Wi Griffithuniversity

Queensland, Australia




Aviation — sustainability impact -

Combustion products + depending on operating conditions ’
« at cruise altitude
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1.25kg 3.15kg 149

(per kg kerosene)

Climate Local to airport

e 3.5-5% * Local air quality: NO, , SO,, UHC, Soot

* CO, ~1/3" of effect * Noise: Take off, Landing and Taxi

* Non-CO, (Contrails & NO, ~2/3% of effect) * Ground contamination: kerosene, oil and hydraulic
fluid from aircraft; de-icing & cleaning chemicals







Addressing Climate Change

* |ncrease Energy & Resource Efficiencies
* Sustainable Alternative Fuels

* Non carbon energy sources (Batteries &
Hydrogen)

CCCCC



Improve Aircraft Energy Efficiency -
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* Aerodynamics (aircraft & engines)
* Thermodynamics (engines)
e Aircraft systems electrical power efficiency

* Weight



Battery LH, Fuel Cell LH, Combustion aseous

CO, Emissions

NOx Emissions

Contrails

Fuel Volume

Fuel+Propulsion System Mass
Investment (Technology and

Infrastructure)
Fuel Production Energy / Cost




Green Propulsion Options -
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Increasing
Lower Aircraft
Environment Range &
Impact Payload
Capability
Battery System Ultra-High Bypass Ratio

Gas Turbine Systems

Propulsion & energy system
power density
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Bio SAF

WASTE BIOMASS
SOURCES

[Including avoided methane

emissions from landhll]
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— STORAGE AND

BLEMDING
oRnNe A REFINING TRANSPORT fof SAF and fossiljet fuel)
PRE-PROCESSING TO FUEL
Municipal waste sorting
includes. removing
recyclables]



Power To Liquid (PTL) SAF

Source: ATAG

DISTRIBUTION
AT AIRFORTS

REFIIEET STORAGE
AND BELENDING
|of SAF and fossil jet fued)
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REFIME SYNGAS
TO LIGUID FUEL
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Grey
Hydrogen

Process:

Steam Reforming

Source: O }"
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Making low carbon impact hydrogen -
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Green Hydrogen

Renewable energies Electrolyser Compressor lanks

Blue Hydrogen

Hydrogen am
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Refueling a hydrogen aircraft -
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BAGGAGE
CART

LOADER

KEY:
- GROUND SUPPORT EQUIPMENT (GSE)

Source: ATI



Even @1000 Wh/kg, an All-Electric Airbus
A320 would require 170 t of batteries
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Path to Net Zero Carbon

=)
S

D

cC
R

(%]
L2

S
[FH}
o
o

c
.2
s
8

>
<<
‘©
fa)
K=}
O

Source: ATI

1.2 Gt
Ultra-Efficient

0.7 Gt
Zero-Carbon

0.6 Gt
Operations

7.3 Gt
0.5-1.0 Bio-SAF
CORSIA ARA -ZC

‘ NB-UE
. RA-UE

Opportunity for synthetic SAF

and/or offsetsl|for Net Zero 2050
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Climate Change Priorities -
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More efficient jets
powered by SAF

Zero Carbon Alternative fuels and
powertrains
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All electric potential




Competition to decarbonise

Fertiliser || Hydrogenation || Methanol

Hydrocracking

Desulphurisation

Shipping*

Non-Road Mobile Machinery

Chemical feedstock || Steel || Long-term storage
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Long-haul aviation*®

Coastal and river vessels

Remote trains

Vintage vehicles*

Local CO2 remediation

Medium-haul aviation*

Long distance trucks and coaches

High-temperature industrial heat

Generators

Short-haul aviation

Local ferries

Commercial heating || Island grids

Clean power imports

UPS

Light aviation | | Rural trains

Regional trucks

Mid/Low-temperature industrial heat

Domestic heating

Metro trains and buses

H2FC cars || Urban delivery

2 and 3-wheelers || Bulk e-fuels

Power system balancing

Uncompetitive

Source: Michael Liebreich/Liebreich Associates, Clean Hydrogen Ladder,
Version 4.1, 2021.Concept credit. Adrian Hiel, Energy Cities. CC-BY 3.0




Aviation technology for zero climate impact ==
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* There’s no silver bullet — all aspects of the aviation system need to be addressed

It always makes sense to make systems more energy and resource efficient
SAF needs to be accelerated — it would benefit any gas turbine powered aircraft
PTL will be required to fully address decarbonization by 2050

Green hydrogen powered aircraft could eliminate CO2 but formidable technology
and economic obstacles need to be overcome

larger hydrogen powered aircraft will not be available in sufficient numbers to
significantly impact CO2 by 2050

Battery power is only suited to small short-range aircraft

Aviation will be competing against other sectors for SAF feedstocks and green
hydrogen

Climate change impact of contrails is still poorly understood — more work is
required to develop robust solutions
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