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SR 20 EtAZZ M ACto RN X|&7Hs 2K (SAF: Sustainable Aviation

Fuels) At SiCH 3 2 A M7 of 2

- S 20t He| HiE 2| = AR A7 02 &3 201e| BHASE 4 fHe=
M RE7ts &3

Comparison vs

Sustainable

fossil kerosene

Climate impact

Battery-electric

100% reduction

H, fuel cell

75%-90% reduction

H, turbine

50%-75 reduction

aviation fuel

30%-60% reduction'

Aircraft design

Low-battery density
limits ranges to
500km-1,000km

Feasible only for
commuter to short-range
segments

Feasible for all segments
except for flights>
10,000km

Only minor changes

Aircraft operations

Same or shorter
turnaround times

1-2x longer refuelling
times for up to short range

2-3x longer refuelling
times for medium and
long range

Same turnaround times

Airport infrastructure

Fast-charging or battery

exchange system required

LH, distribution and storage required

Existing infrastructure
can be used

Major advantages

Major challenges
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1) World Economic Forum, Clean Skies for Tomorrow: Sustainable Aviation
2) World Economic Forum, Clean Skies for Tomorrow: Sustainable Aviation
3) Shell, Decarbonising Aviation: CLEARED FOR TAKE-OFF, 2021

Fuels as a Pathway to Net-Zero Aviation, 2020
Fuels as a Pathway to Net-Zero Aviation, 2020
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Cl2kst SAF MAL A2 = 2030UWNX|= 7|2MLE T =2 HEFA (Hydropreocessed
esters and fatty acids) ZA12| SAF A|&H0| $AME 7102 o AFE|DY, 2050L471X| H|Z%:

8 £Z0| HEFA £27} S|

LSAFE Ciest Waloz Mg

Power-to-liqui

HIAIO| 912
o =N

Safe, proven, and

L]
=

A
e

HOR FHUE,

olO

Gasification/FT

Alcohol-to-jet
Potential in the mid-term, however significant

o0, A HEFA, Alcohol-to-Jet, Gassification/FT,

Power-to-liquid

Proof of concept 2025+,

Opportunity X 5 oo '
description scalable technology techno-economical uncertainty primarily where cheap high-
volume electricity is available
Techno!ogy Mature commercial pilot In development
maturity
Waste and residue lipids, Agricultural and forestry residues, municipal solid CO, and green electricity
purposely grown oil energy waste", purposely grown cellulosic energy crops” Unlimited potential via direct
plants" High availability of cheap feedstock, but fragmented air capture
Feedstock Transportable and with existing collection Point source capture as
supply chains bridging technology
Potential to cover 5%-10% of
total jet fuel demand
% LCA GHG
reduction vs. 73%-84%'i 85%-94%" 99% Vi
fossil jet

i. Ethanol route; ii. Oilseed bearing trees on low-ILUC degraded land or as rotational oil cover crops; iii. Excluding all edible oil crops;

iv. Mainly used for gas./FT; v. As rotational cover crops; vi. Excluding all edible sugars; vii. Up to 100% with a fully decarbonized supply chain
Source: CORSIA; RED II; De Jong et al. 2017; GLOBIUM 2015; ICCT 2017; ICCT 2019; E4tech 2020; Hayward et al. 2014; ENERGINET renewables
catalogue; Van Dyk et al.,2019; NRL 2010; Umweltbundesamt 2016

3500
3000
2500
2000
1500
1000

500

SAF production cost Dollars per ton

212 9 HBI7|20j T2 SAF Mazz"

- CHYSE G422 YUE[= SAF S HEFAE A=d Al 52| £48 BISS Sot0] Yitkl= X|
LIS BRE 7|E L3R 50%7HK| 28 A8 7tS5tH, 7|1E E3R S92 Sot0] 35
7Sl st Mit ZHO| oLt Vsl 21 7t Z=0| =0t &l 7ts5-d0| 7+
2 SAF M| BIlE,

Global SAF production cost for selected feedstocks JRQIIET{V
6000 f-mmmmmmm e e e
5500 [-=nn=mmmmmmmmemmmeee] . IR SEEEEREEEEEEEEREEEEE
Lower range for PtL in
5000 |---regions with cheaper e R e S e L L PP PP P PR
4500 | - renewable power S S
4000

2030

2040

Gasification/FT [l Aicohol-to-jet [l Power-to-liquid = — Power-to-liquid ]

SAF MAHAO] K2 WAt Eb} ]2 ®)

OoL—

—

4) World Economic Forum, Clean Skies for Tomorrow: Sustainable Aviation Fuels as a Pathway to Net-Zero Aviation, 2020
5) World Economic Forum, Clean Skies for Tomorrow: Sustainable Aviation Fuels as a Pathway to Net-Zero Aviation, 2020
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6) Transport & Environments, Europe’s imports of dubious ‘used’ cooking oil set to rise, fuelling deforestation, 2021.04.20

7) Qiao et al., (2017) Nat. Biotech. 35, 173-177

8) Niehus et al.,, (2018) J. Lipids
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9) Davis et al, (2011) Appl. Energy 88(10), 3524-3531
10) Hung et al,, Biotechnol. Avd. 31 (2013) 129-139

1) ofux|Zx e
12) Qiao et al,, (2017) Nat. Biotech. 35, 173-177
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HIO|2C| M MM HE 7|8t 2 SAF M4t MH|E 85510 S,

0|22 NI Z2X L AefS 2|este 272, 02 FEoj|A 2022 99 ‘SAF Grand Challenge
=] =

Roadmap's ZESIL 23 A2 22510 H|E B, X|& 7hsd ey, Azt 309 ZAzi2| SAF
=

MM =E S 4-E

- 0|E S5101 2030E7HX| 7| & &5 A= CHH| 24 714 HIEZE 50% MZAI7|1L, 205017
&S AR AFEE2| 100% (AZF 3509 A)S Chilst= Aoz X|&7Hs SSR00| CHet =712
Y=ot oX|E HEE

- Aemetis Inc., Alder Fuels, Fulcrum BioEnergy, Gevo, LanzaTech S Ct=2| 7|20 United
airlines, Air france, Delta 2| &3Atet 32 AS MZAsH0] 2013 HA 2023 ENK| &

42506.88 ML (million L) SE5t11 = S SAF Mit 7|20 IR =2

oF

(EU) REOIME HEFAS] AR MMO| 7H53H MA|MS B.g5tT /o0 202547}
x| 93 #29 £29| o 3%0] SitsHs SAF of 2BHES MAKstR S AElS S2s
-HEets, ZEA, AHQl O|EE|0F S EU 5751 B=s S22 SAF it ZRE 7t Hd

WAt AIHS BHOE SAFS 33 4 US

JO 2 Of|&=|0, HEFA CHH|
MAZEFO| MIE Gassification/FT(G+FT)2} Alcohol-to-Jet(AtJ), Power-to-Liquid(PtL) gAl

o AN
Of SAF ‘it 820[ 2025 0|2 S0 4= RS A= o,

}\1

Neste Finland Porvoo HEFA
Neste Netherlands Rotterdam HEFA 13
UPM Finland Lappeenranta HEFA 01
Total Energies France LaMede HEFA 0.5
Cepsa Spain San Roque HEFA 0.1
Repsol** Spain Cartagena HEFA 2023 0.2
ENP* Italy Venice HEFA 2024 0.4
Preem** Sweden Gothenburg HEFA 2025 1.0
Enerkem* Netherlands Rotterdam G+FT 2021 <0.1
Colabitoil Sweden Norssundet HEFA 2021 0.5
ENI Italy Cela HEFA 2021 0.5
ST1 Sweden Gothenburg HEFA 2022 0.2
Kaidi* Finland Kemi G+FT 2022 <0.1
SkyNRG Netherlands DSLO1 HEFA 2023 0.1
Sunfire* Norway Nordic Blue PtL 2023 <0.1
Caphenia* Germany Dresden PtL 2023 <0.1
TotalEnergies France Grandpuits HEFA 2024 0.2
SkyNRG / LanzaTech TBD*** FLITE AtJ 2024 0.0
Preem Sweden Lysekil HEFA 2024 0.7
Neste Netherlands Rotterdam HEFA 2025 1.0
Velocys UK Altalto G+FT 2025 0.1
LanzaTech UK Wales AtJ 2025 0.4
UPM Finland Kotka G+FT 2025 0.5
Fulcrum UK Stanlow G+FT 2025 0.1
Synkero Netherlands Synkerot PtL 2027 01
Engie* France Normandyt PtL TBD TBD

suojsuedx3 / sanijioey Bunsixg

sy1oafoid maN

HEFA G+FT PIL AtJ

& LH SAF it Alof 2 Y2
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o =0 H.Y
+ 20223 2L M 4AF (SKO|H|O|M, GSZEIA 0f|A Q22 HDSCHRYUMT) = +~ZH = St

« HD SICHQE™MT0|M A7 130h=E 22| XHM|CH BIO|QLR MZESY Zds 7Est e

2024AKE O § LEE SAF ditol| 28 A2l
A

- SKO|I=HIO|A4S 2027ENIX] SAHE A0 SAF MAHIHIE TE5IT 02 BI2T BARR
Mg 275t 9.

 GSZEIAL EADOIE{LHET QIEHIAIO HHOIQCIY B MEIFOIT, 0|2 FACR SAF 4
A A=Y

<O M ele 2021 A S A}
o

I MQA} U SZAIE SAlOZ A

g
sS0Lt=E =2 HISS flst Az 35 ot 010 23t

SX&7ts AR X divle S8

(O12) 52 AEtEYS

L SXi7t HE

-0IZ0ME MITE B2 E UIAISEA H2 S S8t /A1 22| /iEhg &5101 sk S22
M7 |=2 LA, O|Z HIECE SR QYUS 2

- 0|=F L AEIE Y 3[AKCIBHIO|QALO[AA, RIUE, 7|HIC| S)E S = LYPRLE
2 SRQYUS MitetE 7|&0| JHY R0 4857} TR US.

- 0| SEDSITHEHNSF)2| XS 2ot R E AEEY XIUE

CHA| S22 Mitet
. HfOIQEﬂﬂ AEIEY F|H{C|(Kiverd)O|M= &I 27| ZZEH(DAC: Direct Air Capture)E £5t Ef
F

oo mjo

AEE IS8 7|HICR 2 HAUS Mitet X} &
« HIO| QAEFE Y ‘c16H}0|QAL0|1A(c16 Bioscience) Ol M= AIEASS 0|2510] HRLHH|KL!
S HE|A(Palmless) E SAIGIAU2H, £|2 UHAH0O|=2| EXISIAIR! EHE{|0|FAZ Of|LX]| Hi

A (BEV)2EE] TR EXH2,0000 SHa{)Z O} AHAMAH| D o1 7L7et od2f siry Zo 14

15" @Xylome KIVERDI 222

= Renewing tomorrow today

BIOSCIENCES

oj2e| EmOY A7y’

13) H|=LIX, 2023
14) 91gHs2, 2023.01.16.

15) Bloomberg, 2020.03.02.
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= HIACHS) TEtAO| AFS| Cst S2 SACE SR QY V[Ho| He CHYQY Miy|= 71 S,
«EUOJME= 2638 K2 HE9| ‘YAF: Yeast-based solutions for sustainable Aviation Fuels2t= =

2 H4 ZletHel gAlo 2 X|&7ts gERe SUXMEIZH = 2R2Y)E ditsh= ¢,

turore| Yeast-based solutions for sustainable Aviation Fuels

Fact Sheet

Objective

Project Information

YAF

Grant agreement ID: 101120389
Sustainable aviation fuels (SAF) are the only short-term alternative to fossil fuels in aviation. Considering the

increased number of passcengers forecasted in the near future, a massive increased in SAF production has been Dot
estimated in the years to come. To fulfill this increase in demand, the combination of existing and new renewable 10.3030/101120389 &4

production chains is needed. Current SAF-producing pathways are at different levels of maturity, implementation or i e
even commercialization. However, lowering the cost and supply chain development are key challenges for 1 December 2023 30 November 2027
commercial-scale SAF deployment. Using biowastes as feedstock for SAF is challenging but necessary to make

SAF competitive with fossil fuels. In this context, yeasts may be key players to generate economically-viable SAF Funded under

intermediates (terpenes or fatty acids (FA)) in an environmentally-friendly way from biowaste. This SAF production Marie Skiodowska-Curie Actions (MSCA)

by biological means is very new and presents a lot of remaining challenges and training gaps that have to be

addressed. YAF research programme aims at; i) producing carbon sources from biowastes, ii) developing new yeast Total cost

cell factories to produce SAF, iii) designing new bifunctional catalysts, iv) achieving efficient strategies for =D

E/Vtorpenes oxtraction, and v) creating robust framework tailored to the scaling-up mothodologios and life-cycle P

sustainability assessment of different SAF producing routes, which will support decision-making. To achieve this, the Go ey s

right integration of biology. biotechnology. chemical engineering and environmental sciences will be required. Thus.

the prime training/networking aim of YAF is to train the next generation of researchers in a highly interdisciplinary
and intersectorial research environment such that they can soundly address upcoming challenges concerning
production yeast-based SAF. YAF has been designed to strengthen European research and innovation, enhancing
research visibility and generating a critical mass to address European (and global) challenges

Coordinated by
Fundacion IMDEA Energia

== spain

Szioiztol|A 017 0 A0l SHE 0|23 SAF 512 urot'®)

(T A2 /XIS A2 = = O|4E 22 M DMIZR, 22 S2 0[85}0q Cf
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16) https://cordis.europa.eu/project/id/101120389
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& SAFS| NZ 2 Zu

& SAF MHAUE

M7 SAF AlZ 2= 20224 7|1F 319 24309 2H2{o|A 2027 2152 65200 &t
2|2 5E0t oF 7Hl| 2 AMAlsH Fato |_17l

MIA| SAF =272 20251 80 E, 20304 230 E, 2040 2290 E, 20504
4490%E 02 22 F710| 2 AIFEIt 25| HTE O olyE.”

A= —

MIA| SAF £27t E7ksH= 7H20| SAF 917t MAtzko| 20214 0|5 37| Z715t1 /L.
- 2020 7|F SAF QiZHAIZES 63unta|E(2 M| FER 422| 0.03%2 xtx|'Vstn 9o
L}, 20219 0| 37| B7FSHH SAF Z7[0iA2F 22F0| 2022'A 922(E], 2022'A 2114 2|E
2 tfZ 5745120

Total SAF Offtake Volume by Producer

12000
10000
)
2 8000
o
£
2 6000
o
>
% 4000
)
o u l
: H B R B
Gevo Fulcrum Alder Shell Neste DGFuels RavenSR OMV Ametis Dimensional
BioEnergy Renewables Energy
Q| 7|PSe| SAF A4AHF (2013~2023)
Sk ol AX
sSSP =

2
i)
Jek

(0]=) =2 SAF AEO0| SiE|= 2ol M O]t SAF 21 S|ALE Sao= LF
ZE|I AS.
<2021 7|Z 0|2 Z4Al0| 20tH|2|7} SAF AIZHO] FA| SAF A|ZEe| oF 41.3%E XIX|5I9 20,
0j=e| =MAQl SAF 35 SHO|| &l0] 7H& HHEH| Q&S SAF AIZCE Hotdin Qlon,

=i

Aemetis Inc., Alder Fuels, Fulcrum BioEnergy, Gevo, LanzaTech S Ct£=2| O|= S|AL7} SAF
AAS 0]Bof7t= BieIZayjolof2 Xt2|&tn glg.2!

« Gevo, Fulcrum, Alder fuels, Shell £ B2 7|2=0]| sl|Q| S2At (United airlines, Air france, Delta

SRt 22 H2k2 A1 Z5H0] 20130 A 2023E kK| & 42506.88 ML (million L) 225t /U2,

17) AAAH|, 2023. 08.16

18) IATA, 2023

19) ATAG, Waypoint 2050, 2021
20) ICAO, SAF Offtake aggreements
21) Sustainable Aviation Fuel, Review of technical pathways, DOE, 2020
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airlines KLM Airlines  Airlines

stZALSC| SAF 7O (2013~2023)

- EPAO]| [H2H 20211 0|20 A 5102H4219| SAF7}F AAZ|ACI D H N E|Q{on, MAtH| 20| Z2ig
2 19522 =0 T

3.38-56358 +E2E stz J[He| M EXE 7HAR

Cathay Southwest
Pacific Airlines

-

(EU) EUOJA = 20504 77}X| 70% SAF AI2E o|235)5t 7{|glo & L4 27}0|A] HEFA

F2i2| SAF ik HH|E &S5t U2,
E

o
- EUS| SAF A47|@io @ BIRICO} HZRICO) At MHIS £1 9l NesteZ} CHEXO|D, &
2 2

AN
025 EE HHZt=of ¢1zk 1008t

o| SAF MA0| JHS5HE R MAMMHIZ SEHSID 910D, 2024\AHK| 70RHE F2O| Z7} M|
J

Z ppg Aglg gtEsh 0] Qo= O|ErZ|0te| ENI, ZZFA Q| TotalEnergies, AH|Q12| Repsol
S0| SAF MAA|MS 7| ER5tD Jon, s&tAElS J1x|a 9lg.2Y

70

70%

22) AlAtKZe, 2023.08.14.
23) World Economic Forum, Guidelines for a Sustainable Aviation Fuel Blending Mandate in Europe, 2021
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24) AAKEZe, 2023.08.14.
25) HI=L%], 2023

26) Transparency market research, 2021

27) Market research report, Fortune business insight, 2023
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28) Market research report, Precedence research, 2023

29) 9gHsA 2023.01.16.

30) KATI sAZE4E%E, 2022.0818.
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M MIAIMCE 20304 EE= 2050H7HX| SAF Q2AIR &l 7|2l ol2istn 9lony,
ojojl tHE M I M= 7[HhS OrH S
- 205077kX| O|Z2 SAF 100%, EUE SAF 70% CHAE SEZ 511 /o0, =0 M= 2030

EIEK] 10% CHA| 2| Fet GHME +Eists oHE, T MAHLR SAF Uit & S5 ?I8t dXs

ofzY.
- 0| 20j|A= QIS 20|41 ZEH(RA) SAFE K2 LHOJA AArSHS HRAL MA L BX2 5
Ef (421G 1.25~1.75242))2 7|2 SHe BHH, SAF 2270l ChH|5t7| 915101 221 R&DO|
2916912l EXt 7 glo| 3V
- QR0|AE 2t 2IPHE SAF O|FALE 2HES H5hD SAF MA A sty U AF|UY, H7|2
S X47Hs5t 42 ALE STHE HElstn QS

Some decisions pending

SI& The UK E= Norway

The Renewable Transport Fuel Obligation SAF blend 0.5% mandate started in
(RTFO) rewards SAF production with the same 2020. Considering a 30% target for 2030
economic incentives given to road vehicles
— 2= Sweden
= 1he Netherlands———
SAF Road derd . ith A carbon neutral country by 2045. Legislative
blend;:lag] r':::dl::eea: l::i;;";;“;rvét I:vel proposal for SAF blend ratios from 1% in 2021 to

. o i . S
Focus on advanced feedstocks. First SAF 30% in 2030. Fossil-free Sweden industry initiative
plant (SkyNRG) in 2022 .

+— == Finland
- Germany A carbon-neutral country by 2035 - increasing
SAF obligation to reach 30% in 2030

National legislation for GHG reduction of fuels
(to transpose the RED Il) and the German National

Hydrogen Strategy foresee an SAF energetic == Denmark
sub-quota of 2% in 2030 and ONLY for
a ° SAF blend obligation under study

PtL-kerosene

I B France = o

SAF roadmap to reach a SAF supply of 2% L e N S
in 2025 and 5% in 2030. Focus on advanced

feedstocks —

— .

= Spain

Climate Change Law: 2% SAF supply J

objective in 2025. Several new bio-refineries
under planning with special focus on wastes
and residues [

El Portugal

Roadmap for Carbon Neutrality (RNC2050)
- integrated approach to transport
decarbonization including aviation
Source: SENASA

ASTM 7| S S8t SAF 3
« SXHIER| ASTME| &01S gt
= 50%7HX| 2850 AFE 7S SAF
2f XEHMo 2 FIt7|=0f cist ASTML| &

ASTME| 5ls &2 HE /US.

31) Congressional research service, Sustainable Aviation Fuel(SAF): In brief, 2022
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ED AsT™ 221(01R)2l SAF MuzHZ

Fuel EEY Typical feedstocks Status
level

Hydroprocessed Esters and
Fatty Acids Synthetic Paraffinic 50%
Kerosene (HEFA-SPK)

Vegetable oils, waste fats,

oils & greases Approved in 2011

Hydroprocessed Fermented
Sugars to Synthetic Isoparaffins 10% | Sugar crops Approved in 2014
(HFS-SIP)

Fischer-Tropsch Synthetic
Paraffinic Kerosene with 50%
Aromatics (FT-SPK/A)

Lignocellulosic crops,

residues & wastes Approved in 2015

Starchy & sugary crops,
50% | lignocellulosic crops, residues | Approved in 2016
& wastes, industrial flue gases

Alcohol to Jet Synthetic Paraffinic
Kerosene (ATJ-SPK)

Co-Processing Bio-OQils in Vegetable oils, waste fats,

: N/A° ' A in 2
Petroleum Refinery / oils & greases pproved in 2018
Fischer-Tropsch Synthetic o, | Lignocellulosic crops,

Paraffinic Kerosene (FT-SPK) >0% residues & wastes Approved 2019

Catalytic Hydrothermolysis
Synthesized Kerosene 50%
(CH-SK, or CHJ)

Vegetable oils, waste fats,

oils & greases Approved in 2020

Integrated Hydropyrolysis and 10% Lignocellulosic crops,
(o]

Hydroconversion (HC-HEFA-SPK) residues & wastes Approved in 2020

Lignocellulosic crops,
residues & wastes

Co-Processing Synthetic Crude Oil

in Petroleum Refinery N/A

Approved in 2020

High Freeze Point Hydroprocessed
Esters and Fatty Acids Synthetic 10%
Kerosene (HFP HEFA-SK or HEFA+)

Vegetable oils, waste fats,

) In Progress
oils & greases &

Starchy & sugary crops,
N/A | lignocellulosic crops, In Progress
residues & wastes

Hydro-Deoxygenation Synthetic
Aromatic Kerosene (HDO-SAK)

Alcohol-to-Jet Synthetic Kerosene Starchy & sugary crops,
with Aromatics N/A | lignocellulosic crops, In Progress
(ATJ-SKA) residues & wastes

Note: Pathways marked with a blend level "N/A" are either not applicable (in the case of co-
processed bio-oils) or are not available as testing is ongoing.
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- TR O|LtSlEtA BiEYC| 3%E XHX5ts YSRES
Bt BIE-0| X&Hez2 S A= ofdE.
- SZE20F EASE EH fH2EM X|&7Hs &3R (SAF: Sustainable Aviation Fuels) AFE 2}
CH S 23 L) JE0] ol &
- CHFSH SAF AL A2 Z 2030E7HK|= 7|&M=E7} =2 HEFA (Hydropreocessed esters
and fatty acids) S412| SAF A|H0| HME 2102 Of|AE|0Y, 2050 A7FX| H|st &2 HEFA
T/t FAE Aoz ML
« SAF =@ F710f| W2t HEFAS| fl=7t &= AlEd RX|9 eFEXel 50| 235, 0|2 HE
O X|&7hs thAl| fX| 2z &2 S2d0| dXEL US.
- 2|2 SAF flRQl A=Y RXIQ X&ItsE HXE=REAM O|dE Q0| £ 9lon, £3|
THelHA & dihdo| =2 22 QYUO0| SAF i Qs tinfzez RS
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1) World Economic Forum, Clean Skies for Tomorrow: Sustainable Aviation Fuels as a
Pathway to Net-Zero Aviation, 2020

3) Transport & Environments, Europe’s imports of dubious ‘used’ cooking oil set to
rise, fuelling deforestration, 2021.04.20

19) World Economic Forum, Guidelines for a Sustainable Aviation Fuel Blending
Mandate in Europe, 2021

24) Congressional research service, Sustainable Aviation Fuel(SAF): In brief, 2022
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