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A2Ad 7le9 A E EFAA
7= A

o S ol e B Re BFAAE THH ANAE AL, AF, EH £ FF 7
&2 mPgatod A4 % ol §HYE AT AYFYL TYSH] AAY 2 BAAAA

7He el Bed et AsE =5 et IS

g

ot

0 lg E i =

HE Hio|2EER AS drgtERe} 2UE
ff ASTM D7566) ggﬂ (ASTM D1655)

wsfh 1l WJaE&: *

rE/ERE) S XEMd 7 H 2R BRE/E0|=RE) EE(HE)

+&71= B2r7l=

<JE! 1-5> Hio|2&t2R 222 value chain® 7|&

7h AE

o molgFHF AsEe IA 2T 2F 2 FAHA wel OTJOil-to-Jet), ATJ
(Alcohol-to-Jet), GTJ(Gas-to-Jet), STJ(Sugar-to-Jet) 47}x19] 7|& FH o2 EF 7153

o OT]2 & -2&E4d §A9 F4A8E T3l noldafE Aitete 7Ie24 dx
Al 7]l HEFA A2 #HAAERS & FA9 o] oz®H Z3Ktrans-
esterification)& F3 AAHE A4t w o ~H Z(FAME, Fatty Acid Methyl Ester)ol
T3 7HEg(hydro-treatment)-&  ste] kel A9l HVO(Hydro-treated Vegetable
Oil, HVO)& A3 4+gt

o ST 7l&dde B2 2 HAEAA A5E dd 9 Agstsd H3s 53 g@slriaz 2
7 %= DSHCDirect Sugar to Hydrocarbons) 71€¢] i, €989 7l4Hs)] 2
ZmE o] &T Eta, fdadeldE T dE5E A4ske 7l1e(Aqueous Phase
Reforming)o] A=

o ATJZ EAA nto] uj 29 7txashv A AR 7tiRE S e d3iE

< 9, e B3 vl BT HE AEE 71EY



o

GTlol= ZZ2A nlolomx 98Z 7l23HeS Sa TA7l22 HAEd F
F-T(Fischer-Tropsch) 3& <& &3l Hlol23F-F& A4itst= F-T to Jet7]€°] AL

[e)
Gas Fermentatione] 7]<o] 9-&

<E 1-3> HO|2&2S MAD|=

e s Y B

0

Ethanol to Jet

N—-butanol to Jet
Acohol to Jet(ATJ)

Iso—butanol to Jet

Methanol to Jet

Hydro—processed Renewable Jet (HRJ)
Qil to Jet(0OTJ) Catalytic Hydro-thermolysis (CH)
Hydrotreated Depolymerized Cellulosic Jet (HDCJ)

Fischer-Tropsch(F-T) Synthesis
Gas to Jet(GTJ)

Gas Fermentation

Direct Sugar to Hydrocarbons (DSHC)
Sugar to Jet(STJ)

Catalytic Upgrading

ZX]: Bio—jet fuel conversion technologies (Wang 2|, 2016)

RHE FFH d2FH/MEL Line systemol] o3| EJ
o
o

Line &35} splash &3 Walo] ool wpg} =

ol e G F e EHE JBHOE wloloridolt slgt ARAIBY EFP oA

Line &3 W& FHFA e HEE Fx/WB7F A2FE dosing system ZH|E o] &
o ALstA TFFE =4 ¥ 2110%‘3}7‘:— A 2=glQl Wb, w7 24 9] splash &
g e T ER ASE IAMHA 4 (top vs. bottom loading) AFe] FH&

o
93 transfer/receipt =& ol% H}AH = ‘%*@‘S}T‘:— agitationoll ]3] AA~HA AR



=g 24 CHA| e
Splash T | GEESol slol2Ci@e Ho E3e =2o] oSl Y3 eloA o
(sequential) Zo| 2=l 2|3 2ojLt
Blending - - —
Tank | Y30l F Al ¢RI} F23| MY HE= =2 fil ratez sto] 2
Line Pipeline/ glo|Zajol/5AZ E5 012 22 DEO|A HIO|2HEE dose
(injection) hose
Blending Fuel HAZHIIM 2} vl et WA SR fuel rackoll U= HIO|2AZE EFHO
rack 2 A dose

EX: Inform, American Oil Chemists’ Society (2008), Targray Al =H| O|X|(www.targray.com),
www.spectrosci.com S

<&l 1-6> Line blenders

X: Emerson Al &M O|X]|
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ABmE HAAF WY = Infrared (IR) spectroscopic analysist -2 49

AYEE 7P 9 AeHE PEY
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|
FTIR(Fourier transform IR) spectrometer EN 14078 2 ASTM D7371¢ 4 A Al &}l=
o2 mid-R ©o]&, 52 E4Eos AP BOEE Fo4 714 9 Auje =

7] Sol AA Aol Aokl B Ue

ojglol = A7 &3 A &% T BH =S FAS=E Aol %ﬁé}fﬂ, o wet
Az9o] gelation WA E 93] =5 A59 Cloud PointRt}t =4 FA8H7] {3 F



® 0 o 0

A57l=
FEie 71EHCRE IAHORE F&EE FFH 74 H FHxMo] Jom, 1zt
e AEG HE ASTMo]u} DEF-STAN91-91(¥ =), IATA 52| 4], &

A EF9 7-$ MIL-DTL-83,133E7} A&5 1 A&

ASTMoll= GS-r38(kerosene) UwE Ffol gk ASTM DI1655¢F 4 wslgi
(Synthetic Hydrocarbons), & #lo]ldaf T34 22 FsUiAdse F4 44<

ASTM D75660°] ¢S

wetA vho] @ &-Ffr= A4HE neat(100%) viol LA =9 ElE ASTM D7566 4 il
ozt Qs FRCQ ) IHAm Faiok TFH(blended <+ ASTM DI1655/
DEF-STAN91-91-& ThA] A 5o 5(COA &3Y)

ASTM D16554} DEF-STAN91-91 15< T3 &3}(blended)® drop-in-fuel 3 <]

ol @ Ewe 7€ AR Fawot IS AFHY wEel s = &

ASTM D7566°] M2 Ho|odF/FE 3537 HsiAes WA ASTM  D4054
(Standard Practice for Qualification and Approval of New Aviation Turbine Fuels and
Fuel Additives)ol wet b5 2 Yl 78 Al@e] EasiH, dAE A5 AP £
ARE Aape] w2t A8 HF FFo] o] FoH

A

il

=4 AE
“fitness for purpose” A&

1

=

i
o
>

Azl = APU A&

<E 1-5> ASTM D4054 Aol st =4 =g
A=

Tier NE= e 2 (dd)/(2lH)
HE 2M AH 10/38

2 Fit for Purpose Al 10-100/38-380

3 2EZ 42 Rig Al 250-10,000/950-38,000

4 AME Al z|t§ 225,000/852,000

EX: Alternative Aviation Fuels: Overview of Challenges, Opportunities, and Next Steps (0|= oL X| £,

2017)



D4054 MNd &= D7566 &% Az

=

Q@ FEAANA A

® A7 B FT7) AZA] BuA AE
@ ARAre) TENS WA HE HDA AE
® HER 1A gk ASTM &%

® D7566 F7}ol

Tier 1

Fit-For-Purpose
Properties

Specification
Properties

S sarRAN
| SPEREANE

eywill
= E Rolls-Royce —
) AIRBUS
QEM Review &
Tier3& 4
Requirements

Component/Rig Testing Engine/APU

Testing

<JE 1-7> Hpo|EsR &5
£ X :Alternative Jet Fuels Overview-U.S. FAA ZEXIE (FAA, 20

1

7

= SAaFRAN

Hnn;uo-wal
—_— E Rolls-Royce —
@ AIRBUS

OEM Review &
Approval

FAA Review




<E 1-6> 57 =& 14
Jet A1 JP-8
Composition ASTM IATA Def Stan ASTM MIL-DTL-8
D1655-04a 91-91 D7566 3,133E
Acidity, total(mg KOH/g) 0.1, max 0.015, 0.012, 0.1, max 0.015,
max max max
Aromatics (vol %) 25, max 25, max 25, max ?85 rrnnii))( 25, max
Sulfur, total(wt %) 0.3, max 0.3, max 0.3, max 0.3, max 0.3, max
Volatility
Distillation temperature:
10%Recovery(°C) 205, max | 205, max | 205, max | 205, max | 205, max
20% Recovery(°C) - - - - -
50% Recovery(°C) - - - (15, min) -
90% Recovery(°C) - - - (40, min) -
Final BP(°C) 300, max | 300, max | 300, max | 300, max | 300, max
Flash point(°C) 38, min 38, min 38, min 38, min 38, min
5(2?2%%;?8;% 775-840 | 775-840 | 775-840 | 775-840 | 775-840
Fluidity
Freezingpoint(°C), max —47 —47 —47 __i%‘ﬁ;ﬁ; —47
Viscosity @ 20 °C(cSt) 8, max 8, max 8, max 8, max 8, max
Combustion
Net heat of comb.(MJ/kg) 42.8, min | 42.8, min | 42.8, min | 42.8, min | 42.8, min
Smoke point (mm) 25, min 25, min 25, min 25, min 25, min
Smoke point (mm) and 19 (min), 19 (min), 19 (min), 18 (min), 19 (min),
naphthalenes(vol%) 3 (max) 3 (max) 3 (max) 3 (max) 3 (max)
Thermal stability
JFTOT DeltaP@260 °C(mmHg) | 25, max 25, max 25, max 25, max 25, max
Tube deposit Rating(Visual) <3 <3 <3 <3 <3
Conductivity
Conductivity (pS/m) 50-450 50-450 50-600 - -
Lubricity
B%gferé??r;;(;ar - 0.85, max | 0.85, max | 0.85, max -

ZX]: Bio—jet fuel conversion technologies (Wang 2|, 2016)
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2ol = o]§A4o] B it

OH

oM F= A

Hydrant systeme] Z+<& 12 NFPA, FAA, API, JIG-1 issue 10, IATA governing

hydrant Servicer

B $fF(flow-gallons per minute, gpm)ol] we} 450 1A 3tg

o ESD
- DISPENSER  BUTTON

L ]
j
1 HYDRANT CONTROL SECTIONAL | HYDRANT :
| SYSTEM VALVE ! PIT VALVE | - |
1 1
I ! !
: ; 'HmHAMPIPEJNE NEI'WORK' : :
(]
i 1 3 ' !
Lo npmbencNEYWORE 0 Lo o !

<2l 1-8> && hydrant system 24

ZX|: Hydrant Refueling System as an Optimization of Aircraft Refuelling (Hromadka
and Ciger, 2015)

Refueller (FH7DE F24 FH802 A4 Au F24d 97 AL F5 )
H, 28 S9 75 77 o4 RFoz Fadd v nnd FEHoD T

AN e AGCE FHI Ve

=AY Z2+E 4 NEPA 385, NEPA 407, ATA-103, JIG-1 issue 10, IATA
2010.01.30.

FrAe €%, =@ wEt o TRV Qo ’Ast ARA olfox &
f+ 2 de-fuellings 913 z+F An9l7t %‘%‘Q‘ﬂ A+

w1 AR A4 ®a, HE, E/AY E1]‘>I‘Ei(sepalrat01r), FA, B 2B, e =xd
W8 Bypass WH, Air vent RH, AA, =&, $47], 2 9d 5
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- Hhole@gE A8 Azt AR (B3P

- 1% R FF AT AS (EFI)
ol o gt A& LB THIE A9, WEel FolSdE AxHS Hel A
AU (Brd B 5) vlo] &34 A& refuellers 53 Ff3t= Wol IS
ol e @Al J1E HEHe FEOE ATAE AR 49E FE U A= A
Z ®A(fuel farm)ell 71& 379 34 BaxH= Aeoln (AY &+ e oA &
A, FF olg FEA R olslBAA Yol Bay

0 Fuel

supplier 1
Fuel

¢
C

Fuel
supplier 3

<&l 1-10> djo|

Oola—l—o Ecl OlH S|

—SoTr

lointly operated system

2| fuel farm 3 hydrant system & ALS

SLooTlr

ZX{: Logistics challenges in segregated and non—segregated fueling systems (SkyNRG, 2016)

<E 1-8 Hio|2aEe a2 27|
7|& M| ol (Holggt 22]) | 7|=E Mule| 22| AE 2 X|H

=28 Stol == ol a3 ® ©& MES Holg/Zs 2=

Hhol 2 g3 B 3-5l0| SR E AlM 2 28 7=
Refueller HO|2EE2RF =7 M2 refueller | HIO|R2EEF M2 refueller AHA|

e 22 oy 7|

28 U RE PB4 2

sto|=aiE fuel farmoilA & olsf A Xte] So| TWQ
23 SOISEE | uploamaet wugme 28 | ulo|o¥Te ME D ME

—Ho
Refueller =2 refueller?F Ho|2&EtEw 2 2= A Al refueller MA 2
dots 7 25 =7 EY 3 L R Ha




T

<]
=
ﬁo
)
K

R
O

Abg-2 -3t Al

=i
=

AE B

N

£

oju
Hlo

1

Ao A3 vho] o
eAts MEY 52

s

]

Q%747

_g]

=
7JHLCA) &

S|
ax

il

M_wwo

M_wwo

é—l_

3

hy2

7=l A3A

=

=K

m
o

o
_—00

A A

WF
A

2. 7]

il

TR

O

S
o

NI

sl 7]

|
) Y

of

i
{Jn

71

ﬁo
o
mK

N

.
_—00

=K

ol 9 G Ff o & 3

L —
) Y

7189149

o

FReH, 7

of 248 ARIIE UFoR TS

=4
[€)

iy
o

oju



TEED 47| el [ 7 47| elgl
olHX| 7|73 3 cf stats 2
st 515kl 72l 2 ofAlofLt 2
L= B 2 t'way 2
st A g2l 2 +Qx} Zlof of 1
< St -
S EE [Rcutol 2opAAteiet | 3 (&3 Ah H x5 1
(177 2) el = 1 off Of £ AF 1
M-St st 1 oflofol A 1
OfMlotata2 M 25t 1 Staetsrlsdsl 1
L2E|A 1 x| AbE KAS g+=3& 1
shA{Cy stm 1 (=R AD OfAlotLtol o ZE 1
FECEEE 1 = ZE A 1
S|l 3 1 23 ol=a} QUM IH S ESAt 1
GS ZE A 3 (SAH Ch eSS RS A 1
_T'_:.x
o= t SK of L X| 1 nEAHHSE 2
(B3 AH . . -
SK Innovation 1 off 2| A LA | SkyNRG 1
SHeLEEF 1 )
= L o
rog y Z ol¥ 459

<E 1-10> 7IEERAA =2 fle 7I=REE s SE

T& =zt Az7| 5| ol g H|Z
_ x5 9| _
E3nl! % - 2 2|2ls A
1 o = |_-Ix-|| %Alxl_lgon 7|9—'|T||_‘I2I(T/F) ?‘o
2 M 3= SkyNRG w3 o 2 FHA XE
- _ _ s FHA
K| A=A st 25t g2 5o = )
3 |z 2B EHKAS) 2239 N
_ s FHA
Alx od A L i E H} 2 5| O] = ’
4 SPNETS ofAloft oflof = 2+23| 9| AEuY "e
5 S= oA SkyNRG w39 &2 FHA XE
i _ s FHA
00 EPN = A 5| 9] == ’
6 o= H dl SK o 1 | ‘|T|_2I | Alﬂ'ﬂlsch' =
st2 3 &H(KAS)
7 R A=A = _’ T3 9| JNsE2RMA dE
S = OI’AIOI’L'l' Oﬂo‘litE T |E T =
e el=e} st a3AL - JsEF7AHA
8 , 2239 e ’
TL2Xt t'way Algd[d X2
A AF NN _
== == g2 3|9 Jls825x i
10 MaH 3= SkyNRG Algdd|el XHE
11 216 A~ = FHed I EERAA HE




ZTNe®EFAAE da% SARE FEste viol -y A4 =23 JAS, T, 5
AR 9 F7|H A2 2D AR, FAAY, FEAHAE §) 5 W EF 674 &EoF
S+ 1908 FEFRE TEIAS
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A1 ATJ(Alcohol-to-Jet)
A-2 OTJ(Oil-to—Jet)
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A-4 STJ(Sugar-to—Jet)
_ B-1 Line 224
B | 28t712 | 7183% =
2ls e B-2 Splash =%
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Cc-2 Fit—-for-Purpose A& 7|&
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Mz gl F-1 Mz #+5 & &8 52&9
F sl 7| E} F-2 47|89 A|AED £ XM 5]
7|9k A|AE F-3 BAAMM (R HZIIsA) "HIE 71&
Hio| Q& Ff A e eSS HE BERVITS=E st ATI, OTJ, GTJ, ST] & 471
s e




CE 1-12> A MAD|E FESH FHo| U

=F ST Heo| & Il
ZAA Ho|Quf AL SAA 79| Il 2 E Sl MME 7+
MEC LIZ(HEE, o ELE, RES X|ehi 238 S)o| & 2
AT 3 — 3 _1 O - _EI_ n 3 _E
oo tomsen | 2120 EHOlgomenzation) S8 &4 eIRE Musts e sl
o, 2d3ALo| EFo| w2}l Ethanol-to—Jet, Butanol-to—Jet 52| 7|&
2 L
HAER, X, OM=F & SAEMH X4 HE22EH SsR/E
oTJ MASHE  T7|E22M, 3A HEFAZRAES=2 HEXQ  HRJ(Hydro
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o [ATAE 20200 7 ©A2FHAA(CNG 2020), 2009358 20209714 A5 &
o 1.5% &7, 20501 d7kA] 20051 thH] o]ikstea Wi E T 50% =, 20258 d7bA] A

S7bs A% WY Y54 149 3 BEY AL $9F

b _llm

3] CNG 2020 2 2050 o]atstera wi& 25 =% o|3g & flal IATAE= vpo] o
3

g2 J33 7le Mde T8 FEo

h

CH|SE 2020 tho| S E 2025 IATA H|™ 2050
EFASE AT (CNG 2020) 2025 K| R|&ETI= R 20054 CHH| O|Abs}ERA
A HE 58 1.5% At i BSH 1A =2k 50% 4=

ZX: Resolution on the Commercial Deployment of Sustainable Alternative Fuel for Aviation (73rd
IATA Annual General Meeting)
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<&l 2-1> ICAO2| Basket of Measures

ZX: ICAO CORSIA E2M

o BERZN T, WAIE, 2 FEAE, vm, A8, I, UEEE, 35, =Y, AUHE
o FHAFFAEL TR A A Fo FTAEL A&V vlol eFF o I
W A 83tE F387] 9k A o] A& T3 SAFUG(Sustainable Aviation

Fuel User Group)ete =4 HEUAS A5t violaadf+ @4 7l 2 AF A
BE Ffta = (f2vet 71 =433 8l



SEEEEE R

(1) EU: RED(Renewable Energy Directive 2009/28/EC) & RED II

o #A REDe| tigt 7§ <k RED 117} 201613 11¥€ %389 3)(European Commission)ell £
3 AFE o]F 2017 12¢¥€ ©]AFS|(European CounciDoll ols] &=, 1 o3
(European Parliament)2} 5¥1oll A3l 3o Eof 2018 6¥ FHFdholeto] Y& ey

o Trilogue?] ZA3¢l HFTeIore 20183 10¥ FHIA FEZ AX HFHo=
oJALE] 9] FRlS AAH 20193 o] F sfARte] HaE 94

° RED II= A&7bs4d & Eoh Asst/ a23id REDUADe Blsl vlo] kg5

Z3HsE Advanced Biofueloll gt A=A A& 7lsX|(multiplier) ¥ 2472 7+
Foll that 18 M E FAHCE HAG

Hy

o o) AAYANAA ANAA AREF A Ho] e@FEfo FF oA Gl 1.29]

multiplier& 2} &

o d) EX A8 E /\} 3+ Advanced biofuel@A T, 3AItH) A4 Al oA 3Feko] 2u) 9
7VEA g (A 95 nAxR, SAEYE, 252487, 9487, A )

o d) 20213 197E 24712 757 AP A Bl =8H4 7] Y(non-biological origin)=

=
ne g AYbs FEARS B Ax 0% 2§

-

<E 2-3> EU Renewable Energy Directive 1X} 2! 2x} $+EE2 HIO|Q9IE 2 Fo LK

Renewable Energy Directive 2009/28/EC

¢ 2020H AMAMMALHX] SE 20%

¢ 2020 F=&EEE AMMMAHX SE 10%

o SZEE HO[RAH TS| U= Jldol el ASM AE 2 21

¢ Advanced Biofuel?| &9 XHI7MsM, 2N d&s MEsHH 2E

Renewable Energy Directive Il (=& gte|et)4)

+ 2030 A Mol X ZE 32%(2023'—:| ol &gk =7),

¢ 20304 T=&£EZ MAMHX 2 14% (2|7 &8, &2 multiplier &)
o E2 £ LUC g o= 20191501I counting =&, 2023~203047lX| A=
Phase—out

+ EU W HIO|R0lEFZ S 1AMT] Hlo|2H =R MAEF 20204 (2|t} 7%)ollM &
o« MEIEAE £ HAEZ fF 28 Advanced Biofuel =X 0.2%(2022), 1%(2025)
3.5%(2030)

ZX: European Council, 2018 (http://www.consilium.europa.eu)

4) /I8E Y3 53 EU Trilogue &2 23, EU embassador(Council of the EU)9 91 &+5(2018d 6¥)



Q) 5Y: &4 9 48 @ZFMobility and Fuels Strategy, MFS)

o FY AHF+= 2010 Energy Concepts &3l =71 &% Fi olUA] &vlE 45 &
XE 2005 dhH] 2020Q@ 7R 10%, 20503 7FR] 40% o2 AASHI, 5Y 1%
F-(Federal Ministry of Transport)= ©l& A&3l7] 93] 2013@ % 2 A5 HAF

(Mobility and Fuels Strategy, MFS)& <93+

o MFSolA =Y wEies FFFEolAe &3 dAds@e]edEmed td 24
< BASAA, FFHET olsAAAEC] ALHoRE AdT oJUMEHESQ AREG
(Aviation Initiative for Renewable Energy in Germany)e] 33 dZHAARE ¢35+
=7} 7B Al ¥ (National Development Plan for Alternative Aviation Fuel)2- MFSef wh
Fat7] Hal 20151 tht = 2=AL o Hiol L guolue] Aol Wk AP Bt o
TE AES

(3) 9= RTFO(Renewable Transport Fuel Obligation) #| =

o RTFO(Renewable Transport Fuel Obligation) A=+ ©]= RFSA| =2} =
AN A FASEFAZZEA 450,000 FEH o] de] 4 d5 FFAM)LL A
5 X3 s FF I8 I HAE o] s AAVLE EE
oleARE FHStE oFE AN, FET HolLdmTE R

At mAeHs RTECH BislAs AS FAs 2 vl 3183

H
1
@)
Ll
4z
2
31'4
k1
=i

o 20173 9¥Y gL 7)1E9 RTFO AEE MASIHEA “2018d 49 159 HEHE gZ8
oA AHEEHE A&7t FE AR Al = Er-S

= QAAEBE Fo2” unlo] 93}
Abgo] thdt AAMEIBE Z3EE L, A&7 =
gJEld 1 RTFC(Renewable Transport Fuel Certificates)E, #7]&o]t} 242 (waste,

residues) Q29 Hlo] QT &= 2 RTFC Bojste=2 AR}

Fsde 9% we nolod

¢

o British Airways: Hlo] @&-F o ™3k RTFO <IAEIE A2 W3l ug} 201613 2
W2 By GreenSky® ZZAEo| o]o] thA] 20173 VelocysAtet A= ZAHE AMS
% B Holol 23

(4) "= Renewable Fuel Standard Program (RFS2)

o 2005 Energy Policy Actell ¢]3 *< A]2+¥ Renewable Fuel StandardRFS) A =+
200713 Energy Independence and Security Act(EISA)ell &l =LA SA=HHA 3
}‘\l_

96 ol QAR JFETLS AHFE AW ohe FFE Ho| QAR A

5) 20109 w|=r SolenaAtet G=r British Airways7t 371 = 5
AZE oF 16M T A vlo] e &FHE BAQ aHol| FEIEZ At A =



ZxE HA%
o RFS2 A=A 3JdfF = AFY AL 2 FAARELS FEFd o WS
Renewable ID NumbersRINs)&+= Z# RS E3) st=d, = HE nHio)lods
O R53 thato] ol Al Hio) @3FFo] thE RINS guks & Qe =2 3hof n}
o] F A4HA7F RING #E T3l Y& dS F JIES AAEHEE A Fs
3 U
<E 2-4> ZLf - 2| H|0|28 57 &3 oIMEIE MA H|uw
=7} a4H A=/ AlHA T CIMEIE W2 s}
: . Hlo| 2 ST R BE
Fuel CO2 Hio| et F (LM &) =
290 1 - ST AlSo| of2H
Ao 999 thet co2 M2 Bl S
=
S0 2SR SFRHELAON | o ome naxo
o|= RFS2 M= 2010 CHal ol= RFSOIAM ALE7HsEt RIN T 20l =7}
ZA(RIN) 2l =nre
X&E7ts Hpo|ekswo 2leHE =
2018 _ HO|2EE 7 33 AR
= M= Jl2/BME flBE >
= RTFO A| o) 1 RTFC, H| IE/TH s RTEG mol 20 =51
2 RTFC 07
ARY MO AR Abi|ZF AFA| ool 2 TR AL
Fd RED Il 2019/2020 Hlo|2&eta ol X| &= Aol st 7FE X
1.22| multiplier M £0d

Z£X: Renewable Transport Fuel Obligation Guidance Part One Process Guidance (2= Department for
Transport, 2018); Proposal for a Directive of the European Parliament and of the Council on the
promotion of the use of energy from renewable sources (& OlAFSl, 2018); IEA/GAFT
Workshop—Aviation Biofuels through Biomass Gasification (Avinor, 2016)

217

— 1

<E 2-5> =7IE X|EIts HIO|2SEREAR) &E

=7HXHA Z|&/olHMEIE =E SEAL
HEezt= Bioport Holland 1% 2015
Sl Alo} g5 2% 2016
o= FAA 5% 2018
EU EC(Biofuels Flightpath) 3-4% 2020
sS4 NISA 3-4% 2020
= AIREG 10% 2025
olAzj FCI 20% 2025
EU EC(Transport White Paper) 40% 2050
=5 AISAF 50% 2050

ZX{: Sustainable Aviation Fuel Roadmap(IATA, 2015)
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<E 2-6> HPo|EaT 2 M X[ Al WS dH|n

[Lin)
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= =

&/

O|HMEIE F&

CAAFI(Commercial Aviation Alternative Fuels Initiative)
22(USG)-0IZt TIEL A SHEf

AT 2 MMS 9
chex| £xt

o

2 AT BhA| S}

(USDA, DOC, DOE, DOD, EPA, FAA, NASA, NSF)

HEH HE AR

zg 93

Supply Chain & M4F ol=Z2} 3
“Farm to Fly 2.0” (USDA, DOE, FAA)

—

ol= Hlo| 283
(US Navy, DOE, USDA)

AL HSHESZ 3742] vio|2 2loolHz| 4 X 2Hol| FAt

= —

HIO|RERS A5 2 o=y

(DOD)

e AT AA
(NASA, FAA, US Air Force)

PSIL=RES

T AL
GARDN (Green Aviation Research & Development Network)
PARTNER (Partnership for AiR Transportation Noise and
o AN X Emissions Reduction)

MEZFE Clean Transportation Initiative X|9S gro} 2+H
A HA| K| (National Research Council)

BioFuelNet IEQT 2= (LELR)

Ho|2ets 7 A+ & oslm o A= mw=x . -
FH et A= x|l HIO|2EZ 7 AE ZE2ME(Agrisoma, MARA)Ol 1284atekzq
=< = X (XRF7s7He7 | &5)
HEWEHUS FAA, 7iLict nE5)
o|= ALS sts tHAod® o|LMEIE Eo{(WEF)
=& &= ICAO Sustainable Fuels Task Force Z0{(E5)
ASCENT =23 M| X[ (W&, US FAA)
Il (WEF, NASA)
=< Ol ME|E X|¥ AIREG (Aviation Initiative for Renewable Energy in Germany)
sz MA J|SIE 2t | AET|EMESAME, MASARE T /AMT| eI
- R&D &X} R&DAIR x| <

ZX{: ICAO, 2018 (https://www.icao.int) =7H Action Plan
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F 2-7> =4 MY HX| A7 Eee|F

. AExE ZFol s vlo| C|™ Edto|RH|S
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2015 2.5
2016 2.5
2017 2.5
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2019 3.0
2020 3.0
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<E 2-8> =7iH Hlo|&5F MA VIS & sig
= AHZE MM (MMgallyr) & ARFZAL H|S
= = s o™ SHAH (%)
AQEl 271(Preem) - 271 13.5
A= 24(Solena) 17(Solena) 41 2.0
Hzt= 161(Neste Qil, UPM) - 161 8.0
HE2= 271(Neste Qil) - 271 13.5
O| &fz| ot 115(ENI) - 115 5.7
= 0 169(Total) 169 8.4
233 179
o|= (REG Synthetic Fuels, Diamond |\ .\ £uicum. Red Rock, | 412 20.5
Green Diesel, Green Energy =
SG Preston §)
Products)
MNolz= 271(Neste Oil) - 271 13.5
UAE 0 288(Petrixo) 288 14.3
sata 13(Amyris) - 13 0.6
= A 2,012 100.0
HolEl £X: The Flight Paths for Biojet Fuel (O|=0H{X|HE=, 2015)
<E 2-9 33 Y HO|LEEF AM TS Al s=t
=3 A AKX PN AEl M ALEZH(tpa)
VAR 38,000
Finland
VAR 38,000
Neste
Singapore VARES 160,000
Netherlands = 160,000
Hydro— UoP USA =5 2,000
processed
==
Esters and ENI [taly =& 62,000
Fatty Acids Dynamic Fuels USA =5 47,000
(HEFA) :
Darling Int. and USA DALE 90,000
Valero
Alt Air USA SALE 56,000
- 53,000
Emerald Biofuels USA
- 94,000




=3 A AERE xS AbEf 2B ZH(tpa)
Haldor Topsoe USA s 350
Syntroleum China RS 1,400
Canada =& 7,000
TRI - 7,000
USA
13,000
Finland SALE 20,000
UPM
France - 37,000
Fischer-Tropsc Red Rock Biofuels USA - 17,000
h UK - 50,000
(FT) ltaly - 50,000
Australia - 50,000
Ireland - 50,000
Solena
India - 150,000
Turkey - 50,000
Germany - 50,000
Sweden - 50,000
Forest BTL Finland 29,000
=& 80
Terrabon USA
- 800
Alcohol-to—jet Fulcrum Biofuels IHEE oS
USA
(ATJ) 5,000
Swedish Biofuels Europe - 5,000
LanzaTech China - 40,000
Virent USA RS <10
Solazymes Galva/lowa/US =& 50,000
Direct sugars RS 40,000
to Amyris Brazil 20,000
hydrocarbons ’
(DSHC) e 700
USA
LS9 16,000
Brazil - 120,000
Allenotech USA =5 upl =t
Hydrotreated 7S 7,800
i KiOR USA
depolymgrlged 23.000
cellulosic jet
(HDCJ) UOoP Hawaii SAHS 30
BTG Netherlands - 3,500

ZX]: Sustainable Aviation Fuels Potential for the UK Aviation Industry (E4Tech




o Py ele] A$ wlolodFf AAGA I EAsY slele] A dA wiol &I
5SS AN A= FFAES Aol thd el off-take AleFS F3f we
zgu|Ho A nioleddFHE T - Z&3ta 9oy, HloledgTH 8 FEE W
A= 50%, AA= 3%7FA] 3438t AFg3sal

o United, Cathay, Fedex, JetBlue 5 3-&7] 97} 7§32 o0& n}o] THE &
3171 Y3l off-take AlFS = AT AAITH, =29 0] Oslo 23, &F Brishane
&, lyth Toronto &%, =92 Geneva F @& FHIAHZH Bt go
GFALEANA vl L FHE FFY F e A0S nlHEEy] 95 i 12
GdFF 54 AA F5F gEq F5 AYs AdsE

<FE 2-10> Off-take AH|2F SiE (2017H 128 7|&)

- - 2= HE MM 25 7|2t

st sk =1 o H E o H .

United AltAir 17,000 HEFA 2013 2016 3

Cathay Fulcrum 100,000 FT/Z A28 7] 2014 2019 10

Fedex FT/AH

/Southwest Red Rock 10,000 H7= 2014 2017 8

United Fulcrum 270,000+ | FT/EA[2E|7| 2015 2019 10

JetBlue SG Preston 100,000 HEFA 2016 2019 10

Qantas SG Preston 80,000 HEFA 2017 2020 10
Oslo Neste/Alt Air 250 HEFA 2016 2016 1

Airport

Brisbane
) GEVO 80 Atd 2017 2018 2

Airport

Toronto AltAir 200 HEFA 2016 2017 1

Airport

Geneva TBD TBD(1%) TBD 2017 2018 5

Airport

ZX{: Fact Sheet Alternative Fuels (IATA, 2017)
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<E 2-12> H]0|28ESF ZAAZEONTIHMFSP) ¥ Sta® 714 H|w

S R HE MFSP(USD/&) | Bl ch7e|(HER7IE)

HEFA HAZR 1.518 1.9

FT AR R AE/ZA | 2,024-2,980 2.5 ~ 3.7

slolosiEs HTL MEEMAS/YE | 1,012-1,460 1.3 ~ 1.8

Pyrolysis AR AE/Z A 1,460-2,080 1.8 ~26

ATJ MEEAMAS/YE | 2,700-3,935 3.4 ~ 4.9

DSHC AR AE/2A | 5,397-7,196 6.8 ~ 9.0
LS 7 JET A/A-1 M7 798 1

clolef £: IRENA, 2017; LErEERF 2018 68 7|&7H2,6848 /gal) HE

Jet fuel and carbon prices
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The timeframe for parity of biofuels
with traditi
shifted forward with
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<2l 2-6> ElA 7142 1248} Hlo|&t2R0| 7124 Z47H2d Xat
ZX|: Powering the Future of Flight (ATAG, 2012)

AW
Hl
R
>

o

o
rBL
H'E
2
of

o W, A wolorlde T YT EFAERES) AEY HPOE AT A

34

o) A3tz SK AvIZ, IC AL, HAR, BHLY, GSulol e 5 T whol 24

A F 97 D7} 40 B Akl FFstal

o BHAF Fuf 1209+ KIZbA] Z7FEE Hpo)
17golH, o]FollA = AA uio]lQ AbFES of 499 KI=X F A4 G5k A

m>~

to
O
2
o=
x
ofo
ol
rlo
(ol
2
10
&R
r d
=
fru
3
P~
e



Al

= A

=

b
2
s}

&

]_

ol
K
rr

o2

Q)
o =] RFS9] o]F&3HE-0] 2015 2.5%04 2018 3%= JAFFH AT EF3FaL o}
ZA7MA JA olsHAASY Wbt E oFEgE S%E XEv e Fa=vet 29 B
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<E 2-13> B Ho|SC/Y 38 W MM B
2010 2011 2012 2013 2014 2015
B8
/) 1,104,400 | 1,204,400 | 1,204,400 | 1,177,468 | 887,087 854,687
Mo
K7 394,279 317,330 397,697 407,825 428,397 489,839
MU|7t=s2
l(;) = 35.7 26.3 33.0 34.6 48.3 57.3

clole £H: 2015 MM MHX] E5SH (St=0lHXISE, 2016)
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<E 2-14> 0|= <Fly Green Day> H|0|2&aR H|H

3% Chicago O’Hare &g

LAl 20174 11€ 8¢
R BF Bio—isobutanol &-& Alcohol to Jet(ATJ)
HE A=A} Gevo

Az =23, 3=At Air BP
=7 2 = SIO|EHE A|AH
Lufthansa, United Airlines, Etihad, Cathay Pacific, Emirates,
o] B AL Japan Airlines, Korean Air, Atlas Air (870 &3 A},
FedEx(3t271)

T

. Biofuels Digest, 2017 (http://www.biofuelsdigest.com)
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<HE 2-15 E7|d Al MAE

=) {24 (2Hg) A=(HE) == g7 TR
= =H| = =H| = =H| HE gd
2016-2020 4.8 6.6 7.1 6.1 6.7 6.1 6.2
2021-2025 3.4 4.1 4.5 3.5 3.9 3.9 3.9
2026-2030 1.7 3.8 3.2 3.4 1.6 4.0 3.0
2031-2035 | (0.0) 2.4 (0.0) 2.3 0.0 2.4 1.2

Hole &X: HMoxl Sl SE7| S E sElod7 (S=usATH, 2015)
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CE 2-16> AlL2I2 ¥ Y 017t Hlo| BRI SeMY

(E191: 8 )

. =2 MU 1(=AH FA 72|F) e MU 283 MEE 7|F)
SRI=ES | REs(BD) Ul RFS
7 AluiEl= ALtal ICAO H|E AlLlE|2 ALlae ICAO H|E AlLlE|2
EFHE | 2025 | 2030 | 2025 | 2040 | 2050 | 2025 | 2030 | 2025 | 2040 | 2050
g8H[8(%) | 25 | 3.0 | 2.0 | 320|500 25 | 3.0 | 2.0 | 32.0 | 50.0
2015 - - - -
2016 - 68 - 73
2017 - 139 - 155
2018 - 214 - 247
2019 - 292 - 350
2020 - 374 - 465
2021 192 460 241 580
2022 392 549 502 702
2023 601 641 782 834
2024 819 737 1,083 975
2025 1,047 837 1,406 1,125
2026 1,069 1,710 1,448 2,316
2027 1,091 2,618 1,490 3,577
2028 1,113 3,562 1,534 4,910
2029 1,135 4,542 1,580 6,319
2030 1,389 5,557 1,952 7,807
2031 1,416 6,607 1,975 9,215
2032 1,443 7,693 1,998 10,655
2033 1,469 8,815 2,021 12,127
2034 1,496 9,972 2,045 13,633
2035 1,523 11,165 2,069 15,172
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A 7HE Al ' &0l Bol Hi 3= HEFA 739 Hioldta#714(%
w 1,500 USD/&)< AE3stde wl &FF 2035d =W vlo]33f AR 2= A
39 E8~4¢ E2(=5W RFS Alvg] )4 A 21¢-~29 2 (ICA %

ok 8 Ao APH

B>
12
e

@)
=
[
>
T

AANA S FFf AHE FATE ASETH 2050d o= viol & gF/e 8 A
b 9F 2,000 H vl E(E% &8, =W RES Alyg] )04 32,000 % ) €(50%, ICAO w1
Ay )o] Fof A R Ha oF 49 @A Hdl oF 60 2E7tA AR Tt

<E 2-18> =L HIO|&8E2 3 A|RF 2 MOt

o as AlLlal 1 AlLlg| 2 AlLlg|2 3 AlLiz|2 4
T=UH Hi™H) 1,523 11,165 2,069 15,172
20354 -
Al &2 (X USD) 290,500 2,130,300 394,700 2,894,800
T=UH Hi™H) 1,923 32,043 - -
20504 -
Al &2 (X USD) 366,800 6,113,800 - -
AL 1 = 837 £ MY 1 (WA FM 7|F) + HO|2E2 R 2 RFS HE M
*ALIE|R 2 = a2 9 Mot 1 (24 Z=AM 7|F) + HO|2EHE S CAO HIN Mg
AILIEZ|2 3 = 237 $2 MY 2 (2352 AFE 7|F) + Ho|283R% 2 RFS M X2
AILIZ|2 4 = 837 £ MY 2 (BB MEE 7|F) + Hl0| 2837 ICAO H|X HE
*SiXl| AlZH(H}O|2EaR) 7Hx| = 1,500 USD/E XM-& (HEFA HIO|&E=SF T 24 A= Ehaf cio))

.

7VA(Fuel price parity) 2w



MFSP RIF (€ GI™)

HEFA (UCO)

Legend

HTL (W5)
Pyr (FR)
Pyr (WS)

* MF5P

|:| Utilities & other raw materials
|:| Other OPEX (incl. corporate taxes)
Il vzintenance and repairs

I capex

- Feedstock

- Non-hydrocarbon co-products

Top ten percentile of
the fossil jet fuel in
the period 2005-2014
[17.6€GIY

Average fossil jet
fuel price 2014
[15.1£G)1Y)

Bottom ten percentile
of the fossil jet fuel in
the period 2005-2014
(9.4£G)Y)

r 6.500
r 6.000
r 5.500
r 5.000
r 4.500
- 4.000
- 3.500
r 3.000
F 2.500
- 2.000
1.500
1.000
500

- -500

DSHC (FR)
DSHC (WS)

Abbreviations

MFSP RIF (£t

HEFA = Hydroprocessed Esters and Fatty Acids

FT = Fischer-Tropsch

HTL = Hydrothermal Liguefaction

Pyr = Pyrolysis
AT) = Alcohal-to-Jet

DSHC = Direct Sugars to Hydrocarbons

UCO = Used cooking oil
FR = Forestry residues
WS = Wheat straw

<OZ 2-10> Hio|2eSEF YAV |EE EXEOHEVHMFSP) HIE T2

£X: The feasibility of short—term production strategies for
techno—economic comparison (de Jong 2|, 2015)

renewable jet fuels -

a comprehensive
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o @Al UL olA Y 2 FE3EI e vl egFThiE 98 H AN A g
st A= & ZeMdds=E 7HAL U=

o Fuel Readiness Level(FRL)E & o 7|&d&5E7t 7 &2 dlo| &3/ 3L
g &&3 OTIOil-to-Jeh)e] FaAe ofx=H=Z R AWAHHEFA, Hydro-processed
Esters and Fatty Acids)ol® 7]&$HAlo]l Aol o]Fojx oju] <9]=Fo] UOP, AltAir,
Neste OilA} oA 7383}

o wlole w29 71435 £3+ FT(Fischer-Tropsch)$} @A wa @ Zujdst Z4 9
DSHC(Direct Sugar to Hydrocarbons), 12|31 ¢3& 2342 ATJ(Alcohol-to-JeH =
simpet  ZdtstAl AT Hi JARE HAHAow FE FHAA AA A
HEFA/HRIJ(Hydrotrated Renewable Jet) Rt} w2

Commercialization

g Demonstration

Fuel readiness level

Conversion pathway
g 3-1> 38 7= & HI0|2&E72| SXH Fuel Readiness Level(FRL)

ZX|: Production pathways for renewable jet fuel: a review of commercialization
status and future prospects (Mawhood 2|, 2015)
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M =A}

Alcohol-to—-Jet

Ethanol-to—Jet

Terrabon/MixAlco; Lanza
Tech/Swedish Biofuels ;
Coskata

Boeing, Virgin Atlantic

(ATJ) Gevo; Byogy; . - o
Butanol-to—Jet | Albemarle/Cobalt; C.ormtlnental Airlines > United
Airlines
Solazyme
Boeing, Lufthansa, Virgin
Atlantic, Virgin
Blue, GE Aviation, Air New
Zealand, RollsRoyce,
Continental, CFM, JAL, Airbus,
UOP; SG Biofuels; AltAir KLM,
g . ’ Pratt & Whitney, Air China, TAM
Fuels; Agrisoma .
Hydroprocessed o . . Airlines, Jet
Biosciences; Neste Qil; : .
Renewable Jet . : Blue Airways, IAE, United
PetroChina; Sapphire ;. .
(HRJ) Airlines, Air
Energy, Syntroleum/Tyson France, Finnair, Air Mexico
Food; PEMEX ; ASA ’ ’ ’
) Thomson
Oil-to-Jet Airways, Porter Airlines, Alaska
(OTJ) Airlines,
Horizon Air, Etihad Airways,
Romanian Air,
Bombardier
Catalytic Applied Research Assoc.,
Hydrothermolysis | Aemetis/Chevron Lummus Rolls—Royce, Pratt & Whitney
(CH) Global
DHeyCi)rlo:;e(jES d Kior/Hunt
POl . Refining/Petrotech,
Cellulosic Jet -
) Envergent, GTI,
(Pyrolysis or Dvnamotive
HDCJ) Y
. Syntroleum; SynFuels; Q.atar Airways, United Airlines,
FT Synthesis Rentech; Shell; Solena Airbus,
Gas—to-Jet » onetl British Airways
(GTJ)

Gas Fermentation

Coskata; INEOS Bio/Lanza
Tech; Swedish Biofuels

Virgin Atlantic

Sugar-to—Jet
(STJ)

Catalytic
Upgrading of
Sugar to Jet

Virent/Shell, Virdia

Direct Sugar
Biological to
Hydrocarbons

Amyris/Total, Solazyme,
LS9

Boeing; Embraer; Azul Airlines;
GE; Trip
Airlines

ZX: Review of Biojet Fuel Conversion Technologies (NREL, 2016)




<E 3-2> H|0|2& =5 A4 R&D A slie| O|LMEIE Sigt

x|e] OlUMEE e
Al Alfa—Bird (Alternative Fuels and Biofuels in Aviation) (2008-2012)
! European Commission 7" Framework Program (6.8 million EUR)

European Virtual Institute for Integrated Risk Management (EU-VRI), Airbus, Avio,
CNRS, Technologica, Dassault Aviation, DLR, INERIS, LISBP, IFPEN, Lesaffre,

a7l MTU, Onera, Rolls—Royce, Sasol, Shell, Snecma, University of Sheffield, Unikarl,
Gratz Technical University, University of Toronto, INRA
71y, MM, dF7| 2EM "ItE Sot Mt fE ¥ Vs M, MYE
EU e AZof tist fit-for-purpose A& (14, ME &M, oMM HIL §) Y
At CORE-JetFuel (2013-2016)
N B European Commission 7" Framework Program (0.3 million EUR)
Fachagentur Nachwachsende Rohstoffe e.V.,Bauhaus Luftfahrt,
ZHo17| 2 | Servicios y Estudios para la Navegacion Aerea y la Seguridad Aeronautica,
IFP Energies Nouvelles, WIP Renweable Energy, EADS Innovation Works
e HE MM Y, ZHM ot 28, 25, ¥ 5 322 dHo tist EUS
< AN oY oot I MEIFE flet 43 O|HMEIE oHZ, HERIT =4
At BurnFAIR Project(2011)
N B German Ministry of Economics and Technology (2.5million EUR)
Lufthansa, DLR, Technical University of Hamburg—Harburg, Technical University
=2 | 207|282 | of Munich, Bauhaus Luftfahrt, Airbus Operations GmbH, EADS, MTU Aero

Engines, German Biomass Research Center, Hamburg Airport

X% slo|28ZR #80l e A=A By U B8 i olf HY

= O = O —

Lufthansa Hamburg—Frankfurt =2 6742t StF 435 Hio|2eta 5 H|H

Al Northwest Advanced Renewables Alliance (NARA) (2011-2016)

X 2 USDA-National Institute of Food and Agriculture (40 million USD)

Catchlight Energy, CLH, Cosmo Specialty Fibers, Facing the Future, Gevo,
Montana State University, Oregon State University, Pennsylvania State University,
o|= ) Salish Kootenai College, Steanfast Management, Tomas Spink Inc, University of

ZHo{ 7|2 | Idaho, University of Minnesota, University of Montana, University of Utah,
University of Washington, USFS Forest Products Laboratory, USFS Pacific
Northwest Research Station, Washington State University, Western Washington
University, Weyerhaeuser

e |adzsse g sojesas M4 X 229 75 B8

SO S,

Al Queensland Sustainable Aviation Fuel Initiative (QSAFI) (2010-)
Queensland Government National and International Research Alliances
! Program

Queensland Government’s Research Partnerships Program

Australian Institute for Bioengineering and Nanotechnology and the Institute for
Molecular Biosciences, James Cook University, Boeing Research & Technology
Australia, Virgin Australia, Mackay Sugar Limited, General Electric, IOR Energy,
Amyris.

for
-+

SISHE,

Queensland HIO[201E MAMA|AM HAM
Pongamia$, Z=&F)

mjo

o
Ral
2
i

e 2 Y 91T (AR,

o

ZX: ICAO = 0|X|(initiatives and project), European Commission FP7, Lufthansa AG
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Ol A o] F9 Walolu B3 vlX] AEOA e T HUF vkl gy A==
HAH, oA E A2 vlo] Aol vlo]leds, MU & EF Al o] F

7HA 1@ lee A8 e

re

A

(o]
1>

o, Line blending?] 3¢ Atz AgE #+A3} A
3 AEE & F 7] "W F4 "HolAd= g5 AFEAo] o
AR Aol E&2 <R W ol = a9l
ol = o]# 3+ Line blending Al2~&l 2 dule] &7A< AEEF A

BHE AN LD HaEel BaY Asd L T AEE B 2

[e

o

<E 3-3> Line blenderQ| A|AE! 3 M K=

T SR (odAl)

— Ratio control blender
INES= — Density rim blender
— Viscosity trim blender

- HES?
T4 HE - 9N

- A7) (E Y|, HE 55| 5)

Z£Xx: Jiskoot ZH|0|X|

<2 3-2> Line blender MX|=l barge
Z£X]: IBIA Guide to Line Blending(IBIA, 2014)



o ASTM D4054:= thAlA 2 FH712 93 AWy 9 FAAEY fd ZE X2 A A S}
2 o, HgAWddFS(FAAE THASHAHAESR © £
ASTM D75665 WS A9 Jet AY Jet A-102 &

& QA ST 9e

olr, VA ERo Hl 50%7HA & 7Hs &

o EF ASTM D7566 Ao 250 A= A9k ASTM D4054 Axtol] wel %<l
2 5 AA Tl e oA A FIF Il Ao, AA WP FA FIF A
il

$g3h Fhed wol LG TR AN FEE O

<E 3-4> ASTM D7566 2sMof S2= AIRS} 71= HI0|QEHES

SolE ME3y ABIISHE Z3otsHlg At st 3|AL
Fulcrum Bioenergy,
Fischer-Tropsch hydroprocessed M Ebx, Red Rock Biofuels,
synthesized paraffinic kerosene HATIA 50% SG Preston, Kaidi,
(FT-SPK) HiO| 2o A Sasol, Shell,
Syntroleum
Synthesized paraffinic kerosene Al S A O ol .
produced from hydroprocessed ;fz*i AltAIr Fuels, Honeywell
. Ss=Ad x| 4l 50% UOP, Neste Oil,
esters and fatty acids B ,
(HEFA-SPK) H 2| & Dynamic Fuels, EERC
Synthesized iso—paraffins Cre A AL
produced from hydroprocessed EFBIC?UIH_“? 10% Amyris, Total
fermented sugars (SIP-HFS) -
Synthesized kerosene with A Efx
aromatlps derived by alkylation HATIA, 50% Sasol
of light aromatics from HIO| O A
non—petroleum sources (SPK/A) -
ME 2 YEMME Gevo, Cobalt,
Alcohol-to—jet synthetic HO| O A, 309 Honeywell UOP,
paraffinic kerosene (ATJ-SPK) O|~FELZS MALS ? Lanzatech, Swedish
MEZA HIO|2OfA Biofuels, Byogy




<E 3-5> ASTM D7566 S25A] Zete 9fsl S2 23y =0 ujo|2sas
&ol Td 33 20 ALEI7sH = A5t S|AL H| 1
Catalytic Chevron Lummus
Al2M ol i Al2MQole pie gl
Hydrothermolysis | CHJ/HFP- == Ml al Global, Applied b o Sl ure
Jet/ High Freeze HEEA s=4XY Research 19 =ZollM =1} 2HE,
. H2|& Associates, Blue | 2k 21 ALE Jts
Point HEFA
Sun Energy
| - ing2 7|Z=2
Co—processing Chevron, Coﬂp;ocgsjing xl |
AR SRS Co—process Al 2 A] O ol - 7 SToIM S
bio—oils in existing ing ME=dA2E Phillips66, m2ols AIREH Al2A
. . oSTT 1= o = o
refineries BP Qolxla|Z J|utoz st
Mg o ASTME ATJ-SPK(FZ5A]
| SR A A £ ojo] S22
Alcohol-to—jet ATJ-SPK HIO[ S o ~ Gevo (butanol), 50)|A|:|Ia|9 0]
. P . — ] LT =
synthetic paraffinic . (besides olme AR LanzaTech Hele ) ofEt2 2 BE
kerosene isobutanol) TSN (ethanol) MEZo| AALS HE
HiO[ 20f A =
ME 2
: HEMAMS Hot g2 =322
Alcohol-to—jet T o] o=
3 . HO[ O A | Byogy, Jefsty| st
Syr?tﬂe“c kerosene | ATJ=SKA | o152 matg | Swedish Biofuels Hlo|-hstE o=
with aromatics MZ2oA AYALE] of 2
HiO[ 20 A
G AlEd ol HEFA C|& ("“Z8IC|&”)
HEFA Plus D.ree”l T2 Mx|gH Boeing 15%2 Zrsh 2| %o
1098 H7|5 Algu|g olo| zig ez
ZX: ICAO =M 0|X|(www.icao.int) 20174 7|=
4. TF7)=
 WFE S Azl wet d2AW FEHOE A F2M, dolLelql, F2
A, frxshake] Ul b F @ A 5 3 o8] 7 |1 9ler, drop-in-fuel
ol o3 55 IdutdFi9 FYsHA AFEH % - EEHA A

o S ESE BE AFAAA AR HEde A 3
M, 7 #% 9o me FY B G TAFE




Refinery Clay-filter

Airport fuel depot

A
L1

Filterfwater separator

Filterfwater separator

Terminal

i
1
(i
e

Filter/water separator

jo—

Filterfwater separator

Microfilter

[% ) @_..
Filter/water separator

A Refuelling nozzle

Pipeline

Helicopter

A/

Aeroplane

Airport hydrant refuelling system |{Dispenser 0JO,
<OE 3-3> FR0IM 7 [M7K]| 287 35 E BEe FE
ZX: Manual on Civil Aviation Jet Fuel Supply (ICAO, 2012)
<E 3-6> TZTHIY BB FZ 2 7AH W IIE
23 e M5 b 2
Hdra Wl 37
= 2| El/JIG 1530, JIG 3, APl RP 1543, API RP 1595
F==— ]
HAER =57
=x pa JIG 3, APl RP 1543, APl RP 1595, EI/JIG 1530
==
o gl
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HIO| 23 7 HE (YA H=AL (=7 Blending Ratio
First batch Ca(rl%ilns)% Neste (HZtE) 50%
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o 2 29 Gavie &2 MY 25, Oslo S| xtE 25
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A &-FAFl BRA(Braathens Regional)®] ATR 72-600 &&~7]d a3l em 1d
B¢ FEE ol &dte BE FFAY vlo| 3 F - &S JhesiA F

o AirBP+=  m3 7FE Ao Z(ad-hoc basis) 2999  Arlanda(ARN), Stockholm
Bromma(BMA), Goteborg Landvetter(GOT) &&= HH g3 Ale] nlo] Qg4I H=

R A - o
Tae vk A=

o 29 dle] Karlstad &2 SkyNRG, StatOilo. 2 H-F
o wpoledgFfF ML ®HIAMHE FHFohe HASAYEES AANEH I, Karlstade}
FrankfurtE d2sts =48 BMIO £35S AZo g nE gFA} Hlo| o FHE

28T F M NEe T

o W= Los Angeles =A]&3HLAX)o| A= 201613 United Airlines &&AM7F AlrAireh2]
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LFFFE AN 30%7HA] F&3oha HEF
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=27} 3% 28HE = Ad| T
Oslo(0OSL) 2016- SHO|ERIE ZE S3A & TS
L =90] - -
Bergen(BGO) 2017- n/a ZE S3A ZE TS
~gjel Halm stad(HAD) 2017- n/a 2E 30%—_/\} %F%_ Jts(1dzt
Karstad(KSD) 2014- AZMYHT S ZE S3A ZE TS
o - United Airlines, 3(2016-
oj= LA(LAX) 2016~ = At Qantas (2020(_) )
ST Brisbane(BNE) 2017- n/a \Qrg;i}ﬂju;;“%gﬁ
HEzt= Schipol(AMS) 2020- n/a =
AN Geneva(GVA) 2018 & n/a NS
o= Narita(NRT) 2020- n/a =

Z£x|: IATA, 2015; World Economic Forum(WEF), 2017;

Schiphol & Oslo:
KLM/Airbus flights in 2014

KLM/Embraer flights in 2016
Fully segregated biojet logistics / B

; ¥
p [ - .
H
é ﬁ I k3
I m
Blending &
o Bio jet 9 en. .|ng. 0 Distribution to ; . 6 Aircraft fueling &
) Certification to A Airport logistics : ]
production el airport biofuel flights

Non-segregated logistics: use existing jet infra

ITAKA/AIrBP 2016 supply
via Oslo airport tankfarm

<JE 3-4> Hpo|Esw a7 a4

ZX: Logistics challenges in segregated and non—segregated fueling systems (SkyNRG, 2016)



<E 3-9 =L - 2| Hpo|2ES R &8 QMMEE M2 H|nl
=7t #H NI/ | AlgdE CIMEIE W& k=2
: _ ol e B R o8
Fuel CO2 HIO| &S F(FLHA HI&)ol| -
=290 1 - stLAlSo| of 2H
Hol Tax 999 gt CO2 MZe o Pi,ﬂ |
==

HIO| &S 7 SEAHFUAo

o= RFS2 A= 2010 CHaH o= RFSOIIM AtE7HSE
SAM(RIN) 23l

A&H7Fs vpo|eswol 2lEE

Sk e o
@3 | RFOHME | SN8 | 1RIFC WylE/rag gee | ISCSF S
< 2 RTFC £0f = e
AMIH ML K| AH[ZF A A HO| &S/ ALS
= RED Il & 2019/2020 HIO|2&tE 7 ofl L K| &kl AlMof st 7HEX|
1.22] multiplier M2 £0

ZX|: Renewable Transport Fuel Obligation Guidance Part One Process Guidance (2= Department for

Transport, 2018); Proposal for a Directive of the European Parliament and of the Council on the

promotion of the use of energy from renewable sources (& OlAIE]l, 2018); IEA/GAFT

Workshop—Aviation Biofuels through Biomass Gasification (Avinor, 2016)

g 871 AzE A

O Ao

o JlYti=  ‘Clean Transportation Initiative’ ¢ ¥3to 2 nlo] stz T34 7|

AQe AASe AT W wel 03T F AR FFRAGANA % b5 FIAA
ks

A YA, S5 AT D 5Dl Bad dzehs BAsty 71Ee ulole
AR AZAM D FH4E BET AWAH TR O B Ae - A0H 54
S 2T TP Mo 0FTFH AR 55 SHS =T
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Animal Fars:

'Y N A

,
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i

T

=y,
Dundas/Moorefield
MHickson

Refinery: Oskville

Petro Canada

Refinery:
Imperial Ol

s =
Refi = = -
Bty - Vegetable Oil:
g 1] Bunge, Hamilten
’ POTENTIAL BIOJET

Hydrogen: Sarnia-Lambton
Air Products, Praxsir

Oil:

ADM, Windsor

<2l 3-5> Southwestern Ontario X|°32| HEFA H}|O|2&t2® =2=29Hoh

ZX: Feasibility study of Canadian biojet fuel supply chain (Novo Energy
Group, 2015)



‘Aviation Biofuels Infrastructure Feasibility Study’
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eattlex} Alaska Airlines, 18]
Azt FHS

3 Alel

A% Ap

Boeing A= Al

B7F AT

£ Tacoma %9
o A=} N
FAE 0 e

st
::jt\ E Estimated
.. B Max Annual
3gi'i': kk:‘ o Construction Estimated Neat Biofuel
L2 5 fescupias) Euskby Project Cost Throughput
5% 4 Infrastructure ! gnp
: Onl (CET
& B4 ¥
e
- Sea-Tac Airport Small
?‘ 1A Volume — Existing Roadway $11,720,000 $13,950,000 5,000,000
T Sea-Tac Airport Small
“‘&";".r 1B Volume — SR 509 Connector $9,800,000 $11,700,000 5,000,000
L
& Marine Port 3(' 14,308,000
; e . 5gi
,g_ Renton — Receive aviation (20/80 blend) to
+ Airport x.u'i&_w 2 biofuel via truck $2,430.000 $2:430.000 35,770,000
wsass Olympic Pipeline f -ll-k&" » (50/50 blend)
Dellery Lina T Renton — Receive neat
e Active Rail 28 biofuel via truck and Jet-A $69,200,000 82,360,000 71,520,780
5} via pipeline
Renton — Receive neat
2C biofuel via rail and Jet-A via $69,600,000 $82,790,000 82,680,000
Slte 2 pipeline
e Tesoro — Blend aviation
” %: biofuel at refinery;
3 receive neat biofuel via $87,500,000 $104,160,000 100,000,000+
a rail or marine via existing
infrastructure
Sloo T = iT o O =~ =
18! 3-6> Seattle Tacomagl HO|QEER 55 SN0 mE 2l==t HiS H =[of 22
O =X

Z£X{: Aviation Biofuels Infrastructure Feasibility

- =9

o =YL& HEFA, GtL, Co-processing
g ool HAHS

DA RS
o

o

o]

ol 8

A
=]
=

L
& E}
=

o

&

2 A=

A3 =
e 5te.0.

AAZ &3 EH%H

Ade +H%

=l

Study (WSP Parsons Brinckerhoff, 2016)
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© EUS| RED %! FQDel A& vl e8] A%7bsd 7120 tstel a7 HAa 247

2(GHG) WiEA &, 8o g gFoA A =21& 438t A+

7122 3, BEA AR ZIEdAE fold A, e AETIAEC] 52 EX A
Avs = =55 ADS A
o m =% RFS2 A% W EISA(Energy Independence and Security Act) ol wE npo] e
AF7] A LA7tx WEARTEF 712e] vtdEo] Ja, vl AR FF9 Hbol
02 7ty g2 7S A8
2 WEA %) 20050 7)1E HF FAE Zo Ao LAV HEF
2 3, AAAY vlo] 2] ~(renewable biomass)e] HolE E& I HE Hf

ole 98 g EX 3 AFS AEF
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< 3-10> siie| Hio|EESR/HI0|= 2 XF7ksd 7IE

7|1= EU RED & FQD o|= RFS2
= A GHG | - 35%(2011H 0|%) - AR MAZ (e 20%
HiEXMZ4E | - 50%(20174 0| F) - MZI(Advanced) HIO|2MZ: 50%
(B dZ | - 60%(2018A, 2017 AlAM - HiO| oA C|H: 50%

ciHl) EMHED - HNEZAH HIOIRHERE: 60%

<5E H=E>
- 20074 12¢ 19 o|™Mel &KX
SEE 9 BAME

- 20074 128 192 O|XMQ| dHledyt

<el® mujx| ®zh> oF XA L2 U Rus
- =2 dECied XA A L - 3= 47| ¥ FNME
= - 1% Bt =X (carbon stock) - Hldgh &7 AHEle| &elfAl(slash),
x| < thinnings
- 2008 7|Z= O|ERX[(peatlands) M 2| | - HAF X & S A|M, ME 9
X4 Zx{ollA Z{uEl Hio| oA
- =F
- SAMME7|, EAl Y HT7|E S
Mets Me 7|
2HY EX| _
= - LIE{2l gl F}& X Al M35k o
g me | QRS R CH SN A EEE on wtel mzsoe uy
2 or Tl
(ILUC) <
ZX{: Sustainability requirements for biofuels and biomass for energy in EU and US regulatory

frameworks, UIZ2t= Ministry of Economic Affairs, Agriculture and Innovation(2011)

<#E 3-11> ICAOL| SAF K&V 7|1&E

7E 2% 71E
o| H S22 - _ _
1. GHG N A aBEE  J1Z 11 Loa siETo| steeiz BBREC
=c Lrofofat o =
7|F 1: 2008 1€ 1Y o|F &, &%,
OlEtX| S MET Etd ZXX| ZRE M
o Efa =X SAFE T EbA EX0AM Mzl HEE ALZE 5 82
=X =] = _ _
(carbon | SHFIOIM WUl U2E | 515 5 My =1 Akg WEHDLUC) CiEt
stock) AEE T UE HjZ2f0| | 4ts|ofol B Bret DLUC Hf&EZol
2 EXIALE HSHILUC) 7|2 ate &3ie
A2, ILUC % tial DLUC #3217t HEg.

ZX|: Proposal for the First Edition of Annex 16, Volume IV, concerning Standards and
Recommended Practices relating to the Carbon Offsetting and Reduction Scheme for International
Aviation (ICAO, 2017)
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<& 4-9> £l FHE 7|1==(T) A=

=7} ATJ oTJ GTJ STJ
ol= 132.21 1 657.75 1 257.03 1 284.57 1
sh= 0.11 5 30.85 3 0.00 10 0.00 8
U= 0.00 6 22.85 4 0.52 7 N/A 9
mete 1.18 3 41.88 2 1.33 6 1.39 6
HEzt= 0.00 6 2.23 12 16.47 2 4.29 4
A= 1.93 2 2.45 11 2.31 5 11.32 3
i et N/A 8 17.66 5 8.26 3 4.19 5
oAz N/A 8 0.00 13 4.97 4 33.62 2
Hlof N/A 8 6.63 6 N/A 11 N/A 9
=¢ N/A 8 3.39 7 N/A 11 N/A 9
ZA 0.56 4 2.67 10 N/A 11 N/A 9
olz N/A 8 2.96 9 0.12 8 0.07 7
Eea) N/A 8 3.03 8 0.06 9 N/A 9

=3 F8 UMY =2:E AT Ve FA Ve ZokE 3ot

d

1=, g, A=, d7jdoin, 37/)=(r=, Ads, 47
o) F& 9L OT] Zokll 7Hg B2 FAE st Jlon, udad=e Fa74d
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<E 4-10> &2 =2Xd E5igs K=

ol= HEzt= HEE HIof
e 2R
Al9) =2 Al =2 Al =2 Al T2
ATJ 13.86 4 0.10 3 0.80 4 0.00 2
oTJ 46.19 1 0.00 4 8.04 1 11.75 1
GTJ 19.40 3 2.05 1 1.61 2 0.00 2
STJ 35.10 2 0.59 2 1.07 3 0.00 2

8) Hlo]lL dqFF Fof 2 ZFUQ : Solazyme, Inc., UOP LLC, SHELL OIL COMPANY, Virent, Inc., Neste Oil Oyj, Kior
Inc., ConocoPhillips Company, Shell Internationale Research Maatschappij B.V., XYLECO, INC., ExxonMobil
Research and Engineering Company, BIO ARCHITECTURE LAB INC., Syntroleum Corporation, SOLVAY,
ELEVANCE RENEWABLE SCIENCES, GEVO INC., Energy & Environmental Research Center Foundation
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£ BopolA €A 7l e 29¢ st Ao Yrhd wd, 3L AdNE
B $471%0 Tk 29L 1Y Ao vehd

=7t ATJ OoTJ GTJ STJ
ol= 45.61 1 8.32 2 11.57 1 33.56 2
gt= 0.00 5 0.49 10 0.00 10 0.00 8
U= 0.00 5 0.69 8 1.00 6 N/A 9
mete 12.00 2 15.00 1 0.67 9 7.75 6
HEet= 0.00 5 0.40 11 0.79 8 5.45 7
gd= 6.00 3 1.00 6 9.50 3 15.08 4
FH Ltk N/A 8 6.47 3 2.71 5 31.67 3
ojAzA N/A 8 0.00 13 1.00 6 81.00 1
2ol N/A 8 0.36 12 N/A 11 N/A 9
=< N/A 8 0.75 7 N/A 11 N/A 9
A 3.00 4 1.25 5 N/A 11 N/A 9
olE N/A 8 0.50 9 10.00 2 10.00 5
= N/A 8 1.40 4 4.00 4 N/A 9

9) Al(Activity Index) : S3|@FAFEA, 7|& 535 W3 3 7Fg ®ol AHgHE A F shviE, 3 gro] 1HH 2
Alle AdE Se@Eel @¥de Yehlle A EY. © A Zoke] 5dlelA i Foprt AAGtE Hl&olx, A
= j9 53lolA i 2ot AAske vE&S Uehd. 221 Pije i #okl W@ jof Sd¢E vkl

e
o
lo
o
12
tlo

[pui=CA

(P/3P.) SA7swor 5 29l
P o S & Bk 5 2 2 K i
I - Ex =olo] 2=
(EP,/E EP]7) = o< i{dﬁo d}\‘[‘
J v AA 5 F=A5
10) NPL(Non-Patent Literature) : 53lelA 1&3sta e H5s] 3 Bd FR2, 7 53ld FAZ 7so] #A8te] A g3t
3 driy 24 ddS 21 dertE vehd, & AFE Sl oW 7R 7ol e AGFEelA A=A AAd e,
712AT B 937 A FE8n slerke AR gt £ 9S. F, A9 5elec] =2/RE/711M & Bl 9%
stal itke e BEo 7|xAela AAA 71ed Thede] e A gulstH, /i w7k 7199l NPL A7 & X8 B
ks AL AA Z/h 71l vlE) Bk And 92 x5t YL sH5Ae] e Ao A & IS



ot S = E A A1
Hlol o gFf Hoke] IUHE Al SRS EopEE AyHEWA, ST &
o} mj=o] EFZFY 7o) FrF e Aoz Yeiyta, OT] 7|&L
ol, GT] 71&L Z=, HEE, AT] 7| dAdce ydder) sigd 7)<
32 We IVl EY3 Ao7 weoty
Eyets ol &5 tigk Fx7} vnjgk Aoz YERG

= o= oo T
=7} ATJ oTJ GTJ STJ
o2 6.06 3 5.45 9 4.04 6 6.64 3
st 1.00 6 1.13 13 0.00 10 0.00 8
=T 1.00 6 4.22 11 3.67 7 N/A 9
= 8.67 1 6.11 8 8.50 2 8.25 1
Hgzt= | 8.00 2 6.60 5 4.29 5 7.55 2
=k 6.00 4 7.50 4 6.63 3 5.58 5
= N/A 8 3.60 12 3.29 8 1.00 6
o| Azl N/A 8 8.00 3 5.56 4 5.69 4
7| of N/A 8 8.14 2 N/A 11 N/A 9
sy N/A 8 6.50 6 N/A 11 N/A 9
4= 3.50 5 10.00 1 N/A 11 N/A 9
ol N/A 8 4.50 10 1.00 9 1.00 6
e N/A 8 6.20 7 9.00 1 N/A 9
11) A9 8734 5949 F7} 57h 84S WENE 2E Ao Ba




o $EUEE OT 71&s AT] 71&odlM AA=RTD & 5

<E 413> SR =28YE S5 112
=27} ATJ OTJ GTJ STJ
o= 85.07 1 50.25 1 77.21 1 85.63 1
3= 1.49 4 19.35 2 0.68 8 0.29 7
o= 0.75 6 13.40 3 1.02 7 0.00 9
Hezt= 2.24 3 4.47 4 2.04 6 1.17 5
HEat= 0.75 6 0.62 10 8.16 2 3.23 4
a= 5.22 2 0.25 12 2.72 4 3.52 3
FhLtet 0.00 8 1.86 6 2.38 5 0.88 6
JESEI 0.00 8 0.12 13 3.06 3 3.81 2
4l 7| of| 0.00 8 2.73 5 0.00 11 0.00 9
el 0.00 8 1.49 7 0.00 11 0.00 9
matA 1.49 4 0.99 8 0.00 11 0.00 9
olE 0.00 8 0.99 8 0.34 9 0.29 7
=3 0.00 8 0.62 10 0.34 9 0.00 9

12) S7te] 54 7% Ropl W@ 53l 29

2 7122 54 7% Robg 8% 2l Sa)

O

a2

tlo




o GTJ EopollM = =, ol=etd, AT) Zoke vd &=}
gt Ao g HAod

o W SEURE 1) AlEeRek BFA Sald) o3 TR} H

<E 4-14> £10 I8 S| ZRI(EQ=

HlFe] S8 U@ FA7}

3 Ao Yed

=7t ATJ OoTJ GTJ STJ
o= 18.35 2 12.39 5 10.16 4 19.24 1
gh= 1.00 6 1.34 13 0.00 10 0.00 8
U= 1.00 6 6.97 11 4.33 8 N/A 9
mezte 11.33 3 13.11 3 12.00 3 10.50 4
HEst= 36.00 1 10.20 7 5.79 7 14.45 3
A= 8.29 4 12.00 6 8.75 5 8.17 5
7H Lot N/A 8 6.93 12 6.00 6 3.00 6
ojAzjA N/A 8 13.00 4 13.89 2 15.08 2
2ol N/A 8 61.05 1 N/A 11 N/A 9
= N/A 8 8.50 8 N/A 11 N/A 9
A 4.50 5 14.50 2 N/A 11 N/A 9
olE N/A 8 7.25 10 1.00 9 1.00 7
= N/A 8 8.40 9 14.00 1 N/A 9

13) S3¥4d= : 299 =48 59 A Aozt seFE $a Ve U
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7} ATJ (Alocohol to Jet)

9444 - AA 1,575 F 13471 @8%)

SHEE : 35034, 6.7%), #=(79), 4E015), #H@, WOC7)

920 FHA3MN ez &y, ddd, 3%

W Az vle] 19), WAE 29), F=e] £92 Ut

oX,
Jm
_Oll:
=
}n
r o
>
b
2
=2
r
o\

@_

v giREEY AxAAA AHdES vERa 9lorm, SHELL OIL COMPANY, GEVO

INC., Solazyme, Inc.5°] 8 =%

KE 4-15> ATJ 7|20] CHst 8 2A

7 | 718 | AEM | ESEHM =z HdE | BE FI7|#
o2 | 19l 19 | 39l 19| 29 |19 STEL O'Lsggzwy'fné'ﬁ’nvao ING..
st | 59 | 59l 69l |49 69l | 69 -
ag | e | 59l | 69l |69 6%l |79 -
mezte 3¢ 2< 190 139 3¢9 |29 Neste Oil Oyj
deats | e | 59l 29 |69l | 19l | 4% -
9= | 2% | 3% | 491 |29 | 491 3% BP Biofuels UK Limited
Mk | 89l | 89l | 89l |89l 8%l |89l -
olazt | 8%l | 89l | 89l |89l 8%l |89l -
wolol | 8% | 89l | 89l |89l 8%l |89l -
=o | 8ol | 89l | 89l |89 8%l |89l -
oEtA 42| 42| 52 42 52 52 -
o= | 8% | 89l 89l |89l 8%l |89l -
== | 83l | 8% | 8% 8% 8% | 89 -




1}, OTJ (Ol to Jet)

o EU™a AA 15757 F 80671(51%)

o SYEX: F5(1827, 22.6%), #=(@272), L£(183), FH(67), WO(102)

o U] =HAN) e ey, dAA, Y, Esiqr, BAECd d I
B Az v, AgE, @il =42 YEhd
o FFE=E= Neste Oil Oyj 7F &9 thi-&el Id&Fe FAoH AT] EoplA = 29&
=3 & AR E5E5o] &ug
giuiete] e wou dmeuAred 7@ d=Hstr)Eddza)e] &
Ho g2 B e 5318 g1

o
ol
o

I =5 2

=]
o [y |

ol

<iE 4-16> OTJ Z|=0f| cf

.

T2t |71 | HEM | HEY nE ez (Bg T\

Kior Inc., Elevance Renewable

o= 1%l 2% 9% 19 5% 19 Science, UOP LLC, Solazyme, Inc.
st= 3¢ 10¢! 139 |29l | 139 [10¢ o 7|4, 7|
U= 42 8% 1120 | 39| 112 | 6%
mzte 29 12 89l |49l | 3¢ |24 Neste QOil Oyj
HEZE | 129 11¢ 591 [10%1] 791 |[11%
A= 119 6 421 129l 6%l | 9%l
7H Ltk 5% 3¢ 1291 | 691 | 129 | 7%

|| 62 129 2% 5% 12 34 SOLVAY

=< 7% 7% 6l |79l | 8%l | 5% Cognis IP Management GmbH
A 109! 5% 12 8¢ 2% 42 ARKEMA FRANCE

olE 9% 9% 1091 | 891 | 1091 (124

== 82 42 79l |10l 9%l | 7#




t}. GTJ (Gas to Jet)

o EU™a AA 157573 F 29474(19%)

: @64, 2.0%), 7=(116), LEG), FH(6), WO161)

o EFUQ FHAM Oz rEd, 9HA, FHY, EIHE, B g
BA A mo] 19, o=z 29, ¥ == YERG

o HWIFE o] EHY<lo] EFEFHFS 3t dEvl I = Rentech Inc., SHELL OIL
Company, SUNDROP FUELS, Inc. ©o] £9& FE3l1 S

<E 4-17> GTJ 7|0l chEt B8+ 24

27t | 7lad | WHM HIN A2 BAE S ze7|n
1% | 18l | rel | esl tel| asl 1R on O A FUELS, Inc
e | 1091 | 109 | 109l | 8% | 109l |10%]
oz | 79l | eel | 79l | 79| 8% |89
mets | 69l | 99 | 291 |e9l| 39l | 69
yeats | 290 | 89l | 59 |29l | 79l |asy | Shel h';‘;j{g‘iﬂggi’f g seare
A= 52| 32 3¢ 42 52| 39 BP Biofuels UK Limited
iick | 3el | 59l | 89l |59l | 69l |79
o|Az}H 42| 62 42 3¢ 22 22| VIRDIA LTD
wolol | 119l | 119l | 119l 119l 119 119
=g 119 11 119 (119 119 114
ZghA 119 11 119 (119 119 114
ol 82 22 9% 9% 92| 99|
== | o9l | 49l | 19 9%l | 1% |49

—100—

o\




2}. STJ (Sugar to Jet)

o 9@ AA 157571 F 34174(22%)

o SYEE: 07, 5.9%), #=(194), L£A18), FH(15), WO4)

<E 4-18> STJ 7|20| Cist 8t 2A

7 | 718 | AEM | ESEHM =z HdE | BE FI7|#
012 | 1% | 281 | 3% 1| e 4| OORATE e TEAIL e
o= 8¢ 8¢ 8¢l |79l | 8%l | 8%
gz | 99l | 99l | 9%l |99l 9%l |o¢
mze 6 6% 191 | 59| 4% |34 Neste Qil Qyj
HEzt=E | 49 7% 2%l 49| 39 |34 DSM IP ASSETS B.V.
9= | 39 | a9 | 59 |39 59 |39 BP Biofuels UK Limited
Mbek | 591 | 39 | 69 | 69| 69 |69
olazld | 291 | 19 | 49 2%/ | 29 |29 VIRDIA LTD
wolof | 99 | 9% | 9% 9% | 9% | 9¢
= 9% 9% 9%l | 9%l | 9%l | 9%
mga |99l | 99 | 99 9%l | 9% | 9¥
olE 7% 5% 6 | 79| 79 | 7
== 9% 9% 9%l | 9%l | 9%l | 9
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<GE 419> =22 =ZUHXY 2R

=7t ==(d) HlE (%)
o|= 38 45.8
HEz= 9 26.5
?E ° 18.9 OrA|OtER =2 i
= 6 10.9 i -
=4 5 12.8
7H et 4 4.8
SEIES] 3 5.1
== 2 3.9
ot = 2 58
A9 2 1.2
Efol 2t 1 1.7
A= 1 1.2
22 0| Al of ] T
29X 1 0.6
o|Efz| ot 1 0.6 S0 « SE «OpAIOt w HO|
=ZEE 1 0.6
oy grel = 0 0
A 83 100

=R

<R 41D =2 FIIsE 2R
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<E 4-20> Dl g =2 F|9isy 28
=7} Z=H ==(d) | HIE(%) =7} Z=H ==(d) | HIE(%)
supply chain 13 34 supply chain 6 67
LCA 10 26 LCA 1 11
JlsdHMA 4 11 JlsdHA 1 11
0|2 CE 2 5 El=pt= CE 0 0
Al Z 2 5 Al & 1 11
7| E} 7 18 7| E} 0 0
A 38 100 A 9 100
supply chain 1 17 supply chain 1 20
LCA 0 0 LCA 0 0
Jl=dH A 0 0 J|l=dH A 1 20
a= PSRN 3 50 =g PSRN 1 20
A& 0 0 A& 1 20
7| Et 2 33 7| Et 1 20
A 6 100 A 5 100
supply chain 1 17 supply chain 1 25
LCA 2 33 LCA 0 0
JlsdHA 3 50 JlsdHA 3 75
sF SRS 0 0 FH et SRS 0 0
Al & 0 0 Al & 0 0
7| E} 0 0 7| Et 0 0
A 6 100 A 4 100
o E =F 2
<E 4-21> Supply-chain EAM ZHH T2 =2
7|1 = supply—chain
A% 83
SEEEUs 26

. Strategic spatial and temporal design of renewable diesel and biojet fuel
=< supply chains: Case study of California, USA
sh=X|H Energy
PSPN; Mohamed Leila; Joann Whalen; Jeffrey Bergthorson
HE JHAH = 2018
== % Y
mey | BEE 80%
BioGeSTO =& (Mixed—integer linear program) = O| 2%+ supply—chain
=2 z|MsHA|Zello|M 7|2 Wi NPV Z[CHs}) &£FM =& Sall ZAz|lZz4 o}t
L& (military) HO|28s 7 &8 SHEE 0|F7| st AlLE|2(2E TIs 9&,
o1 1} MRA 37 71, MMAIML QIMEIE)H EZ3 3 MM A[Mo| 2x] &
Ma Il MH

Z£X: ScienceDirect(www.sciencedirect.com)
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<E 4-22> LCA & F2 =&
7|1 = LCA
HAM AL 83
Sa=2ds 16
Life—Cycle Energy Use and Greenhouse Gas Emissions Analysis
==Y for Bio—Liquid Jet Fuel from Open Pond-Based Micro—Algae
under China Conditions
St x| od Energies
SHAl =2 iy ; . . v
it PSPN; Xiliang Zhang ; Xu Zhang ; Xunmin Ou ; Xiaoyu Yan
ey | HREE 2013
SHH M 60%
LCA 2H S 0|25l01 &= W D|M=FE o/ Hl0o|2&aF2| LCA HIEZ
FUE | MY (HIo|27tA M A 2 Al Gt s g Sot o[ X] sl & 7t Jtx| I8
2 59| oKX mix gHHA)
Zx: MDPI(http://www.mdpi.com/journal)
<E 423> ISHAN B BRI Fe =2
IIHE J|=dHA
HAM AL 83
Sa=2ds 14
e Technoeconomic analysis of biojet fuel production from camelina at
=< commercial scale: Case of Canadian Prairies
sh=X|H Bioresource Technology
A= X At Li, Xue ; Mupondwa, Edmund ; Tabil, Lope
al
= HAZ
2ha A SIS 2018
e A 70%
=o SuperPro Designer 22 0|& FA} tht] 4 MEES Soi Canadian
Zﬁ; Prairies X2 2| camelina oil& AF&8t hydro—processed renewable jet(HRJ)
< HIO|2EtEs 7o MAEME H2E FX IO HIHMFSP)E &Y
Z£X: ScienceDirect(www.sciencedirect.com)
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<E 420> HH A FQ =B
719 = Pk
AN 83
SEERAS 9
==Y Aviation CO2 emissions reductions from the use of alternative jet fuels
st XY Energy Policy
Staples, Mark D. ; Malina, Robert ; Suresh, Pooja ; Hileman, James I. ;
Al o Mt
i 4Nl = Barrett, Steven R.H.
al
S WA H =
2t A | 2018
M 80%
= Hio|2&Z 72| LCA HIEE MH, 2AJIAZLE =50 E 2 A AlM
e 2 =X 2 £5 U YUY AANE £5
Z£X: ScienceDirect(www.sciencedirect.com)
<E 4-25> AE AY B Fo =8
7| = Al
AN 83
SEERAS 6
[ Renewable jet fuel supply scenarios in the European Union in 2021-2030 in
=< the context of proposed biofuel policy and competing biomass demand
st=X|H GCB Bioenergy
HA=F X A} de Jong, Sierk ; van Stralen, Joost ; Londo, Marc ; Hoefnagels, Ric ; Faaij,
el André ; Junginger, Martin
aled A
S e 2018
M 80%
z2 27 U M, 7|a5 datolA 2030 |48 Hlo|28BF B3 AlLzle
WE=3 EE
ZX|: Wiley Online Library(onlinelibrary.wiley.com)
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Boeing. GE Aviation, Air New
Zealand, RollsRoyce Continental,
CFM, JAL, Airbus, KLM,
Pratt&Whitney, Air China, TAMAirlines,
Jet Blue Airways, |AE, Air France,
Finnair, Air Mexico, Thomson
Airways, Porter Airlines, Alaska
Airlines, Horizon Air, Etihad Airways,
Romanian Air, Bombardier,
Rolls—Royce, Qatar Airways, British
Airways, Embraer, Azul Airlines, GE,
Trip Airlines &
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GTJ(Gas—to—-Jet)
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A Z(Fischer-Tropsch 88)& Sl &aR75 MASHALE, Msletd A Z(Gas
o

o
Fermentation 2&)& S5 Y32 S2HHE MA 8 T 0|5 ATJ 7|&S HE

- F-T BW/ALEHUS o 0N FoiotyA U M5 HE 2N oy
=L
Sa 9 0|MEH B E0f ob¥N W M5 2, B B8 HI)

- On-spec M& =8 71 & X

Zls(FsE-=22l/
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STJ(Sugar-to—Jet)

SEAL 22 HERE Fof Met sES Sof Eeteaz daoldsiAuH
MESH Met 3H g S5t &3 /& dusts 7|€2M, 32 DSHC(Direct

Sugar to Hydrocarbons)Z} Catalytic Upgrading® 248 7|£0| US

- =o0f M& 33 hydrolysis, catalytic deoxynegation, catalytic
upgrading/dehydration—oligomerization &

- B3l &g =A™ enzymatic hydrolysis, biological conversion, hydro—processing

=
o

DSHC(Direct Sugar to Hydrocarbons), catalytic deoxynegation, catalytic

upgrading, enzymatic hydrolysis, biological conversion, system, plant &
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DN coewan zw s
Heol & HE &5t ™ Zo|ZzeloflM dHio|2Ets 7ot ditsts7E HESI Zgtst=
704 Jls2, EEA MES nleEs Sl 2R =HE
7|=70e
- - molZajel Bet|s
FUE
AFIHE Line blending
BN coewan zw s
B-2 Splash 2&g
Heol & x| MEf(EYH S)el & Y30 the dItgAlez & Z/e HEE =8tste
7Hd 7|122M, A= Il f|xlol w2} Top-loading, Bottom-loading2Z LM = US
EX - Top-loading §12 E&7|=
FUYy2 - Bottom-loading 918 Z&7|&
pI9 = Splash blending, Top-loading, Bottom—loading
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C-1 EREEE
Hol & ASTM D16554} Def Stan 91-91 52| 7|&ol| w2 el 7|2 54 53 ¢
7h ot 7le
Il - ASTM D1655 7|& =24 =& & gi|&
FeUE — Def Stan 91-91 7|& =4 5 & gI/P|s
8 417 9| = Fuel Specification Properties, engine safety, performance and durability, ASTM
4 =
- D1655, Def Stan 91-91 S

EREL S

iy

7|ls

‘ Fit-for-Purpose A& 7|& ‘

c-2
He| 9 |28l 24 HAE ol dzeo Elgteall £ 23 S FEtMEO(LE, MI|A
iy ME FZA| oMM 2 22 3le] S &AM (compatibility) Soll thst I J|&
Z|la7] gt — hydrocarbon chemistry, trace materials, bulk physical and performance
FRUEZE properties, electrical properties, ground handling/safety, compatibility E7} 7|&

Fit—-for-Purpose Properties, hydrocarbon chemistry, trace materials, bulk

physical and performance properties, electrical properties, ground

handling/safety, compatibility &

iy

Ho|esw & 7=

C-3 Component/Rig A& 7|=
Heo| gl
ZefLt B2 5 S AT 242t 47| g FAZHH|of| e oMM "It 7=
7h
EZ
- AUE FHAE oMY HoU|s
FUy
I/ = bumner rig test, fuel system, combustor rig test &
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