Aviation and Cleaner Energy

Showcasing aviation’s cleaner energy
transition toward SAF scale-up and
|ICAQ Vision




SAF basic definitions
What are Sustainable Aviation Fuels (SAF)?

Which Sustainability Criteria? What is a waste?
Definition

SAF is defined as a renewable  Sustainability Criteria are Waste is a feedstock with inelastic supply and
or waste-derived aviation fuel defined in the ICAO document no economic value (e.g. municipal solid

that meets sustainability “CORSIA Sustainability Criteria waste, used cooking oil, waste gases etc.)
criteria. for CORSIA Eligible Fuels” reference: ICAO document “CORSIA Methodology For
reference: Annex 16 Vol IV — CORSIA Calculating Actual Life Cycle Emissions Values”
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SAF in last Assembly

Offtake agreements
15 million liters/year in 2022

~280 refinery announcements

2 5 SA F pO I i Ci e S Announced facilities per year

82 Alrports distributing SAF
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What happened since then?



ICAO Global Framework for SAF, LCAF and other Aviation Cleaner Energies,

Adopted at the third ICAO
Conference on Aviation and
Alternative Fuels (CAAF/3) in
November 2023

Collective Vision to reduce 5% CO,

by 2030 in international aviation

using SAF, LCAF and other aviation
cleaner energies

Requires ~23 million tonnes (Mt) of
cleaner energies use by 2030

For more details

.. A42-WP/28 Appendix B
<t ICAO

‘i. Policy and
Planning
86

Policies adopted or
under development

No Titl r
Procisn capacity
(Kt/year)

1) Announce d 55,339
2) FEED study 6,938
3) Under construction 3,372
4) Production other 11.683
fuels

5) Producing SAF 13.438

This aviation cleaner energy trackers monitors progress under the |CAD Global Fram

(Click on each number to open the full Tracker dashboard)
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Stakeholder
Action Groups

0 Financing

54.3

Billion liters of SAF
under offtake
agreements

549

Announced SAF
Facilities

$67.4

Global Framework is set out through 4 Building Blocks

ICAO is monitoring progress on these building blocks through the
ICAO Cleaner Energy Tracker

WWW.icao.int/SAF

Billion USD in
announced
investments



https://www.icao.int/SAF
http://www.icao.int/SAF

Policy and
Planning

86

Policies adopted or
under development

Protucewn capacity

Four Building Blocks to Achieve the Vision & LTAG

o, Regulatory
| Framework
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CZ'RSIA
49 137

Implementation
Support

ACT)SAF
78 280

Billion liters of SAF

Financing

94.3

under offtake
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e SAF and other aviation cleaner energies must meet the
CORSIA sustainability criteria (ICAO Annex 16, Volume IV
and five supporting ICAO documents)

* No specific fuel source, pathway, feedstock, or
technology is excluded, provided it meets the CORSIA
sustainability criteria

 Harmonized standards to provide regulatory certainty
and support investment decisions




X

CAAF/3 Global Framework — 4 Building Blocks

3. Implementation

e Global aspirational Vision to
reduce international
aviation CO, emissions by
5% by 2030

e Each State’s special
circumstances and
respective capabilities

e CAAF/4 no later than 2028,
with a view to update Vision

e Collaborative effort across
different stakeholders, and
encourage State policies,
action plans and roadmaps

e Implementation monitored
and periodically reviewed

e CORSIA eligibility
framework as accepted
basis for SAF, LCAF and
other aviation cleaner
energies

* Increase the number of SCS,

additional fuel production
pathways / life-cycle values

e Parameters for fuel
accounting methodologies,
leveraging on CORSIA MRV
system

e Study of fuel accounting
systems to determine any
possible ICAO role

¢ Robust, targeted and
tailored capacity -building
and implementation support

Building on ACT-CORSIA and
ACT-SAF programmes

Facilitate partnerships, and
exchange of best practices

Develop policy
toolkit/guidance and support
State Action Plans

Support feasibility studies,
pilot projects, which may
facilitate access to investment

Support access to technology

e Advocacy and outreach for

greater investment in
aviation cleaner energy
projects, including UN and
international financial
community

Operationalization of ICAO
Finvest Hub to facilitate
better access to public fund /
private investment

Expedite work to consider
the establishment of a
climate finance initiative or
funding mechanism under
ICAO



Building Block 1: Policy and Planning

Policy and Policy tracker — encouraging
Planning developments in global policy
” ENVIRONMENTAL POLICIES ON AVIATION FUELS

. : The following map provides a summary of the policies (adopted and under development) to foster the use of
LAV Sustainable Aviation Fuels and Lower Carbon Aviation Fuels.

* 56 policies adopted and 31

under development,
including

e Mandates and blending 87 56 31 36
targets in Brazil, European Total of Policies Pk IERESS N R -

U n i o n, I n d ia, SWitze rla n d, Programs by Year Policies status (%) Numbers of Policy Type
Republic of Korea, Tiirkiye,

UK
e Various incentive schemes, o
e.g. USA Inflation - .
Reduction Act, UK revenue .
certainty scheme, EU 10 l
S S

ENVIRONMENT

Visualization by. World Map Charts & numbers Table 0

economic incentive | |
roadmap [
mandate l:]
target :
clean fuel standard [
subsidy [
taskforce [l
capital incentive [
grant [
guidance [
levy, fund, central proc... [l

w P
=} o

B
o

Number of programs

market-based standard I
policy advice [I
resolution I

subsidies

2018 2021 2022 2023 2024 2025 Status: ®adopted @ under development 0 20

e Various sub-national
policies being implemented
(e.g. States in India and
USA, Provinces in Canada)

The information presented on this dashboard is provided for informational purposes only. For comments or questions, please contact the ICAQ Environment Office by email: officeenv@icao.int 09-Dec-2025

https://www.icao.int/SAF/saf-policies
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Building Block 1: Policy and Planning

ICAO Toolbox of guidance material for States

Policy and
Planning
e Guidance on SAF policies
e |CAO SAF Rules of Thumb - order
of magnitude estimations on SAF
costs, investment needs and
production potential
e Materials updated since A42 — : —
. . . https://www.icao.int/SAF/saf-guidance-potential-policies
with the latest information https://www.icao.int/SAF/saf-rules-of-thumb
SAP DASHBOARD - 154 States submitted action plans,
— R m— i Representing 99.3% of global RTK
ICAO State . . .
| 220N : Information enable to monitor progress
Action Plans — towards LTAG
= el https://www.icao.int/environmental-

protection/state-action-plans-and-assistance
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Regulatory
Framework

SAF production facilities

si2 | 63 || 369 \ 13 | | ss52

Substantial increase in new
facility announcements

Announced facilities per year

542 SAF facilities announced
100 (88% increase since A41)
| 262 initial announcements
: 49 plans in advanced stages
I s e MI (FEED / under construction)
11 . I
”,LQ\ Y Qﬂ:'s:\hg\s ngﬂ!\s@q!@ RN SR these could add up to 30MT/year of SAF

production capacity

Facilities Capacity overview

Status Projected | SAF capacity | Num
A =
o m- lldp J ct 6,632 355 30 e
[0 e o 118 cancelled/dormant projects
3, : 1 - Initial Announcement 56,247 26,345 262
‘ 2 - Front End Engineering Design (FEED) 4318 2745 23
o 3 - Under construction 3372 1,822 21
: _ .| &-Inservice - producing other 11,683 0 51 What can be done to avoid that?
remewable fuels =
5 - In service - producing SAF 2773 558 37
& - Producing CORSIA SAF 10,765 4,385 25

https://www.icao.int/SAF/SAF-production-facilities

Total 107221 34370 542
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Regulatory
Framework

SAF distribution in airports .

A T TR Airports experience with
SAF Airports Map SAF IS expandlng

A non-extensive list of airports distributing SAF (regularly or on batches)

Visidalizatiaii b World Map Charts & numbers Table &

Status: ® Batch delivery ® Ongoing deliveries

174 airports distributing SAF

e . . .
258 S * continuous deliveries or batches
§ 8 e e e 36 states (all ICAO regions)
R o 2° 30 ° e ®q
e n® & T e® : o»
© & L CIY ..

113% increase since last Assembly

B Microsoft Azure

https://www.icao.int/environmental
-protection/SAF-airports
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Building Block 2: Regulatory Framework

CORSIA environmental standards for fuels
Recognized as the accepted basis for fuels used in international aviation

Agnostic methodologies

49 types of feedstocks currently recognized

Open process for consideration of new feedstocks

New feedstocks - beef tallow, poultry fat, lard fat, mixed animals fat, non-
standard coconut, wheat starch slurry and cobs

Monitoring, Reporting, and Verification system (MRV) in place, including a
CORSIA Central Registry

Wi | 1040

-

1040

wriT I .

s asTE

|

CORSIA Eligibility
Framework and
Requirements for
Sustainability
Certification Schemes
Third Edition,
March 2024

CORSIA Approved
Sustainability
Certification Schemes*
Second Edition,

June 2023

CORSIA Sustainability
Criteria for COR SIA
Eligible Fuels™
Third Edition,
November 2022

CORSIA Default Life
Cycle Emizsions Values
for CORSIA Eligible
Fuels*=
Fifth Edition,
March 2024

CORSIA Methodology for

Calculating Actual Life
Cycle Emissions Values
Fourth Edition,
March 2024

https://www.icao.int/CORSIA/

corsia-eligible-fuels
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Regulatory

Production facilities — CORSIA eligible fuels ;

ICAO TRACKER OF SUSTAINABLE AVIATION FUELS FACILITIES
This tracker provides information on facilities (existing and announced) that could produce Sustainable Aviation ° gre o o
CORSIA-certified refineries are
Visualization by: Charts & numbers Capacities... Table (summary) Table (overview) 0
. € | Company getting In service
+
. .5 : 4.4MT/year
% ® . ti v | Current production capacity - CORSIA-certified SAF
& (25 SAF refineries)
o
88% of current SAF production capacity is CORSIA
" Microsoft Azure ©2025 0SM ©2025 TomTom Fesdback com p I ia nt
(25 out of 49 operating SAF refineries)

Facility Status: @ Prod CORSIA SAF

https://www.icao.int/SAF/SAF-production-facilities
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Sustainability Certification

14

ICAO-approved “Sustainability Certification Schemes (SCS)
are verifying compliance with CORSIA standards

Three approved SCSs as of 2025.

ISCC RSB Class NK
New SCS Approved in 2024
, International Suslafr?ubi!ity RelinEEEbIE 66 ass ‘
& Carbon Certification Sustainable Biomaterials CHARTING THE FUTURE

e SCSs currently only approved to certify CORSIA SAF.
e Update September 2025 - ISCC submitted request for approval of LCAF certification scheme — CAEP evaluation is ongoing

Open invitation f or SCSs to agply: https://www.icao.int/CORSIA/corsia-scs-evaluation
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G S
Updates on CORSIA standards P e

CORSIA environmental standards for fuels
Recognized as the accepted basis for fuels used in international aviation

lune/2025, the Council approved updates to the
CORSIA standards on fuels

 Agnostic methodologies

e 49 types of feedstocks currently recognized

e Open process for consideration of new
feedstocks - |

*  New feedstocks - beef tallow, poultry fat, lard e | | oo | o | o
fat, mixed animals fat, non-standard coconut, cuttoton s | ooy | nowmmmiz | remeon | o
wheat starch slurry and cobs e

O Monitoring, Reporting, and Verification system
(MRV) in place, including a CORSIA Central
Registry

ICAO continues to update standards to include
the most recent technologies on fuel production




Regulatory .

Life Cycle Emission Values of CEF FEEL

Life Cycle Emission Values of CEF
4. Groanilodss Gases (GHE) mpiz) - with CORSIA as the Globally Harmonized Framework

:E-‘r:‘ Ao, 1*:

2. Carbon stock . L.
Default Life Cycle Emissions Value

S bHG ISGUEHOR JETRARGIICS ' ICAO document 'CORSIA Default Life Cycle Emissions Values for et
4. Water CORSIA Eligible Fuels’ provides default life cycle emissions values for 2§
CEFs, as a function of the feedstock, conversion process, and
production region of the SAF.

1. Conservation . L.
Actual Life Cycle Emissions Value

ICAO document ‘CORSIA Methodology for Calculating Actual Life

9. Seismic and Vibrational Impacts (only for LCAF) Cycle Emissions Values’ provides guidance for fuel producers to

10. Human and labour rights determine the actual life cycle emissions values for CEFs and, when
11. Land use rights and land use supported by robust data, to claim values lower than the default
ones.

8. Waste and Chemicals

12. Water use rights

13. Local and social development

14. Food security



Status on CORSIA certification

17
Exponential increase in CORSIA certification
CORSIA Certified Economic Operators Map
CORSIA certified . A NON-EXHAUSTIVE LIST
Economic Operators 367 economic Map  Satellite
— operators certified
(producers of SAF, A
feedstocks and £
intermediates, traders, gl o :f%’"i
blenders) 4. L fﬁﬁo
~ AFRICA . ®
SOUTH ﬁ;“ @
v.-_i; Im;—;i
Certified CORSIA SAF (kT) +

188kT of CORSIA eligible fuel
produced in 2024
Dynamic dashboard available to visualize

(~20% of all SAF produced information
globally — 1MT) https://www.icao.int/CORSIA/corsia-certified-fuels
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Building Block 3: Implementation Support

s |CAO Assistance, Capacity-Building, and Training for SAF -

Support

ACT-SAF) 3, ACTISAF
https://www.icao.int/ACT-SAF - R R RS

O T h e I CAO ACT_SA F p rog ra m m e Wa S I a u n C h e d i n 2 O 2 2 : Coordination with ACT-SAF Partners identified that many States need conceptual knowledge on SAF

To help address that, the ACT-SAF Knowledge Hub aims to consolidate all relevant m:

aterials and

0 Provide tailored support for States

ACT-SAF Series of Training Sessions SAF Feasibility Studies

Colmp;cnur_!swe training on an array of SAF- ‘:):;J::e: ggve;m::rnﬁn? ar::
°1: L ) related topics. rganisati aim s
O Facilitate partnerships and cooperation under ICAO e T T

including feedstock production

coordination 2
O Facilitate knowledge sharing — 22 training events, ACT-SAF

Compilation of events hosted
. 1o discuss global challenges 36
- and selutions for further c

EE
-3

Upcoming events

2 developing SAF. f 59
knowledge hub, templates for studies : e
O 9studies delivered, 21 under development, 25 supported States | =" [ | T

doran | i
= -
el ) —_ " = =
- @ ~8—p: t6-sep-2023 _ = ACTSAF - 3= ACTISAF -
ENVIR | o p e I  Jo @
ACT-SAF Studies ®
This dashboard provides details on the studies enabled by contributions made to [——
the ICAO Environmental Fund v
Supporting States/Organizations Supporting States, organizations and studies location |
Airbus 3 i Dor India (2025) Jordan (2025)
Airbus & Volaris 1
B o?
France 3 ® @ - 5 T
; . ° OO o p—— ©
jetheriands 3 ® o o v T . "
Total o @ lﬁ é) AeRicA ACT-SAF template for feasibility, ACT-SAF guide for feasibility ACT-SAF template for Business Y @ ‘
= 8® studies on Sustainable Aviation studies on Sustainable Aviation Implementation Reports e g TEOTASE,
Select by Status W Fuels Fuels Version 1(July 2024) rin E= "
AlL v % o o tiea AFTRAL Version 1{July 2023) Version 1(July 2023) =
Og —
Select by study type enya Rwanda Trinidad and Tobago Zimbabwe
= =
iy mmaen T
ACT-SaF disclaimar (Click-herel For comments o quesiions, please cantact tha ICAD Environmant OWice by smait otk eenv@icaa.nt
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Building Block 4: Financing

19

Financing

55 Billion dollars announced on SAF facilities
54 billion liters of SAF under offtake agreements (+260% since A41) )
ICAO LTAG will require up to 3.2 trillion USD in investments -

financing needs to accelerate to enable planned SAF facilities

ICAO Finvest Hub is now launched - Facilitate funding for projects FINVEST

contributing to the decarbonization of international aviation https://www.icao.int/finvest

$55.2

Total investment (B USD)

SAF Offtake agreements

Available information on Sustainable Aviation Fuel (SAF) offtake agreements

ENVIRON rvﬂ El"\”— Visualization by: Table (summary) Table (overview) 0

ICAO TRACKER OF SUSTAINABLE AVIATION FUELS FACILITIES

This tracker provides information on facilities (existing and announced) that could produce Sustainable Aviation
Fuels (SAF).

sualization by: Charts & numbers Capacities... Table isummary} Table (overview) (§> 1 6 7 6 7 ‘ 2 6 8 4 ‘ { 5 3 ] 9 5 4
olal ol agreemenls Fuel producers Fuel suppliers Tolal of purchasers otal of SAF (millions liters

Facility Status: ® Cancelled © FEED ® Initial @ Prod CORSIA SAF @ Prod Renewable fuel ® Prod SAF » Under construction

+ Number of Offtake Agreements (cumulative by year) Announced offtake volumes per year (millions liters)
3 - H
144 20,000 kol
150
o a l
“ B 121
LS - v " 15,000 oy
e’ o s 100 £2 ‘ 11.755
@ . ' a8te 0 o217 il
(0 (.‘ e W S 10,000 R213 . .
1 L Alianh - 50
» o 50 — l H
. i 5.000 2485 | N B
e = T T - == . vy B 22 e 1.906
AFRICA i 3 5 57 151 0 > 416 | BEL
a i emmBEll A B EoaE<wis B BB
. v S 2013 2014 20015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2013 2014 2015 2014 2017 2018 2019 2020 2021 2022 2023 2024 2025

https://www.icao.int/SAF/saf-offtake-agreements

1 B* Microsoft Anwe £2075 O5M ©2025 TomTom Fredback

Investments are being announced in SAF development S
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In Summary .

e Aviation clean energy use is taking off

e Sector readiness — ICAQO’s robust regulatory framework is in place, and kept up to date
e Projects and initiatives on clean energy are ramping up exponentially

e |ICAO ACT-SAF and Finvest Hub will support development and financing of projects

States &
stakeholders

ACT-SAF Project Proposals Finvest Hub

For more information

PAY — 288 ——» 2883 ., 288 ., 223, gag wwWw.icao.int/SAF

Development Development Development of Submission Matchmaking

Financial Offer

of Feasibility of Business Project of Project Projects with Negotiation and
Studies Cases | Proposals Proposals Financing Agreement
Opportunities
Templates Project
B Implementation
Feasibility studies ' (construction,
= ICAO to support project ICAO to ensure the technical production, etc.)
: proposal development for requirements (e.g. ICAO
|= Business cases States and stakeholders, sustainability criteria) in the
including proposals based on project proposals, and to monitor
D ICAO Tracking tools ACT-SAF feasibility studies and the progress of implementation
business cases
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ank You

North Americ
Central America
and Caribbean
[NACC) Office
Mexico City
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SAF specifications

ASTM International defines technical specifications
for SAF M oo,

e Specify necessary chemical properties

Home / Products & Services / Standards & Publications / Standards Products

@ Do you already have an ASTM Compass® Subscription? Access your content now.

9 conversion processes currently approved for SAF B
production (ASTM D7566 and D1655)

ASTM D7566-21 ®

e Other technical specifications include the UK DEF Standard Specification for Aviation Turbine Fuel
. Containing Synthesized Hydrocarbons
STAN 91-091, China CTSO-2C701, among others.

Scope

11 This specification covers the manufacture of aviation turbine fuel that consists of conventional and

synthetic blending components.

For more details
Conversion
processes (icao.int)

1.2 This specification applies only at the point of batch origination, as follows:



https://www.icao.int/environmental-protection/GFAAF/Pages/Conversion-processes.aspx
https://www.icao.int/environmental-protection/GFAAF/Pages/Conversion-processes.aspx

pCT-SAE

SAF — conversion pathways and feedstocks ;&)

SERIES

SAF can be produced from a variety of feedstocks

Oils and fats Lignocellulose Sugars

Wastes

Examples of conversion pathways:

Synthesized paraffinic kerosene Fischer-Tropsch hydroprocessed Alcohol to jet synthetic paraffinic
from hydroprocessed esters and synthesized paraffinic kerosene (FT) kerosene (ATJ-SPK)

fatty acids (HEFA)

IYeq[ {1l Conversion of oils/fats to Gasification of carbon containing Sugars (from syngas or cellulosic
hydrocarbons via deoxygenation material to syngas, then converted material) converted to SAF

with hydrogen and cracking to SAF through FT synthesis through alcohol intermediate
Blend ratio ESIOZ 50% 50%

Possible Animal tallow Municipal solid waste Sugar cane
1CES ] /Gl Used cooking oil Miscanthus Waste gases

Existing Neste, WorldEnergy, Honeywell Fulcrum, Redrock, Sasol, Shell, etc. Gevo, Lanzatech, Swedish biofuels,
programs UQOP, etc. etc.




SAF — conversion processes and PCT-SAF

#3

specifications

ASTM D4054 provides a framework el s

Phase 1 Tier 1 Tier 2

S saFRAN
| BOEING

for approval of new SAFs

e guidance on testing and necessary

properties
Phase 2

 fast track process for fuel approval

ASTM INTERNATIONAL Al
1 1 Helping our world work better

[ & vices Getlnvolved About News

Home [ Products & Services | Standards & Publications [/ Standards Products

(@ Do you already have an ASTM Compass® Subscription? Access your content now.,

Go o ASTM Compass®

=3 Last Updated: Jul 28, 2022

ASTM D4054-22®

Standard Practice for Evaluation of New Aviation
Turbine Fuels and Fuel Additives Source: https://www.caafi.org/focus areas/fuel qualification.html#streamlining

Significance and Use

51 This practice is intended to describe the data requirements necessary to support the review of new
aviation turbine fuels or additives by ASTM members for the developers or sponsors of these new
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