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& SrREOf 2AMJIA HI|ZE 318 o MOt

- 20199 TM|IA| CO, ., HIEZ2 497.6AUE (3HM1=
= ARZ0]| 2lgt CO,,, HIEAE 3719 E0] SiEE. O

o1E0|0M _|7é| §|.A-|01§ Ekg
(o] e}

O, HIE 7|0{=E S7HA|A, EEtH o= TH|
0, D_I 7|EF A BEAME ZSh),
H210iA 2018 39900 HiZHZ Z7}5} Aigu
=i§Lr19 I3} 2020 21,700 HHEEE?D 51911, 202214 CHA| 25,3007 HHE 2 S7t8t !
« ZH|M ERAHEEZF2 2016 1.98CHE CO,0lA 2019\ 2.2FBEE CO,2 2 17% S715109, 4=
2FO| oF 16%0| s E. £3| RE[LiZt= FHM LM = 94:622 FH|M 2|

'z
M
H
2
Rl
% wr o
L FIO r
E
)
_\Z
[>

o Z 0O

< ZHM EtAHISER2 20258 2.3FBEE CO,, 20503 4,3002tE CO,2 SV} of|ah =7tk A
O 05104, 2019 ZH|StBEtA MM ZEH| E(Carbon Offsetting and Reduction Scheme
for International Aviation, CORSIA) 7|ZX|2 Ho{M Zdo =2 Mat=l oo e} A a2 AL

O|RERA ARA{EES 2025 612t £ CO,0M 2050 1740HE CO,2 S7HE Zio 2 Mate,

048

& HIO|R&Z R I 2o Y

3742 HlEo| Z At o

-

A =
K| 2dofl HIsh of< of|X| &fet=0]7] 20l &fS=20k= CHE =20t Bsl TV [eh-+a5t2 &
A5OSR O

<2t E5] ZHHE| o

o°I"

off UM MEIA HAZ(0f: X|& 7hs6t %EE Ol= M E 912)QI H}O|
QetZL = 7(I b5t &2 9 (Sustainable Aviation Fuel, SAF) £
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o

CO2 emissions (millions of tones)
2,500 [---mmmmm oo

Emissions reductioon
contributions in 2050
2,000

1,500
1,000
500

0 T T T T T T O

2015 2020 2025 2030 2035 2040 2045 2015
HEEEE TECHNOLOGY mmEE OPERATIONS AND INFRASTRUCTURE s SUSTAINABLE mmmm MARKET-BASED
(INCLUDING EFFICIENCY IMPROVMENTSFROM LOAD FACTOR) AVIATION FUEL MEASURE
SHTE0} EATASIE 9|3t 27Ol SAF HYR| AlLt2|2?)

HIOIR B R JIESE

& INHCR QSEl SAF 7|&

« SXYIEX| ASTM D7566011A QI

== H
OlM HECR AZEI HI0|QY AR 7|22 37HX7t 9. )

ASTM o= st o
R HFEH =S 9 = ALR3
reference Mgy HE A= N J8stalA
ASTM . ET—STPK ) Met ;ulzrtém Eiggr}lergly,
D7566 SCREriropsen - 15009|  moizpa, | 509 | cd ROCK BIOIUEE,
hydroprocessed synthesized SG Preston, Kaidi, Sasol,
Annex 1 = HiO| oA
paraffinic kerosene) Shell, Syntroleum
HEFA-SPK World Energy,
ASTM (Synthesized paraffinic AlEMY Honeywell UOP,
D7566 kerosene from 201 S=4X4 50% Neste Oil,
Annex 2 | hydroprocessed esters and iTE A E= Dynamic Fuels,
fatty acids) EERC
HFS-SIP
ASTM ) o ) Che A S
D7see | Cynthesizedisoparaffins 5, | &= 4S84 Amyris, Total
from hydroprocessed HIO| O A
Annex 3
fermented sugars)
FT-SKA
ASTM (Synthesized kerosene MEL
D7566 with aromatics derived by | 2015 HMATIA, 50% Sasol
Annex 4 | alkylation of light aromatics H}O|QOjA
from non-petroleum sources)
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ASTM o= =gt o ey
reference A= '.-_;: e %;gf 483t 2lM
HFO|Q
ASTM ATJ-SPK OjA2EE| oo Gevo, Cobalt, Honeywell
D7566 (Alcohol-to-Jet Synthetic 2016 - |;9 == |50% UOP Lanzatech,
Annex 5 Paraffinic Kerosene) O|AEElS Swedish Biofuels, Byogy
4T =
ASTM CH Applied Research
D7566 | (Catalytic hydrothermolysis |2020| E2|22|M2IE |50% ppie
Annex 6 jet fuel) Associates (ARA)
HC-HEFA-SPK
ASTM (Synthesized paraffinic
D7566 | kerosene from hydrocarbon- | 2020 ] B 10% |HI Corporation
Annex 7 | hydroprocessed esters and
fatty acids)
ASTM ATJ-SKA
D7566 (Alcohol-to-Jet Synthetic | 2023 = - Swedish Biofuels
Annex 8 Kerosene with Aromatics)
Co-processed HEFA
ASTM (co-hydroprocessing of FOG(X|&,
D1655 esters and fatty acids in a 2018 | @&, J2|A)Q} | 5%
Annex Al conventional petroleum Mol Ss5XE|
refinery)
Co-processed FT
ASTM (co-hydroprocessing of Fischer-Tropsch
D1655 | Fischer-Tropsch hydrocarbons | 2020 EtsE 0} 5% Fulcrum
Annex Al | in a conventional petroleum Mool Z=XZ|
refinery)
ASTM Co-processed biomass H}O| QO A
D1655 (co-hydroprocessing of 2023 Lo A=t 5%
Annex Al biomass) Mol Z=X2|

« ASTM D7566 Annex 1, FT-SPK(Fischer-Tropsch $=2~%
(CO+H,)E MAtsH =0 Fischer—Tropsch Synthesis (FTS) gt
R0l 50%77IX| 2501 AFE 7ts.

O:Ijl-)\ ':O OJEE 2|'_9_ |-0:| ol-)gjl-ﬁ

3= Sofl LEfE(n-paraffin)E X5t 4. 7|

2|2 ol 2E|= 9t

« ASTM D7566 Annex 2, HEFA-SPK(s=2~
X|ofl
23 % 0|45t HISOR &3

4 X2|E S

=4

AEH V|8 1SR,
El, A5t
M =& HMe|=|7| Fo

= M 07:”

o

r
r

S0l ZIHH 50%77HK| 28f5t01 AtE 7ts.
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0
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AHEZEE =2 5104

HIO| 2002, MEF M

tEl TfetE

- ASTM D7566 Annex 3, HFS-SIP(4X{2
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Q0| EEE 4 2US. SAFO| TR FA 25% WEHE WIS 4 EFAT|E WHE soR
olsh R85t BaYRY

=
e

- ASTM D7566 Annex 5, ATJ-SPK(Z32-H|E(Alcohol-to-Jet(AT))) &M mj2tel 5
[e]

): M
- =
S A AR AMER H0|E7) = YEE B MRiM =50t LIS E EHe

=
2 22| 0H3 ™S HM SAFE Mk 7|E MR &E3R00 ZIcH 50%7HK| 2E 5 US.
ASTM D7566 Annex 6, CHJ(E0i £Q25| RE A2): 1S X2(0fM THE=l 7j3st Q2| x|t
AM(free fatty acid, FFA) 5= E2|Z22|M2I0|EE |/IEE S0 226 XM D 2 12
oM BtE5t0] Yokl stet E2 EE0 FE2E 4 X2, 431 2alf, 0|52 SAFE
A 7|1E MR 300 20 50%7HK| 28tE 5= U
ASTM D7566 Annex 7, HC-HEFA-SPK(EttA 4K 2| | AH|2Q} X|dito 2HE] $HME
Ol2tE SR): O|HIZFIM 55 RX|E HEE 2800 FO 4 M2, 481 235, 0435t
2 SAFE =& 7|ZE M &2 R0] Z[ch 10%7HK| 26t 4 QL.
ASTM D7566 Annex 8, ATJ-SKA(HSEE eiqst YIS-HE 88 SQ): 2R Y 20
=

[=] =
E2040| 7k HHE Sof ANE S7HYNZ0l AT

0o

=, 22 S
2 i 50%771X| &5t
ASTM D1655 Annex 1, Co-processed HEFA(Z|E MQ HRHIZH0|A O|AHZ2
& A8 AM2): 7|Ee| Y e B ISFAUN FOGKRIEY, 2, J2|A) M8
S50l Z|cH 5%7kX |§§. 7ts.

F

TZ|1E MQ HH[A0|M Fischer-Tropsch Ebal=A9|

dE Zefots SRE gdste 7Y 7I1E HRA g3/ &

01 SAFE Mitsh= 7|s 7| E MeA &
ASTM D1655 Annex 1, Co-processed

SS TAXE]): 71EL YR SEC| S SFAD FT HIO| Y] X2|E 7[HC = 510 SAFE
st 71E. 71E HRAl LSKR00 2L 5% 71K 28 7ts.

ASTM D1655 Annex 1, Co-processed biomass(7|Z M HA|A0A HO|QOA Q2 2=
ot 3F TAXE|): 7|EQ| He S&Q| St SFUN HIO|QUA Rl M= M2|E 7[HICZ of

S

0 SAFE dittst= 7|z 7IE M &5 R0 ZIch 5% ¢ 7ts.

&9l SAF 7|=

« HDO-SK/HDO-SAK: $=AEMA SS9 (Hydrodeoxygenation Synthetic Kerosene)/Z=AEf
AASESH HISEE =92 (Hydrodeoxygenation Synthetic Aromatic Kerosene)&2&2
M HRA L HEZQAS IREE A5 H4ASHHDO)E HMY 7 2 HeE S7 45t
ol
-

X HDO-SK= ASTM Q1E HIgHMd5} THA|of Rl204, HDO-SAKE= 2T ASTM |

Virentiit

oln r

« HFP-HEFA-SK: 152%™ AKX 2| f|AH|IZ2 2! X[kt 6 EQ(High Freeze Point Hydroprocessed
Esters and Fatty Acids Synthetic Kerosene) 382 BoeingiitHlM 7Sl 7|&2 M 756
A, Y, 2 J2|A (FOG)E a2 U =aX2|E HY SFE el S ASTM 1EH
OEM ZE tHA|1Y.

- IH2: SetEl 7Ied 2l A
Shellitoll M 7H&E2! 7=

X SAFE gtdst=

AT 8k(Integrated Hydropyrolysis and Hydroconversion) &2
2 CHYSHHIO|QUIAS AR 2 SHEl 22U U 245} TS 7
5

—_= =

X ASTM 1EH4 OEM ZHE THA|Q.

N
>
oo
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QIS | Ho|LEE2 e Ha S ] Ho|2et2 e AlE 2
50% 16000 OHE

“ BEEEE
2 | B R
20254 2040 20504 20214 2040
2A|eIE |7 Ho| 2tz e Ba 2
HEFA-SPK O -
NESTE SKyNRG world energy
Commercial Co-processing Sl
deployment fats/oils (max Svol% feed) X manees o ~ CEPER 9!'P®
E HFS-SIP S
E FT-SPK EAVELOCYS ‘Fuls!;l;l.m ZRERROCKE ) porskefuel
E Dt scels Co-processing ‘
5 plants + plans Fulgrum
g for commercial FTWaX jrax s e
2 scale FT-SPK/A
ATJ-SPK LanzaTech®
CHJ @HRH (@ euglena
Pilot scale plants + HC-HEFA-SPK
plans for demo scale (algae) THI
M7| SAF ‘82t 7| 15t
world .
= ""? NESTE ‘ VO
g Pa“';;w" Fulcrum singapore & Rotterdam ”Lu;r‘eerne QveLgers
= , Sierra 481 10 Immingham, UK
» NESTE 7 <20
3 Eoﬁoo .W__ Go g;?s_hir)e
g 34 oy, o8 Nerw Orlesns -
é ’}s%’eVO' RED ROCK Dolfilll
] sbee Laliadans 33 ‘:ulgmm Gothenburg
E Demo quant’s 6 #2, ::‘y,IN =70
world energy Lanzalech®
ToraL ; Z AU S,
[ A g el locaions
5 ? 24 100
. ~59+M ~724M ~736+M ~820+M ~990+M ~1.01+B
2020 2021 2022 2023 2024 2025 ;&_\__

CAAF

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

KM SAF Ak 0 =8)
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e HIO|QFEQ YrESE

ol

& ZNDZHTRI|Z(CAO) S8t

0

«|CAO(International Civil Aviation Organization)2| 2A&I7tA Zt& SEe} Ol =Lt ICAO=
H37xF 2/(20109)0M ZHYSF =2 247tA HES ?Is 20204 0| RE= EIAHIE
22 ZIIA|F|X| S=lhs 2AMTIA ZHE2H(CNG2020, Carbon Neutral Growth from 2020)
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st £ECZM ST MET | Y 28 7|&0f
FM(CNG2020)3t7| fIgt £+Eto2M Az 2 ARV [EE RX]|
Xt £3((2016) Z2|2 A39-30f| 2} ICAO S|=9| SaAHE XM

5t 2AI7tA
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1,600
E1
2 1,400
g
E
3 1,200
[ H L3
= 1,000 ol
= 1 ol
o 800 Sustainable Aviation Fuels §
S and CORSIA [
m o
3 600 &
w
o,
o
3 400
Z
4
200
0 T T T T T T 1
2010 2015 2020 2025 2030 2035 2040 2045

IHBIZIHEY| 1o 2ATLA LSEE(CNG2020)”

« NS EFA MM ZHEN| £ (CORISA, Carbon Offsetting & Reduction Scheme for
International Aviation): CORSIA= &H2AII0| 2AI7IA Z+E SHHIZ QIMGI D Ef 200 A] B
Mot 2ATIA ZE AXNE =15 2ol #83517| fls dAE ZHEs 247tA AES flet Al
718 M. eSAts AHhle| Bt HiERS A 3 HESH0]1 EiI(monitoring, reporting
and verification, MRV)st1l ICAO= &22|REE =710l SE5HH, I7t= SSAHA| &22
2E HMAlot= HFHLIEY. o|m, StSA7t 0[&aHOF 5H= CORSIA A2 R &2 7| EHi &2t
SISEEO| MAES FHHE5H0] AFESI SEAHE SAF ALS0|| M2 2A4TtA UFES F|Q|st

LORIOf el A AAeHEH POH7H Zos:
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& 0152 SAF

M 53
- SAF Grand Challenge (2021.09): SAF01| Chet A Fao| 7ty Hakst d¥ez, 0l= o4
X|E(DOE, Department of Energy), uS5(

(USDA, United States Department of Agriculture)7} HIE HZ K& 7Hsd SFAl SAFQ| AlAt
2 A8 STHE Alcsh= 8 AH2l Ash ZEM(MOU)E 7HAISH Aot 7|E A=Z0] H]
F7| 24 7tA HIEY £|A 50% HAE SHE, 2030E7HK| SAF 4

4
0|4 Z7t5t04 @g—gﬁ =R 10% SAF CHA|, 2050871 Y5 A £2(27h 350 A)S

DOT, Department of Tranportation) & =2/82

Data Sources and Assumptions:

S
o

: 13% 2019: BTS T-2 (International operations
reported by US carriers).

w
«

f 35 Bgpy SAF

Geographic Scope:  Legend: _ 2030-2050: CO, emissions based on FAA
Aerospace traffic Forecast, after
technology and operations

[ improvements. Assuming breakdown of

_é(& Hinternational Arrivals (US Operators) flows (departures from US, arrivalsin US
/ . = B e

- 13% - il International outside the US* (US Operators)

w
o

N
i

CORSIA breakdown).
# International Departures (US Operators)

International

2019: EPA GHG Inventory, international

. X - departures by foreign operators scaled
L % International Departures (Foreign Operators)t based on 2019 traffic mix (FAA Data).

[
w

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

37% m Domestic Passenger L

i
o

Domestic

6% Domestic General Aviation - 2019-2050: General Aviation from FAA
Aerospace Forecast (2021-2041).

Volume of Jet Fuel in billion gallons per year (B gpy)
N
o

i7% 77''"""% Jet Fuel Uplift from the United States

* 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.

SAF Grand Challenge Roadmap 7H88]

Inflation Reduction Act (IRA): 2023-2024 LH Tt EE= ARZEl SAF7t HIO|QOHA 7|HH0]|A
0|0 A HAte|0d, 0|2 LY 57| dg 32 01851, £HF7| HiEEe| £ 50% 0|4 A
2 A A2 $1.25 NS SHIE A2 $1.25 0[Ar] ZH2 50% 0|42 GHG HAE 7|&=2
2 51 1% F7+ A0 S $0.014 715101 Z[C AR $1.75 Mg SH|7F 7Hs & IRA|
M SAF M3 3H|7t Ct2 = 20241H0f 0]0f 2025 MZ2 HPZ Mitof cist M2 SHIE
et S HIO|QUOIAE 0125104 O|=0i|A ‘Hite| 1 HiE Al5=7t 50 kg CO2,e/MMBtu O[5H2l
SAFO]| Chalf ZA2E 325 7|2 g2 A=Y $0.350|H g & g 2710| S52 &< 2d

Z2 A 42
= $1.752 Bt

X|& 7Hs$t 5H=%(U.S. Sustainable Skies Act): 20213 SAF AF20]| CHEt QIMIE|EE Zt5}5}
7| QI3H x| 7Hs$t Shs'(Sustainable Skies Act) =18 F2|SI2 50% O|&te] 3 F7| GHG
A a7t AEE SAFE ZEcte SHUH| ol AT $1.502E AlZSiD] S X|C] $27+
X o =2 GHG 2o CHsh H&S H[Zgk o] fet2 MAsH SAFVt ety 2248 HEle| ¢
StHS X3 & 5iLtE ICAO X|& 7tad 7|&E A Z2ES Qe 0|0l SAF ‘it AlAel
E St&ot7| flolf 5 SeH10Y 2ol ExZ K|S Eotst
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- EHZHA|32) |0} X|219] LCFS(Low Carbon Fuel Standard): 2018 ZH2|ZL|O} CH7| K12 €

rio

tolr

|(CARB)= CHX| &2 MRS “SEQI'OZ E5510] SAFZt QIE Ql0| ¥ Z0|M ™ =
S US 4 UTZ2 & SAFE Hro| TZ1UMS MEHSI0] LCFS T4 =4 O|R0f|A ™
&k CARBOIAl SAF7} 2019 EE] LCFS T35S MAMSIEE 618619100, 2030E7IX| SAF
20% 0|4 CARBO|| & EX A2lS +2e o[2{st QIME[E = 18t RFS Y ¢I8f BTCE &

stolME|=ot 3 A2 2 gle.

+

|
=

RFS(Renewable Fuel Standard): SAF MAt 2HM5LE

o = —?-
Z4 CI9IZ M (‘REQIYANE. SAFTL B STHURE ALBSI0] 22 X2I2 MAE|ILL Y
A

A
EZQAZHE MAE|= A2 RIN(Renewable Identification Numbers, KA Al BHHS)E A
HSIEE 5|88 0|2 S0] ade| YAlo| A2 A 1.6 RINS FHst, HEZRASE &
3 42 A 1.7 RINS Y5t = 5|88 0] M2 LAl2 SAFZH MM 7t CI&of| H|wst
01 o 32 27| of 1 2|2 AL 2 §10] SAFO| CiSH RISEE =0|= o 288

State or provincial policy Braya Renewable Fuels 7

[l Adopted Transportation and (at Come by Chance, NL)

Climate Initiative (TCI)
Considering TCI

True North

ORenewsble Fuels

Adopted Low Carbon NEXT
u Fuel Standard (LCFS) Calumet
Fuels i

Special
B Considering LCFS Ppoductns,

—
Canada federal Clean Fuel 2
Standard to launch in 2022 FORGE g\ m‘
Hydrocarbons x.
J o ‘/ﬂg»
Renewable fuel plants 3 Fulcrum B_kﬁn% -
Renewable diesel (RD) (Centerpoint i SR & —
Sustainable aviation fuel (SAF) iy e SG Preston Ads
Active Planned Expansion Goval argilLoves JV) .
bk % lean |
Optimizes SAF @ ) Energy EastKansos "> WRenewable Fuels
SAF and RD ® O Ko G125 Ryze Sesboarg | Aori-Eneray
RD [ ) ® O & Refining PN Energy CVR Energy
5 Chevron O LanzaJet
Capacity (optimizes SAF, Louisiana Green Fuels O

million gallons per year also produces RO) b Vertex Energy

1,000
500
Diamond
@ 100 Green Diesel ~
Unknown N Diamond
4 \

Green Diesel
0 200 mi

—— REG
0 200 km GronFuels  Geismar

Source: S&P Global Platts; EIA

02| SAF & Re 3g”

& el SAF " S8

EUQ| 2050 EtASE! BH: & 1£240| 9/004, 2021.06.30 K& 7|=%(European Climate
Law)zt 2| ZRok0| HA[GE 2030 =HIEE AS=HE 55%7HA| &e 0| SHe HeHe Y
Qro|“Fit for 55"IH7 | X|E Solf 715t

EU2| X H0j|L{X|X|E! (Renewable Energy Directive, RED): 240] CHsH EX 222} &4 EU
o 1HY 7ts o|HX| S E HHE SHX[T SAFE 28 theE &5t= ol A
f=otd. 15 2 PtL A=0] Chist ot SHE 8oy, AE ¥ 32 |=0| o
st¥onq, 71 EX| A2 B A (Indirect Land Use Change, ILUC) |&0|
CIAN HXE d8e &3 g2 o =2 714 4XIE QlAlstal SAF7L Al

O,

= =
M HMS3HA| = E .28 22|S

fjo

ek
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The European Union ®

1% Global SAF blending

A =Y
The ReFuelEU Aviation regulatory proposal Denmark =' obligation of 0.5% from 1
Rioharrh o At least one 100 % green January2620;
etherlands w i »
domestic route by 2025 Sweden :—'

and by 2030 all domestic
aviation should be 100 %
fossil-fuel-free.

SAF blending obligation by 2023 (if an equivalent

European obligation is not put in place by this time) GHG emissions reduction

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

Germany L)

Blending quota for PtL (Power to gj

Liquid)-kerosene  starting from
2026

Finland ¥

Increasing SAF obligation to
reach 30% in 2030.

United Kingdom &

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

France () ‘

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

Tirkiye @

The Turkish government is
currently planning obliged
blend ratios to deliver SAF

Switzerland°

Legislative proposal in consultation for a SAF quota
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