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Abstract: Due to the large amount of greenhouse gas emissions and the high dependence on fossil fuels,
the sustainable development of aviation industry has attracted worldwide attention. Bio-jet fuel is considered
to be a promising alternative to traditional aviation fuel. This article summarizes the representative
technological route, development status, opportunities and challenges faced by the development of bio-jet
fuel industry. So far, several bio-jet fuel production technologies have been certified by the American
Society for Testing and Materials (ASTM). Hydroprocessed esters and fatty acids is currently the most
mature process that can be fully commercialized. Considering economic characteristics and technology
maturity, Fischer-Tropsch is promising in near term.
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The main processes for bio-jet fuels production.
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Table 1 Comparison of different processes for production of bio-jet fuels

Technology types Deoxidation process Crude products Upgrading process

HEFA™ Hydrodeoxygenation Alkanes Isomerization, cracking

CHJ Decarboxylation, dehydration Alkenes Hydrotreating

HDCJ Pyrolysis/liquefication Bio-oil Hydrodeoxygenation, isomerization, cracking

FT” Gasification, FT Alkanes isomerization, cracking

AT Alcohol synthesis, Alkenes Hydrogenation, isomerization, cracking
dehydration, oligomerization

APR Acid/base condensation, Alkenes Hydrogenation, isomerization, cracking
dehydration, oligomerization

DSHCP” Conversion to sugar, Farnesene Hydrogenation, isomerization, cracking

fermentation
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F5 IR BERE TR B, SRR AL 43 5k B2k
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2.1 NESEA T

r4: ASTM 42 H . 2009 4F, ASTM D7566 it i
T BRI E A A (FT-SPK) T2 AE 9 2
— PR TR AT AR IRRZ ),
ASTM D7566 T~ 2011 A4tk 1 Fia F0 R D7 R i ==
A A B EEH (HEFA) T2 42 72 19 R k)
2014 4, ASTM D7566 b 758 =R =ik
2, WEREEIES BTk (SIP). 3] 2021
% ok, FT & 4 8 &l m 2y &
(FT-SPK/A), BEG AT B M (ATI-SPK), i
KR (CHY), J& . BEFUIBNI R INA & A
I MM (HC-HEFAs) #8245 %] ASTM D7566

ARSI S OB IE R 17 56 (R B ) S0 3

INE,

F2 B4 T HAit £459%] ASTM D7566

%2 ASTM D7566"'%0 ASTM D1655" A B 4 ¢ A4 A P2 45 AR
Table 2 Bio-jet fuel production technology certified by ASTM D7566!'"! and ASTM D16551"

Annex  Technology types Feedstock Feedstock sources Blend Certification Technology
requirement  date developer/licensor™"!
(max.)
ASTMD  Fischer-Tropsch Syngas Coal, natural gas, biomass 50% 2009 Sasol, Shell, Velocys,
7566A1 hydroprocessed Johson Mathey/BP...
synthesized paraffinic
kerosine (FT-SPK)
ASTMD Synthesized paraffinic ~ Fatty acids Plant and animal fats, oils, and 50% 2011 UOP/ENI, Axens IFP,
7566A2  erosene from and fatty acid greases... Neste, Haldor-Topsoe,
hydroprocessed esters ~ esters UPM, Shell, REG...
and fatty acids
(HEFA-SPK)
ASTMD  Synthesized Sugars Sugars from direct (cane, sweet 10% 2014 Amyris
7566A3  iso-paraffins from sorghum...) and indirect
hydroprocessed sources (Cs and Cg sugars
fermented sugars (SIP) hydrolyzed from cellulose)
ASTMD  Fischer-Tropsch Syngas Same as Al, with the addition 50% 2015 Sasol
7566A4 hydroprocessed of some aromatics derived
synthesized paraffinic from non-petroleum sources
kerosine plus aromatics
(FT-SPK/A)
ASTMD  Alcohol-to-jet synthetic ~ C,—Cs C,—Cs (same as A3), or those 50% 2016 Gevo, Lanzatech. ..
7566A5  paraffinic kerosene alcohols produced from  microbial
(ATJ-SPK) conversion of syngas
ASTMD Catalytic Fats, oils, Same as A2 50% 2020 Applied Research
7566A6 hydrothermolysis jet greases Associates (ARA) /
(CHJ) CLG
ASTMD Synthesized paraffinic ~ Algal oils Botryococcus braunii  species 10% 2020 IHI Corporation
7566A7 kerosene produced from of algae
hydroprocessed
hydrocarbons, esters and
fatty acids (HC-HEFAs)
ASTM  Co-processing Lipids, Plant oils and animal fats, 5% - BP, Fulcrum...
D1655 biocrude unrefined hydrocarbon content
Al coming from an FT reactor

: 010-64807509
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TEA= PR R L
22 @Al LEHRE

R B0 VI 0 S A B e T A% e i A
AN (& 3). JEBHBIAS . B4 LA A B
A HORT A R A A AR R . ISR
R B A AT DL 7 B HEFA  fii B3 8 B A Y
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K, M SE HEFA i/ 40 45 7% sh AR K.
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[Fi) ) e ] 8 T 25 B il 8 W S URE XS AT Y s
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Table 3 Energy efficiency and minimum jet fuel
selling price (MJFSP) of bio-jet fuel technology

Process Energy MJESP ($/GJ)P*!
efficiency?®"

ATJ] 0.91 4-215

HEFA 0.71-0.77 23-310

CHJ 0.58-0.89 31-108

HDCJ 0.60-0.80 37-60

FT 0.40-0.53 34-82

DSHC 0.50 >104

APR 0.32 58

Co-processing  — -

The selling price of conventional jet fuel (around 18 $/GJ)

http://journals.im.ac.cn/cjben

B, MRS . MR H AL v, FT
P00 2 B A AR RS, (BT FT
LA B Z MO (R BT . T AR R 5 )
HARSF OB (T AR JLT- 3 A,
FRUA FT MU A B AR B0 4% 77 3 H 8
/N DSHC .25 B 38 & il 5 v (e Y v el 7 )
A EATE . APR il A5 AR A o A% A LA
AT ERESS) RN N Wy

WAL, X A WAL R JRe A L5 ) 1Y) S 1B
JRF BRSO B i i ] 5 SR A BRCR #1375
W CHLL TGS I AE PR, X KiRAe i 14k
PIRRE 5 3K o B IF AR BUM 3R — 2 S S Sk
B, BIE G =2 . WK AT A A S 2w LB
I Se— 2R T A AT AT k. BT,
TERE, AN ECR R L THZEH B, H
T HABEm AR R RIPEECE, A=Y misE H i
TEPEGF A IR T . (AREE bR A Y
P sk, oh B AR A T S A Rk A
R BEZA,

PRRHE 2S5 (fuel readiness level, FRL)
P S = AV =
Aviation Alternative Fuels Initiative, CAAFI) £
HB A AT AR A )7 B AR BOR AR M LA 1Y
PR BT, FRL 430 180 9 9. Hrh 1-5 9
SRR BB, 6-7 HOEUAERTE, 8-9 SR
WA B BE o A, HARMERIKF (technology
readiness level, TRL) yuIM 1<FEmtF RBFFT
B 9“HEH AR E AR IR T A T HER
WASED 4 REE T ORIRH A % A AR
() TRL Fl FRL 4451

124 R 1k, HEFA 2 R R i
AR A H R . HEFA R T2
F 24 Honeywell UOP A FH &1 Ecofining
F1 Renewable Jet Process 1.7, FEAEIH 53
BAF gL (EECR) FFRM B A T2

(Commercial



2 BEMRREFERORRING

% [E Syntroleum 2w H AR bio-synfining T.
4. 7822 Neste Oil 22w H & 1) NEXBTL T. 2 Hl
H LA A TR TR 2R B A e F & BE i &
T2, Bk 5 P ZE AR E R, #EEm
TH AR AR TR i TR A
HEFA R HAij F 2GR B A Y5, 4
Bk HEFA A4 5530 194 7= 8 2 5x10° L (3% 5).
(AR TT Z A P2 A I, HEFA Az =i 94
TP 2 AT LA Ao o5 A A AR e sk — 2
440 255 A A M e

x4 YRR AR TRL #1 FRL
Table 4 TRL and FRL of bio-jet fuel technology

Process TRL level! FRL leve]35-36]
AT] 6—8 7.8

HEFA 9 9

CHJ 4-6 6

HDCJ - 6

FT 6-8 6-8

DSHC 7-9 5-8

APR _ 6
Co-processing  7-8 6—7

& 5 IA HEFA £YHRBNEEZEFNE

= =17]

Table 5 Current world annual production capacity
of HEFA drop-in biofuels!”!

Company Location Capacity (L/year)
Neste USA 1.26x10°
Neste Singapore  1.26x10°
Neste Finland 2.40x10®
Neste Finland 2.40x10®
ENI Italy 4.50x10*
Diamond Green Diesel USA 5.00x10*
UPM Finland 1.20x10*
World Energy USA 1.50x10%
Renewable Energy Group USA 3.15%x108
Emerald Biofuels USA 3.30x10®

: 010-64807509
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WAk A =B SR, FT A9 B ik %A
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WoRFE, T 2030 AFESZELL I H # b
fb 4 7= BT M 4E CAAFI i i, Fulcrum
Bioenergy . Red Rock . Biofuels Fll Velocys #B1E
FEMESE AP 5 T i 45 U A il AL R o
Ab, EZME . PR ] B PR g
FEl A2 28 Wl AR Bl AT il F A FTRRHE,

ATT AP 1 A s =R EAE 2012 4F 1 T
A-10 ®HL (REZEZE) F1 2014 £/ F/A-18 &
i (EEEE)CY, HEIERT IR, ATI
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ATT U AE A& £ 22l Gevo #1 Lanza Tech 23 H]
Mesh . wesh, HABLAF, {4 BYOGY .
Cobalt , Swedish Biofuels . Terrabon , UOP .
Zeachem Fil Vertimass t%F ATT A — & BHF5E,

DSHC #§2kJE Armyris 23 a) 76 HIF & Wb
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FIAE ) SIP 77 AT 2014 4F 6 Hadid 1
ASTM D7566 IKH], i&TF 2014 4E 9 F 58 1 HA
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EREENE, REASRE e E
HHE TR K . 2017 4, F B YO 56 [
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FHRE ST P K R, 2008-2017 4, ARG
AERMIGE TR 2.05 108t 3 m3 3,15 108 ¢,
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AAEEfEREm. Wik, M TRERZZ S, &
FEARA DELE T & Z R AR, A O AR IR A
BIEA KT FRRTE R A I TR
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), BRI,

S A YR SR IEAE D i, (B
1B B A B R Z R A 1V 2 Bh T
M, e JEORFRTRIHME . BR SV . AT EE
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R RS, OB W RES AR P AR
B AR P E BBk o AR AT A A 7 ORI 1
HATHRR . ) sk, JREGERE )7 =
Z . NEREET S . AN AR AR
Ro JEUREAT DU 1 9 RIS AE 7™ 1 G S =
MW/t KA REFWIER . I
Hh, R A R . T AR IR SR,
AR R AT A P AR % . HET, R E
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