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Background: What are SAF?

v SAF definitions
v SAF Sustainability criteria
v SAF qualification: How SAF can be produced

v" Technology options and approved SAF
technology pathways

v SAF of non-biological origin
v' Recycled Carbon Fuels
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Background: What are SAF?

v SAF definitions
v SAF Sustainability criteria
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What are Sustainable Aviation Fuels (SAF)? "¢
* There is not a single definition of SAF:
Different policy or regulator > UK SAF d
framewF())rksT'efer t(g) a non»j SN V/r:an e %%,_9_, chS IA

conventional drop-in aviation 2 IS
fuel, alternative to fossil-

based jet fuel that reduce life » ReFuel EU Aviation
cycle Jgreen—house gas (GHG) * CORSIA sustainable aviation

emissions relative to S fuel: A renewable or waste-
conventional aviation fuel, derived aviation fuel that
and which are compliant with > US SAF tax credit meets the CORSIA
certain sustainability Sustainability Criteria under
requirements this Volume

» ICAO Annex 16 Vol IV (CORSIA):
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What are Sustainable Aviation Fuels (SAF)? e

e The two key requirements that any SAF should accomplish are:

» To be SUSTAINABLE: Need to fulfil specific
sustainability requirements, including greenhouse
gas (GHG) emissions reductions, defined in an
explicit policy/regulatory framework or standard.

» To be AVIATION FUEL: Need to meet equivalent
aviation fuel specifications as existing fossil-based
ones, be “drop-in” or miscible thus compatible with
existing and going into service civil aircraft fleets.
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What are SAF? Sustainable fuels

e There can be different requirements worldwide depending on the
regulatory or voluntary framework:

% | ICAO

INTERNATIONAL CIVIL AVIATION ORGANIZATION

» ICAO: The Council endorsed in November 2021 the
FIRST comprehensive GLOBAL sustainability criteria
applicable to bioenergy, including environmental and
socio-economic criteria

ICAO document

CORSIA Sustainability Criteria for
CORSIA Eligible Fuels

v" Revised in November 2022

November 2022

» EU RED: Renewable Energy Directive

Renewable Energy Directive EU

» Voluntary standards: RSB, ISCC, etc. e i

Offsetting
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What are SAF? Sustainable fuels

and have a similar approach:
UMBRELLA STANDARDS

v' The standard/regulation (CORSIA/EU RED) establishes the criteria to
fulfil, for the fuel to be eligible under each respective framework:

e Sustainability themes, principles and criteria (including a
minimum GHG emissions savings)

 Methodologies to calculate the GHG emissions savings on a life-
cycle basis

v' Multiple recognised Sustainability Certification Schemes can
demonstrate compliance with the criteria, using their own approaches,
previously assessed and approved by the respective authority

(J I SCC @ RSB _LPK_:;ure Saffu in Unsplash
7 |
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Sustainability Criteria for CORSIA Eligible Fuels

A wide range of criteria Sustainability Themes
ensures environmental, 1. Greenhouse Gases (GHG) Carbon-reduction

2. Carbon stock

cocial and economic themes
. . 3. GHG reduction permanence
sustatnabllity of CORSIA | T T

eligible fuels

7. Conservation themes

INT;RIHATIDN.ﬁL CIVIL AVIATION ORGANIZATION 8 Wa Ste a n d ch e m I Ca I S

> Environmental

9. Seismic and Vibrational Impacts /

CORSIA Sustainability Criteria for

CORSIA Eligible Fuels

= Q) 11. Land use rights and land use Socio-Economic
- % . [ 12. water use rights themes

10. Human and labour rights

-w,rn

13. Local and social development

8 Novermber 2022 14. Food security
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Sustainability Criteria for CORSIA Eligible Fuels Koraxis

Three chapters:

CORSIA Sustainability

Cri':;.ri?bflorFCO:%SIA e Chapter 1: CORSIA SUSTAINABILITY CRITERIA APPLICABLE FOR
igible Fuels

BATCHES OF CORSIA ELIGIBLE FUEL PRODUCED BY A CERTIFIED
FUEL PRODUCER BEFORE 1 JANUARY 2024

INTERNATIONAL CIVIL AVIATION ORGANIZATION

e Chapter 2: CORSIA SUSTAINABILITY CRITERIA APPLICABLE FOR
BATCHES OF CORSIA SUSTAINABLE AVIATION FUEL PRODUCED

CORSIA Sustainability Criteria for

| _°°R"’"‘E'"“"f‘*i"_*f‘_ e BY A CERTIFIED FUEL PRODUCER ON OR AFTER 1 JANUARY 2024

e Chapter 3: CORSIA SUSTAINABILITY CRITERIA APPLICABLE FOR
BATCHES OF CORSIA LOWER CARBON AVIATION FUEL
PRODUCED BY A CERTIFIED FUEL PRODUCER ON OR AFTER 1

o CERSIA JANUARY 2024

November 2022

ICAO EUR/NAT Environment (ENV) Task Force Seminar, 17-19 October 2023




Sustainability Criteria for CORSIA Eligible Fuels
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Chapter 1: APPLICABLE FOR FUEL PRODUCED BEFORE 1 JANUARY 2024

Chapter 1:

JANUARY 2024

Theme

1. Greenhouse
Gases (GHG)

2. Carbon stock

10

Principle

Principle: CORSIA

eligible fuel should
generate lower
carbon emissions on

a life cycle basis.

Principle: CORSIA

eligible fuel should |

not be made from
biomass  obtained
from land with high
carbon stock.

CORSIA SUSTAINABILITY CRITERIA APPLICABLE FOR BATCHES OF
CORSIA ELIGIBLE FUEL PRODUCED BY A CERTIFIED FUEL PRODUCER BEFORE 1

Criteria

Criterion 1.1: CORSIA eligible fuel will achieve net

greenhouse gas emissions reductions of at least 10%
compared to the baseline life cycle emissions values for
aviation fuel on a life cycle basis.

Criterion 2.1: CORSIA eligible fuel will not be made

from biomass obtained from land converted after
1 January 2008 that was primary forest, wetlands, or peat
lands and/or contributes to degradation of the carbon
stock in primary forests, wetlands, or peat lands as these
lands all have high carbon stocks.

Criterion 2.2: In the event of land use conversion after
1 January 2008, as defined based on the
Intergovernmental Panel on Climate Change (IPCC) land
categories, direct land use change (DLUC) emissions
will be calculated. If DLUC greenhouse gas emissions
exceed the default induced land use change (ILUC)
value, the DLUC value will replace the default ILUC
value.

Two agreed initial Sustainability Criteria on

CO, reduction for the CORSIA Pilot Phase
(SAF and LCAF)

v" Net GHG emissions reductions of at least
10% on a life cycle basis

v No feedstock from deforested areas

Guidance on the application of sustainability criteria

a) Compliance with Themes 1 and 2 is granted on the basis of independent attestation by
Sustainability Certification Schemes included in the ICAO document “CORSIA Approved
Sustainability Certification Schemes™ which is available on the ICAO CORSIA website.

b) A fuel producer can produce batches of CORSIA eligible fuels for 365 calendar days after it has
been certified by an SCS for compliance with the CORSIA Sustainability Criteria, after which the
fuel producer shall be re-certified for compliance with the sustainability criteria applicable at the
time of re-certification.

¢) CORSIA Sustainability Criteria for CORSIA Eligible Fuels does not set a precedent for, or
prejudge the outcome of negotiations in other fora.
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Sustainability Criteria for CORSIA Eligible Fuels
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Theme: ENV topic covered by the standard

Principle: Agreed requirement for a sustainable production

1. Greenhouse
Gases (GHG)

2. Carbon stock

11

Principle

Principle:
eligible fuel should
generate lower

carbon emissions on

a life cycle basis.

Principle: CORSIA

eligible fuel should |

not be made from
biomass  obtained
from land with high
carbon stock.

ORSIA

OR BATCHES OF
PRODUCER BEFORE 1

Criterion 1.1: CORSIA eligible fuel will achieve net
greenhouse gas emissions reductions of at least 10%
compared to the baseline life cycle emissions values for
aviation fuel on a life cycle basis.

Criterion 2.1: CORSIA eligible fuel will not be made

from biomass obtained from land converted after
1 January 2008 that was primary forest, wetlands, or peat
lands and/or contributes to degradation of the carbon
stock in primary forests, wetlands, or peat lands as these
lands all have high carbon stocks.

Criterion 2.2: In the event of land use conversion after
1 January 2008, as defined based on the
Intergovernmental Panel on Climate Change (IPCC) land
categories, direct land use change (DLUC) emissions
will be calculated. If DLUC greenhouse gas emissions
exceed the default induced land use change (ILUC)
value, the DLUC value will replace the default ILUC
value.

Criteria: Describe the specific conditions to be
met and assessed, to achieve the principles

Guidance: Documentation and information that
an SCS can review from a producer, as well as
potentially applicable parameters that an SCS
can use to demonstrate compliance.

a)

b)

<)

on the application of sustainability criteria

Compliance with™ Themes 1 and 2 is granted on the basis of independent attestation by
Sustainability Certification Schemes included in the ICAO document “CORSIA Approved
Sustainability Certification Schemes™ which is available on the ICAO CORSIA website.

A fuel producer can produce batches of CORSIA eligible fuels for 365 calendar days after it has
been certified by an SCS for compliance with the CORSIA Sustainability Criteria, after which the
fuel producer shall be re-certified for compliance with the sustainability criteria applicable at the
time of re-certification.

CORSIA Sustainability Criteria for CORSIA Eligible Fuels does not set a precedent for, or
prejudge the outcome of negotiations in other fora.
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Sustainability Criteria for CORSIA Eligible Fuels

Chapter 2: APPLICABLE FOR SAF PRODUCED ON OR AFTER 1 JANUARY 2024

| e Principhe | Criterta
F - - Criterion 1.1: CORSIA SAF will achieve met mnmmslwmwmbm
or next CORSIA Phases: R e e O R B Ny N
emissions values for aviation feel on a life : implomented to maistain o enbance soil
eyele hasi o enbancs sl beski o, uch e physea, il aod
v : : e T e T
13 themes applicable for SAF with specific criteria ERIEOTE o (SR I o e i e
L lmpchisni g e S air quality.
(Chapter 2) : P T X oo o o
Principle:  CORSIA  SAF | forots, wetlands, peat lands, corad recfi, kelp iversity, 3
" Mmmmﬁm forests, seagrass meadows, extuanas. tidal sak . aradict Im|

» Environmental: GHG, Carbon Stocks, GHG o o T | | . e
savings permanence, Water; Soil; Air; Py

Conservation; Waste and Chemicals; e ﬂmﬁ"“%flﬁ"‘ﬁ}: e,
» Socio-Economic: Human and labor rights; Land e e e %’m“ e
use rights and land use; Water use rights; R SEREE] |R e e e e

Criwerion 8.3 Operational practices will be

Local and social development; and Food s Sl S e ke
SeCU rity 12, Water mee ';%‘;‘;:&“ﬁ‘!m‘: Criterioa 12.1; CORSIA SAF production will %:.:‘";:'k . Notapplicalie ot mpplicable
gk :‘;“’:::'h"' uitomary :r.;ﬁ::n‘n;Tum s el ot 16, Human snd hm"ﬁ“ﬂ":' SMW “:' Criterion 10.1: CORSIA SAF profsction will
. . g . . 13, Lacal and &'-;s-lb: rs':r*m“m«g Criterion, 13.1: CORSLA SAF production. will — == prmm—
v Same 14 themes for LCAF with specific criteria e e
1o(Chapter 3) ey | 5 St e
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Sustainability Criteria for CORSIA Eligible Fuels

Not all Themes are to be be assessed in the same way:
Sustainability Themes

1. Greenhouse Gases (GHG)

2. Carbon stock

3. GHG reduction permanence

Compliance with Themes 1 to 8 is

granted on independent attestation

by approved Sustainability SRR
Certification Schemes (SCS) C%RSIA

and for Themes 4 to 8, also considering the
guidance approved by the Council S

7. Conservation

8. Waste and Chemicals

9. Seismic and Vibrational Impacts
10. Human and labour rights

11. Land use rights and land use
12. Water use rights

13. Local and social development
14. Food security

——

Compliance with themes 10-12 can be demonstrated to the SCS by a
national attestation from the State in whose territory the SAF is
produced, without further assessment by the SCS

Compliance with 13-14 will be demonstrated by reporting to the SCS
the actions being taken to meet the related criteria, without further
judgement of those actions by the SCS

\/
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Sustainability Criteria for CORSIA Eligible Fuels

Chapter 2: APPLICABLE FOR SAF PRODUCED ON OR AFTER 1 JANUARY 2024

Theme

Principle

Criteria

1. Greenhouse
Gases (GHG)

Principle:  CORSIA  SAF
should generate lower carbon
emissions on a life cycle basis.

Cmmon 1.1: CORSIA SN- will achieve net

gas of at least
10% compared to the baseline life cycle
emissions values for aviation fuel on a life
cycle basis.

Criterion 5.1: Agricultural and forestry best

2. Carbon stock

Principle:  CORSIA  SAF
should not be made from
biomass obtained from
land/aquatic systems with high
biogenic carbon stock,

Criterion 2.1: CORSIA SAF will not be made
from biomass that is either obtained/extracted
from land or aquatic ecosystems converted
after 1 January 2008 that was primary forest,
wetlands, peat lands, coral reefs, kelp forests,
seagrass meadows, estuanies, tidal salt marshes
or mangrove forests or contributes to
degradation of the carbon stock in primary
forests, wetlands, peat lands, coral recfs, kelp
forests, seagrass meadows, estuaries, tidal salt
marshes or mangrove forests as these systems
all have high carbon stocks.

Criterion 2.2: In the event of land use
conversion after 1 January 2008, as defined
based on the Intergovemmental Panel on
Climate Change (IPCC) land categories, direct
land use change (DLUC) emissions m]l be
leulated. If DLUC greenh gas
exceed the default mdumd land use change
{ILUC) value, the DLUC value will replace the
default ILUC value.

Principle:  Production  of mmgﬂm:nl practices  for  feedstock
g o ion or residue collection will be
5. Soll gOR]SIA f:;[s::ﬂ: maintain lmplemcnmd 1o maintain or enhance soil
: health, such as  physical, chemical and

Principle: Production  of
6. Air CORSIA SAF should | Criterion 6.1: Air pollution emissions will be

7. Conservation

minimize negative effects on

air quality.

Principle:  Production  of

CORSIA SAF should maintain
biodiversity, conservation

limited,

Criterion 7.1: CORSIA SAF will not be made
from biomass obtained from areas that, due to
their biodiversity, conservation value, or
ecosysiem services, are protected by the State
having jurisdic:inm over that area, unless
evidence is provided that shuws the activity
does not interfere with the purposes.

Criterion 7.2: Low invasive-risk feedstock will
be selected for cultivation and appropriate
controls will hc adopted with the intention of

value, and SErvices,

lled  spread  of
cu_l.!mled ahm species  and  modified

Criterion 7.3: Operational practices will be
implemented to avoid adverse effects on arcas
that, due their bludl\rmll)'. conservation value,
or ecosystem services, are protected by the
State having jurisdiction over that area.

3. Greenhouse gas
Emissions
Reduction
Permanence

Principle; Emissions
reductions  attributed  to
CORSIA  SAF  should be
permanent.

Criterion 3.1: Operational practices will be
implemented to monitor, mitigate and
compensate any material incidence of non-
permanence resulting from carbon capture and

4. Water

14

Principle:  Production  of
CORSIA SAF should maintain
or enhance water quality and
availability.

Criterion 4.1 Operational practices will be

implemented to maintain or enhance water

quality.

Criterion 4.2: Operational practices will be

implemented to use water efficiently and to

avoid the depletion of surface or groundwater
beyord eeplenis o

8. Waste and
Cl

Criterion 8.1: Operational practices will be
1mplumnwd to ensure that waste arising from
P as well as chemicals used
are swml handled, and disposed of

Compliance with Themes
1 to 8is granted on the
basis of independent
attestation by approved
SCS taking into account
guidance approved by
the Council

Principle:  Producti of
LURSIA SAF should promote

Criterion £.2: Responsible and science-based
B practices will be implemented to

of
waste and use of chemicals.

lunnmrcduccputw:dcus:

Criterion 8.3: Operational practices will be

implemented 1o prevent, minimize, and

mitigate any damage from unintentional

rclmsc of fossil resources, fuel products,
other chemic
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Sustainability Criteria for CORSIA Eligible Fuels
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Chapter 2: APPLICABLE FOR SAF PRODUCED ON OR AFTER 1 JANUARY 2024

15

THEME PRINCIPLE CRITERA
9. Seismic and
Vibrational Not applicable Not applicable
Impacts
Principle:  Production  of

10. Human and

Criterion 10.1: CORSIA SAF production will

labour rights hct?;ai[:n:f;:;c:riﬁlsmspeﬂ respect human and labour rights.
11, Land use phiy oS “:::;;:j"‘;csp:cf Criterion 11.1: CORSIA SAF production will
rights andland | land rights and land use rights | T¢°Pec! existing land rights and land use rights
use including indigenous and/or including indigenous peoples rights, both
customafy - ghtfe formal and informal.
12, Water use g’é‘;’éﬁ: S Mf ':’::EL':’;BS ';f Criterion 12.1: CORSIA SAF production will
ri .hts ior formal or cuslanfc respect the existing water use rights of local
& &ater use rights Y | and indigenous communities.
13. Local and gggg;:: lz;rg(::ucuansmull);‘ Criterion 13.1: CORSIA SAF production will
so::i al contribute  to  social and | STivE to, in regions of poverty, improve the
development economic  development  in socioeconomic conditions of the communities
. affected by the operation.
regions of poverty.
Principle:  Production  of | Criterion 14.1: CORSIA SAF production will,

14. Food security

CORSIA SAF should promote
food security in food insecure

regions.

in food insecure regions, strive to enhance the
local food security of directly affected
stakeholders.

Not applicable to SAF

National attestation of compliance
is considered sufficient

Compliance is exclusively based on
a report of actions, without further
judgement of those actions
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Methodologies to calculate GHG savings

e Economic operators can either:

Use GHG default values calculated by ICAO Calculate them using an approved methodology

[ICAO

INTERNATIONAL CIVIL AVIATION ORGANIZATION

INTERNATIONAL CIVIL AVIATION ORGANIZATION

ICAO document

CORSIA Methodology for Calculating Actual Life
CORSIA Default Life Cycle Emissions Values for Cycle Emissions Values

ICAO document

CORSIA Eligible Fuels

Similar approach
as in the EU RED

June 2022 June 2022
CZ'RSIA
C-":./;;(RS lA Carbon Offsetting and chu:n’on Scheme for International Aviation

Carben Offsetting and Reduction Scheme for International Aviation
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Methodologies to calculate GHG savings

» Different approach to address indirect/induced land-use change (ILUC):

Table 2. CORSIA Default Life Cycle Emissions Values for CORSIA Eligible Fuels produced
with the Hydroprocessed Esters and Fatty Acids (HEFA) Fuel Conversion Process

Core ILuc LS«
Region Fuel Feed k Pathway Specifications LCA LCA - .
| stoe thway Spec Vi Vi | 60N » ICAO estimates through modelling ILUC values
Gilobal Used cooking oil :3:9 I3:!f
Global Palm fatty acid distillate 27 || oo [ w7
Global Com oil mf""’ dry mill ethanol |y 5 I \ 172
USA Soybean oil w4 || 248 |‘ 4.9
Bruzil Soyhean oil 0.4 270 674
S ?;2;1‘51 T By Se_ts !lm!ts on hlg_h ILUC-risk blofuels,
Giobal | Rapeseed ol S WLN N U - ; bioliquids and biomass fuels with a
least 85% of the bio . .o . . -
i z:r::amum%”: il 1 sr T s S|gn|f|can.t expansion in land with
cpred mi oot high carbon stock.
an” 39% of he Dogs
m’:;& Palm ail ’;:I";%::ﬂ%““maﬁ‘ﬂ' &0.0 39.1 99,1
in  anserobic ponds s
captared and oxidized.
Birazil Brassica carinata oil f;‘:n‘::; :op”:u‘?’:w‘:od: 344 -20.4 14.0
o@««mdﬁpllxmﬂ: ‘ ’
USA Brassica carinata oil mﬁ :upsmnl:dd: 144 214 130 '
ol]u:rl:rqud..u'p'lauml
Gilobal Brassica carinata oil ;;«;:l:; ;’I;w;fl‘"::wl;‘; 344 \ -127 I a3
CT Crops. acement . .
S PR =~ YoV U (S R Both introduce exemptions for SAF
ather crops dasplacement
India Jatropha ail :“::'"‘I‘"‘f ‘:. fenilizer o 469 248 221 ‘L °
e T R certified as low ILUC-risk
ia fatropha oi afler P A8, -l
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Background: What are SAF?

v SAF qualification: How SAF can be produced

v" Technology options and approved SAF
technology pathways
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What are SAF? Aviation drop-in fuels

* SAF need to comply with global standards and have at least the same level of
operational safety requirements as conventional fuels in order to ensure
compatibility with its use on existing and future civil aircraft fleets:

e 2009: the American Society for Testing and Materials (ASTM) International,
issued the ASTM D7566 for Aviation Turbine Fuel Containing Synthesized
Hydrocarbons

» ltis still the standard today for new SAF technologies > European
standards incorporates those approved by ASTM

* The EU (EASA) and the UK are currently developing SAF qualification processes
similar to the ASTM one (“Clearing House” concept).

19 ICAO EUR/NAT Environment (ENV) Task Force Seminar, 17-19 October 2023




SAF gualification (clearing house process) "<

New SAF production
pathways are assessed
against the ASTM D4054
Standard Practice and once
approved, each pathway is
later included within ASTM
D7566 Fuel Standard.

Extensive testing is required
to ensure the fuel is fit for
purpose and performs
within expected norms.

20

D4054 Qualification Process Testing OEMs

Phase 1 Tier 2

i
—|Specfcation

ICAO EUR/NAT Environment (ENV) Task Force Seminar, 17-19 October 2023



https://www.caafi.org/focus_areas/fuel_qualification.html

" 28
04“7C :""C@?"

Technology options: How SAF can be produced?

* Today nine technology pathways have been approved to produce drop-in SAF BLEND

ﬁglb) 1. Annex Al: Fischer Tropsch (FT) Synthetic Paraffinic Kerosene (FT SPK), approved in 2009 } Up to 50%
i l} 2.  Annex A2: Hydro-processed Esters and Fatty Acids (HEFA SPK), approved in 2011
MMM 3. Annex A3: Hydro-processed Fermented Sugar (HFS-SIP) approved in 2014 —  Upto10%
D7566 4. Annex A4:SPK plus aromatics (FT-SPK/A), approved in 2015 ]
5. Annex A5: Alcohol to Jet (ATJ-SPK), approved in 2016 for isobutanol feedstock and updated in

— 0,
2018 for ethanol feedstock. Up to 50%

6. Annex A6: Catalytic Hydrothermolysis Synthesized Kerosene (CH-SK, or CHJ), approved in 2020 |

7. Annex A7: Hydroprocessed Hydrocarbons, Esters and Fatty Acids Synthetic Paraffinic Kerosene
(HHC-SPK or HC-HEFA-SPK), approved in 2020 —> Upto 10%

up to 5 vol% of

fossil fraction.
ICAO EUR/NAT Environment (ENV) Task Force Seminar, 17-19 October 2023

8. Annex Al: co-processing of fats and oils in a conventional refinery, approved in 2018 } Biogenic input
—

D1655 9. Annex Al: co-processing of Fischer Tropsch Biocrude, approved in 2020
21




SAF blending and certification as JetAl

The current approved
technology options
defined in ASTM D7566
require blending with
fossil JetAl

22

Synthetic Paraffinic Kerosine (SPK)
blendstock, as described in ASTM
D7566

Certified as compliant with the Certified as compliant with the

relevant Annex of D7566 D1655 or DS9191
D7566, D1655,
Specification for Specification for
Aviation Turbine Aviation Turbine
Fuel Containing Fuels
Synthesized
Hydrocarbons

Certified as compliant with D7566 = D1655

ASTM D7566 standard states: “Aviation turbine fuel manufactured, certified and released
to all the requirements of this specification (D7566) meets the requirements of specification
ASTM D1655 and shall be regarded as specification D1655 turbine fuel (Jet A or Jet A1)

ICAO EUR/NAT Environment (ENV) Task Force Seminar, 17-19 October 2023




SAF blending and certification as JetAl

Current Fuels in the D4054 Qualification Process

e Additional pathways are currently
in the ASTM certification process

The table below shows the pathways actively pursuing certification at various stages in the process.

ASTM lask Eorce
Progress Pathway Eesdstock L'ead

ASTM Balloting

v" Some will not need blending  muezom

Review

W It h fo S S I I Hydro-deoxygenation Synthetic Kerosene Sugars and Virent (inactive)
Phase 2 (HDO-SK) cellulosics
Testing Hydro-deoxygenation Synthetic Aromatic Sugars and Virent

Kerosene (HDO-SAK) cellulosics

09 March 2023

High Freeze Point Hydroprocessed Esters
and Fatty Acids Synthetic Kerosene (HFP Renewable FOG Boeing

Phase 1 OEM HEFA-SK)
Review Integrated Hydro lysis and
Airbus’ most popular aircraft takes to the skies Hydrosonversion () Lignocellulosics | Shell
with 100% sustainable aviation fuel Phase 1
Ao e oot - R Research
This A321neo is the first Airbus single-aisle aircraft to tes SAF on both engines
Report
Alcohol-to-Jet Synthetic Kerosene with Sugars and Swedish
Phase 1 Aromatics (ATJ-SKA) lignocellulosics Biofuels, Byogy
Source: https://www.caafi.org ™ Aloohol-tonJet (AT) Sugars ;I:::lergies
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Background: What are SAF?

v SAF qualification: How SAF can be produced

v SAF of non-biological origin
v' Recycled Carbon Fuels
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SAF of non-biological origin

v e-fuels

Different
v’ Power-to-Liquid definitions
s/Syntheticf | Similar in
aviation fuels :
concepts different

v’ Sun-to-liquid

jurisdictions
v RENBOs

ICAO EUR/NAT Environment (ENV) Task Force Seminar, 17-19 October 2023




SAF of non-biological origin

v' Uses CO, as feedstock

v" Needs a large amount Energy
of energy to be s
prOdUCEd @ - HYDROGEN ELECTROLYSIS

v' Allows different

sources of energies to 1@
be stored in liquid Co, — _
FISCHER-TROPSCH

CARBON

fuels (Power-to-Liquid DIOXIDE
or electro-fuels, Sun-
to-liquid, etc.)

ICAO EUR/NAT Environment (ENV) Task Force Seminar, 17-19 October 2023




SAF of non-biological origin

e Can be:

» SUSTAINABLE and RENEWABLE: are made from renewable
sources other than biomass. These can be of solar, wind,
geothermal and hydropower origin, and used as feedstock
H,0 and CO,, from direct air capture (DAC).

» SUSTAINABLE but NOT RENEWABLE: power can be of non-
renewable origin or CO, could be sourced from industrial
gases (recycled carbon fuels).
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SAF of non-biological origin

» Examples of SUSTAINABLE and RENEWABLE:

o E-fuels / PtL using CO, from * Sun-to-Liquid technology, using

direct air capture : concentrated solar radiation to drive a
thermochemical process
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SAF of non-biological origin

» Examples of SUSTAINABLE but NOT RENEWABLE:

* E-fuels / PtL using CO, from
industrial gases

RENEWABLE POWER

Co,
CARBON
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Recycled
Carbon g
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e E-fuels / PtL using nuclear power

Nuclear power

DIOXIDE
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SAF of non-biological origin

e Key challenges

v" High use of Power: Competition with other uses

v' The technology is not yet mature: No commercial
production yet

v" High production costs
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EUROPEAN CIVIL AVIATION CONFERENCE

Thank you for your
attention!

For more information
WWW.ecac-ceac.org

) @ecacceac
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