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Abstract: Development of aviation biofuels has attracted great attention worldwide because that the shortage of fossil
resources has become more and more serious. In the present paper, the development background, synthesis technologies,
current application status and existing problems of aviation biofuels were reviewed. Several preparation routes of aviation
biofuels were described, including Fischer-Tropsch process, catalytic hydrogenation and catalytic cracking of bio-oil. The
status of flight tests and commercial operation were also introduced. Finally the problems for development and application

of aviation biofuels were stated, and some accommodation were proposed.
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Table 1 Composition and properties of No. 3 jet fuel
Property No.3 jet fuel Test method
Composition
Acidity ( total mg KOH/g) Max 0.015 GB/T 12574
Aromatics (%, V/ V) Max 20.0 GB/T 11132
Olefin (%, V/ V) Max 5.0 GB/T 11132
Sulfur (%, V/ V) Max 0.20 GB/T 380
Volatility distillation
GB/T 6536
Initial boiling point (°C) report
10% recovered (°C) Max 205
20% recovered (°C) report
50% recovered (°C) Max 232
90% recovered (°C) report
Final boiling point (°C) Max 300
Flash point (°C) Min 38 GB/T 261
Density at 20 °C (kg/m®) 775-830 GB/T 1884, GB/T 1885
Fluidity
Freezing point (°C) Max —47 GB/T 2430
. . 2
viseosty (mmZ(/)SZC Min 1.25 SRR
=20 °C Min 8.0

Note: the data in the table were quoted from the National Institute of Standards: the No. 3 jet fuel, standard No.: GB 6537-94.

Biomass

gasification

Syngas

F-T synthesis

Aviation biofules

1 F-T &R &M= mets
Fig. 1 F-T synthesis of aviation biofuels.
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Table 2 Composition and properties of Fischer-Tropsch hydroprocessed SPK

Property FT-SPK ASTM test method

Composition
Acidity (total mgKOH/g) Max
Hydrocarbon composition
Cycloparaffins (mass%) Max 15 D2425
Aromatics (mass%) Max 0.5 D2425
Paraffins (mass%) Report D2425
Carbon and hydrogen (mass%) Min 99.5 D5291
Non-hydrocarbon composition Max
Nitrogen (mg/kg) Max 2 D4269
Water (mg/kg) Max 75 D6304
Sulfur (mg/kg) Max 15 D5453
Volatility distillation
1. Physical distillation D86

Distillation temperature (°C)

10% recovered, temperature (T10)  Max 205

50% recovered, temperature (T50) Report

90% recovered, temperature (T90) Report

Final boiling point, temperature Max 300

T90-T10 (°C) Min 22

Distillation residue (%) Max 1.5

Distillation loss (%) Max 1.5
2. Simulated distillation D2887

Distillation temperature (°C)

10% recovered, temperature (T10) Report

50% recovered, temperature (T50) Report

90% recovered, temperature (T90) Report

Final boiling point, temperature Report

Flash point (°C) Min 38 D56 or D3828E

Density at 15 °C (kg/m3) 730 to 770 D1298 or D4052
Fluidity
Freezing point (°C) Max —40 D5972, D7153, D7154, or D2386

Note: the data in the table were quoted from the American ASTM standards, standard No.: ASTM D7566-11a.
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Table 3 Composition and properties of synthetic paraffinic kerosene

Composition
Property SPK ASEM test method
Jatropha Coconut Carbon/canola

Composition
Hydrocarbon (vol %) Min 99.8 D2425
Cycloparaffin (vol %) Max 5 D2425
Paraffin (vol %) 99.3 99.5 99.5
1. Aromatic (vol %) Max 0.05 0 0 0 DI1319
2. Aromatic (vol %) Max 0.53 0 0 0 D6379
Sulfur (total mass %) Max 0.015 0.00009 0.0003 0.001 g}égg g; g?ﬁg
Distillation
1. Phisical distillation D86

Distillation temp (°C)

10% recovered (T10) Max 205 172 188 189

50% recovered (T50) Report 192 200 214

90% recovered (T90) Report 223 231 248

Final boiling point (°C) Max 300 243 263 261

T90-T10 (°C) Min 25 51 43 59

Distillation residue (%) Max 1.5 1.2 1.3 1.2

Distillation loss (%) Max 1.5 0.4 0.5 0.8
2. Simulated distillation D2877

Distillation temp (°C)

10% recovered Max 185 151.6 162 168

50% recovered Report 195 190.8 218.6

90% recovered Report 237.6 238 267.2

Final boiling point (°C) Max 304 273.8 299 284.4

Flash point (°C) Min 38 50 64 62 D56 or D3828

Density at 15 °C (kg/m”) 751-840 751 755 763 D1298 or D4052
Fluidity
Freezing point (°C) Max —47 —63 =56 =52 gg?zi g; g;;éz

cjb@im.ac.cn
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Fig. 2 Synthesis routes of aviation biofuels by bio-oil.
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Table 4 Components contrast of bio-oil and petroleum

Metal elements content (%) Petroleum Bio-oil by liquefaction Bio-oil by pyrolysis
C 85.2 74.8 453
H 12.8 8.0 7.5
H/C 1.8 1.3 2.0
S 1.8 <0.1 <0.1
N 0.1 <0.1 <0.1
(0] 0.1 16.6 46.9
Quality
Water content (%) 0.1 5.1 15-30
Density (g/mL) 0.94 1.1 1.2
Calorific value (MJ/kg) 40.00 34.0 16—19
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Table 5 Flight test of aviation biofuels

Date Operator Platform Biofuel
Feb. 2008 Virgin Atlantic Boeing 747 Coconut and Babassu
Dec. 2008 Air New Zealand Boeing 747 Jatropha
Jan. 2009 Continental Airlines Boeing 737 Algae and jatropha
Jan. 2009 Japan Airlines Boeing 747 Camelina, jatropha and algae
Apr. 2010 US Navy F/A-18 Camelina
Mar. 2010 US Air Force A-10 Waste cooking oil
Jun. 2010 Dutch Military Ah-64 Apache Helicopter Waste cooking oil
Jun. 2010 EADS Diamond D42 Algae
Nov. 2010 US Navy MH-60S Seahawk Camelina
Nov. 2010 TAM Airbus 320 Jatropha
Jun. 2011 Boeing Boeing 747-8F Camelina
Aug. 2011 US Navy T-45 Camelina
Sep. 2011 US Navy AV-8B Camelina
Oct. 2011 Air China Boeing 747-400 Jatropha
Jan. 2012 Etihad Airways Boeing 777-300ER vegetable cooking oil
Jun. 2011 KLM Boeing 737-800 Used cooking oil
Jul. 2011 Lufthansa Airbus A321 Jatropha, camelina plants and animal fats
Jul. 2011 Finnair Airbus A319 Used cooking oil
Jul. 2011 Interjet Airbus A320 Jatropha
Aug. 2011 AeroMexico Boeing 777-200 Jatropha
Oct. 2011 Thomson Airways Boeing 757-200 Used cooking oil
Nov. 2011 Continental Airlines Boeing 737-800 Algae
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