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Example of Activities

Aiming for Advance 
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Shifting Tourism for the 
Post-Pandemic Era
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Introduction (Background of the Research)

• Is it Possible for Japan’s Aviation Sector to achieve ICAO’s Goals?

• What is the potential for reducing and offsetting CO2 emissions in Japan by; 

 Introduction of new aviation technologies

 Operational improvements 

 Leveraging of SAF

 Carbon credit 

• If these potentials are not enough, what additional efforts are required to close 

the gaps and ensure that targets are achieved? 

ICAO’s Global Aspirational Goals (Oct. 2022)

CORSIA Baseline
85% of 2019 levels

Carbon Neutrality 
by 2050

 Until 2035, No increase of 
CO2 emissions from 
international aviation from 
85% of CO2  emissions in 
2019

 By 2050, Achieving Carbon 
Neutrality

-15%
2019 level



Scenarios for Estimating Potential Reduction and 
Residual of CO2 Emissions
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Based on 9 different scenarios, simulations on the following three 
items were carried out to determine the potential reduction in GHG 
emission:
- Amount of CO2 emissions and residual
- CO2 residual compared to Business as usual (BAU)
- CO2 residual compared to 2019 level (%) 

3 Technology scenarios × 1 Operation Scenario × 3 Fuel scenarios
＝ ９ scenarios

Aviation-Technology Operation-
Technology

Fuel

T1 Advanced Tube 
and Wing

O3 Ambitious

F1 Conservative

T2 Advanced 
Concept Aircraft

F2 Medium

T3 Advanced 
Concept Aircraft 
(E- or Hydrogen 
Aircraft)

F3 Ambitious



CO2 Reduction by Aviation Technology

◆ICAO-LTAG aviation technology scenarios

Source: ICAO, "LTAG Report Appendix M3 Technology" (March 2022), https://www.icao.int/ Created from environmental-
protection/LTAG/Documents/ICAO_LTAG_Report_AppendixM3.pdf, 

◆Four categories of aircraft types

T1 Advanced Tube and Wing Aircraft (ATW)
T2 Advanced Concept Aircraft (ACA), drop-in fuel (blended wing body aircraft)
T3 Advanced Concept Aircraft (ACA), non-drop-in fuel (electric aircraft, hydrogen 

aircraft)

（TP）turboprop （RJ）regional （NB）narrowbody （WB）widebody 

◆Widebody ACA Identification of Earliest Entry into Service)

Energy Intensity 
(relative to 2019)

We calculated the CO2 reductions volume by applying new technologies 

to the fleet composition of Japanese airlines in 2019
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Estimated Potential of SAF Production in Japan based on availability of raw materials
(conducted in 2021)

Scenarios for estimating fuel:
Fuel Scenario1 (F1): 

Only unused materials are 
assigned to SAF

Fuel Scenario2 (F2):   
Currently used materials with 
available supply sources, 
including power generation, are 
assigned to SAF, in addition to 
the unused materials

Fuel Scenario3 (F3): 
The full potential is allocated to 
SAF

原料別積上げ

984～

1,085 

（参考）1,315※ 

原料別積上げ
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Accumulation of SAF production potential in Japan by raw materials
F1 F2 F3

CO2 & hydrogen
(Ref.) 1,315*
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n 
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(Ref.) 1,315*(Ref.) 1,315*

Industrial waste

General waste

Main product (Sugar crops)

Waste wood generated 
from construction
Lumber residue

Forest residue

Agricultural residue

Main product (Oil crops)

Waste oils/fats
Accumulation by 

material
Accumulation 

by raw material
Accumulation by 

raw material

984 to 
1,085

These Scenarios do not account for the potential production volume based on economic efficiency.

* Jet fuel supply volume in Japan (2019)

If the full potential in Japan is 
allotted to SAF, it could fulfill the 

fuel supply volume in Japan 
(2019).

If the full potential in Japan is 
allotted to SAF, it could fulfill the 

fuel supply volume in Japan 
(2019).

CO2 reduction by SAF（Sustainable Aviation Fuel）



CO2 emissions(Baseline and Residual), CO2 Residual Ratio(%)

Estimated Residual CO2 Emissions by Scenarios
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 Residual CO2 emissions from International Aviation Sector in Japan ：

 104～114％ in 2030, 73～112％ in 2035, 23～106％ in 2050

 CO2 emissions in 2030 exceed 85% of 2019 levels in all scenarios. In 2035, only 
scenarios with F3 can achieve the target.

Amount of CO2 emmision and residual（10,000t-CO2 CO2 residual（％）Compared to baseline CO2 residual（％）Compared to 2019  

2019 2030 2035 2050 2070 2019 2030 2035 2050 2070 2019 2030 2035 2050 2070

Internatinal Baseline 2,619 3,254 3,602 4,994 7,170 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 124.2% 137.5% 190.7% 273.8%

and domestic T1-F1 - 2,730 2,512 2,055 2,045 - 83.9% 69.7% 41.2% 28.5% - 104.2% 95.9% 78.5% 78.1%

T1-F2 - 2,662 2,211 668 944 - 81.8% 61.4% 13.4% 13.2% - 101.6% 84.4% 25.5% 36.0%

T1-F3 - 2,489 1,584 535 673 - 76.5% 44.0% 10.7% 9.4% - 95.0% 60.5% 20.4% 25.7%

T2-F1 - 2,730 2,512 1,885 1,764 - 83.9% 69.7% 37.7% 24.6% - 104.2% 95.9% 72.0% 67.4%

T2-F2 - 2,662 2,211 617 763 - 81.8% 61.4% 12.3% 10.6% - 101.6% 84.4% 23.5% 29.1%

T2-F3 - 2,489 1,584 495 559 - 76.5% 44.0% 9.9% 7.8% - 95.0% 60.5% 18.9% 21.3%

T3-F1 - 2,730 2,512 1,555 757 - 83.9% 69.7% 31.1% 10.6% - 104.2% 95.9% 59.4% 28.9%

T3-F2 - 2,662 2,211 556 459 - 81.8% 61.4% 11.1% 6.4% - 101.6% 84.4% 21.2% 17.5%

T3-F3 - 2,489 1,584 446 350 - 76.5% 44.0% 8.9% 4.9% - 95.0% 60.5% 17.0% 13.4%

Internatinal Baseline 1,549 2,120 2,469 3,860 6,036 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 136.9% 159.4% 249.3% 389.7%

T1-F1 - 1,774 1,732 1,648 1,820 - 83.7% 70.2% 42.7% 30.1% - 114.5% 111.8% 106.4% 117.5%

T1-F2 - 1,725 1,533 532 819 - 81.4% 62.1% 13.8% 13.6% - 111.4% 99.0% 34.3% 52.9%

T1-F3 - 1,611 1,133 426 584 - 76.0% 45.9% 11.0% 9.7% - 104.0% 73.1% 27.5% 37.7%

T2-F1 - 1,774 1,732 1,519 1,563 - 83.7% 70.2% 39.3% 25.9% - 114.5% 111.8% 98.1% 100.9%

T2-F2 - 1,725 1,533 491 654 - 81.4% 62.1% 12.7% 10.8% - 111.4% 99.0% 31.7% 42.3%

T2-F3 - 1,611 1,133 395 484 - 76.0% 45.9% 10.2% 8.0% - 104.0% 73.1% 25.5% 31.3%

T3-F1 - 1,774 1,732 1,275 639 - 83.7% 70.2% 33.0% 10.6% - 114.5% 111.8% 82.3% 41.2%

T3-F2 - 1,725 1,533 442 384 - 81.4% 62.1% 11.5% 6.4% - 111.4% 99.0% 28.6% 24.8%

T3-F3 - 1,611 1,133 355 292 - 76.0% 45.9% 9.2% 4.8% - 104.0% 73.1% 22.9% 18.9%

Domestic Baseline 1,070 1,134 1,134 1,134 1,134 100.0% 100.0% 100.0% 100.0% 100.0% 100.0% 105.9% 105.9% 105.9% 105.9%

T1-F1 - 956 780 407 225 - 84.3% 68.8% 35.9% 19.9% - 89.3% 72.9% 38.0% 21.0%

T1-F2 - 937 678 136 125 - 82.6% 59.8% 12.0% 11.0% - 87.5% 63.3% 12.7% 11.7%

T1-F3 - 879 451 109 89 - 77.5% 39.8% 9.6% 7.9% - 82.1% 42.1% 10.2% 8.3%

T2-F1 - 956 780 366 201 - 84.3% 68.8% 32.3% 17.7% - 89.3% 72.9% 34.2% 18.8%

T2-F2 - 937 678 126 108 - 82.6% 59.8% 11.1% 9.5% - 87.5% 63.3% 11.8% 10.1%

T2-F3 - 879 451 101 75 - 77.5% 39.8% 8.9% 6.6% - 82.1% 42.1% 9.4% 7.0%

T3-F1 - 956 780 280 119 - 84.3% 68.8% 24.7% 10.5% - 89.3% 72.9% 26.2% 11.1%

T3-F2 - 937 678 114 75 - 82.6% 59.8% 10.0% 6.7% - 87.5% 63.3% 10.6% 7.0%

T3-F3 - 879 451 92 58 - 77.5% 39.8% 8.1% 5.1% - 82.1% 42.1% 8.6% 5.4%

Exceed 85% of
2019 levels
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Estimated Residual CO2 Emissions by Scenarios

CO2 emissions in 2030 exceed 85% of 2019 levels in all scenarios.

In 2035, only scenarios with F3 can achieve the target.

Exceed 85% of
2019 levels

Exceed 85% of
2019 levels

F3
scenari

os

F3
scenari

os

F3
scenarios

BAU



Conclusion from the Simulation

 The most ambitious scenario (T3-F3) is the most desirable to achieve  
carbon neutrality in 2050 in the Japanese aviation sector.

 On the other hand, since the feasibility of T3, which assumes aviation  
technologies such as non-drop-in fueled hydrogen aircraft and electric 
aircraft, has many challenges.  So, (T2-F3) scenario (combined T2 which 
assumes drop-in fuel  with F3 which is most ambitious scenario for fuel)    
should also be considered.

 The scenario estimation results show that even with the most ambitious 
(T3-F3) scenario for Japan, CO2 remains above the CORSIA baseline from an 
early stage.

 We assume that the remaining CO2 emissions will need to be offset by  

CORSIA-eligible credits from the first phase of CORSIA in Japan.



【Aviation  Technology】

Contributions from Japanese public and private organizations  in the 
development of key technologies 

• Core Technologies for Fuel Efficiency/Low Carbon High-efficiency

• Hybrid-electric propulsion technology

• Hydrogen fuel cell and hydrogen gas turbine technology

Others

• Development of technical and safety criteria (certification 
requirements) and international standards

• Development of human resources for operation and maintenance of new 
aircraft technologies

Issues to be solved  & Implications



Issues to be solved  & Implication

【Fuels】

To achieve national targets of replacing 10% of all aviation fuels with SAF 
by 2030, and deployment of DAC-based SAF from 2030

in the F3 scenario

• Procurement of raw materials for SAF

• Development of SAF manufacturing technology

• Certification as a CORSIA Eligible Fuels

• Building SAF supply chains

• ASTM certification (domestic inspection system, 100% blending ratio)

• Reduction of various fuel costs through innovation and diffusion

• Procurement of renewable electricity and hydrogen required for fuel 
production 
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 For SAF, the amount of domestically produced SAF based on Japan’s potential to procure 
raw materials has been quantitatively demonstrated. 

 For Long-term CO2 reduction goals, simulations were conducted for 9 different scenarios 
that considered the levels of ambition for aviation technology and SAF supply, as the 
simulations were made of the potential reduction of GHG emissions. 2 scenarios were 
presented as the preferred options for Japan to achieve ICAO’s short-, Mid-and Long-Term 
Goals.

 With a cognizance of long-term reduction scenarios, as well as the description of short to 
mid-term challenges and strategies, a summary was provided regarding the medium to 
long-term barriers to achieving carbon neutrality by 2050 in the aviation sector in Japan 
and the direction of countermeasures.

Conclusion

MLIT

Airlines
Fuel

Suppliers

METI

Airports Institutes

MOE
MAFF 

Cross Sector Collaborations

This research indicated an urgent need to establish a domestic SAF 
supply chain and necessary measures for that purpose, and cultivated 
stakeholders’ recognition of this matter and cross sector collaborations.
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Issues to be resolved for securing future SAF in Japan 

 In order to secure SAF in Japan, it is important to align with the F3 Scenario, which introduces SAF-DAC 
by 2030 and LH2 by 2035. To achieve this, It is important to establish a clear direction for these new fuels and 
take advanced action 

 Key issues to be resolved : Securing feedstocks for advanced SAF such as Hydrogen and renewable 
CO2, analyzing the supply of Renewable energy and feedstocks, including demand competition among 
industries, estimating costs and designing markets, conducting R&D on technologies to reduce costs, 
building infrastructure for the supply chain, and establishing legal frameworks and standards for new 
fuels.

Roadmaps & Challenges towards 2050 Carbon Neutrality



Thank you for your kind attention!
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