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Breakdown of capital investment requirements in the ORE scenario, cumulatively between 2022 and 2050,  trillion $

Typical entity
for investments

Share of total
investments

In the Optimistic Renewable Electricity scenario, 28% of capital
investments are required for fuel production, 49% upstream fo r
renewable electricity generatio n

Note: Annual investments are on top of a BAU scenario and do not include the investments in regular �eet replacements. Investme nts for CDR are not included here since
they could come from di�erent sources (NCS, BECCS, DACCS, etc.). Totals may not equal sums due to rounding. PPA = Power Purchase Agreement.

Fuel production

Fuel
producers

Hydrogen
production (via

low-temperature
electrolysis)

CO� capture
(from PSC
and DAC)

Energy providers
(+ CO� capture companies)

Renewable
electricity

(mix of PPA and 
dedicated VRE [mix of 
o�shore and onshore 
wind and solar PV])

Airport H�
infrastructure

Airports

Additional
costs of H�

and battery-
electric aircraft
(compared with

jet aircraft)

Airlines

28% ($1.4 tn) 64% ($3.3 tn) <0.1% 8% (0.4 tn)

Tota l

5.10.4

<0.01
2.5

(49% of total)

0.3
0.41.4

(28% of total)

EXHIBIT 2.11

Electricity for battery-electric aircraft

Hydrogen for hydrogen aircraft

Power-to-Liquids

Other biofuels

HEFA

<1%

14%

59%

17%

2%

8%

Source: MPP analysis

2.2.7 Energy prerequisites and requirements

To limit global warming to 1.5°C, the entire energy sector  
�·�S�S�F�ø�õ���Ä�õ���ï���·�ø�ˆ���ˆ�Ä�·�õ���Ä�õ�·�S�����@�S�ï�Ä�õ�V�`�V�õ�S�´�ˆ�ø�ø�ˆ�Ä�·�ø�õ�ˆ�·�õ�¨�S�ø�ø�õ���•���·�õ 
three decades. Renewable electricity, green hydrogen  
���;���ø�S�F�õ�Ä�·�õ�S�¨�S�?���ï�Ä�¨�5�ø�ˆ�ø�õ�ê�Ä�-�S�ï�S�F�õ�;�5�õ�ï�S�·�S�-���;�¨�S�õ�S�¨�S�?���ï�ˆ�?�ˆ���5���ý�õ 
and sustainable biomass are three key resources that can 
�S�·���;�¨�S�õ���•�ˆ�ø�õ���ï���·�ø�ˆ���ˆ�Ä�·�õ���:�4�•�ˆ�;�ˆ���õ�•�ü�€�•���ü�õ
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PART 3

CONCLUSION: From strategic  
thinking to action in this decade
�g�·�õ���•�S�õ�V�¨���ø�p�Ä�-�õ�&�g�ˆ�´�����S�õ�À���?���ý�õ���p�ï�S�S�F�õ�ˆ�·�õ�•�•�•�€�ý�õ���•�S�õ�ê���ï���ˆ�S�ø�õ
to the United Nations Framework Convention on Climate 
�&�•���·�p�S�õ���à�•�T�&�&�&���õ�ï�S�?�Ä�p�·�ˆ�@�S�õ�#���•�����õ�¨�ˆ�´�ˆ���ˆ�·�p�õ�p�¨�Ä�;���¨�õ�-���ï�´�ˆ�·�p�õ���Ä�õ
1.5°C requires rapid, deep and sustained reductions in global 
greenhouse gas emissions, including reducing global carbon 
�F�ˆ�Ä�4�ˆ�F�S�õ�S�´�ˆ�ø�ø�ˆ�Ä�·�ø�õ�;�5�õ�ƒ�„�õ�ê�S�ï�õ�?�S�·���õ�;�5�õ�•�•�‚�•�õ�ï�S�¨�����ˆ�*�S�õ���Ä�õ���•�S�õ�•�•�€�•�õ
level”. 93 They add that this will require accelerated action this 
�F�S�?���F�S�ý�õ�Ä�·�õ���•�S�õ�;���ø�ˆ�ø�õ�Ä�n�õ���•�S�õ�;�S�ø���õ���*���ˆ�¨���;�¨�S�õ�ø�?�ˆ�S�·���ˆ�J�?�õ�¢�·�Ä�-�¨�S�F�p�S�ü

Although the aviation sector is not expected to contribute 
to this goal as much as easier-to-abate sectors, the aviation 
�*���¨���S�õ�?�•���ˆ�·�ý�õ�ê�Ä�¨�ˆ�?�5�´���¢�S�ï�ø�ý�õ���·�F�õ�J�·���·�?�ˆ���¨�õ�ˆ�·�ø���ˆ�������ˆ�Ä�·�ø�õ�ø�•�Ä���¨�F�õ
start on the path towards a net-zero aviation sector now. The 
�n�Ä�¨�¨�Ä�-�ˆ�·�p�õ���-�Ä�õ�ø�S�?���ˆ�Ä�·�ø�õ�•�ˆ�p�•�¨�ˆ�p�•���õ���€���õ�¢�S�5�õ�´�ˆ�¨�S�ø���Ä�·�S�ø�õ���•�����õ�ø�•�Ä���¨�F�õ
�;�S�õ���?�•�ˆ�S�*�S�F�õ���·���ˆ�¨�õ�•�•�‚�•�ý�õ���·�F�õ���•���õ�-�•�����õ�¢�S�5�õ�ê�Ä�¨�ˆ�?�5�ý�õ�ˆ�·�F���ø���ï�5�ý�õ���·�F�õ
�J�·���·�?�S�õ���?���ˆ�Ä�·�ø�õ�?���·�õ�;�ï�ˆ�·�p�õ���;�Ä�����õ���•�S�ø�S�õ�´�ˆ�¨�S�ø���Ä�·�S�ø�ü

3.1 Key milestones until 2030

The commercialisation of SAFs until 2030 is the decisive  
task to achieve carbon-neutral growth by 2030 and to lay 
the foundation for net-zero aviation by 2050 (Exhibit 3.1).  
SAF production volumes need to be increased by a factor of  
�„���…�õ�?�Ä�´�ê���ï�S�F�õ�-�ˆ���•�õ���•�S�õ�?���ï�ï�S�·���õ�ê�ï�Ä�œ�S�?���õ�ê�ˆ�ê�S�¨�ˆ�·�S�õ���·���ˆ�¨�õ�•�•�‚�•�ü�õ
�V�ˆ�*�S�·�õ���•�ˆ�ø�õ�¨�S���F�õ���ˆ�´�S�ý�õ�F�S�?�ˆ�ø�ˆ�Ä�·�ø�õ�·�S�S�F�õ���Ä�õ�;�S�õ�´���F�S�õ�·�Ä�-�ü

In this decade, $40 billion–$50 billion of annual investments 
(foremost in SAF production plants and corresponding 
���ê�ø���ï�S���´�õ�ˆ�·�n�ï���ø���ï���?�����ï�S���õ�-�Ä���¨�F�õ�;�S�õ�ø���H�?�ˆ�S�·�� to meet the 
�S�ø���ˆ�´�����S�F�õ�F�S�´���·�F�õ�Ä�n�õ���;�Ä�����õ�ƒ�•���„�•�õ�‹���õ�;�5�õ�•�•�‚�•�ü�õ�š�n�õ���•�S�ø�S�õ
�ˆ�·�*�S�ø���´�S�·���ø�ý�õ�y�•�•�õ�;�ˆ�¨�¨�ˆ�Ä�·���y�•�„�õ�;�ˆ�¨�¨�ˆ�Ä�·�õ�-�Ä���¨�F�õ�;�S�õ�ï�S�í���ˆ�ï�S�F�õ�n�Ä�ï�õ�Ì���T�õ
�ê�¨���·���ø�ý�õ���·�F�õ�y�€�•���y�•�•�õ�;�ˆ�¨�¨�ˆ�Ä�·�õ���ê�ø���ï�S���´�õ�n�Ä�ï�õ�ï�S�·�S�-���;�¨�S�õ�S�¨�S�?���ï�ˆ�?�ˆ���5�õ
�p�S�·�S�ï�����ˆ�Ä�·�ý�õ�•�5�F�ï�Ä�p�S�·�õ�ê�ï�Ä�F���?���ˆ�Ä�·�ý�õ���·�F�õ�&�š�• capture. Even if the 
demand for hydrogen and PtL will accelerate to scale only after 
�•�•�‚�•�ý�õ�ê�Ä�¨�ˆ�?�5�´���¢�S�ï�ø�õ�·�S�S�F�õ���Ä�õ�ø�S���õ���´�;�ˆ���ˆ�Ä���ø�õ�ï�S�·�S�-���;�¨�S�õ�S�4�ê���·�ø�ˆ�Ä�·�õ
targets now to meet the future clean electricity demand in 
���•�S�õ�•�•�‚�•�ø�õ���·�F�õ�&�ƒ�•�ø�ü�õ�g�·�*�S�ø���´�S�·���ø�õ�ˆ�·���Ä�õ�Ì���T�ø�õ���·�F�õ�•�5�F�ï�Ä�p�S�·�ý�õ
hybrid, or battery-electric aircraft should be accompanied 
by infrastructure investments at airports and in the upstream 
supply chain and need to be planned within the next few years.
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�‚�ü�•�õ�À�Ä�¨�ˆ�?�5�ý�õ�ˆ�·�F���ø���ï�5�ý�õ���·�F�õ�J�·���·�?�S�õ���?���ˆ�Ä�·�õ 
to achieve 2030 milestones

�À�Ä�¨�ˆ�?�5�´���¢�S�ï�ø�ý�õ�ˆ�·�F���ø���ï�5�õ�¨�S���F�S�ï�ø�ý�õ���·�F�õ�J�·���·�?�ˆ���¨�õ�ˆ�·�ø���ˆ�������ˆ�Ä�·�ø�õ�?���·�õ
make the transition of global aviation to net zero a success 
story by addressing three major challenges in this decade: xviii 	

1.	 ���õ�¨���?�¢�õ�Ä�n�õ�F�S�´���·�F�õ�n�Ä�ï�õ�Ì���T�ø�õ�F���S�õ���Ä�õ���•�S�ˆ�ï�õ�•�ˆ�p�•�õ�?�Ä�ø���õ�F�ˆ�G�S�ï�S�·���ˆ���¨�õ
compared with fossil jet fuel  

2.	 �Ö�•�S�õ�J�ï�ø�����´�Ä�*�S�ï�õ�ï�ˆ�ø�¢�õ�Ä�n�õ�ˆ�·�*�S�ø���ˆ�·�p�õ�ˆ�·���Ä�õ�J�ï�ø�����õ���·�F�õ�ø�S�?�Ä�·�F���Ä�n��
�����¢�ˆ�·�F�õ���T�š���}�õ���·�F�õ�Ì�š���}���õ�Ì���T�õ�ê�ï�Ä�F���?���ˆ�Ä�·�õ�ê�¨���·���ø�õ�;�S�?�����ø�S�õ�Ä�n�õ
their low TRL 

3.	 �Ö�•�S�õ�ø���H�?�ˆ�S�·���õ���*���ˆ�¨���;�ˆ�¨�ˆ���5�õ�Ä�n�õ�ø���ø�����ˆ�·���;�¨�S�õ�ï�S�ø�Ä���ï�?�S�ø�õ���Ä�õ
produce SAFs 

To overcome these challenges, policymakers, industry leaders, 
�J�·���·�?�ˆ���¨�õ�ˆ�·�ø���ˆ�������ˆ�Ä�·�ø�ý�õ���·�F�õ�?���ø���Ä�´�S�ï�ø�õ�·�S�S�F�õ���Ä�õ���?���õ�•���·�F�õ�ˆ�·�õ�p�¨�Ä�*�S�õ
���ø�S�S�õ�•�ˆ�p�•���¨�S�*�S�¨�õ�Ä�*�S�ï�*�ˆ�S�-�õ�ˆ�·�õ�:�4�•�ˆ�;�ˆ���õ�‚�ü�•���ü
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EXHIBIT 3.1
Key milestones for 2025 and 2030: Kicking o� the transitio n
to net zero within this decade is crucial

SAF ramp-up
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Key milestones by 2025 Key milestones by 2030
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xviii	 This �ø�S�?���ˆ�Ä�·�õ�n�Ä�?���ø�S�ø�õ�ê�ï�ˆ�´���ï�ˆ�¨�5�õ�Ä�·�õ�Ì���T�ø�õ�ø�ˆ�·�?�S�õ���•�S�5�õ���ï�S�õ�ï�S�ø�ê�Ä�·�ø�ˆ�;�¨�S�õ�n�Ä�ï�õ���;�Ä�����õ�†�„�¸���ˆ�•�¸�õ�Ä�n�õ�?���´���¨�����ˆ�*�S�õ�V�`�V�õ�S�´�ˆ�ø�ø�ˆ�Ä�·�õ�ï�S�F���?���ˆ�Ä�·�ø�õ�n�ï�Ä�´�õ���¨�¨�õ�ï�S�·�S�-���;�¨�S�õ�n���S�¨�ø�õ�;�S���-�S�S�·�õ�•�•�•�•�õ
���·�F�õ�•�•�„�•�ü�õ�`�Ä�-�S�*�S�ï�ý�õ�ø�ˆ�´�ˆ�¨���ï�õ�?�•���¨�¨�S�·�p�S�ø�õ���ø�õ�-�S�¨�¨�õ���ø�õ�ê�Ä�¨�ˆ�?�5�ý�õ�ˆ�·�F���ø���ï�5�ý�õ���·�F�õ�J�·���·�?�S�õ���?���ˆ�Ä�·�ø�õ���ï�S�õ�ï�S�í���ˆ�ï�S�F�õ���Ä�õ�ø�ê���ï�õ�ˆ�·�·�Ä�*�����ˆ�Ä�·�õ���·�F�õ���•�S�õ�´���ï�¢�S���õ�S�·���ï�5�õ�n�Ä�ï�õ�·�Ä�*�S�¨�õ�ê�ï�Ä�ê���¨�ø�ˆ�Ä�·�õ���ˆ�ï-
craft. Additionally, fuel �S�H�?�ˆ�S�·�?�5�õ�ˆ�´�ê�ï�Ä�*�S�´�S�·���ø�ý�õ�F�S�´���·�F�õ�ï�S�F���?���ˆ�Ä�·�õ�´�S���ø���ï�S�ø�ý�õ���·�F�õ���•�S�õ�ê�ï�Ä�´�Ä���ˆ�Ä�·�õ�Ä�n�õ�&�-�Ä�õ�ø�Ä�¨�����ˆ�Ä�·�ø�õ���ï�S�õ�S�ø�ø�S�·���ˆ���¨�õ�ˆ�·�õ�Ä�ï�F�S�ï�õ���Ä�õ�?�Ä�´�ê�¨�S�´�S�·���õ���•�S�õ�ê�Ä�ï���n�Ä�¨�ˆ�Ä�õ
of decarbonisation solutions. All levers need to be pulled to master the transition of global aviation to net zero.
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Additional costs from this transition should always be measured 
against the value they create — in terms of climate change 
mitigation, local air quality improvements, noise reduction, 
national/regional energy security, and job creation.

3.2.1 Key policy actions in this decade

Decisive policy action will be needed to create a level playing 
�J�S�¨�F�õ�;�S���-�S�S�·�õ�n�Ä�ø�ø�ˆ�¨�õ�œ�S���õ�n���S�¨�õ���·�F�õ�Ì���T�ø�ý�õ�ˆ�F�S���¨�¨�5�õ�Ä�·�õ���õ�p�¨�Ä�;���¨�õ�¨�S�*�S�¨�õ
to avoid regional market distortions. Fossil jet fuel has been 
�����4�õ�S�4�S�´�ê���õ�ø�ˆ�·�?�S�õ�€�ˆ�ƒ�ƒ�ý�õ���ï�ˆ�p�p�S�ï�S�F�õ�;�5�õ���ï���ˆ�?�¨�S�õ�•�ƒ�õ�Ä�n�õ���•�S�õ�g�&���š�&�ø�õ

Chicago Convention.95,xix For decades, this created unfavourable 
conditions for the introduction of low-carbon technologies.

�Ì���T�ø�õ�?���·�õ�?���ï�ï�S�·���¨�5�õ�Ä�·�¨�5�õ�;�S�õ�ê�ï�Ä�F���?�S�F�õ�����õ�•���„�4�õ���•�S�õ�?�Ä�ø���õ�Ä�n�õ���•�S�õ
average historical fossil jet fuel price, but policymakers could 
���ï�ˆ�p�p�S�ï�õ���õ�ï�S�F���?���ˆ�Ä�·�õ�Ä�n�õ���•�ˆ�ø�õ�?�Ä�ø���õ�;�5�õ���;�Ä�����õ�€�•�¸���•�•�¸�õ�ˆ�·�õ���•�ˆ�ø�õ�F�S�?���F�S�õ
through a combination of supply and demand measures as 
well as by ensuring feedstock sustainability and through other 
enabling measures. A tailored and robust set of policies will be 
�ï�S�í���ˆ�ï�S�F�õ���Ä�õ�ø���ê�ê�Ä�ï���õ���•�S�õ�´���ï�¢�S���õ�S�·���ï�5�õ�Ä�n�õ�Ì���T�ø�õ���:�4�•�ˆ�;�ˆ���õ�‚�ü�‚���ü�õ

xix	 Per se, the Chicago Convention does not allow the taxation of “fuel […] on board an aircraft […] on arrival in the territory of a contracting State” — it does not prohibit 
countries from taxing jet fuel sold to aircraft operators in a country.


































