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A=0|0 2 stz S0 [E YSE0f CO: HIEZ2 9.19E0] 350 fS=0F 24
P\ HiE 22 TIMA BiE 2l o 2.6%01 sHEet

Greenhouse gas emissions by sector, World

Emissions are measure in carbon dioxide equivalents(CO2eq).
This means non-CO2 gases are weighted by the amount of warming they cause over a 100-year timescale.
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Source: Our World in Data based on Climate Analysis indicators Tool (CAIT).
OurWorldInData.org/co2-and-other-greenhouse-gas-emissions-CC BY
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F2LN9R Ql5H 20201 21,7003 B2 245111, 20224 CHA| 25300 HiZ2 57132
- HM EFAHISZR 2016 1.98BHE CO20IM 2019 2. 28BHE CO:2 °f 17% E7F5104,
=& B2 HA| BiE| of 16%01| sieE. 53] 2[Li2ks I XM =L = 94:622 =AM

« M ELABIERF2 2025 2.3MOEE CO,, 20501 43MTHE CO.2 S7f ofl& B8 2o
2 0f|&5104, 2019 ZH|SSEFAMMZISKH| = (Carbon Offsetting and Reduction Scheme
for International Aviation, CORSIA) 7|&X|2 H0{d Zdo =2 M=l 0|0 w2t 2 XeZALS|
O|REIA AMZE 2025 618t & CO20(A 2050 178BHE CO.2 S7tE A2 HAE.

1) Our World in Data (2023) https://ourworldindata.org/search?q=CO»+emission+by+sectors (09 Oct 2023)
2) Petronet (2023) https://www.petronet.co.kr/v3/index.jsp (09 Oct 2023)
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CO2 emissions (millions of tones)
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Emissjon_s reductioon
2,000 contributions in 2050
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EEEE TECHNOLOGY HEEE OPERATIONS AND INFRASTRUCTURE N SUSTAINABLE W MARKET-BASED
(INCLUDING EFFICIENCY IMPROVMENTSFROM LOAD FACTOR) AVIATION FUEL MEASURE
SHRE0F SAASLE 95t BHEI0l SAF HYX| AlLtz|Q”)

3) IATA (2023), https://www.iata.org/ (09 Oct 2023)
4) Waypoint 2050 (2023) https://aviationbenefits.org/environmental-efficiency/climate-action/waypoint-2050/ (09 Oct 2023)
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- SIXH SAF MASH DTSt fla 3 Mit 7|s 20l T2t 37| 471K 2 2]t US

-OTL(Oil-to-Jet): A&7, 24X, OMEF & s5-A2d X4 f=2| HO|o|AHEZS}
(transesterification) Bt & A 7t HES S Solf SAFE Mt

- STJ(Sugar-to-Jet): SRALE HERA Zelst As(Me e, S5 AR S)EFEH Z0 et
3YE Soll EfeteA 2 T2 0|F5HALE M2 Tet SHE S50 SAFE Mt

« ATJ(Alcohol-to-Jet): 1&=E9| Of|EHE L= O|AEERZO| BN Z2|11HsHOligomerization) 2!

23t HSE Sl SAFE it

~GTJ(Ga -to-Jet): SAH|Qt Z2 HIO|QOiA 2=

=
= — U =]
L3tsl(Fischer-Tropsch; FT) &2 dstel SF2 Sdlf SHIE Mst = F7t7|=2 HEH
SAFE Mtk
Waste& Renewables
residue refinery

il )
@ Blending |l®’| Airport Refueller/
o] terminal storage Hydrant

i~ o2 O

Crude oil Fossil refinery

& INHOR QFEl SAF 7|&

- SXWIEK| ASTM D75660{A QIS El HIO|QEIES M7 |22 & 871X|7t YO0, ASTM D1655
OlM BECR £2EI HIO|QY AR 7|22 377t 9gY

5) Neste (2021), “Boosting the use of SAF-Sustainable Aviation Fuel” https://www.europarl.europa.eu/cmsdata/232175/Presentation_Thorsten
Lange_2021-04-14_Neste-SAF.pdf (09 Oct 2023)
6) ICAO (2023), “Conversion processes” https://www.icao.int/environmental-protection/GFAAF/Pages/Conversion-processes.aspx (09 Oct 2023)
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) ASTM QIZEl SAF MAty|&
ASTM o= sst o =
| =HHH =S 9l == Ar2:3} 3|A
reference = HE = A5t 283} 3|At
ASTM (Fischer-Tropsch e 2o Rork Brafoct,
D7566 PSCN 12009|  mMoIZlA, |50% oTes,
hydroprocessed synthesized SG Preston, Kaidi, Sasol,
Annex 1 o H}O| @O A
paraffinic kerosene) Shell, Syntroleum
HEFA-SPK World Energy,
ASTM (Synthesized paraffinic AEMOY Honeywell UOP,
D7566 kerosene from 201 SESMX|EH 50% Neste Oil,
Annex 2 | hydroprocessed esters and (A= Dynamic Fuels,
fatty acids) EERC
HFS-SIP
ASTM i T i ChE AfA S
D7see | Cynthesizediso-paraffins 5, , | E= 49849 Amyris, Total
Annex 3 from hydroprocessed HFO|QOf A
fermented sugars)
FT-SKA
ASTM (Synthesized kerosene MEL
D7566 with aromatics derived by | 2015 HMATIA, 50% Sasol
Annex 4 | alkylation of light aromatics HFO|QOf A
from non-petroleum sources)
- H}O
ASTM (AIcohoI:AtZJ—J?eI:Ié hetic DH/IEIEE-I Gevo, Cobalt, Honeywell
D7566 o y 2016 o il 50% UOP Lanzatech,
Annex 5 Paraffinic Kerosene 2 olEs, Swedish Biofuels, Byo
lisobutanol]) 0|AHErS + BYO8Y
ASTM CH Applied Research
D7566 | (Catalytic hydrothermolysis |2020 | E2|22|Mz2IE |50% ppie
. Associates (ARA)
Annex 6 jet fuel)
HC-HEFA-SPK
ASTM (Synthesized paraffinic
D7566 | kerosene from hydrocarbon- | 2020 == 10% IHI Corporation
Annex 7 | hydroprocessed esters and
fatty acids)
ASTM (AIcohoIiI;)J—_'SeIEQ nthetic
D7566 ortoTjet syntne 2023 o 50% |  Swedish Biofuels
Annex 8 paraffinic kerosene with
aromatics)
ol Jg|A)Q illi
D1655 esters and fatty acidsina | 2018 22 o [2)2 5% BP Ph.llhps 66, .
) MQ0| TotalEnergies, OMYV, Eni
Annex Al conventional petroleum Z=x2
refinery) e
Co-processed .FT Fischer-Tropsch
ASTM (co-hydroprocessing of Etast2at
D1655 | Fischer-Tropsch hydrocarbons| 2020 ";Ofl 5% Fulcrum
Annex Al | in a conventional petroleum o
. S5
refinery)
ASTM Co-processed blqmass Hio| QDA 9}
D1655 (co-hydroprocessing of 2023 | o] me= 5%
. MR SEXE
Annex Al biomass)
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« ASTM D7566 Annex 1, FT-SPK(Fischer-Tropsch 2X{2| g ul2tal S1): HHO| 204
A ME} 730._47V“ 52 222 #8510 g7IA(CO+H2)E AMALSH 50| Fischer-Tropsch
Synthesis (FTS) Bt=2& Edff Tf2tEl(n-paraffin)g M=st=e &2
IIX| 2e6H0] AL 7ts.

ASTM D7566 Annex 2, HEFA-SPK(£2AX2|E! O AE|29} X|2Arto ZHE] SHAME
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HAH. 71E MgA &SR0 2/t 50%7HX| 28
ASTM D7566 Annex 3, HFS-SIP($=2X{2|E &=
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- ASTM D7566 Annex 4, FT-SKAH|AM | S29| X W= slgtES LZsloo] oy sl Wak
F SIEIER SME S9): HI0[QOHA, MEE HMOIVIA S HIMR SZRl0IM ZE gekse| 2Zst
of 2lslf HiHe = C|S ZsHEl SPKE 2445t Z|CH 50%7tX| 7|& MeiA etaqo E8E = US
SAFOl| 35 =[A 25% HEE HRIE &7 SJAP = WS SR Qlof R85 2=

« ASTM D7566 Annex 5, ATJ-SPK(ZZ2-H|E &M njelal 5Q): ME-MEHR44 ALEtS
&, AR, GolE7|) = UEE gS PN FES YA2S Y Y S200s H-E A
X SAFE Mk 7|= MR &353R0 Z|ti 50%7tK| 2&HE 4 /US.

ASTM D7566 Annex 6, CHJ(E0|| £UE5) M E ¢R): IS X2|0|A D=l 7j3tst Q2| X
HEAb(free fatty acid, FFA) L= E2|22|M2I0|EE 222 =0 Q22s( 2|0 Q2 1
20ilM Br35t0] M stef S8 ERE0 S52 = 4 X2|, 43} 24, 0[43t=2 SAFE
(]

AIZE 71 S92 FE 0| 2|0 50%71x] E8te
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H3lZ SAFE NZ=gh 7|E M7 &SR0l ZIch 10%7HK] 28 4~ US
ASTM D7566 Annex 8, ATJ-SKA(EEg 88t YTS-ME M £9): F L 2|aud

—_ =
220n0| JIAPHE S5 MNE B2t NS0 ARB0| U, 22|10 5
7 o
=

mjo

Z5lsh= SRE gdsts 718Y.

ASTM D1655 Annex 1, Co-processed HEFA(7|&E MQ HFM|ZHO|A OIAE 22} X
38 A48 M) 7|ES| W 3Tl 7 ZFA FOGKRY, Y, 12[A) XME|E 7
5t0f SAFE Mtttz 7|2, 7|1E MeA 23 R0l Z(CH 5%7HK| 28 7ts.

ASTM D1655 Annex 1, Co-processed FT(Z|E MY HH|A0M Fischer-Tropsch Ets}4
22| & Faxa): 71E| YR SE2 SFAUDFT HO|R IR XME|E 7[RI 2 510
SAFE Mist= J1&. 7| MR &SR0l Z[CH 5%7HX| 28 7ts.

ASTM D1655 Annex 1, Co-processed biomass(7|E Mg HH|A0|AM HIO|QOiA Q2 &
5ol 3& FAAME): 7|EL FR 3| 7t ZFAHI HO|OfA |2 Rz XM2Z|E THte=

o
510§ SAFE dttst= 7|28, 7I1E MF/A &SF0ll 2o 5% &8 7S,

0|>|
A
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« HDO-SK/HDO-SAK: $=AEMMA SHME2(Hydrodeoxygenation Synthetic Kerosene)/2=
AERMASE SH HISEE =9 (Hydrodeoxygenation Synthetic Aromatic Kerosene)&2%& 2
VirentitOl M &7 2 HEERAE YRR £45 U H4A5(HDO)E /M 7 & &
ST 2Ysts 7I&8. ¥ HDO-SKi= ASTM 21F H|ggst E70f /20, HDO-SAKE 2
A ASTM HIAE S
HFP-HEFA-SK: 154X $£AXEZ| o|AHZ 2 X|gtr §tM8 EL(High Freeze Point
Hydroprocessed Esters and Fatty Acids Synthetic Kerosene) 282 BoeingitlM 7HH =
2l 7|22 MY 7tsst X, 2, 9 J2|A (FOG)E #IEE 1YUH +AMEE AN SRE
gt SHxH ASTM 1EHA| OEM HE A

M Fl

¢ o

IH?: E8t=l 7256l L AT SHIntegrated Hydropyrolysis and Hydroconversion) &=
2 Shellitoi M 7Y S0l 7|= = CIASH HIO|QUIIA S IR 2 SEHE +E R I a5} Het

7 ot St
71 SAFE &Md5t= 7|22l SZH ASTM 1EH4 OEM HAE THA|l.

0

mjo

& RHMICH SAF ik 7|

- PtL(Power-to-Liquid): Z{A 7}s3t of|L X2

o
il S)2t O|LtalEta SO M= E 08510 M| Efslea GRS A=

1o
for
o

it

1
gal

:Orl:l

SHAIRE GIASH I St A9 LA B8 U 3715 oM N Y 4 S
LE|MoRE 7= SX|E HEE 0|25} HEFABEES BHAISIE SAF7L F2 7142 oA
20l 71 SRR K2 STRE HY TS| 9I3t HHO|Qu1A THel0] X6 MEE 1
=

BiS 1} &% PHLE BAISIE SAFTL 3R 7|42 e oz oyE.

-10% total EU -75% total EU
Mt/year jet fuel demand jet fuel demand

60
55
50
45
40
35
30
25
20

2020 2025 2030 2035 2040 2045 2050

( N HEFA G+FT HEEE AU EEEN PiL J

85 7|2 Z2Y SAF A’

7) World Economic Forum (2021), “Guidelines for a Sustainable Aviation Fuel Blending Mandate in Europe” https://www3.weforum.org/docs/WEF_CST_
EU_Policy_2021.pdf (09 Oct 2023)
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20254 20404 20504 20214 20404

2H2I3 |7 Ho| 93t BQ g =&

2 S8

- Neste(ZIZtE): ZIZEQ| 10 Ha| 22| FRAI Neste= S0, Of*loh FEO| diAEgg #
&= MA zlcHel T Az SSHE X E2tEQ), 2HZEK( 17H AZEEH) S0l & 4
JHe| MA ZEES HRSt = MAl ZICHe| SAF AAt 7|4l 2H|2Ent ATtz 20| Qe H

B SHOIM 217t 3,4008 ZHHOIH SAF “Hitzs 251(2023H)0] 51,5008 Aoz =

2 o ™el. o|=2e] =2 Al 33 Alaska Airlines, American Airlines2t JetBlue Airwaysoi|Ad

NesteQ| IR E AE3511 Q11 Ryanair, Malaysia Airlines2t Etihad S Z—S— FOIME AtE S

Neste= OA[OFOf M 2= Z|CH &ZAtR! All Nippon Airwayset 217|421 TtEHNS S0 9

o, REIME LIZRIE 25 SBAfel KLMo| SAFE B350 2US.

8) O{L|EH0] (2022) “HIAlR R & ZE|= 0|8 X|&7tssH &322 AlCh” https://news.mt.co.kr/mtview.php?no=2022042017263278301 (09 Oct 2023)
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. Total(Z2FA): 2014HEE 40

2 x|% 7h53 83 1R O|LIME|Z0) ofsitn 2021500
ME EZ 380 S22 SAFE 23511 Le BourgetM MSOZ2 PIPHOZ SAFE S
=8t 2020 Grandpuits HAZ 500t REE £ f°f01 SAF At A|ME HM&lstn 7|
Mede mow L2, Hex U HeReE 2IE19] HVO % SAFS MArHE M
21K zero-crude Grandpuits 2

[
Oo -
12l =4 XY, A8/ =g ZHoM edst= T[EF HYIE H T
ok

-|[£

o|§w 2030L=|77P<| 1508F E2| SAFS dttet= A SHE &
World Energy(0]2): 20| £|cf F2o| HIO|QMZ Z2UX| = 5HLI0|0] SAF AAtof| £toist
1 Qlonq H2|ZL|0te| Paramount A2 M|A| Z[Z=2| SAF &% A0 &l 2024E7kX] A7t

19{5X0t ZH2H0| SAFE AYAKEE H|E1Q! EESE World Energy= Houstondf| Q1= 7| KAt HMEt

5101 2025EFH77EA| A7t 291 5HBE Q| SAFE FII2 ire 4= = MZER SAF 3{E(hub)E

EHol7| s Mt AX|LI0fR AZS AIRFSHCHT HEstRin, 2030 F7HA 102 AR2| SAFE
gﬂsf;ﬂqg 5 OFEkz &EH 0| AF SHAISH & 912 Zi0|akD WHESE Los AngelesOil SAF

01 391 75008t Zizio| M HEZ MAI5H| SIsH 209 e F2o| B

Phillips 66(0|=}): 2021:04| Phillips 66 Limited= T7 |2 2120 M ¢z MitS &A1 TIoH
et A= FHALO|E = ST HVO ditaks 17k 53 2E0l| M 4
B2 ST HISAATO| = 2R SHE HVOR HERE Mist= SECE F'_%
sto] LY, X, s=4 X2, 37IE2 0I8510] 40 2|EQ| ARE ditst 4= e

= T MIA Z[C 271 (2024L_ 7tE od)

SkyNRG(LIZZIE): 3AXH 407 O|Ate| S-S A0 SAFE % St QU Izt 108HE 04
O| SAF Mits It 3 US. 20213 ™ MAXM2= SAFE &Es7| 9
Boeing2} ItEL{4lS QI Alaska AirlinesO| ZH048F ‘SkyNRG Americas’ SAF AMit T2HE
ol X ol Q. Z|20fl= Bank of America?t 2030 E7kX| 104 29| SAF AAH Al At
2 X|Yst= 107 DEHN S YHel

AltAir Fuel(0]=): 201538 E HVO 7|dt

!

3§ AINS 27050

O

|25 204 United Airline(0|=2)

Ln
>
M
> i
0=
e
[e]l}
N
>_

ot 2ok 0{ BX| 17t 1281 £ 7RO M A MS 2
Gevo(T|=): 817} 17+ oF 321 75008t 22io| X2 0l i X2, 38 JH58 SAF 2 Z2H
E SR 13 TS MY 2HOR OYEls SEes 6B BIHALS HZE. Gevo 2030
PR 109 21| SAFS AHSIT ABSfRICH SEE M

Lanzajet(0]=): Marquis Sustainable Aviation Fuel(Marquis SAF)2} 2&f|Zt(MOU)E |2
5t01 QA7h 19 2B Ol X|& JHsEh Mt AES ZAEE EX|0t AL{E0]| XIS MIA Z

0| ATJ HI0|@ Z%Q! Lanzalet Freedom Pines Fuels= 2023E0f| 7=l 0| &o|1 0] 2%t
2 O 9002t Z249| SAFRL 1000t 29| A 7ts CIRS Matst 2o 2 of| At
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« Fulcrum Bioenergy(O|=): Fulcrum BioEnergy= 20213 ¥= 2|HZ Q12 Essar Oil (UK)
Ltd.o| FR SZ0 SAF ZUES e A=l0[2t HHSIUD 0] ZEHME= =M 2025
ol 7tsE == UCHD gfal A7t K= B 2E olE oF 49 Azig Wite o= o4,

- Idemitsu Kosan Co.(Y£): AT)7|&S AF2310] SAF 7ie 2 A5t0l| =X oHE 57 T2
EE X|2I517| 25 NEDOO|A 29224211S 402t 124 8&Tt 2

FU2d(pilot) AAS 2026E0)| 7H5E 40 2 Of|AHE!L Idemitsu= 2030E77

I
AZE 5 EHZ S2l= F MM A|ES V1S5 As SHE 51 US.

d

HEFA-SPK - =
Commercial Co-processing .
‘ deployment AtS/OIS o g = " 5 oceesn gup(®)
% | HFS_S:P (currently not focused on jet)
: | FT-SPK Quetocys  Yrulgum  smemes @rosens
|
g DX o Co-processin
5 ‘ plants + plans IET . 9 rolerom
g fof COmmerC|a| (max Svol% feed)
g | scale FT-SPK/A
‘ ATJ-SPK LanzaTech®
‘ CHJ @HRH (@ euglena

Pilot scale plants + HC-HEFA-SPK
plans for demo scale (algae) IHI

MIZA| SAF &t 71¢d g

world .
? NESTE evo
P Qrueum singapore & otterdam g i - QugLoers
) S;erra 481 10 Immingham, UK

5
nﬁ%;l;e a \rérA ! Go Sunshine -

3 ‘ SkyNRG New ?gﬂeans
"" VO RED ROCK Delfzijl
ngee 33

Year-end Production Levels (M gpy)

Lakeview Qrulerum  Gotherburg
Demo quant’s 6 #2,Gary, IN ~70
21
world energy lec
Torav Paramount YieadiFuels e ho
Mede 150 2 locations 4 locations
? 24 100
~59+M ~72+M ~736+M ~820+M ~990+M ~1,01+B
2020 2021 2022 2023 2024 2025 Y ‘! B

* Not comprehensive; CAAFI estimates (based on technology used & public reports) where production slates are not specified
*13 August 2020

B SAF At o=

9) Fueling Future (2020) https://www.ebaa.org/app/uploads/2021/09/Imabimnvxn_print-1.pdf (09 Oct 2023)
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«ICAO(International Civil Aviation Organization)2| 2AI7tA Zt= S X9} 0|3 £=Et: [CAO= H|37
Xt &3|(2010F)0 M ZHESEES| 2A7IA HSE2 2lo 2020 F O|FRE = EHAHIEYE &
JINZ|R| S=Che 2AITIA ZEEE E(CNGZO2O Carbon Neutral Growth from 2020) al=1

2

M OjA 2% ZM0j2te SEE Mot

QUst SEOEM FE7| HEY |2 X 28 7|
M(CNG2020)5t7| Rt #-Eto2 M o1z I AR |8 =X|E &&88t IC O°| H[39%t F3(2016)
Z9|2 A39-30i| M2} ICAO 3|&=2| EtZAts =HIM 280] 2 247t HiEZof Chol A
719t ZX2M 3AIC] 2ATIA AR 3 ZuRR0| Cs stk M E AlRSt /e,

C
felLiets AlY 2 A Of7[2H (2021 ~)FE FHOIE Mg

=

1,600
1,400
1,200

1,000 i @

800 Sustainable Aviation Fuels
and CORSIA

saInses Jo 19yseg

600

(L)SUOISSIWZ Z0D 12N UONEIAY [BUONEUIBI|

2010 2015 2020 2025 2030 2035 2040 2045

2RIZEHR7| 0| SATIA ZEEE(CNG2020)'”

« ZH|SZEAMMZZEH|E(CORISA, Carbon Offsetting & Reduction Scheme for International
Aviation): CORSIAE &34t 2ATIA 2% SHAIE Q1Fotal Ef 20f0f|lA st 2MTA
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10) H39xt &5 A

9|2 A39-3 Carbon Offsetting and Reduction Scheme for International Aviation (CORSIA), 2016, ICAO
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« M|77F IATA &2(2021.10)01lA] 2050 NetZeroE 41915+, RIZE HA0l| M MOIE SEEAM ICAO
HLLHE SEE MOIEE 7|Z 2H(2050E7HK| 2005 ChH| 50% ZHE)HC} i 2as 257
£ HMAle

«SAFO| A itat Eits 2 EH o2 5tY| flet S JHESHD, Tt X|R QIMEIEE &=
5t O|R8k= ZXIA ZAIZM IATAE 0|5 MS5HK| = F=rtn Mot

- SHIERl K&V RS MY, Ko +5+HEL =2 QIMEE HE5 #stl,

Billion litres
500

400

300

200

100

B Sustainable ablation fuel = New technoloogies
mm |nfrastructure/operations mm Offesetting/carbon capture

2025 2030 2035 2040 2045 2050

2050 YIH|Z SHS 9[3t ZEATHE 7|0{=(ZD), 2050 LIHIS TS 93t SAF 272K)'

& N7 SAF M=t Jjjat 515t

@D =47 SAF B 31y

=7HX|) S 1t MM EIOIE | HMEIF i MY
- Build Back Better Agenda®| &t
O 2 SAFY| Cist M2 2H|.
IRAO| Sustainable AmE | HIES HZ5t SAFS| =L Mits
Oj=2(®A) | 202199 | 25 Aviation Tax OIC;ﬂEru b2 BHEFE| 98 2,
pypsfel Credit T | AD =7 24l J1A HIE2S £[A
50% HA5tEE @5t o 2
Zi20f| chel & 2 QIMIE|IEE K|S,

11) Net zero 2050: sustainable aviation fuels
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& 0]22| SAF B

- SAF Grand Challenge (2021.09): SAFO|| Ci5t A8F M&Ho| 7ha kst Mo = 0|= ofLX|
H(DOE, Department of Energy), @ E£(DOT, Department of Tranportation) 2! S2/E(USDA,
United States Department of Agriculture)”| | AZ X|& 7hsA Sk SAFQ| AfA 2l ALE &t
CHE Alsh= H5 XHIQ| 2sh ZEM(MOU)E 7HAISH At 7| & A=0l| Hsh =8 7| 24 7t
A HET 2|4 50% HAE SEE, 2030'E7HK| SAF Mitar A7 [ 30 2 04 S7}st04
SSUR 2 10% SAF LA, 2050E7HK] &5 A= +=L(A7F 3509 Z2)E 100% SAF CHA|
ExE=E

= 408 gpy
& 40 I 3%
a0 it
@ 13%
E 35 i 35 Bgpy SAF )
o > Geographic Scope: Legend:
z .
g 30 = 13% - il International outside the US* (US Operators)
") e e
| .
5 . ——
r=u M International Arrivals (US Operators)
w 25 F 2%
c 2 .
o ® @ International Departures (US Operators)
= £
32 8§ )
(= B - =
= % International Departures (Foreign Operators)t
o
215
o 37% m Domestic Passenger
2
= 10 48
= é A— = Domestic Cargo
Q o

(=]
E 5 Boena il Eanaral AL
2 6% omestic General Aviation
) : TN
> 27% - g % Jet Fuel Uplift from the United States

0

SAF Grand Challenge Roadmap JHRm

Inflation Reduction Act (IRA): 2023-2024 L{ T LE=
O|=0f|l M ‘Yite(0d, 0= L &27| A= 32 0|& &1,
2 A A2k $1.25 MI22 SKHIeh 22T $1.25 0] 49|

2 o0 1% 71 20t 221E $0.014 5715101 Z|ch 2T
M SAF M2 37t 2HRElE 2024'H0] 0]0] 2025 A2

AO{xX
ToT

oo
=

—
et

4

x:
P

Data Sources and Assumptions:

2019: BTS T-2 (International operations
reported by US carriers).

- 2030-2050: CO, emissions based on FAA

Aerospace traffic Forecast, after
technology and operations

- improvements. Assuming breakdown of

flows (departures from US, arrivalsin US
and foreign-foreign based on 2019
CORSIA breakdown).

"~ 2019: EPA GHG Inventory, international

departures by foreign operators scaled
based on 2019 traffic mix (FAA Data).

2030-2050: FAA Modeling based on EPA
GHG Inventory (Domestic) scope. CO,
emissions based on FAA Aerospace
traffic Forecast, after technology and
operations improvements.

- 2019-2050: General Aviation from FAA
Aerospace Forecast (2021-2041).

* Flights between two different ICAO Member States (other than the United States) e.q., Germany -> UAE, UK -> China.
T Not in scope of Climate Action Plan, shown to facilitate comparisons with U.S. SAF Grand Challenge.

AFEEl SAFZt HIO|QOHA 7|EHof| A
7| BHEZC| £ 50% 0|4 ZfA
50% O|Af9| GHG ZAE 7|F2

1.75 Mg SHI7t 7ks g IRAO]|
A Mrtof CHsH M2 SHE

AMEt S HIO| QOAE 0[Z510{ O|=0f| A ‘dAte| 10 HiE AHl==7t 50 kg CO2,e/MMBtu 0|5}2!
SAFOf| CHal 224 3|5l 7|2 SH2 221 $0.350|0 2 L HE Q70| 55 F 23
& $1.752 S7tst

- X|& 7Hs8t 5H=8(U.S. Sustainable Skies Act): 20211 SAF AF20]| CHEH QIMIE|EE 2515} |
2|8 |4 7+t SHs(Sustainable Skies Act) =18} 2|52 50% 0[Ake| 43 7| GHG &
4 207t UBE SAFE 355k S0 Chs ZHE $1.50FE A|ZISH0 AHS Z|C] $277HK|
O =2 GHG Hdol| Chst Harg M3E 0] Hek2 A4S SAFI etd RAM S HEsh| flst 2
S 28 E SILIZ ICAO K& 7tsd 7|&E TN 288 Q+el 0|50l SAF Mt Aldo| 5 &
Z5t7| 2lslf 5 S0 10 o] Hxg X|¥S Zatket

12) SAF Grand Challenge Roadmap, 2022
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& Q9| SAF I

- M| L|O} X|232| LCFS(Low Carbon Fuel Standard): 20183 ZH2|Z=L |0} CH7| X} |
3|(CARB)= CHA| &5 OIS "SEQIS = HElst0] SAFVL QIF §l0] Y= E0M AE &4 32
HHE P2 & UEE & SAFE B o| ZEMS MEHSI0] LCFS E &= o[ 0| M TH|E
CARBOfIA SAFZ} 2019EHRE] LCFS TS WSt 5183120, 2030E77kX| SAF 20%
0|4 CARBOl| &&El EX Alglg Eiek ol2fst QIMIE|E= I8t RFS 3! oidf BTCE &6t 2l
E|EQ &N A2 = US.

« RFS(Renewable Fuel Standard): SAF At £HM35HE 2|l &t dlm MM =4 o|F gio] #H
F CRIE A (BEQ LADE SAFZE MY SSREE AFESI0] A XME[2 AR M
EZQAZEE MAtE|= AL RIN(Renewable Identification Numbers, ZHAY Aldd B{S)2 AfA
SIS 5{&8 Ol S0] AK2| E4lo] 22 ATY 1.6 RINS FHotL, HEEQAE &#88
42 AL 1.7 RINS SIS 5188 0 T2 YAI2 SAFZF I 7Hs CI=of H|wsto] o 4
WS 28| of 11 2| F AHE FQ Q10| SAFO| CiSH Rl E =0|= o 288

US REFINERS JUMP ON THE RENEWABLE FUEL BANDWAGON

State or provincial policy

| Adopted Transportation and
Climate Initiative (TCI)

Considering TCI

l Adopted Low Carbon
Fuel Standard (LCFS)

B Considering LCFS

Canada federal Clean Fuel
Standard to launch in 2022

Renewable fuel plants
Renewable diesel (RD)
Sustainable aviation fuel (SAF)

Active Planned Expansion Global

Optimizes SAF @ Egéergc
SAF and RD [ ] ® oG
RD ® O & Refining

Chevron
Capacity

picy (optimizes SAF,
million gallons per year

@LDOD

500
100
0 200 mi
0 200 km

also produces RD)

Unknown

True North

ORenewsble Fuels

SB3Baa Agri-Ener

Energy

Gevo

Diamond
Green Diesel

East Kansas

9y

OI:VR Energy

Louisiana Green Fuels

Gron Fuels

Braya Renewable Fuels 7!
(at Come by Chance, NL)

FORGE
Hydrocarbons

) y
s & ~
. Fulcrum BIOEE,% 2
‘enterpoint §—
(Centerpo SO
enewable Fuels’

LanzaJet
o

Vertex Energy
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Green Diesel

REG
Geismar

Source: S&P Global Platts; EIA
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13) S&P Global Platts, EIA
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The European Union ®

The ReFuelEU Aviation regulatory proposal

Netherlands =

SAF blending obligation by 2023 (if an equivalent
European obligation is not put in place by this time)

Germany L)

Blending quota for PtL (Power to
Liquid)-kerosene  starting from
2026

United Kingdom &

Consultation in 2021 on a SAF
mandate (up to 10 % by 2030) and
second one in 2022

France ()

Denmark ==

At least one 100 % green
domestic route by 2025
and by 2030 all domestic
aviation should be 100 %
fossil-fuel-free.

s

SAF mandate of 1% in in 2022 to be
revised annually

Spaina

Climate Change Law: annual SAF targets in aviation with focus

on advanced biofuels and renewable fuels of non-biological origin

SAF mandats in Europe, including UK(Mt SAF)!

O] SAF At 2|25} &

Switzerland°

Legislative proposal in consultation for a SAF quota

45H4)

=]

1% Global SAF blending
obligation of 0.5% from 1
January 2020.

Sweden =

GHG emissions reduction
obligation for jet fuel
suppliers. SAF blend ratios
from 1% in 2021 to 30% in
2030

Finland ¥

Increasing SAF obligation to
reach 30% in 2030.

Torkiye @
The Turkish government is

currently planning obliged
blend ratios to deliver SAF

© ECAC

40

35 [

30 EE PtL mandate(EU-27)
HE Advenced blofuels mandate (EU-27)

[ Draft UK mandate
s National mandateds “top-up”

25

20

15

2020 2025

Mg 4 R 9 %g—f&_
SAF AtO|2Q] 712 Z4X}e]

2030 2035

2| SAF ALg 2| F3}2 oY

SBE| HBF o), F2
C

FAISEH

|-
-
=S 448 24

AMEY

EU

- EU2| HiZH7{2iM| = (Emission Trade System, ETS): GHG HiZ A
HLBSE, &S0k 2008H=0] ETSO
L &3, g=, AfA2 &5t
2013-2020 S-2£20f 2 E9|
THES 2%t CORSIA0 Chst

FE5HE|0] 2012EEEH 2

ETS

2045 2050

st I8t Atk 4y o
9z 3ix

X|Zl2 £t ICAO CORSIAS|
2L S 3H2 EU ETS

14) European Civil Aviation Conference

15) SkyNRG
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- ReFuelEU Aviation: European Commission(EC)0|A 2021.070] &2 o1z IS Aol Ch
gt 25t 9|2 E S5f EUNIAM SAFS| 331 +=2E =217| {8t ReFuelEU Aviation &5},
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2025 2030 2035 2040 2045 2050
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e-fuel - 1.2% 5% 10% 15% 35%
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513, B3 70| TIUH U AHBX SBI0| BBAISL BRI5H0] 02 TFYS 75 ofHY.
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RED FXI%

& SAF STZ 913t ZHQI R&D F1Y

- HEFA 7|t SAF M| = 7|&: &= HRE YR 2 0|&3t= HEFA SAFZL REIM & SX(7t o
SEo| et mv|g | B4E T[Ee SMEY /A ERE See= R&D7f FlRiE| D flon,

Neste(EIZtE), Honeywell-UOP(O|=), Total(Z&A), Air BP(Z=) S0 7|=

. Co-processing 7|dt SAF H|ZX 7|&: SAIEAM X 2 HIQX| 52| g & =
=0| 7Is5tl 7|E ERAL GHIE 28 + 0] HO|X FRrAOIM &8st SH /e TS
2. Preem(AQ|E), Neste(ZIZIE), Repsol(ATH[Ql) X BP(EY) S K& Fo| 0i21 F|AtoM
R&D EXtEY.
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