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Context

around 1 700 airlines;
fly in excess of 23 000 aircraft;
serving in excess of 3 750 airports;
burning 1 500 000 000 barrels of JET A1 per year

Source ATAG
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Context

70% CO2 emissions reduction 75% noise reduction
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90% NOx emissions reduction

Source ATAG
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Constraints

< Sea level

environment
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Constraints

Ethanol
FAME freezes

at -5C normal
operation

v & FAME Flight

Fl level limited by
freeze point

| JET A-1
Petroleum

| JET A1 xTL
& HEFA
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Constraints

* Aircraft fuel system
* Material compatibility

* Seals
* Metals

[ | [RREET,
* Plastics ) “ H' 111 (a0

* Engine feed
* Air solubility
e Lubricity
* Water/ice

* (Gauging

* Relationship of density/electrical permittivity/temperature

safety and aircraft operations
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onstraints

* Electrical permittivity of fuel
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JET A

CRC world fuel survey
Typical FQI limits

A non-petroleum SPK

safety and aircraft operations

Source CRC Handbook
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Constraints

* Typical distillation curve of JET A1

B0 |
Less volatile j
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- Volatility affects:
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o { svapour lock effects on fuel pumping,
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safety and aircraft operations

Source CRC Handbook
ey
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Constraints

fuel quality assurance

Source B*
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Constraints

%ﬂ;j Alternative Fuel Pricing

S.AIR FORQE

JET A1 €/ litre

Amount [gals) Teotal Cost Price
(millions) iper gal)
Syntroleum Corp FT 100,000 $2.000 $20.00 0€70
Shell Malaysia FT 281,000 $0.958 $3.41
SASOL FT 365,000 $1.541 $3.90
Sustainable Cil HR.J 100,000 $6.680 $56.80
Honeywell UOP HR.J 100,000 £6.400 £64.00 0€30
Sustainabie ol HRS 100,000 33490 Bd4.90
Honeywell UOP HR.J 100,000 $3.240 $32.40 ~ o o o - ~ o
- = o (=] o -~ - -~ -
FuenaplelOynamic  Hpd 38,000 22 058 25874 g 3 S g S S S
c c c c c c c
Gevo ATJ 11,000 $0.649 $59.00 K K K s K K K

FRICRPELY - Fervier - Eaqeifemer L

IATA JET A1 average 5% April 2013 2$88 / US gal ~ 2€22/ US gal
0$63 / litre  ~ 0€48/ litre

cost
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Constraints
Production potential of new pathways
compared to crude oil
5 @ Crude oil
a5 @ Oleaginous crop / MEFA
N @ Lignocellulosic crops / BiL
35 @ Lignocellulgsic crops / HTL
¥ \ @ Macroalgae / AT)
E 25 @ Macroalgae [ HTL
E ‘2 o Sugar [ &T)
E 15 o Waste /WIL
" @ Waste /HTL
0,5 - @ C02 / Microalgae / HEFA
o | . . @ C02 / Microalgae / HTL
(V] 20 40 60 80 100 120

Source EADS
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WTW GHG Emissions (gCO2/MJ) . 200 Mt

availability & cost
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Opportunities

assure safety and aircraft operations

balance between functionality, environmental impact, economics
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Opportunities

* Aircraft fuel system
* Material compatibility

* Seals
* Metals
* Plastics

* Engine feed
* Air solubility
e Lubricity
* Water/ice

* (Gauging

* Relationship of density/electrical permittivity/temperature

safety and aircraft operations &
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Opportunities

Conventional petroleum JET A1 | ‘ ‘ I | Baseline JET A1

>
Fischer-Tropsch JET A1 | I l‘ I || I § —
=1 ~ 1% higher energy
HEFA JET A1 | l I |I | |
ATJ JET A1? g
' - £ Low Sulphur
g Low Aromatics
DSHC JET A1? .

Liquid Methane (CH,)?
Low emissions?

2050 ?

Liquid Hydrogen (H,)?
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Opportunities

Source EADS
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Production potential of new pathways

compared to crude oil
5 @ Crude oil
a5 @ Qleaginous crop / HEFA
N @ Lignocellulosic crops / BiL
g 3,5 @ Lignocellulgsic crops / HTL
= g @ Macroalgae / AT)
E 2,5 @ Macroalgae [ HTL
E N o Sugar [ &T)
E 15 o Waste /WIL
" @ Waste /HTL
0,5 - @ C02 / Microalgae / HEFA
o | . . @02 / Microalgae / HTL
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WTW GHG Emissions (gCO2/MJ) . 200 Mt

availability & cost
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