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“# EU-SEA CCCA CORSIA project

- Objective: Support to ASEAN MS in CO, reduction from

" International Aviation

Areas of Action:

v" CORSIA Implementation

v" Support to State Action Plan for CO, Reduction
v" Emission data management systems

v’ Climate Change Policies (e.g. SAF)
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Some practicalities & moderators

Santiago Haya Leiva

@ santiago.haya-leiva@easa.europa.eu

EU-SEA CCCA CORSIA Project Manager %Q&A after the Spea ker
—> Use Q&A section (Slido)
—> Vote up/down questions

Ralph Kossmann

@ ralph.kossmann@easa.europa.eu

EU-SEA CCCA CORSIA Operations Manager

—> Free chat, please
express yourself live

Rebekka Freienstein

@ rebekka.freienstein@easa.europa.eu

EU-SEA CCCA CORSIA Project Assistant / Communications
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Join at
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#SAF11
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European Union Aviation Safety Agency

Webinar 11;

Sustainable Aviation Fuels 2030 — Market Outlook
on Demand & Supply

What are the current market dynamics worldwide? How does the most realistic
future demand and supply scenario look like? What about the availability of SAF in

2030 based on current announced production capacities? What kind of
technologies, feedstocks and players drive the market?

An Agency of the European Union




Our key speakers for today!

Extensive track record in scientific research, engineering and in the chemical
and fuels industry sector related to the green transition to renewable
products and production processes

\Dr. Chiara Boscagli Consulting Focus @ CBR Consult & Invest GmbH

\\ “} @ choscagli@cbr-partner.de ® Project management lead in the fields of renewable liquids and gases
) ‘ CBR Consult & Invest GmbH hydrogen, Power-to-X, sustainable fuels (SAF) and green chemicals

® Expert in catalysis in industrial reactions and processes, reactors, biomass
conversion technologies and other renewables

Education
Promotion in Chemistry, Karlsruhe Institute of Technology (KIT), Germany

3 Senior Project Manager

® Thesis: "Hydrotreatment of pyrolysis-oils over nickel-based catalysts”
= MSc und BSc in Chemistry, University of Florence, Italy

ESEASA




Our key speakers for today!

\Christoph Behrendt-Rieken
y )

(@ cbehrendt@cbr-partner.de

p

/ CBR Consult & Invest GmbH

B3 Managing Partner

ESEASA

More than 15 years experience in the chemical process industry, large
production infrastructure projects and technology development with focus
on green transition of various industries via ClimateTech related innovation
(renewable fuel, green chemistry, sustainability, environmental management
systems, environmental certification, etc.)

Consulting Focus @ CBR Consult & Invest GmbH

= Commercial project development and deal advisory (due diligences, etc.) of
green energy, fuel and chemicals investments and production plant
projects

= Renewable fuel and chemical regulatory, commercial and technology
expertise
Education

= EMBA -Executive Master of Business Administration-, Kellogg School of
Management at Northwestern University / WHU Otto Beisheim School of
Management

= Diploma -International Business Studies-, University of Paderborn,
Germany / Ecole Supérieure de Commerce de Reims, Grande Ecole /
NEOMA Business School, France
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Intro: SAF as value driver for the aviation industry

: < 4 SAF on global level: SAF supply outlook 2030
Sustainable Aviation & pply

Fuels 2030:
Market Outlook on
Demand & Supply

Main SAF technological production pathways

Differentiated landscape of market players

T —
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Key success factors for SAF ramp-up

/

EASA Source: CBR, 2023



Guiding questions today
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Which technologies and related
feedstocks drive the market?

How does the future SAF supply
scenario look like in 20307?

What are the current market

dynamics for SAF worldwide?

il “l INDABA / — E
e B @ e
Bsca g * . T ‘
i P Gl ."b,d o "\ 4 77 remasna Feedstock Innovation

SAF roadmaps

Conversion Technology Innovation

|| Diectsunpl i
v B e
Gl Omnn e B pofice

pra[ <JET /559. ROCK TP

coon Enabling End Use
omcn B pr 0o o e

Who are the frontrunners in
SAF technology development
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What are key success factors in

and production? increasing SAF availability and use?

EASA Source: CBR, 2023



Low-carbon substitutes for fossil jet kerosene, are critical to
decarbonising aviation as hard-to-abate sector.

Global CO, emissions from aviation exceeded 1 billion tons in
2019, accounting for >2% of total anthropogenic CO, emissions.

SAF is a key contributor to reduce CO, emissions in the decades GHG Regional Short  Medium/
to come coexisting with more disruptive technologies. reduction flight haul long haul

> 30 .
S Baseline scenario_.="" Batteries 100% V
© ,.  2030:11% GHG emissions reduction from SAFs '\ Toa2T 20%
o i (of which 69% are from biofuels, 31% from PtL) M‘.q-
'8 20 b @ Hydrogen 100% \/ V
7] 2%
o=
g s 26%
e Sustainable
S aviation fuel ~ 70-99% v, Vv v
O 29% L
— (SAF)
8 % 7%
"8 Towards net-zero 302
2019 2025 2030 2035 2040 2045 20564% Global jet-fuel demand in 2019: ~360 million tons
Batteries and hydrogen are limited to shorter flights
gj‘;’l‘g:f‘i‘;‘;:ciit°”°a' u ﬁj‘;‘l";‘f‘f’i';ia;my W Battery- I Hydrogen SAF shows an intrinsic advantage by having similar properties to jet-
improvements improvements fuel, offering a drop-in compatibility with the available fleet
| technology, and being suitable for long-distance travel.
SAF 't’o"_"L‘fq:ids oner W HEFA | [ Unabated £ Carbon Different studies predict scenarios for 2050, where SAF global demand
| removal could be between 300-500 million tons.

EASA Source: Mission Possible Partnership, Making net-zero aviation possible - An industry-backed, 1.5°C-aligned transition strategy,
here the Optimistic Renewable Electricity scenario, WEF, 2022; CBR, 2023



To accelerate SAF ramp-up, various regulatory initiatives have been
implemented, especially in the U.S. and Europe.

USA
20% GHG emission reduction in 2030 EU ETS: integration of intra-European flights
3 billion gallons SAF by 20230 UK (RTFO) in the EU emissions trading system (ETS)
10% SAF mandate in 2030
75% SAF in 2050 9
Sustainable Skies Act: Production and 9
consumption of 3 bill. gallons per year by 2030. 9 9
Tax credit between 1.25-1.75 USD/gal of SAF

EU (ReFuelEU Aviation)*
Japan: 10% SAF mandate

in 2030 (under discussion)
Self commitments by Airlines: Some airlines are

committing to use SAF (10% SAF 2030 for OneWorld
alliance e.g.)

*EU (ReFuelEU Aviation)
2% SAF in 2025

0, 1 1 0,
5% SAF in 2030 (incl. 0.7% elet) EU: National Regulatory Frameworks

20% SAF in 2035 (incl. 5% elet) Norway: Sweden:
. in « 10,
32% SAF in 2040 (incl. 8% elet) 50.5% blend zg;"él ) 38;; ;f
[ H H () : o blen e V()
38% SAF !n 20455.(|nc|. 11% elet) (to be increased to 30%) -50s ~2030: 19
63% SAF in 2050 (incl. 28% elet) 52020 to 2030 c
[100% SAF EU parliament amendments target for 2050]
Finland: France:
Net:‘e"a“ds= >1% blend >2022: 1%
) ) >14% (2030) (to be increased to 30%) >2025:2%
EASA Source: CBR, 2023; Remark: Brazil goes for a CO, reduction >2023 to 2030 52021 to 2030 >2030: 5%

mandate incentivizing a CO, market and SAF quality/blend



A long way towards net-zero aviation with SAF as major contributor
between opportunities and challenges

Awareness about the importance of SAF in the net-zero target 2050 has increased in the last years.
The production in 2019 was only ~24 million liters, up to ~100 million liters in 2021 to ~300 million liters in 2022.
Over 450,000 flights had already used SAF and more than 50 airlines have it tested in their SAF supply chains.

However, SAF production in 2022 was only 0.1%-0.15% of total aviation fuel demand and a great commitment is
needed to reach 450 billion liters in 2050.

Only one single production technology cannot be the solution to face the ambitious target, but a strategic
combination of them should be adopted and SAF integrated in the supply chain.
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SAF crude = Distribution Airports

; o o Blending (logistics, Consumer
production refining logistics infrastiiatire)

N N2

N

Feedstock

O % ® .
Technology Investors / & | SAF associations,

developer - financing institutions LB STl e.g. buying,

REgIELR & m Certification

bodies?

policy bodies
(regulation)

EASA Source: CBR, 2023

representative




Nine ASTM certified SAF types, six main pathways and a variety of

feedstocks are available for SAF production.

ASTM D7566 ASTM D1655

FT-SPK

Fischer-Tropsch
hydroprocessed
paraffinic kerosene
(e.g., PtL)

SIP-HFS

Synthesized
isoparaffins
produced from
hydroprocessed
fermented sugars

HC-HEFA-SPK

Synthesized
paraffinic kerosene
from hydrocarbon-

hydroprocessed
esters and fatty
acids

EJEASA

HEFA-SPK

Synthesized
paraffinic kerosene
from
hydroprocessed
ester and fatty
acids

FT-SKA

Synthesized
kerosene with
aromatics derived
by alkylation of
light aromatics
from non-
petroleum sources

ATJ-SPK
Alcohol-to-Jet
synthetic paraffin
kerosene

Co-processed
HEFA

Co-processing of
esters and fatty
acids in a
conventional
petroleum refinery

Co-processed
FT

Co-processing of
Fischer-Tropsch
hydrocarbons in a
conventional
petroleum refinery

CHJ
Catalytic
hydrothermolysis
jet fuel

Pathways!

HEFA

Power-to-Liquid
(PtL)

Waste-to-Liquid
(WtlL)

Biomass-to-Liquid
(BtL)

Alcohol-to-Jet
(At))

Hybrid fuels, e.g.
PBtL

Feedstocks

Used Cooking Qil (UCO), animal
fats, virgin oils (e.g., palm oil, algae)

Green Hydrogen and CO, (biogenic
or fossil)

Municipal solid waste (MSW), etc.

Forest residues, harvest residues,
etc.

Ethanol, biomass used for sugar
production, methanol, etc.

Biomass, green hydrogen, etc.

UCO: Used Cooking Oil; HEFA: Hydrotreated Esters and Fatty acids; MSW: Municipal Solid Waste; MtK: Methanol-to-Kerosene; PBtL: Power-and-Biomass-to-Liquid;
1 Sustainable Aviation Fuel as level for GHG emission reduction besides Hydrogen and electrification alternatives; Source: ICAO; CBR, 2023




Global SAF supply only covers ~5.6% up to 7.0% of expected demand
in 2030 with HEFA as predominant SAF pathway.

500.337 —— in thousand

in thousand tons p.a
tons p.a. - 28.049
8
369.330 356.389 400.270 2.076
~5.6 -7.0%

267.760

22.537 [ Hybrids

I eeiL

—e— Global jet fuel demand with Corona predictions

- SAF global supply

Gz 15.763 T pa
] wi
[ Bt
Il Au

I HEFA

2019 2020 2021 2022 2023 2024 2025 2030 (iR nehe 2019 2020 2021 2022 2023 2024 2025 2030

-2030 -2030

SAF production capacity only covering ~5.6% up to 7.0%

HEFA is the recognized commercial pathway, as reflected
of global demand in 2030 depending on consumption

in its market share today and in 2030.

EASA Source: BloombergNEF; Statista; Reuters/FGE ; Corporate announcements by respective companies, ; IEA; CBR, 2023;
Remarks: Predicted SAF production capacity based on operating plants and announced projects becoming operational until 2030.




Europe has played a frontrunner role in SAF production while North
America (NA) takes the lead in terms of SAF production capacity.

SAF production capacities
in thousand tons p.a.

28.049

- North America
B EU plus UK
- Latin America
|:| Asia w/o SEA
B south East Asia
- Middle East

B row

22.537

2019 2020 2021 2022 2023 2024 2025 2030

All figures are subject to constant review, as new
projects will be announced and some projects could
have significant delays or not materialize.

More than 60% of SAF production capacity in 2030 is

planned to be established in North America and EU.

EASA Source: Corporate announcements by respective companies; CBR, 2023;
Remarks: Predicted SAF production capacity based on operating plants and announced projects becoming operational until 2030




Regional SAF capacity build-up is driven by various single projects
looking for ideal set-ups in terms of feedstocks, policies, etc.

- China
- India
I indonesia
] Japan
- Singapore

5.170

Asia incl. SEA

2.609

- South Korea
- Taiwan
- Thailand
2023 2024 2025 2030
6.355 -
Austria
EU plus UK —_—
[ penmark
I:l Finland
- Italy
I Netherlands
- Norway
2023 2024 2025 2030
15.150 W Bzl

13.467 - Canada
[ chile
- Mexico
- Panama
- Paraguay

B usa

NA & LATAM

2025 2030

2023 2024

EASA Source: Corporate announcements by respective companies; CBR, 2023;

Remarks: Predicted SAF production capacity based on operating plants and announced projects becoming operational until 2030

SAF capacity ramp-up in Asia incl. SEA represent

~20% in 2030. This is highly driven by NESTE’s and
Pertamina’s refinery projects, starting in 2023.

Major projects: Oriental Energy (China), Neste (Singapore)

EU plus UK will contribute to more than 20% of
worldwide production capacity in 2030. The
Nordics have favorable conditions for PtL & PBtl.

Major projects: Shell (Netherlands), Neste (Netherlands)

NA & LATAM will represent over 50% of global
SAF capacity, driven by favorable regulations and
abundance of renewable feedstocks.

Major projects: Grén Fuels (U.S.), SGP Bioenergy (Panama)




EU example — Market pull effects are induced by the introduction of
SAF quotas with obligations for fuel suppliers and airlines.

in Mio. tons Predicted EU production
B:d capacities in 2030:
SAF quotas 6.4 Mio. tpa

The SAF market and technology adoption
driving the production capacity ramp-up
is strongly influenced by regulation.

M Fossile jet fuel
| SAF quota ReFuelEU initiative

98.9

Demand bandwidth depending on e.g.
= Efficiency gains

= Customer travel preferences

= Substitution propulsion technologies

82.7 86.2

The announced ReFuelEU Aviation
initiative in 2020 (part of the EU Green
Deal framework) intends to reduce the
environmental footprint of the EU aviation
sector.

64.7 65.2

Quotas from 5-6% SAF in 2030 up to 63%
62.3 in 2050 will be established. It is still a draft
regulation on European level.

It indicates a level of pull demand for SAF
. in general and specific types, here PtL, in
2019 2020 2025 2035 2040 2050 the future.
EASA Source: BloombergNEF; Statista; Reuters/FGE; Sustainable Aviation Fuel — ReFuelEU Aviation, European Commission; Corporate announcements; CBR assumptions, 2023;
Remarks: Predicted SAF production capacity based on operating plants and announced projects becoming operational until 2030




Intransparent SAF pricing driven by specific cost of production with
lowest specific capital requirement and conversion costs for HEFA.

0,00 $/ton 1,000 $/ton 2,000 $/ton 3,000 $/ton 4,000 $/ton 5,000 $/ton
Cost of production (COP)
0.00 €/I 0.8 €/l 1.60 €/ 2.40 €/ 3.20 €/l 4.00 €/

Simplified A

= Pricing outlooks very

PtL

Alcohol-to-Jet

2020
. . 2030 uncertain
Gasification/FT
2050 Individual projects

driven economics
(feedstocks, CAPEX,
etc.)

HEFA

IATA|Jet fuel prige monitor:
830 $/mt (31.03}2023)

—

=

Fossil Jet-A

COP: Cost of production; Source: WEF; CBR, 2022;
EASA Remark: Currently no SAF market price due to single project-specific offtake agreements reflecting the immature SAF market, here project-based cost of
production ranges for different SAF pathways and SAF project locations; exchange rate:1 EUR / 1.07 USD




High variety of SAF production routes in terms of feedstocks and
technologies applied leading to different eligible blending rates

Feedstocks Process Carbon intermediate Process SAF type Blending

Used Cooking Qil Co-processed in

=» Neutralization Co-processed HEFA 5%

% (uco) ] conventional refinery
o . . . Hydroprocessing & HEFA (Hydroprocessed Fatty Acid
) — > 0
29 e e Slgltls distillation Esters & Fatty Acids (Annex A2) >0%
i) - ;
v L . : : CHJ (Catalytic Hydrothermolysis
= — —) > 0,
5 Animal fats = Rendering — Hydrothermolysis Syitheiie Dei: R (R e 26 50%
(%]
o . . . Hydroprocessing & HC-HEFA: Hydroprocessed Hydrocarbons-
= Algae —> Oilextraction = Lipids > distillation synthesized Isoparaffinic Kerosene (Annex A7) 10%
N Farnesane Hydro processing HFS-SIP (Hydroprocessed Fermented Sugars to 10%
o3 Sugar & starch . (15C hydrocarbon) & distillation Synthetic Isoparaffins (Annex A3) °
2 crops ~ jon / AtJ-SPK: Alcohol to jet Synthesized
7] — D.ehydra.tlon- o TR S : Alconhol to Jet Synthesize 50%
g o L > Oligomerization DiEdlleion o Paraffinic Kerosene (Annex A5) ’
% 3 Other agricultural Co-processed in
% = waste -> Fischer conv?ntlonal > Co-processed FT 5%
= O - retinery
o - i [ i
S Forest residues —=»  Gasification —» Y ntnesisgas - Tropsch (FT) Hydro- FT-SKA (FT-SPK with Aromatics 0
c (CO, +H,) catalytic _ > 50%
] Municipal solid N synthesis S
waste (MSW) distillation
= (Green) H - Fischer- Hvdro- FT-SPK (Fischer-Tropsch Synthesized .
< ’ : Tropsch (FT) e Paraffinic Kerosene (Annex A1) S
g Synthesis gas (CO, + H,) ng catalytic processing & =
B co, —p> synthesis distillation

EASA Source: Barclays Research, 2022; CBR, 2023




Pros and cons of the major six SAF production pathways

HEFA

Power-to-
Liquid

Waste-to-
Liquid

Biomass-to-
Liquid

Alcohol-to-Jet

e Hybrid fuels,
e.g. PBtL

EASA Source: CBR, 2023

Competitive factors: Feedstock
access and large-scale refinery
infrastructure.

Competitive factors: Access to
renewable energy (Green
Hydrogen) and CO,.

Competitive factors: MSW
sourcing and pre-treatment
capabilities.

Competitive factors: Abundant,
reliable biomass feedstock, e.g.
forest residues.

Competitive factors: Sustainable

Ethanol access and technological

integration.

Competitive factors: Technology

proof, feedstock access (e.g.
biogas) and funding for roll-out.

Pros

State of the art technology
Low specific CAPEX

Low cost of production

Hardly any restrictions
Low GHG emissions

Wide range of feedstock
Low GHG emissions

Feedstock / process dependent

Wide range of feedstock
Low cost of production
Depending on feedstock

Low specific CAPEX
Several feedstock available
Depending on feedstock

Abundant feedstock

Low cost of production

0
W FeedstockAvailabllity  (£"v Technical Maturity
% Cost of Production ;:‘, GHG Emission Savings >— ASTMCertification(all V)

Eh\ Ilr} @ Elk\lf} h‘{ <

'

REMD K

Cons

Limited oils / fatty acids supply
Depending on feedstock

TRL6: not yet commercialized
High specific CAPEX
High cost of production

TRL7: not yet commercialized
High specific CAPEX

TRL6: not yet commercialized
High specific CAPEX

TRL7: not yet commercialized

Depending on feedstock

TRL4 (TRL8-9 indv. processes)
High specific CAPEX
Feedstock / process dependent



EU example — Comparison of selected SAF-landscape (HEFA vs.
PtL/PBtL) shows differentiated roles of refineries in SAF market

Fossil refinery
sites

Other sites
(non-fossil
refinery sites)

Source: CBR analysis
(status 03/2023)

-
AXENS | PKN
Orlen

Cemex, Sasol ROStock-Laage

m

upras
;3 ” — Cor-processing
- ENI
—

E

- 0 CaS 5| ¥ : | i :
Selected HEFA (incl. co-processing) plant projects Selected PtL (incl. PBtL) plant projects

* Pre-dominantly driven by oil majors
* Often realized at fossil refineries

EASA } * Currently dominant SAF pathway

* Realized at other sites (e.g., at favourable conditions
for feedstock and power sourcing, i.e., regions with
abundant renewable power at low costs)

} * Pre-dominantly driven by new players




Technology readiness of specific SAF production pathways results in
different plant capacities and available SAF volumes Q
Number* [SAF kt/y]

= Most advance with 75 projects and

21 1,464 providing the highest SAF volume
= Biggest plant announced: 7.5

PtL - . e + 50 2,076 million t/y of renewable diesel and
SAF (50:50) by SGP Bioenergy
(Panama)
PBtL 1 l 5 442 = Average capacity: 270,000 t/y

= Median capacity:125,000 t/y
HEFA{  « 75 20,216

PtL
BtL 1 * l 24 982

WL 1 ¢

= 50 PtL projects have been

AtJ A . . 25 2,870 announced to start before 2030 and

: : : . , , this number will rise in the future.
100 1,000 10,000 100,000 1,000,000 10,000,000 = Average capacity: 41,000 t/y
= Median capacity: 24,000 t/y

SAF plant capacity [ton/y]
Source: CBR, 2023;
EASA Remark: Based on operating or announced projects to enter in operation before 2030.




Potential fast expansion of the SAF landscape:
HVO facilities converted to SAF and co-processing

HVO refineries produce mainly
green diesel. %

Road transport electrification will Locarion Fedand
. Capacity 100000 MT
reduce its demand and free :.:;m;:m
feedstock volume (limited vegetable e L
oils, UCO, animal fats) which can be

— PESTE

allocated for SAF production.

Their chemical composition is similar

and HVO facilities can be easily
optimised to deliver more SAF.

New SAF volumes could materialize
relatively quickly by shifting the
production towards higher SAF
percentage in renewable diesel
plants or by opting for co-processing
in existing crude oil refineries.

(m Fumtn

Location: USA, —
Capaeity: 125,000 MT

2/

Location: Va4 \
Capacity: 500,000 MT |
[expasmion 1o BO0,000 MT) \
~
r
§ BORUD
HHHTELS
Lecaion: USA
h [nder congtructicn]
Capacity. TH0.000 MT USA

Capacroy: 0,000 MT

w PETROBRAS

Location: Brazdl
Capwcity; 230,000 MT

tou.n.
|undier conatructien) Locatsse. Tha Metherians:
Locrtion: Fraec Capacity: 1,000,000 MT

Capasity: 500,000 MT
§5CEPSA

Location: Spain
Capecriy: 180,000 MT
lee-processing)
- REPIOL
Lacation: Spain
Capacity: 60,000 MT
fes-gascunsing]

H
enml
Locasen: laly
Cappeity: 580000 MT

[under construction]
Locasion: laly
Capecivy: 550,000 MT

Current and planned HVO production units

EASA Source: Greenea; CBR, 2023; HVO = Hydrotreated Vegetable Oil

Lecaiion: Finlarsd
Capacivy: 260,000 MT

Liscation Finlerd

Capacity: 260,000 MT
.\ Lecaten: Sengapate
\ Capacity- 1,000,000 MT
PETRING
[under congtnaticn|
Lecation: UAR

Location: Chang

Capacity: £00,000 MT Capadity. 26,000 MT




Over 120 players in +200 projects from various industries (illustrative)

Dominating
Player Type £ \
world energy ¢, sGPreston oe
m ‘L““" INDAF:- l PHILLIPS NESTE ~ ﬁ @euglons Gumnnm S
—— H’ e“v Chevron i E|ﬁ|| e A B
0il & Gas DD —— siynro !FL exJET ‘.- R;'“ eN?'eh OTOTAL S
0 0 Sunshine \
)-c'l\ QVELOCYS ”~ "E'“”"ﬁ“ ﬂegmm;;'% vEAB uni Arcadlamc =/ ENERTAAD \
Power-to-Liquid l 1 D ettt () Synkero @ PR OMETHEUSZE”F
Energy e B navna"s?‘! ‘Inorskefuel saso 35 _
>120 players
£ in >200 projects
Waste-to-Liquid < Fulcrum WASTEFUEL"Y from industries such as Oil
BIOENERGY .
Technology Developers & Gas, Enzrlgy, Chemicals,
por A Renewables, Aviation,
amenergse BEONGRES RS Axens. ALDER W Shipping, Logistics
A Glclgnebnelam! ®SODRA a FFFFF REE Feedsigckg_‘;" g/'ers z;nd
B.IOIT.\aSS-tO- \ l % o % @ S(iRED ROCK .r. S— QTOTA" JK: Technology pl;ﬁiiiiers, etc.
Liquid Energy Jorest Technoloy | UPM mmmm 7 sioruELs ARBIOS" SteeP%.'mv INERATEC
green fuels
Celtic - N
o uGl @ i geVO réfiesabiesy UGN Lanzarecht pr‘&qj .’
A|C0h0|-t0-.let O % INTERNATIONAL V4
SwedisnBiouets 7 (CA G VATTENFALL W Vertimass - (zhHCs croue , 7
Technology Devel —
echnology Developers &~ PERTAMINA %ﬁ%ﬂ ,
/7
n /7
Hybrid fuels & o - /
Vh . a I.Ipnelr sasoL :; ? CAPHENIA 0 2= y
Ot ers, InCI' PBtL Technology Developers DG Fusls 7

EASA Overview non-exhaustive; players can be active across several routes.




Minority of producers represents the majority of SAF production

in 2030.

in thousand tons p.a.

Production volume below 5% of total production (2030)
L Production volume above 5% of total production (2030)

- SGP BioEnergy I:l Oriental Energy
- Gron Fuels - Gevo
- Neste - Phillips 66

I:l World Energy - LanzaTech (Lanzalet)

[ shell

2.349

5.907

17%

12.505

28.049

22.537

5%
4%

144 540 706 E

=

20202021 2022

2023

2024

y EASA Source: CBR, 2023;
Remark: Based on operating or announced projects to enter in operation until 2030.

2025 2030

SPG BioEnergy and Gron Fuels are
the dominating players in 2030
followed by Neste and World Energy
accounting for over 30% market
share from a today’s perspective.

Production figures are relatively
volatile as many new projects start,
while other projects encounter
significant delays or do not
materialize.

Time lags linked to plants going on
stream, leave competitors with time
to catch up on the first mover
advantage.




Increasing number of airlines with voluntarily even more ambitious
targets than the regulations with varying depth of engagement

Member of Objective to SAF sourcing & [l Part of the core Purchasing Advocating for Supporting Investment in Committed Dedicated Equity stake in

public-private reduce GHG usage strategy
consortium emission

corporate
strategy

program of SAF policy research production funds for Fund
credits incentives plants offtakes & R&D

SAF production
company

— ———
easyJet QATAR%” FINNEHER | vaitscheost ohl - BRITISH AIRWAYS *
z ATRWAYS dyglnill — Grou|
Ethiopiar o H g £ etBlue
Rew 2 SplCQjEt RYANAIR asles AIR NEW ZEALAND G jetsue Ll
TeaEX - American Airlines\-\ KLM i) 2 Haska A p'"‘".”“’ A ETIHAD
K ‘ederal Express | Flevel Dt Ailines AIRLINES AIRWAYS
¥ AEROMEXICO %) american) Lutthansa 5174 § 4§ PrimeA
= ] _ Aer Lingus 2@ BERIA e UNITED
jsr”.ankan Alrhnes - l EmYFf]ICS ANA' & CATHAY PACIFIC
norwegian Inspiration of JAPAN
Southwests Austrian 7 SINGAPORE > RQANTAS
__AIRLINES AIR CANADA
AIRFRANCE ¥
British Airways has an offtake agreement with EGerman cargo operator Deutsche Post DHL B Singapore Airlines signed the Global SAF
Philips66. The airline’s parent company (IAG), is (DPDHL) have committed to using at least 30% SAF Declaration committing to promote the
Selected example investing $400 million over the next 20 years. by 2030, independent of mandates by regulation. acceleration of the development, production,
to show the variety = Customers can choose from a range of carbon and consumption of Sustainable Aviation Fuel.
products, incl. carbon removals and SAF DHL Express has.announced two of the I'argest
A 4 = Partnership with Velocys to build a plant in ever SAF deals V‘.”t.h bF_’ and Neste amounting to SIA is also exploring mechanisms to introduce
A A Humberside will convert household and more than 800 million liters. SAF credits to corporates (together with CIX)
commercial waste into SAF DPDHL launched its GoGreen Plus service enabling Partnership with government in pilot program
* Hasapplied for funding for a SAF plant customers to address Scope 3 emissions (SBTi) on using SAF.
® SAFfund with Travel Places from shipping through the use of SAF.
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Key success factors for SAF ramp-up — Elaboration of SAF roadmaps
involving all key stakeholders along the regional SAF value chain

SAF roadmap building blocks

SAF roadmap objectives

> Feedstock Innovation

o Expansion of SAF supply and use
Producer
» Conversion Technology Innovation

ol
facility (project
Feedstock owners) Offtaker
Airlines
(consumer) and
Jet Fuel traders

> Building Supply Chains (DSL)

0 Reduction of SAF cost

Technology c:::,m

Technology (business/leisur

e e

Financing services
e » Policy and Valuation Analysis
9 Enhancement of SAF sustainability
» Enabling End Use

Source: aligned to the SAF Grand Challenge Roadmap by the U.S. Department of Energy, U.S. Department of Transportation, and U.S. Department of Agriculture,

.EASA in collaboration with the U.S. Environmental Protection Agency; DSL: Direct Supply Line



Key messages — Sustainable Aviation Fuels 2030
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Six pathways are characterized by
different technology, feedstock,
etc. with their own pros and cons.

Only the combination of different As of today, global SAF capacity
technologies will define the success only covers ~5.6-7.0% of demand

for net-zero aviation. in 2030, with HEFA as main supply.

e
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Feedstock Innovation

Conversion Technology Innovation

SAF roadmaps

5 T eN/—GE mgﬁsc ““"‘“‘ norskefuel USI ...
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v W . .
T Ovmvs i Policies
pral v jeT ZZREDROCK =
o geieggur-dim ||

Required SAF roadmaps & policies
for ramp-up, but need to be tailored

Over 120 players in >200 projects
from various industries & different

capabilities defining the pathway. to regional-specific conditions.

EASA Source: CBR, 2023




Questions and Answers

slido.com
#SAF11
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»EASA

European Union Aviation Safety Agency

Thanks for joining! s Y

... stay tuned for additional sessions: & \
F SR '
‘ SES=S=TSEgs=
{ RS
#12 @ 19.04.2023 g‘ %ﬁf{{égtfﬁ:f
SO
CORSIA Eligible Fuels = NS
Feedstocks categories and steps for including new types of feedstocks s
#13 @ 27.04.2023
SAF Feedstocks and Regulation i
Which %eneral kinds of feedstock exist to produce SAF? What is their e
availability - today and in the future? *
15h Bangkok / Jakarta / Hanoi Time j 4
16h Sing%poré/ Manila/Time % f =
10h Brussels / Cologne Time ,3‘_;\
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»EASA

European Union Aviation Safety Agency

o
HEE

1977-2022

More than 45 years Shared ambitions Shared challenges Shared opportunities
ASEAN -EU relations

Thank you for your attention

easa.europa.eu/connect Your safety is our mission.

n m g @ D @ An Agency of the European Union < :


https://www.easa.europa.eu/
https://www.easa.europa.eu/connect
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