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& ozineEg =8
Fuel MAHAE Rr] HIH(°C) | 2IZtE(°C) |2
Jet A 1950s | kerosene -40 38 QI5HH 100°F 0| &, 0{=H -40°F, HE.
HISAIZHO| 2! 2R|M 27|, 53| LA
Jet A-1 1950s | kerosene -47 38 xS HAP Bl BrET|of Mt
TS-1 - Right - 28 | B{Ao, EQH0IM ZESE HiEtoR HZ
kerosene
JETB — wide-cut | -51 — JtaRln SQE St
-(Z2) NERE X SRE H=ZE MMSIZOLL &3 2X HMS 2lo A 7|xHet
SEst HEQT LAl AFZ, 194|7] S o|F0fl= =4 8l SHel fIE0| He 5§
SEHQ| JP-80| F=FQ.
& =2=2HEREE
Fuel AHAMA T 4 HH(°C) | el2tE(°C) |2
JP-1 1044 | & 50 43 H|E 300°F~500°F2 70| 7C}29)
@) erosene AR (2 3%)01] BHA7H L0] 17|
Jp-2 1005 | wi I JP-12] 23S 22817 9I8h
@1 wide-cut - |t Hzet o1zt miSol M|
Jp-3 JhaRln SQE B3sl0] 5, MAL S
1947 | wide-cut** -60 —
(m7]) 3HAH(45%)E|LE S0l o3t HEAAR H)7|
) SELITEI} SQE SE6I0] 0Hs. oA U
JP-4 1951 wide-cut -72 —_ PNE
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Fuel MAHA T /4 HHE(°C) |2laE (°C) H|Z
JP-6 s
1956 kerosene -54 — AEHEOZ AIZ. 2tH H|7| &,
(®71)
SUMHEL} E2|= SR-710] AF2. LHE M Mt
JP-7 1960 kerosene -43 60 Hs|eaol 9 Efel olz
Jp-8 1968 « 47 38 QIZEE Jet A-12} RAL 215}H0] 105°F2
- erosene -
JP-42| CHHIH 22 ‘68 0| A{EH
JP-8+1 JP-80f| EOPHEIMAIE MItsto] MEZIC| &
o1 1998 kerosene -47 38 SAS M pMSH O 2R
SFYAL IRX 0|AIY S A6t FXIH|2l
JP-9 - - - T | ousemizs s nus gz
JP-10 Ramjete STLAt AEX OAILECE
- - - - SISHIZES M1 UE 24N

CHRERE MME IR (Jet A-1)Q ElSted BEL= [OR)H ZOh Yoz
C8-C162| .2 5! Of0[2 m2HEOZ FYE|0] /2, OtO|AHO| HIE0| 22 AS & +
QIC}

AA .

4548

C12

616

(mVolt) - Cl4

1741 |

XL 647 1293 19400 1587 3133
Time (min)

[EtZS Jet A-19] 7FA T ZOHE12H]
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@3 AsTMD75662] 100%

HIO| 22 R (HEFA-SPK) =8 7|=

o= E-IE Al 74
M7 mg KOH/g Max 0.015 D3242/IP 354
10 % RE2L(T10), °C | Max 205
50 % SZE2%(T50), °C | Max =]
90 % RERE(T90), °C | Max Ha
R ZUH, °C Max 300 D86 or IP 123 or D7344 or D7345
T90-T10, °C Min 22
THRE % Max 1.5
A % Max 1.5
QISHH, °C Min 38 D56 or D3828, IP 170 or IP 523
Uz @15°C, kg/m3 - 730~772 D1298/IP 160 or D4052 or IP 365
#HZZA, mg/100mL Max 7 D381, IP 540
FAME, ppm Max <5 IP 585, IP 590
ZZ4(min. 325 °C, 2.5 h)
LE 42HASt mmHg | Max 25
2osy 1) VTR, VTR | Less 3 D3241/IP 323
el 1 color code than
2) ITRor ETR | Max 85
ASHEX| ], mg/L - 17~24
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E:D AsTMD75662| =8 H0|2E2 R EX JIE (Part 1, 2)

Part 1-Z4 =2

= E™IE NE 73
H47t mg KOH/g Max 0.10 D3242/IP 354
Max 25 D1319 or IP 156
4ISER % v/v(El1)
Max 26.5 D6379/IP 436
g M2 %m/m | Max 0.003 D3227/IP 342
e 8 =zt o M 0.30 D1266, D2622, D4294, D5453 or
2t AZF %m/m ax . P 336
10 % RE2X(T10), °C | Max 205
50 % RE2%(T50), °C | Max inl
90 % RE2E(T90), °C | Max Hu D86, D2887/IP 406, D86, IP 123,
SR
ZUH, °C Max 300 D7345
THEE % Max 1.5
Mk % Max 1.5
QIslH °C Min 38 D56 or D3828, IP 170 or IP 523
2z @15°C, kg/m? — 775~840 D1298/IP 160 or D4052 or IP 365
W oC Max -40(Jet A) D5972/IP 435, D7153/IP 529,
! -47(Jet A-1) D7154/IP 528 or D2386/IP 16
D445/IP 71, Section 1, D7042 or
EXMET @-20°C, mm? M 8.0 ' '
@ , mm?/s ax D764E
grdzk MJ/kg Min 428 D4529, D3338, D4809 or IP 12
1) 9™, mm Min 25.0 D1322/IP 598
Pats| .
&) 2) A&, mm Min 18.0 D1322/IP 598
LtmErl %v/v | Max 3.0 D1840
SMEA 100°C, 2 h Max No.1 D130/IP 154
X71(260 °C, 2.5 h) - -
B ¢2Zst mmHg | Max 25
—— WVTR, VIR | Less 3 D3241/IP 323
=eee color code | than /
e
2) ITRorETR | Max 85
#Z=A mg/100mL Max 7 D381, IP 540
HI|1MEE HIHH| Mi 85
s NEEN n
HaA Min 70
HI|MEE, pS/m Min 50~600 D2624/IP 274
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Part 2-F7t =

g 2171z NEEE
Min 8 D1319 or IP 156
HreEE, %v/v(Ed1)
Min 8.4 D6379/IP 436
e pinr T50-T10,°C | Min 15 D2887/IP 406 or D86 or IP 123 or
ores T90-T10°C | Min 40 D7344 or D7345
28 mm Max 0.85 D5001
SHE @-40°C,mm?/s Max 12 D455/IP 71, Section 1 or D7945
= AL
@ HO|EZB ] = J|&

Filtration &

o pug

Neutralization ™|
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Hidrotreatment/

Hydrocracking

—>  Oil Extracion —]
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- I
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plants
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v
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i

Fermentation to

R Hydrocarbons

Fermentation

Hydrotreatment”

J
=
E—“®E H.x.%é

Catalytic Conversion &
ALTERNATIVE JET FUEL

Dehydration
Olig
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---> Fermentation
Sug:.i r- § | - Ethanol / — > Hydroprocessing
bearing N Sugar Isobutanol
plants A - ) Alcohol
Fer cohols
| > Enzymatic Hydrolisis ----+
& )

Flue gases
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(> Acid Hydrolisis

T
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i
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ol +f

£
<

g

I

o
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(-9

L> Liquefaction

== 14 P |

Ho|2E3 R Miv|e2 34 &4 2 9 33| 2t OTJ(Oil-to-Jet), ATJ
(Alcohol-to-Jet), GTJ(Gas-to-Jet), STJ(Sugar-to-Jet) 47}X|2| 7|=
fUCE ER 7IsE.
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-OTJ 7|=2 tHEAQI HEFA(Hydroprocessed Esters and Fatty Acids)= =AKM2|El
AMEY 7|8 AR EY RAUSEM Xl 0|20 FUSHA LB E &85 7|&0|H, O| 2R EH
HIZE HEFA-SPK HE2= 7|Z HE HEE i g =8 i H22 7. HEFA-SPK=

R, ANEZM 3 FtEE|LL SO H= X[Fihof| Chisto] Eitast 8l 400 H2|E Sl

|.

1

AHAFE]
o [== %

( N
l Gasoline l
Oil & Fat Hvdrotreati Upgrading
il & Fats rotreatin o .

i ' ’ "9 (1somerization/ j@m| Fractionation Sustainable
(Triglyceride) (Deoxygenation) ) Aviation Fuel
Cracking)

l Diesel l
\ J

[HEFA 7|t HIO|2EZ5 | M= 3 7HK]

tO|2oHAS[ ZtASIL} HEA H=o| Jt-EoE Soll ddE ofEtE OfLt
ZIAZSS 7|UHCRE XHIISHSRE M=Zot= 7|=Y. Gevos O|&REES

=
S8l 7|2 olEte BES HESHS 7|22 s,

( 1\
l Gasoline l

Extraction / Dehydration

Sugarcane / . F A - Hydro- Fraction-
erment- igomeri- .
Corn . 9 ] treating ation
ation zation

Sustainable

Aviation Fuel

Diesel

[ATJ 7]t HIO| 2237/ RI= 37 7HK]

-GTJO|= SEA HIO|QUHA YUZRE 7tASHIS S Eoff SHMHIIAZ Metst = F-T(Fisch-
er-Tropsch) 382 S| HIO|R2LE S FE M4SH= F-T to Jet?|=0| U1, G
o

tation2| 7|=0| A

as Fermen-

e N
Gasoline
Wood Fischer- Fraction- i
' y I Gasification B Upgrading | ' Sustainable
Biomass Tropsch ation Aviation Fuel
l Diesel l
g J

[F-T 7|8t Hlo|E 27 M= 3T 7HR]
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ED AsTM IS S Hlo|2E2 R MZ2H Il
Possible Maximum
i Abbreviation
ASTM reference Conversion process Feedstocks Blend Ratio
Fischer-T hh
ASTM D7566 ischer rops.c ydropr:o' Coal,
cessed synthesized paraffinic FT natural gas, 50%
Annex 1 .
kerosene biomass
Synthesized paraffinic
ASTM D7566 y P Bio-oils, animal
kerosene from hydropro HEFA . 50%
Annex 2 . fat, recycled oils
cessed esters and fatty acids
ASTM D7566 Synthesized iso-paraffins Biomass used
Annex 3 from hydroprocessed SIP for sugar 10%
fermented sugars production
Synthesized kerosene with Coal
ASTM D7566 aromatics derived by alkyla '
. . . FT-SKA natural gas, 50%
Annex 4 tion of light aromatics from .
biomass
non-petroleum sources
Biomass from
ASTM D7566 Alcohol to jet theti hanol
coho .o'je synthetic ATJ-SPK . ethanol, 50%
Annex 5 paraffinic kerosene isobutanol or
isobuthene
Triglycerides
such as soybean
ASTM D7566 Catalytic hydrothermolysis oil, jatropha oil,
. CHJ . . 50%
Annex 6 jet fuel camelina oil,
carinata oil, and
tung oil
Synthesized paraffinic
ASTM D7566 kerosene from hydrocarbon HC-HEFA
Algae 10%
Annex 7 - hydroprocessed esters -SPK
and fatty acids
ASTM D7566 ATJ derivative starting with
|v‘|v ing wi ATJ-SKA B
Annex 8 the mixed alcohols
co-hydroprocessing of Fats, oils, and
ASTM D1655 esters and fatty acidsina |co-processed| greases (FOG) 5%
Annex A1 conventional petroleum HEFA co-processed ’
refinery with petroleum
co-hydroprocessing of Fischer-Tropsch
ASTM D1655 Fischer-Tropsch hydrocar |co-processed| hydrocarbons 59
Annex A1 bons in a conventional FT co-processed ’
petroleum refinery with petroleum
ASTM D1655 co-hydroprocessing of co-processed _ 5%
Annex A1l biomass biomass ’
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ED ASTM QIS 2IS §J8t MAF 01 0|2 HIE 28 7|2

Conversion process under evaluation Abbreviation Lead developers
Synthesized aromatic kerosene SAK Virent
Integrated hydropyrolysis and hydroconversion IH2 Shell

Alcohol-to-Jet(ATJ) derivative utilising

— Global Bioenergies
biochemical production of isobutene 9

SingleReactorHEFA
(Drop-in Liquid Sustainable DILSAAF Indian CSIR-IIP
Aviation and Automotive Fuel)

Pyrolysis of non-recyclable plastics ReOIL omv

Co-processing of pyrolysis oil from used tires — —

Methanol to jet - ExxonMobil

@ H0|E 2L 1%t

-2017'2 ATAG(Air transport action group) % 20154 0O|= of|X|2|H (Energy
information administration)0i|lA| &7tot Xt=0| 2|5tH H7E HE A=/ AH|2F2 80Y
A0 SoHH Ho| Y37 MAtZF2 HH| 7|F 2 A= LIEHE.

0] & 1.99 ATl MRS SH2 HEFA S™CE ZTALE|H, HEFA 339l 3R 7|&
HIO|QOfA RIZE 0|83t XISALE BRE Mitet & = Green Diesel 22 HVO(Hy-
drotreated Vegetable Oil) A|&2to| FAYO| 7| IR0l HO2 FHE.

-Z7PEZ2 = ofz2ff J2la 20| AQH, HHRE, AVIEE UAEJL HA| M 2F F 50%0
SiEste O i A|IEE HRoh A= ZEM |oH, O0j=2 ZL 87 X[Hoi|A
MASHD QUOLE MA HEHZ2E= 20%0 X2 Y

-CHEXQIHIO|QEZ R MEAIZ = MA| 2 X2 HfOIQ%*S% M 2|3 Honeywell UOP
o 7|8 TSt 20130 MEI=l AltAir Fuels RefineryZt O, LIZtE AJIX=
J2|1 Hg2teof 242 H7F 2002t 22 o|AF MAA| M S ERst1 Q1= Neste 0il0] /2.

II
E

|0
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T2 MZEYMRF 7|M YALE HIO|QTZFE MBSt U= F3AL 2 HEE= off
<HE>0f HAIE.
UPM
Preem 32 MMgal/y HEFA diesel
271 MMaal/y HEFA diesel Lappeentranta, Finland
Gothenburg, Sweden
S _— _ Solena g @ e
el e e 135 gy e dese
Phillipsburg, KS Thurrock, Essex,i’ Porvoo, Fofend
East ri-Ener B Services
':;dMMgaI/y FT dlesel ]et fuel \ / 3 um% dls? e ' P mgglally HEFA diesel
Lakeview, OR N ) Rotterdam, The Netherlands
@ T e
Fulcrum Bioenerg: ‘ 115 MMgal/y HEFA diesel
11 MMgal/yFrmaec jet fuel e 120 MMgaI/y HEFA diesel f Venice, Italy
McCarran, NV South Point, OH I:galeaw i N /
AltAir Fuels '\ Mede, i)
Ty AN sy e e F ol
REG Synthetic Fuels L.egoel:: tional
giignmagr,a:./x ) (as of September 2015)| - .
Planned Facility 271 MMagal/y HEFA diesel
Amyris Capacity in million Singapore
13 MMgal/y SIP diesel |t faallons per year (MMgally)
Bro O »119 (MMgalry)
O 30- 119 (MMgally)
O <30 (MMgally)
[HAMA Ho| &3 7 HZEAIE 21X & F2]
€D uio|28zg i AHI2(Off-Take) 32
HZHHHE A Wz HY X
A AR} LOHRE 2AXI(SE) 7ok H|1
[T H|2F AlE J17H()
221) (Mt) (3
. Not
Agrisoma| Qantas 52.770 | 0.160 2020 .
available
. 5 A350-900
Airbus/ . .
. . Airbus- Not Not Not deliveries
Air Total China . i 2017 .
L Toulouse available|available available at10%
Airlines
blend
. . 5 A321
Airbus/ Airbus- Not Not o
. Rk . . 2018 1 deliveries
jet blue Mobile available|available
at 15 blend
. Not Not Not
. Avinor Bergen . . 2017 X
AirBP available|available available
SAS, BRA,
Kalmar Kalmar Airport | 0.026 | 0.000 2018 3 50%
Municipality

[EX] IEA, The flight paths for biojet fuel, 2015
[ZX] ICAO homepage, Facts and Figures, 2019
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1ZhHiZ At e H
A AR} TLOH R} AX(3E) (St H|oF A|E 7:I:—:*-=| H|1
21) (Mt) 712k ()
Airbus/ 48 A350
Amyri Not Not
r:z:;sll Cathay availc;ble avaiI:\bIe 2016 2 deliveries at
pacific 10% blend
AirBP 50.000 | 0152 2020 10
Carha
Fulcrum . 'y 37500 | 0114 2020 10
Pacific
. Not
United 90.000 | 0.274 . 10
available
N
Gevo Lufthansa 8.000 0.024 ,Ot 5
available
Not
FedEx 0.429 0.001 . 7
available
RedRock
Not
Southwest 3.000 | 0.009 . 1
available
Jet Blue 33.000 | 0.100 2019 10 30/70 blend
SG Los Angeles
Preston |  Qantas International | 8.000 | 0.024 | 2020 10  |50/50 blend
Airport
Gulfstream / Not Not
2015 3 30/70 blend
World Fuel available |available /
Los Angeles
SkyNRG / Internagtlional Not Not 2016 3
KLM . available |available
Airport
SkyNRG Vaxjé Smaland
‘I’(LM / ’A oot 0032 | 0.000 | 2018 05 | 5%blend
Stockholm
World Arlanda
Energy Airport, Gote-
(AltAir) borg
Landvetter Not
. o
Swedavia Airport, 0.148 0.000 2016 .
Bromma available
Stockholm
Airport, Visby
Airport, Lulea
Airport
Los Angeles
United International 5.000 0.015 2016 3
Airport
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17t b2 At - HZ
AHAL o ol k| (25t oF H|T
A A S 2113 (T A} A= 7|7:|r?|_4) nl
ary | MY -
World
KLM /SAS/
Energy .
R Lufthansa/ | Oslo Airport | 0.330 0.001 2016 3
(AltAir) / .
AirBP
Neste
World SkyNRG, San Francisco
Energy KLM, . Not Not Not
. International . . 2018 .
(AltAir) / SAS and . available|available available
. Airport
Shell Finnair

-ICAOQO] 2fstH T MAXMSZE 2F 4070 SSAtolA 182 74 0[4(2019
HIO[RetE R Al H|RO| O| R0/ 0, 2019 7|Z HIO|E SR
TOZ <H>0f LIEFH,

ol 1gte 731
ML O O L—
SRIZHE

[m

BN 27} E ¥ 2%
. - o
United Airlines I= Los Angeles International
Departures Ai HO]2
KLM to Amsterdam Hgzte irport(0]=)
Lufthansa =9l
SAS AZIC|LIH|O} Departures Oslo Airport(:=2%[0])
KLM / KLC HZa=
SAS AZiC|Ltd|o}
Departures Stockholm Arlanda
KLM Yate Airport (A&
All Airlines — Departures Bergen Airport(:=2%)[0])
KLM Hgze Arrivals Vaxjo Smaland Airport(2£/IH)
KLM HIEE
SAS AZIC|LtH[OF Departures San Francisco Airport(0|=)
Finnair b (=17 =
BRA Agdl Departures Halmstad City Airport(A#/IH)

[EX] ICAO GFAAF Z|0|X], 2019
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(sHel) M MAIM e = B E AefoflAe] ERASE Aol 7155} o w2} S 2 20AM =

2ATIA HIEHESE fol= 23t HMS S8 & Al

- RYAY(EV)E HIO|R TS FE E&fet X[£7tstt @357 (Sustainable Aviation Fuel,
SAF)E 226t ™2 ME. 2eH|82 2025'E 2%, 20303 5%, 2035 20%, 2040
H 32%, 2050 63%= =¢H|E AL A=, 3| IdSAt ot 27 30| SAF
=R 2of Wig 3

S Tetd 7 A2 =X), FIT For

(ZLh) "M 7 A MROHMHZ ALE,0fl 274t Hl0| A = F HIO| 2L} HIO|RE R

H4E21k|0| ERTIZE0| REI A2H, "HILAK] 3 ZfHof|LX] JHE-0|8-Hg £X

o 2t =S80 HHE HUX| RIS E 242t BE S

2030 =7t 24712 AXFH(NDC) &eeh (21108, 2ARN &3)dM +=5222
EYerez o2 320k et gz Ea3ith HAl

2050 EtAFE ALIZ|29 (21108, 2ARN PS)0M =&5E EIABIEZYS B
HEZRE AT 2] CHHHE AFE 71Y) 22 9.29HEC02eqZ &, AL
ofl2- 2320k HiO| A = 2T H|A|, HMHACZ CHA|H = 2 T[S ! 483 ot
O, Xetd =& HISSHE flet A 2 A HE|E OF H|A|
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;= e
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f

S AL
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12050 Et =i
Ho|2H= =it 3 Xty debatgr| Het
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@ I& 58

(=2]) 2015 o] Holli=1, 2, BMICHE O}RE = H}O| 20H A et ZH0oj| 2|$tHio| A=

AAF7|& T A, 20154 0]5=0]l= 2 & 3AM|CH HfO| 20 A FEH HEFA (Hydropro-

cessed ester fatty acid) 28 Z2 FT2H0| A3} Cjal7|&2 e g3l EX}

st slieloiM e el FMEE 2A4IA AEE SHOR HI0|EER HIZE 2I8t

7|E7He S TIHstn o|E Solf Y2 MulSS HIECE g Q152 S5t 483 LYK

Aol £FNK| 7|E2 S SIS 0t ofL| 2} TS Aete| HIFE Sl 7IZE MRl

3R =eoto] AN E37(9] Al'H23eS Ci TIdst HE AS.

- Total(Z&A), UOP(O|=), Neste(TIZtE, NA| Z[CH i) § fE-0|=22 SHE 19
7|& 65 2|E| 4t (TA| HIO|2H = M AHZEO| 4% XtX|)

- XSAHE R0 =22 A, 7|E Hio|C|™at 8 EAY|E 0FA (|E: EN15940, 0|=:
ASTM D975)

- 9F 407H2| ESAL7L HIO|RESH AHE, “11H 0|= 250t 3| 0| A 5™ 23, HIO| Y3 R

257 Y2 9X(01=(2), 29H(5), =29[0](2))0fl 0|2 FHX} &fch

1

« (EIZtE) Neste Oil2 A8/, ASMY IR, A=Y KR E 52 #= et
FEELA 7|8 NEXBTLSE L ZE HVOM M X2 R34 et flet 0 g2t (Isomeri-
zation) 3T X 2TEL MEII7L =2 HIF A4 2023EH 127] 20| SAF it
AlIZ} O] HZHlAZES 1008 EQ 2 =il A=

(0l=) Honeywell Technology= OIMZEF @ Mot MM HIO|QHZ MA 2|5t
UOP Ecofining 7|=& Eni SpA%t 3& 7i&, &= IHI CorporationOilAd] X&
HIO|QEZFE it HIAE MAH 2, &4 X 2 7|EHH7 |2 &= T2t Honey-
well Green Diesel & Honeywell Green Jet Fuel Z& MQ &2 Q Xt 10% =%
715, Indaba Renewable Fuels= Topsoe2| HydroFlex 7|& &€& Hio|2%
MAZES He|ZL|otet O|Fz|o 27| M 24H0| Mot X4 o ™o|H, 17
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