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Iynkr 1 noBecTku nHA. Pa3putrne coObITHIE B 00JacTHM  HAYYHBIX HMCCIEJOBAHMI U
cepTuuKanuy aJbTePHATHBHBIX BUI0B ABHAIIMOHHOT0 TOIIMBA

CTATYC TEXHUYECKOMN CEPTU®UKAIIAU ATbTEPHATUBHBIX BUJIOB
ABHAITMOHHOT O TOIIJIMBA

(ITpeacraBneno Cexperapuarom MKAO)

AHHOTAIMA

B HacTosIIEM NOKYMEHTE ONMMCHIBAIOTCS CYIECTBYIOIIUE TEXHUUECKHE
TpeOOBaHUs ATl allbTCPHATUBHBIX BUAOB AaBUALIMOHHOTO TOIUINBA, 010OpPECHHBIE
Ha JaHHBII MOMEHT MpoLecCchl NpeoOpa3oBaHUs B  MPOU3BOICTBE
IBTEPHATUBHBIX BUJIOB aBHAIIMOHHOTO TOIUIMBA M MPOLECCH MPeoOpa3oBaHus,
KOTOpblE B HACTOSIIEe BpeMs HaxOATCS Ha paccMOTpeHHH. Takxke
paccMaTpUBAIOTCA CIOXHOCTH, CBS3aHHBIC C TEXHHUYECKOW cepTuuKanue, u
BO3MOXHBIE CIIOCOOBI X MPEOAOICHHSI.

HeiictBus Kondepennnu ykasassl B 1. 5.

1. BBEJIEHHME

11 Kaxk ykasano B njokymente CAAF/2-WP/01, ¢ anbTepHaTHBHBIMU BUJIAMH aBHAIHOHHOTO
torutuBa (AAF) cBs3aHbl JBa THIA CEPTUPHKAIMH: a) TEXHHYIECKas: cepTU(UKaIs, oOecrednBaromast
COOTBETCTBME TOILIMBA TEM XapaKTEPUCTHKAM, KOTOpbIE TPEOYIOTCS JUIS HKCIOJb30BAaHUS HA
CYIIIECTBYIOIIMX BO3AYIIHBIX Cyax u b) cepTrudukamnms 3K010rn4eckoil yCTOMYMBOCTH, TapaHTHPYIOIIas,
YTO OTHENbHO B3ATHIH BUA AAF COOTBETCTBYeT YCTAaHOBJICHHBIM KPHUTEPHUSM SKOJIOTHUECKOU
YCTOWYMBOCTH, H, CIJIEJOBATEIBLHO, SBIISETCA OSKOJOTMYHBIM aBHAalMOHHBIM TommBoM (SAF). B
HACTOSIIEM JJOKYMEHTE OCHOBHOE BHUMaHHE OyJIeT ylIeeHo TexXHuueckoi ceptudukarmu AAF.

1.2 Co BpeMeHH npoBesicHUs NepBoii KoHdepeHIny 1Mo aBrayy 1 allbTepHATUBHBIM BUIaM
torumBa (CAAF/1) B TexHMYecKOW cepTU(HKAIMK aJbTEPHATUBHBIX BHJOB aBHAIIMOHHOTO TOILIMBA
MPOM30LIEN 3HAUYNTENbHBIH mporpecc. B 2009 rogy He cymiecTBOBalO TEXHHMYECKHX TPeOOBaHMN IJis
MPOU3BOJICTBA AJbTEPHATHBHBIX BHIOB aBuaimonHoro TtormiuBa (AAF). CeromHs TexHUYECKHE
tpeboBanus must AAF ectb Bo BceMm mupe, Hampumep, ASTM D-7566, nesaroe mznanne Cranpapra
Muno6oponsl  CoenunenHoro KopomescrBa (DEF STAN) 91-091, opasmnsckuit ANP 63/207 wu
kuraiickuit CTSO-2C701.

(9 crpannm)
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13 B mHacrosmem [OOKyMEHTE OCHOBHOE BHHMaHHE OyJeT YAEJNCHO TEXHHYECKUM
tpeboBanusaM st AAF, pa3paboTaHHBIM AMEPHKaHCKMM OOIIECTBOM IO HCIBITAaHHSAM U MaTepHasiam
(ASTM International), MexxyHapoaHOW OpraHU3allMel, 3aHUMAIONICHCS pPa3pabOTKON CTaHAapTOB,
NOCKONBKY cTanmaptel ASTM monmyumnm mmpokoe MeXIyHapoaHoe TpH3HaHWe. B mokymeHnte
MPUBOIUTCS OMHUCAaHUE TISITH MPOLEcCOB peoOpazoBanus B pousBoacTBe AAF, onoopennsix ASTM na
TaHHBI MOMEHT, a TakXKe TeX IPOIECCOB NMPeoOpa3oBaHMsl, KOTOPHIE B HACTOSIIEE BPeMsl HAXOATCS Ha
paccMotpennn'. B goGaBimenmu A mpuBoauTCs 6Golee MOAPOOHOE TEXHHYECKOE OIMHCAHHE 9THX
MpoleccoB Mpeobpa3zoBaHusi, a B goOaBieHHH B — rimoccapuii TeXHMYECKHX TEPMHUHOB, CBSI3aHHBIX C
mpoleccamMu MpeoOpa3oBaHusl, ONMCAHHBIMH B HACTOSAIIEM JOKYMEHTE.

2. INPOLECCBI IIPEOBPA3OBAHMS,  YTBEPKIEHHBIE
B KAYECTBE IIPHJIO)KEHHUU K CTAHAAPTY ASTM D7566

21 B Crangapt ASTM D7566 BKITIOYEHHI IIATH MPUIIOKEHUH, COEPIKAIINX YTBEPKICHHBIC
mporeccsl TpeoOpa3zoBanust i npousBoacTBa AAF. OCHOBHBIE XapaKTEPUCTUKU 3THUX IPOLECCOB
npeoOpa3oBaHus yKa3aHbl B Ta0nuie 1, B TOM YKCie BO3MOXKHBIE CHIPBEBBIE MaTEPUAIIBI, KOTOPHIE MOTYT
UCTIONB30BAThCSl B KAXKIOM Mpolecce MpeoOpa3oBaHusl, H MaKCUMAIBHBIN KOI(Q(UIIMEHT CMEIINBaHUS,
0100peHHBIH st Kakaoro Tuma AAF.

Ta6auna 1. Ilpoueccs! mpeodpa3oBanns, 0100peHHbIE B kayecTBe npuiokenuii K CtanaapryASTM D7566

Ko3pdpunu-
Bo3moxknbie bdun
IIpuno- €HT IIpennoxenus no
IIpouecc npeodpazoBanus | CokpaieHue cbIpbeBbIe
JKeHHe CMeIuBaHUS KOMMepPIHAIN3AIHH
MaTepHaJIbl
1o o0beMy
TUpOOYHIICHHBIN Vot Fulcrum Bioenergy, Red
CHHTE3MPOBAHHBIH IV 0 Rock Biofuels, SG
1 . FT-SPK npuposHslii raz’, | 50 % s
napaMHUPOBAHHbI Preston, Kaidi, Sasol,
6romacca
kepocun duriepa — Tporia Shell, Syntroleum
CHHTE3UpOBaHHBIN PacrutensHble
napaduHAPOBAHHBII Macna, AltAir Fuels, Honeywell
2 KEPOCHH, TTOIyIeHHBII U3 HEFA-SPK JKUBOTHBINA kup, | 50 % UOP, Neste Oil, Dynamic
THIPOOYHIIEHHBIX CIIOKHBIX YTUIM3UPOBAH- Fuels, EERC
3(HPOB U KUPHBIX KUCIOT HBIE Maca
CuHHTEe3MpOBaHHbIE buomacca,
n3onapaduHel, HOIyYeHHbIE UCHOJIb3yeMast
3 B pe3ynbTaTe SIP-HFS JUISt 10 % Amyris, Total
THIPO0OpadOTKH MIPOM3BOCTBA
cOpaKMBaeMbIX CaxapoB caxapa
CHHTE3UpOBaHHBIA KEPOCUH
C apOMaTHYECKUMHU
COeIMHEHUSIMU
HonII C€HHBIMH ’H eM Yrom”,
4 i Yo SPK/A npupoaubii raz’, | 50 % Sasol
ATKUIIMPOBAHUS JIETKUX
. 6uomacca
ApOMaTHYECKUX COCINHEHNUH
HE HEPTIHOTO
HPOUCXOXKACHUS

L OTKpHITEI CeMHHAp, OPraHM30BAHHBIA YIIpaBIeHHEM SHeprodh(EeKTHBHOCTH H BO30GHOBISEMEIX HCTOYHHKOB SHEPIHH
MumnwucrepcrBa suepretuku CIIA B r. Makon (2017). Anvmepnamusnvie 6udvl aguayuonno2o monausa: o63op npooiem,
6o3MmodIcHoCcmell u credyiowux wiazog. T. Maxon, Jhxopmkust (CIIA): Yupasnenue 3ueprodhGekTHBHOCTH U BO30OHOBIISIEMBIX
HCTOYHHKOB 3Heprun MuHucrepcrsa suepretuku CILIA
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buomacca,

HCIIOJIb3yeMast
CUHTETHYECKHUI AL
napauHUPOBAHHBIN TIPOM3BOAICTRA Gevo, Cobalt, Honeywell

5 KEPOCHH, MOJyYCHHBIH 110 ATJ-SPK ESE:M;H; " 30 % UOP, Lanzatech, Swedish

TEXHOJIOTHH "'CITUPT B L[CJIJ'III)OJ"IO3Ha$I Biofuels, Byogy
PEaKTHBHOE TOTUTHBO

ouomacca st

POU3BOJICTBA

n300yTaHoNa

" DTH chIpbeBble MaTepUasIbl He ABJISIOTCA BO30OHOBIAEMBIMH H, CIIEIOBATELHO, HE TIOXOMAT /ISl IPOM3BO/ICTBA
SAF, HO MOTYT IpUMEHSTECSA A7 Tpon3BoacTBa AAF B BOGHHBIX LIEIIAX.

3. HOBBIE TTPOLECCBHI NTPEOBPA3OBAHUSA, B HACTOSLIEE
BPEMSA INTPOXO/JALIUE MTPOUHECC COI'ZTACOBAHUSA B ASTM

3.1 Crettupmkanms ASTM D7566 Osuia paspaboTaHa i TOTO, YTOOBI CONEHCTBOBATH
OyaymieMy pacnpoCTpaHEHHIO 3THX BUIOB TOIUIMBA 10 Mepe TOT0, Kak OyIyT COTJIACOBHIBATHCS HOBBIC
Mertonel mpousBoacTBa AAF. O6miectBo ASTM Tarkke OMyOJUKOBANIO CTaHAAPT, OMMCHIBAIOIIMIA
WCTIBITAHUSI W OIICHKY, HEOOXOIWMBIE U BEIMycka npwioxeHus k D7566, kacarormerocs HOBOTO
mporecca nmpeoOpa3oBaHus, a TAKKE ONMPENENSIONNN POIb aBUAIIMOHHOTO ra30TypOUHHOTO JIBUTATENs U
(UPM-H3rOTOBHTENIEH KOMIUIEKTHOTO O0OPY/AOBaHMS B MPOIIECCE MCIBITAHUN M OLIGHKUA. DTOT CTaHIapT
HazpiBaeTcst ASTM D4054 "CrangapTHas TpakTUKa UIS KBATH()HUKAIIMA W COTJIACOBAHUSI HOBBIX BHIOB
aBHAIIMOHHOTO PEAKTUBHOTO TOIIMBA M TOIUTMBHBIX MPUCATIOK .

3.2 Crangapt ASTM D4054 6b1 pa3paboTaH ¢ LENbI0 MPEI0CTaBUTh pousBoauteao AAF
I/IHCprKTI/IBHIﬂﬁ mMarcepuaa 1o I[POBCACHUIO UCHBITAHUN H [CJICBBIC TII0KAa3aTCIM XapaKTCPUCTHUK,
HEOOXOIUMBIX IS OLleHKH MoTeHnuanbHoro Torumea AAF. D4054 — 3To MOBTOPSIOIIKIACS TIpOIece, B
KOTOPOM IMOTEHIHAJIbHBIA MPOU3BOAUTENb TOIUIMBA JOJKEH MPOBOAMTH MCIBITAaHUSA O0Pa3LoB TOIUIMBA,
LITO6])I U3MEPATHL €TI0 XApPaKTCPUCTUKH, COCTAaB U IPOHU3BOAUTCIIBHOCTD. TeCTI/IpOBaHI/Ie OXBaThIBacT
OCHOBHBIC TEXHHYECKHE XapaKTePUCTHKHU TOILUIMBA, €r0 pacIIUpeHHbe (IeJeBbIe) XapaKTEePUCTHKH,
UCTBITATENbHBIE CTEHIBl JUIA JBUTATeJIed W WX KOMIIOHEHTOB, a TaKXke, NpH HEO0OXOAUMOCTH,
MOJTHOMACINTA0HbBIC MCTIBITAHUS JBUTATENSA. JTOT CTPOTHUH Mpolecc TpeOyeT MOIHOLEHHOTO ydacTusi U
COTPYIHUYECTBA MHOTHX 3aHHTEPECOBAHHBIX cTOpOH B ASTM.

3.3 B rtabmume 2 mpencraBieH 0030p MPOIIECCOB MpeoOpa3oBaHUs, NPOXOMANINX B
HACTOSIIee BpeMsl IPOIIeypPy COTIIACOBAaHUS JIIs BKIIFOUEHUS B KaduecTBe npuiioxennus k ASTM D7566.
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Tadaunua 2. [Iponeccsl npeodpa3oBaHusi, MPOXOAsIIHE B HACTOSIIIEE BPeMS
npouexypy coriaacosanusi B ASTM

Bosmosxnbie
IIpouecc Ipennoxenus no
Coxkpanenue chIpbeBbIe IIpumeyanus
npeoGpa3oBaHust KOMMepUuaTH3a K
MaTepHaJIbl
Karanurnueckas
THAPOOUYHCTKA PacTuTenpHbIC Macia BCTYNAIOT B
AP PacruternbHbie Chevron Lummus Global, N yraror
CIIOXKHBIX AQUPOB U . . PEaKLHIO C BOJIOI MPH BBICOKOM
Mmacna, xuBoTHbIH | Applied Research
KHPOB IPHU CHJ/ HFP- HEFA - TeMIIepaType U JaBICHHH.
N xKup, yranusupo- | Associates, Blue Sun
BBICOKOM MoskeT Ucnosb30BaThCs 0e3
BaHHbIE Macia Energy
TeMIeparype CMEIIMBaHHS.
KPUCTAJUTM3aUH
CoBMmecTHas CoBMmecTHas nepepaboTka
nepepaboTKa PaCTUTENBHBIX Macel C
PacTUTENBHBIX Co-processing OOBIYHBIMHU CPETHUMHU
PacturenbHble - 5
Macell Ha (coBMecTHas Maca Chevron, Phillips66, BP NUCTHILUIATAMU HA
CYLIECTBYIOMINX nepepaboTka) CYLIECTBYIOMINX
HedTenepepadbaThI- HedTenepepadaTHIBAOIINX
BAIOIIMX 3aBOJAX 3aBOJIax.
buomacca,
HCHOJIb3yeMasi
CHHTETHYCCKHI ISt ASTM paccmarpuBaer
napaMHUPOBaH- ATJ-SPK HPOU3BOJICTBA HPOU3BOJICTBO PEAKTHBHOTO
HBIH KEPOCHH (nomio Kpaxmana u Gevo (6yranoun), TOIUIMBA U3 OyTaHONa U ATAaHOJA
"CIupT B H306yTaoa) caxapa LanzaTech (saTanomn) B JIOTIOJIHEHHE K U300y TaHOIY,
peaKkTHBHOE yh eJUTIOJIO3HAS KOTOPBIH yke ObUT 0100peH Kak
TOILMBO" 6uomacca 1t ATIJ-SPK (mpmiosxenue 5).
HPOU3BOJICTBA
AIIKOTOJIS
Bbuomacca,
CHHTeTHYEeCKHI HCHOJIb3yeMast
napaduHUPOBaH- UL TomMBO NPOU3BOAUTCS C
HBIA KEPOCHH MPOU3BOJICTBA HCIIOIb30BaHHEM
n
CIUPT B Kpaxmana u . . 0M0apOMaTHYECKUX BEIIECTB,

P ATJ-SKA P Byogy, Swedish Biofuels P m
peaKkTHBHOE caxapa obecrnieunBast 6oJiee BBICOKOE
TOTUTHBO" C LEIUTIOTI03HAs MIPOIIEHTHOE COOTHOIICHHUE MTPH
ApPOMATHYECKUMHU 6uomacca s CMEIIMBaHHH.

COEeTMHEHUSIMHU HPOU3BOJICTBA
AITKOTOJIS
. PacturensHble Vke npouuIH nepBele
Green Diesel Macia, JKUBOTHBIH nanlTZTenLHme];oneTm c
HEFA Plus (3KONOTNUHBIH ’ Boeing 0
JKUP, YTAIH3HPO- 15 %-HbIM cofepIKaHHEM IU3EIs
JIN3eJIb) " m3
BaHHBIE Macya HEFA ("sxomnoruusnoro au3ens')
4. 3AKVIFOYEHHUE
4.1 Texuuueckast cepruduranusi AAF 3HAYMTENBHO W3MEHMJIACh CO BPEMEHHU INPOBEACHUS

koHpepernnn CAAF/1 B 2009 rony. BaxkHoit Bexoii crano BBeaenue cranmapra ASTM D7566. Hamuuue
MPU3HAHHOI'O Ha MEKIYHAPOIHOM YPOBHE CTaHIApTa Crielr(UKALUN ITO3BOJIIET BCEM, KTO MPOM3BOJIUT,
3aKymnaeT u ucnoiibzyer AAF, ObITh YBEPEHHBIMH B O€30MIaCHOCTH M KU3HECTIOCOOHOCTH TOILIHBA.

http://www.caafi.org/resources/pdf/CoProcessing_of HEFA_Feedstocks with_Petroleum_Hydrocarbons_for Jet Production_J

une192015.pdf

® Mawhood, R. et al., (2016). Production pathways for renewable jet fuel: a review of commercialization status and future

prospects. Biofuels, Bioproducts & Biorefining 10(4): 462-484.



http://www.caafi.org/resources/pdf/CoProcessing_of_HEFA_Feedstocks_with_Petroleum_Hydrocarbons_for_Jet_Production_June192015.pdf
http://www.caafi.org/resources/pdf/CoProcessing_of_HEFA_Feedstocks_with_Petroleum_Hydrocarbons_for_Jet_Production_June192015.pdf
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4.2 OpHako, BpeMeHHbIE W (DPUHAHCOBBIC 3aTPAThl, CBSI3aHHBIC C COTJIACOBAHMEM HOBBIX
MPOLIECCOB  MPEeoOpa3oBaHusl, MO-TIPESKHEMY SBISIOTCS CEPbE3HBIMU TPEMSATCTBHSIMHU TPU TIOUCKE
HOBbIX MeToA0B mnpousBoacTBa AAF. I'ocymapcTBaM M OTpacieBbIM 3aWHTEPECOBAHHBIM CTOPOHAM
HE00X0MMO COBMECTHO paboTaTh Ha/l CTAHIAPTHU3ANNEHN U YIIPOIIEHHUEM MPOLEAYP COTIACOBaHMUS HOBBIX
MPOIECCOB MpeoOpa3oBaHMsT Ha BCeX OJTamax pa3pabOTKH M BHEAPEHHs, UYTOOBI emme Oosblie
muBepcu(UIIMPOBaTh TPOIECCHl TpeoOpa3oBaHWSA W CHIPHEBBIE  MaTepHallbl, KOTOpHIE OyayT
HCIIONB30BaThCS I pom3BoacTBa AAF.

4.3 C y4eToM cI0XKHOM IeToYKy MOCTaBoOK B cdepe mpousBoactsa AAF, mmpokoro Habopa
CBIPBEBBIX MaTEPUANIOB, KOTOpPBIE MOTYT HCIIOJIb30BaThcs B Tpou3BoicTBe AAF, a Tarke 3HaHUMA,
HEOOXOMUMBIX ISl TEXHUYECKOH cepTUHUKauu U mpomsBojacTBa AAP, Tpebyercs rnobanbHOE H
MEXTUCIUTUIMHAPHOE COTPYIHUYECTBO TOCYAPCTB, CIIOCOOCTBYIOIIEE COTIACOBAHMIO HOBBIX MPOIIECCOB
npeoOpa3oBanus B mpousBojacTBe AAF M TexHUUecKoil cepTuuKanuy HOBBIX nocTaBmukoB AAF. Drto
OyIeT UMeTh OJIaronpUsTHBIC MOCIIEACTBHS C TOYKH 3peHHs AuBepcupukannu u Hannaus AAF.

5. JTEMCTBUSI CAAF2
5.1 CAAF?2 npennaraercst:
d) MNpU3HATH BAKHOCTh HAIMYWS TNPU3HAHHBIX HA MEXIYHApOIHOM YpPOBHE
TEXHUYECKUX TpeOOBaHWU MJisi MPOIECCOB NpeoOpa3oBaHUs, HCIOIb3YEMBbIX B

IPOU3BOACTBE AJILTCPHATUBHBIX BUJOB aBUAIIMOHHOT'O TOIJIMBA,

b) npusBare rocygapcrBa oOka3blBaTh TMOAJCPIKKY MPOLECCY YTBEPIKICHUS HOBBIX
MIPOLIECCOB MPeoOpa3oBaHms, HAXOASIIMXCS HA CTAAUN Pa3paboTKy;

C) NpH3HATH HEOOXOAUMOCTD ITI00ATBHOTO M MEKIUCIUILIHHAPHOTO COTPYAHHYECTBA B
00JIaCTH TEXHUUYECKOH cepTUhHUKAIINN;

d) cormacuTbes ¢ HEOOXOMMOCTBIO COKPAIIICHHUSI BpEMEHHbIX M (DUHAHCOBBIX 3aTpaT Ha

TEXHUYCCKYHO CepTI/Iq)I/IKa]_II/IIO AJIBTCPHATHUBHBIX BHUIAOB ABUAIIMOHHOI'O TOIJIMBA M
HU3YYUTH CPCACTBA U CTPATCTUHU AJId JOCTUIKCHUSL 3TOH OcIn.
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APPENDIX A
CHEMICAL DESCRIPTION OF THE CONVERSION PROCESSES
Fischer-Tropsch hydroprocessed synthesized paraffinic kerosene (FT-SPK)

FT-SPK AAF is produced by thermally converting the feedstock into a synthesis gas that is then
converted in a Fischer-Tropsch (FT) reactor into liquid hydrocarbons such as diesel or jet fuel. The FT
synthesis can be described as a set of catalytic processes employing iron-based or cobalt catalysts
depending on the synthesis temperature and desired products, e.g. gasoline, olefins, diesel, or paraffins.
Ideally, FT-SPK feedstocks should contain high concentrations of carbon and hydrogen to increase the
efficiency of this thermochemical process. Common feedstocks for FT synthesis are coal, natural gas, or
biomass, however, coal and natural gas are not renewable and thus are not suitable for sustainable
aviation fuel production. Biomass is renewable but often has a large variation in carbon content. A less
common, but still renewable feedstock, is biogas produced from anaerobic digestion of organic matter,
such as landfills, animal manure, and wastewater, or a mixture of liquid and solid biomass®. With this
conversion process, up to 50% by volume of the FT-SPK component can be blended with conventional
Jet A or Jet A-1 fuel.

Synthesized paraffinic kerosene produced from hydroprocessed esters and fatty acids (HEFA-SPK)

HEFA-SPK is produced by reacting an oil or fat-based feedstock with hydrogen. The primary feedstock
are triglycerides, which are building blocks of fats and oils. They are derived from vegetables, animals, or
waste oil found in nature. To account for the presence of oxygen and unsaturated carbon bonds, both
deoxygenation and hydrogenation process steps are required to produce a saturated hydrocarbon fuel.
With this conversion process, up to 50% by volume of the HEFA-SPK component can be blended with
conventional Jet A, or Jet A-1 fuel.

Synthesized iso-paraffins produced from hydroprocessed fermented sugars (SIP-HFS)

SIP-HFS are synthetic hydrocarbons that are produced by hydroprocessing and fractionation of farnesene
derived from the fermentation of sugars. This conversion is also known as direct sugars to hydrocarbons
(DSHC). Possible sugar feedstocks can include sugar cane and beets, corn grain, and pretreated
lignocellulosic biomass®. The sugars are aerobically fermented into a farnesene intermediate using yeast
cells. To obtain farnesene, the intermediate is separated into a solid and liquid part and further into an oil
and aqueous phase using centrifugation. With this conversion process, up to 10% by volume of the SIP-
HFS component can be blended with conventional Jet A or Jet A-1 fuel.

Synthesized kerosene with aromatics derived by alkylation of light aromatics from non-petroleum
sources (SPK/A)

SPK/A stands for FT-SPK with increased aromatics content. A minimum of 8% aromatics is required in
AAF blends to ensure sufficient seal swell to prevent fuel system leaks. Therefore, this synthesized fuel
that includes aromatics can reach higher blend rates than the ones without aromatics inclusion. Similar

“Jingura, R. M. et al., (2009). Optimization of biogas production by anaerobic digestion for sustainable energy development in
Zimbabwe. Renewable and Sustainable Energy Reviews 13 (5), 1116-1120.

® Staples, M. D. et al., (2014). Lifecycle greenhouse gas footprint and minimum selling price of renewable diesel and jet fuel
from fermentation and advanced fermentation production technologies . Energy & Environmental Science 7, 1545-1554.
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feedstocks to those used to produce FT-SPK are used with alternative processing steps needed to produce
aromatics. According to the ASTM D7566 specification, the SPK/A synthetic blending component shall
be comprised of FT-SPK combined with synthesized aromatics from the alkylation of non-petroleum
derived light aromatics, primarily benzene. With this conversion process, up to 50% by volume of the
SPK/A component can be added to blended with conventional blinding components, Jet A, or Jet A-1
fuel.

Alcohol-to-jet synthetic paraffinic kerosene (ATJ-SPK)

ATJ-SPK is produced from isobutanol and processed through dehydration, oligomerization,
hydrogenation, and fractionation. Possible feedstocks for isobutanol production include fermentable
sugars, such as sugar cane and sugar beet, hydrolysed grain starch from wheat or corn, hydrolysed
polysaccharides from lignocellulosic biomass, or wood sent through a thermochemical conversion®. As
defined in the specification, up to 30% by volume of the ATJ-SPK component can be blended with
conventional Jet A or Jet A-1 fuel.

Catalytic Hydrothermolysis Jet (CHJ) and Co-processing Jet

CHJ is a two-step process of catalytic hydrothermolysis and hydroprocessing. Possible feedstocks are
triglyceride-based and include plant oils, waste oils, algal oils, and oils such as soybean oil, jatropha oil,
camelina oil, carinata oil, and tung oil. In CHJ the selected feedstock is reacted with water in a
supercritical phase to obtain a product resembling light crude oil. Reactions taking place in the
hydrothermal process are cracking, hydrolysis, decarboxylation, isomerization, and cyclization. The
intermediate is then hydroprocessed, obtaining a blend of diesel, jet fuel, naphtha, and liquefied petroleum
gases, which are finally separated via distillation.

Like for CHJ, the feedstock for Co-processing Jet is triglyceride-based. Co-processing is based on the
conversion of vegetable oil alongside middle distillates in existing refineries to reduce capital investment.

ATJ-SPK (ethanol)
The ASTM committee responsible for managing the D7566 approval process is reviewing production of
jet fuel from alcohols in addition to isobutanol, which has already been approved as ATJ-SPK (Annex 5).

Alternative jet fuel production from ethanol is currently in review. Once sufficient test data is collected
for other alcohols, this annex may be extended further.
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APPENDIX B

GLOSSARY OF TECHNICAL TERMS ASSOCIATED WITH CONVERSION PROCESSES

Cracking describes the thermal decomposition of a substance.

Cyclization describes a molecule structure change resulting in a ring structure.

Decarboxylation describes the removal of one or several carboxyl groups i.e. COOH, from a molecule.
Dehydration describes the loss of a water molecule.

Deoxygenation describes a process for removing oxygen from oxygen containing compounds.

Farnesene describe branched alkene with the chemical formula: C15H24, consisting of isomers and
containing at least (6E)-7,11-dimethyl-3methylene-1,6,10-dodecatriene or (E,E)-3,7,11-trimethyl-

1,3,6,10-dodecatetraene.

Fractionation describes a gas/liquid separation and isolation of synthesized iso-paraffins, typically
including a distillation step.

Hydrocracking describes the hydrogenation of larger or complex hydrocarbons, followed by cracking, to
produce high-octane fuel.

Hydrogenation is a molecular reaction with hydrogen, often associated with the saturation of unsaturated
hydrocarbons. It can be either catalytic or by thermal hydrolysis.

Hydrolysis describes a molecule decomposition by bond splitting and the addition of a hydrogen cation
and the hydroxide anion of water.

Hydroprocessing describes several conventional chemical processes in which hydrogen is reacted with
organic compounds in the presence of a catalyst to remove impurities such as hydrotreating,
hydrogenation, or hydrocracking.

Hydrotreating reacts organic compounds with hydrogen to remove impurities such as oxygen, sulphur,
and nitrogen.

Isomerization describes a molecule forming a different isomer.

Oligomerization describes the process of converting smaller molecules into intermediate sized ones
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