, the role of fossil fuels remains

7

Industry
Fossil fuels remain due to the difficulty of 
substitution in heat demand at higher 
temperatures. (especially for steel and cement).

Transport
ZEVs (EVs + H2 FCVs) are largely penetrating in 
the automobile subsector. They account for 60% 
of the passenger cars fleet and 47% of the trucks 
and buses.

Others (Household and Services)
Significant electrification of both service 
subsectors and homes  (often substituting from 
traditional biomass).

*Industry includes transformation process in blast furnaces.
**Hydrogen includes ammonia and synthetic fuel from H2.

Ele./Heat

Ele./HeatFossil Fuel

Fossil Fuel

Ele.
Heat

Ele./Heat

Ele./HeatFossil Fuel

Final Energy Demands ATS
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Primary oil and gas supply increases in Reference,Primary oil and gas supply increases
and decreases in Advanced Tech..

8

Primary Supply Fossil FuelPrimary Supply

(REF) Primary supply in 2050 increases 1.2 times that of 2021, 73% of which will be fossil fuels. Oil 
demand increases 1.2 times and gas 1.3 times, while coal decreases 0.8 times.
(ATS) Half of the primary supply is fossil fuels, and the other half is renewable and nuclear. 
Oil and coal supply peaks in the 2020s because of a decrease in transportation demand for oil and 
power generation demand for coal. Gas supplies remains flat until the 2030s and begin to decline 
before 2040. 
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Part 1: Global OutlookPart 1: Glo
Conclusion

9

India, ASEAN, Middle East, and Africa will be the center of demand growth in both 
scenarios. 

Emissions in the Reference scenario remains flat, and those from the Advanced 
Technologies scenario are halfway from reaching carbon neutrality. The remaining 
emissions are mainly from the non-power sector and the developing countries. To 
further cut emissions will remain a difficult challenge.

Power generation doubles in the next three decades due to factors such as economic 
growth, electrification, and demand for green hydrogen. As variable renewable covers a 
large part of electricity, storage and dispatchable power are key to a stable electricity 
supply.

In 2050, fossil fuels account for 73% of primary supply in Reference scenario and 53% 
in Advanced Technologies scenario. The effort for a stable supply of fossil fuels must be 
continued.
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Part 2: ASEAN’s Pathways towards Energy TransitionPart 2: ASEAN s Pathways towards Energy Transition
Demand growth in ASEAN is significant; net zero is a significant challenge.

11

Pledges of ASEAN CountriesChange in Primary Energy (2021-2050)

As ASEAN continues to achieve significant economic growth, the region will be the center of 
energy demand growth in the world.
Since COP26, eight countries have announced carbon-neutral targets by 2050 or 2060. 
Reducing CO2 emissions while expanding energy supply is a significant challenge. 
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Part 2: ASEANPart 2: ASEAN
IEA G7 Report: comparison of IEA and ERIA/IEEJ pathways

Future energy demand significantly differs, depending on 
assumptions of economic growth and energy efficiency improvement.

Source: produced from IEA, Decarbonization 
Pathways for Southeast Asia(2023)

Growth of ASEAN’s GDP and TFC toward 2050 ASEAN’s Energy Efficiency Improvement
(past five decades and future)

Historical trend

Source: produced from IEA, Decarbonization Pathways for 
Southeast Asia(2023) and IEA, World Energy Balances
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Source) IEA

IE
EJ

 ©
 2

02
3

Part 2: ASEANPart 2: ASEAN
IEA G7 Report: comparison of IEA and ERIA/IEEJ pathways

13

The optimal energy mix in the future will change
depending on the scale of demand.

IEA
The low demand level enables renewable energy
and electrification while reducing the supply of
natural gas.
Renewable energy accounts for about 80% of the
total power generation in 2050.

ERIA/IEEJ
To meet the high demand level, not only 
renewable energy in the same amount as the IEA;
(1)   fossil fuels expansion (especially natural gas) 
(2) decarbonization by hydrogen and CCS, CO2 
removal by DACCS and BECCS are required.

The renewable energy share is about 60%.

Close level
Large Gap
of gas demand

source IEA, Decarbonization Pathways for Southeast Asia,(2023)

IEA-APS ERIA/IEEJ

ASEAN Primary Energy Demand (IEA, ERIA/IEEJ comparison)

Source) IEA
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Part 2: ASEANPart 2: ASEAN
Analysis Frameworkrk Costs -t-optimal energy mix

Optimal Case is the energy mix that can meet the net-zero target of each ASEAN 
country at the lowest cost while meeting the demand of ERIA/IEEJ. 
Under the same demand growth, three cases are simulated; RE40: lower penetration of 
renewable energy, RE80: higher penetration of renewable energy, and gas-cap: gas 
supply constraint.

14

Case Assumptions IEEJ-NE Model
(Bottom-up Optimization model)

Optimal

Input:
- CO2 Reduction Target    - Energy Demands
- Tech. Information (Cost, Efficiency, etc.)

Output
Cost-minimum energy mix which achieve the 

CO2 reduction target
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Part 2: ASEAN    RE80 increases costs in the long term, Part 2: A
while Gas

ASEAAS
asas-

AN    RE80 increases costs in tSEASE
ss--Cap increases costs in the mid

hin t
idid-

he lonhn t
dd--term.
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Total CO2 reduction cost* (ASEAN, per GDP) The total CO2 reduction (abatement) cost to
achieve 2060 net zero is US$570 billion/year,
equivalent to 3.3% of GDP, in the optimal case.

If the optimal energy mix is not realized, the
abatement cost rises further;

RE80 Cost in 2060 rises to 4.4% of the GDP.
The increase in 2050-2060 is especially
significant.

Gas-Cap The costs during the 2030-2040 are
particularly large.
In other words, the expansion of natural gas supply
during the transition period will contribute significantly
to cost reductions.

The cost difference between the total cost of energy supply (capital, fuel, O&M, etc.) , compared to the baseline case without emission reductions. 
The future GDP is estimated from “Energy Outlook and Energy Saving Potential in East Asia 2020”(ERIA, 2021). 2017 Constant USD.

1.7%

3.3%

4.4%

2.1%

3.6%

0%

1%

2%

3%

4%

2017 2030 2040 2050 2060

Optimal

RE80

Gas-Cap
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Other OPEX Fuel CAPEXcent/kWh

Part 2: ASEAN   Although LCOE of renewable will decrease over time, Part 2: ASEAN   Although LCOE of renewable
massive penetration requires additional cost

16

Power GenerationLevelized Cost of Electricity
(2050, Thailand)

The generation cost of renewable energy itself (LCOE) is expected to be relatively low among zero-emission 
power in 2050. Therefore, if the installation is low, the average power generation cost would increase.[RE40]
On the other hand, if variable renewable energy (solar and wind) is increased to the level of [RE80], it will be 
necessary to introduce them to areas with worse weather conditions, and integration costs for dealing with 
output fluctuations (batteries, etc.) will increase, leading to higher overall system costs.

Source Estimated from Danish Energy Agency (2021), IEA(2022)
*Costs inside power generation facilities alone; which does not include 
integration costs.
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2021 2050

Ammonia
Hydrogen
Biomass
Offshore wind
Onshore wind
Solar PV
Geothermal
Hydro
Gas-hydrogen
Gas
Coal-biomass
Coal-ammonia
Coal
Nuclear

TWh

Part 2: ASEAN    Gas plays an important role in heat demand Part 2: ASEAN    Gas plays an important role in hea
and power generation, during the transition period
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Natural Gas Demand(2050) Power Generation

In the optimal case, natural gas is primarily a fuel for industrial furnaces, which are difficult to electrify. In 
the gas-cap case, the shortage must be offset by oil and coal, which have higher emission factors.
In the optimal case, gas-fired power generation is introduced to balance supply and demand. 

0

100
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Optimal Gas-Cap

2050

Mtoe Others
Power generation
Household/Service
Chemical Feedstock
Industrial Boiler
Industrial Furnace
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tt-zero, gas is competitive among fossil fuels

18

In demand sectors where electrification is difficult, fossil fuel use is 
expected to continue until a low-cost hydrogen supply is realized.
The cost advantages among fuels will change as follows.

(1) Coal has the smallest price per calorific value of fuel alone. 
(2) As ASEAN moves toward net zero, some external cost is 
expected to be attached to CO2 emissions. 
If the carbon price increases to around $100/t, gas would be 
affordable.
(3) If the carbon price increases significantly and the hydrogen 
price is reduced to about 13 cents/m3, the H2 price may fall 
below the gas price. 

Gas could become competitive where the carbon price falls 
between (2) and (3).

* The MAC (marginal abatement cost*) calculated from this analysis is around 
200$/t-CO2 in 2040 and 370$/t in 2050, a level at which gas use has some 
advantage.

Fuel Price
Includes Carbon Price

Source Advanced Technologies Scenario, 2050

Hydrogen Price

13 /
Target for 2050

33 /

20 /
target for 2030 Japan
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Part 2: ASEAN’s Pathways towards Energy Transition Part 2: ASE
Conclusion

19

For ASEAN, with its remarkable economic development, cost efficiency of energy transition 
is essential to achieve both economic growth and CN.

Depending on future assumptions for growth and energy efficiency improvements, there will be 
significant differences in the outlook of future energy demand. It is not sufficient to simply focus 
on the share of renewable energy, as the optimal energy mix will vary depending on the 
total amount of demand. 

The cost of renewable energy is expected to be low among zero-emission power sources, 
making it a promising power source. However, it should be noted that suitable sites are limited, 
and the integration cost may increase when variable renewable covers a large part of the 
electricity supply.

Gas will mainly play a role in reducing industrial emissions (especially hard-to-abate sectors) and 
in dispatchable power generation. It can be an important energy source for emission 
reductions, especially during the transition toward zero emissions.
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Volumes procured so far go down from 60 
million tonnes of 2025 to 50 million tonnes
by 2030
Requirement is expected to maintain the 
60 million tonnes per year level until 2050 
according to the IEEJ’s Reference 
Scenario
For future procurement:

Large volumes under long-term 
contracts are difficult for individual 
buyers
Share of short-term and spot 
procurement grows

Cooperation between companies and the 
government and policy supports are 
essential

Procurement from portfolio players of 
Japan and other international portfolio 
players
Encouragement for Japanese larger 
buyers and trading houses to 
undertake portfolio activities
Partnerships with international 
companies, including joint 
procurement and optimization
Partnerships between fellow 
companies – including joint purchase

How should expected 
requirement be filled 
with a combination 

of measures?

2016 2017 2018 2019 2020 2021 2022 2016 2017 2018 2019 2020 2021 2022
Northbound (Pacific to Atlantic) Southbound (Atlantic to Pacific)

LNG Tonnes 0.12 0.46 0.06 0.87 0.15 0.02 0.45 0.43 6 11 12 14 19 12
LPG Tonnes 0.05 0.08 0.06 0.05 0.06 0.20 0.17 6 15 18 20 24 28 29
LNG Transit 2 8 4 16 5 2 11 7 88 172 185 212 272 195
LPG Transit 6 14 11 19 14 40 27 221 440 503 508 646 756 743
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Notable issues to be considered from the perspective of LNG consumers
Supply 
issues

Steady realisation of LNG projects in the United States as the mainstay supply sources
Maintain stability and enable expansion of LNG production in Australia, Canada and Mexico
Realization of LNG production projects in Africa’s frontier regions
Effective utilisation of existing - amortised - LNG production projects in enhancing flexibility of the 
global LNG market

Demand 
issues

As LNG demand centers shift to developing economies, support from traditional LNG consuming 
countries may be effective
As flexibility in the LNG market is valued, efforts are needed between the public and private sectors to 
secure stable demand and enable some forms of long-term commitments. Demand aggregation, 
utilization of portfolio players and joint procurement are necessary

Pricing 
issues

Increasingly greater fluctuation of prices due to increasing volatility and increasing gas-on-gas pricing 
make it important to consider appropriate balances between different pricing arrangements

Climate 
change 
challenges 

Clarification of LNG project standards that are compatible with decarbonized energy transition 
(methane and GHG emission mitigation measures) is necessary
Promoting CC(U)S and green electricity in LNG liquefaction contributes to greening LNG

Financial 
challenges



It is very difficult to realize carbon neutrality without negative emissions 
technologies (NETs). The Roles and contributions of NETs should be more 
clearly specified in the long-term emissions reduction plan.

Various types of NETs exist with different degrees of technological maturity. 
Understanding the potential of carbon removal volume each NETs, 
establishment of the methods to accurately measure the removal volume, cost 
reduction, and assessment to potential impacts to ecosystem by NETs need to 
be pursued as immediate actions. 

International cooperation is also important. Based on the shared understanding 
about the values and the roles of NETs in various pathways toward carbon 
neutrality, countries need to cooperate to establish internationally acceptable 
MRVs system, certification system, and removal credit system.



Various NETs can be deployed to capture CO2 and store it.

Plant lots of trees? Increase carbon in farmland soil?

Alkalinize the oceans?

Or charcoal?

Making rocks
react with CO2? Leave it to the

coastal ecosystem?
Combining bioenergy

and CCS?

Industrially remove
CO2 from the air?

Increase ocean production?

Methods of negative emission



Bioenergy with carbon dioxide capture and 
storage (BECCS)

Direct Air Carbon Dioxide Capture and 
Storage(DACCS)

Afforestation and forest 
management

Soil carbon 
sequestration

Blue carbon

Enhanced weathering

Ocean alkalization

Bio char



NETs can be broadly divided into two categories: technology-based and 
nature-based ones. 
While each NET has its own advantages and disadvantages, DACCS and 
BECCS (both of which utilize CCS) have relatively high technological 
maturity, large removal potential, easy measurement of removal volume, 
and long CO2 fixation periods.

Various negative emissions technologies (NETs)

Overview of major NETs

TRL (Technology Readiness Level is a measure to type of measurement system used to assess the maturity level of a particular technology. 
TRL9 is closest to commercialization. 
** Soil carbon sequestration can generate profits (negative cost) by improving the soil productivity.

Source Babiker et al. (2022) Cross-sectoral Perspectives.

NETs Type TRL*
Removal cost
(US$/tCO2)

Removal potential
(GtCO2/yr)

DACCS Technology 6 100-300 5-40
BECCS Technology 5-6 15-400 0.5-11
Afforestation/Forest managemnet Nature 8-9 0-240 0.5-10
Soil carbon sequestration Nature 8-9 -45-100** 0.6-9.3
Bio char Nature 6-7 10-345 0.3-6.6
Weathering enhancement Nature 3-4 50-200 2-4
Blue carbon Nature 2-3 N/A <1
Ocean alkalization Nature 1-2 40-260 1-100

Incentives such as tax credits, setting introduction targets for individual NETs, and 
integrating removal credits into existing emissions trading systems are being 
considered for NETs introduction by major countries. 
In Japan, R&D for DAC technologies are provided by the government, and policy 
options to create the market for NETs are being discussed.

Country Incentives Numerical target Credit

US • Tax benefit (130-
180$/t-CO2) for DAC 
project

• 3.5$ billion is provided 
for 4 DAC hub 
developments

• Carbon dioxide removal by 
giga-ton scale

• Cost reduction to below 100$/t-
CO2

-

UK • 100 million GBP 
provided for R&D of 
NETs incl. DACCS

• 5 million t-CO2 removal by 2030 
and 75 to 80 million t-CO2
removal by 2050 through 
technology-based NETs

• Integration of 
removal credit 
to the UK-ETS

EU • Plan to expand 
incentive for NETs 
(details are under 
discussion

• 310 million t-CO2 removal by 
LULUCF and 5 million t-CO2
removal by tech-based NETs by 
2030. 

• Integration of 
removal credit 
to the EU-ETS



In May 2023, the Study Group on Market Creation for Negative Emissions 
Technologies released a summary framework, which provides the 
following seven options for market creation of NETs. 

Which options will be adopted will be discussed at the Study Group.

Japan’s policy actions

Option Outline
Compensation The government compensate if a reference price linked to market will 

be below a strike price based on cost plus margin.
Public procurement The government procure negative emission arrangement made by 

business actors at a specific price. 
Purchase of excess 
credit

The government purchase surplus removal credit which a business 
actor could not sell at market. 

Tax benefit The government provides tax benefits for adoption of NETs
Support for CAPEX 
and Pilot Tests

The government supports pilot testing, FS, FEED, project 
development, and EPC

R&D support The government supports R&D of NETs to reduce costs. 
Allocation of 
obligatory purchase

The government obliges high-emission sectors to purchase removal 
credit for a certain volume.

Carbon neutrality scenarios made by government / research institute in 
major countries assume that 10% to 20% of the existing emissions will be 
offset by carbon removal, necessitating NETs as a means to achieve carbon 
neutrality.

Expected carbon removal by NETs in major 
countries

Referenc
e year

LULUCF Other NETs Total Removal 
volume

(mil t-CO2e)
Japan 2015 No 

assumption
14% 185

China 2020 6% 6% 12% 1,553
EU 2020 13% 6% 19% 593
Germany 2018 No 

assumption
9% 9% 72

France 2015 14% 3% 18% 78
UK 2020 4% 12% 16% 64
Scenarios colored by yellow are those made by the government.
LULUCF: Land Use, Land Use Change, and Forestry



References of each country’s scenario in the previous slide

It is very difficult to achieve carbon neutrality without NETs.
Adoption of NETs is assumed in almost all scenarios referenced in the IPCC 
report.

The use of NETs should be more clearly and concretely positioned in long-
term emission reduction plans by each country.
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Geographical coverage

55

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 eight regions.
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Modelling framework

56

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
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Basic scenarios in IEEJ Outlook

57

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 price decreases due to request for 
decarbonization.

All prices decrease along with decrease in demand 
due to progress in energy saving and request for 
decarbonization

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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Population

58

Assumptions

CAGR Composition
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Real GDP
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Assumptions

CAGR Composition
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International energy prices

60

Crude oil Natural gas

Assumptions

Coal CIF import prices for Japan

Note: Historical prices are nominal. Assumed future prices as real in $2022.

Reference
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Energy and environmental technology

61

Assumptions

Reference
Advanced 

Technologies

Industry Intensity in steel industry (ktoe/kt) 0.261 0.254 0.202

Intensity in non-metallic minerals 
industry

0.091 0.070 0.055

Transport
Electrified vehicle share in 
passenger car sales

12% 66% 96%

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

15.0 27.4 46.6

Buildings
Residential total efficiency 
(Y2021=100)

100 154 202

Commercial total efficiency 100 153 204

Power
Thermal generation efficiency 
(Power transmission end 37% 44% 49% Financial scheme for initial investment in high-efficient thermal power plant.

Biofuels for transport (Mtoe) 94 138 236
Development of next generation biofuel with cost reduction.
Relating to agricultural policy in developing regions.

Nuclear power generation capacity (GW) 429 506 802
Appropriate price in wholesale electricity market.
Framework for financing initial investment in developing regions.

Wind power generation capacity (GW) 842 3 904 5 170

Solar PV power generation capacity 883 7 104 9 883

0 0 1 110 Installing CCS after 2030 (regions which have storage potential except for aquifer).

Zero-emission generation ratio (incl. CCS) 38% 59% 88% Efficient operation of power system including international power grid.

Improving
energy efficiency

Penetrating
low-carbon technology

Thermal power generation capacity with CCS 
(GW)

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.

Assumptions for Advanced Technologies Scenario2021
2050
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Population, GDP, energy and COO2
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Advanced Economies Emerging Market and Developing Economies

l
Reference Scenario
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Primary energy consumption

63

By region By energy source

i
Reference Scenario
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Primary energy consumption (by region)
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Energy consumption Changes (2021-2050)
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Primary energy consumption (by energy source)
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Energy consumption Changes (2021-2050)

i
Reference Scenario

0

2 000

4 000

6 000

1980 1990 2000 2010 2020 2030 2040 2050

Mtoe
Coal
Oil
Natural gas
Nuclear
Hydro
Other renewables

-830 

136 

183 

648 

1 032 

1 522 

-0.8%

1.1%

0.8%

0.5%

0.9%

2.1%

Coal

Hydro

Nuclear

Oil

Natural gas

Other renewables

Mtoe CAGR



IE
EJ

 ©
 2

02
3

Primary energy consumption (by sector)
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Energy consumption Changes (2021-2050)
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Final energy consumption

67

By sector By energy source
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Oil consumption

68

By region By sector
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Crude oil production

69

By region Changes (2021-2050)
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Net exports and imports of oil

70

Reference Scenario
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Petroleum product demand

71

World Advanced and Emerging Market and Developing Economies

l
Reference Scenario

Note: Other oils includes crude oil (direct consumption), asphalt, refinery gas, gas-liquefied oil [GTL], etc.
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Major trade flows of crude oil (2022)
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Note: 0.5 Mb/d or more are shown
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Major trade flows of crude oil (2050)
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Natural gas consumption
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By region By sector
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Natural gas production

75

By region Changes (2021-2050)
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Net exports and imports of natural gas
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LNG demand
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By region Changes (2021-2050)
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Major trade flows of natural gas (2022)
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Major trade flows of natural gas (2050)
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Coal consumption
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By region By sector

l
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Coal production

81

By region Changes (2021-2050)
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Coal production (steam and coking coal)

82
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Net exports and imports of coal
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Reference Scenario
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Major trade flows of steam and coking coal (2022)

84
Notes: Total value of steam and coking coal. 2 Mt or more are shown. South Africa includes Mozambique.
Source:  Estimated from IEA “Coal Information 2022”, “TEX Report”, etc.
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Major trade flows of steam and coking coal (2050)

85

j
Reference Scenario

Notes: Total value of steam and coking coal. 2 Mt or more are shown. South Africa includes Mozambique.
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Final consumption of electricity

86

By region By sector
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Power generation mix
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Energygy-y-related COO22 emissions
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Emissions Changes (2021-2050)
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Energygy-y-related investments (202222–2–2050)

89

By region By sector
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Primary energy consumption

90

By region By energy source

i
Advanced Technologies Scenario

Note: Solid lines stand for Advanced Technologies Scenario and 
dotted lines stand for Reference Scenario.
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Final energy consumption
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By sector By energy
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Share of passenger vehicle
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Fuel efficiency of passenger vehicle

93

New sale-basis Stock-basis
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Energy efficiency in buildings sector
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Energy intensity improvement in industry sector

95

i
Advanced Technologies Scenario
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Biomass
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Biofuels for transport Solid biomass

i
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Power generation mix
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Wind and solar PV power generation capacity
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Nuclear power generation capacity and thermal power generation efficiency
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Energygy-y-related COO22 emissions

100

By region By technology
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Energygy-y-related investments (202222–2–2050)

101

By sector Changes from Reference Scenario
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Primary energy consumption

102

By region By energy source
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Final energy consumption
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By sector By energy source
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Oil consumption
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By region By sector
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Natural gas consumption
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By region By sector
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Coal consumption
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By region By sector
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Final consumption of electricity
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By region By sector
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Energygy-y-related COO22 emissions
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Emissions Changes (2021-2050)

Asia
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Energygy-y-related investments (202222–2–2050)
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By sector By region
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Primary energy consumption
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By region By energy source

i
Asia Advanced Technologies Scenario

Note: Solid lines stand for Advanced Technologies Scenario and
dotted lines stand for Reference Scenario.
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Final energy consumption
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By sector By energy source
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Power generation mix
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Electricity generated Power generation capacity
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Supply and demand balance of fossil fuels
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Energygy-y-related COO22 emissions
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By region By technology

Asia
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Energygy-y-related investments (202222–2–2050)
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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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Supply and demand balance of fossil fuels
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Oil Coal
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Power generation mix

118

Electricity generated Power generation capacity
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Energygy-y-related COO22 emissions and investments
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CO2 emissions Investments (2022–2050)
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Energy consumption
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Primary energy consumption Final energy consumption
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Supply and demand balance of fossil fuels
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Power generation mix
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Electricity generated Power generation capacity
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Energygy-y-related COO22 emissions and investments
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CO2 emissions Investments (2022–2050)
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Energy consumption
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Primary energy consumption Final energy consumption
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Supply and demand balance of fossil fuels
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Power generation mix
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Electricity generated Power generation capacity
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Energygy-y-related COO22 emissions and investments
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CO2 emissions Investments (2022–2050)
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