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The impact of aviation on climate

* 3-7% of global CO, equivalent

* 900 tons of CO, today p.a.

* 3-5% increase of demand p.a.

* 1.5 % efficiency improvements p.a.
* 1.5-2 gigatons of CO, in 2050

&

* Neutral growth starting from 2020
* 50% emission reduction in 2050

Exhibit 1
Projection of CO, emissions from aviation

Gt CO, emissions from aviation
Does not include compensation schemes

4

Demand growth of 4% p.a.’

. . o )
2.5-3% of Efficiency improvements of 2% p.a.

manmade CO,

ATAG target: -50% vs. 2005

Net-zero target
2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

Years

1. Assumption based on growth projections from ATAG, IATA, ICCT, WWF, UN
2. ICAO ambition incl. efficiency improvements in aircraft technology, operations and infrastructure

Projection of CO, emissions from aviation, credits:[1]
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Pollution analysis

Exhibit 2
feod Negligible contributi
CO,emissions per segmentand range cgigible comrbuon
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CO, emissions per segment and range credits: [1]
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New fuels benchmark

Biofuels and synfuels H,
*  Drop-in fuel * Notdrop in fuel
e  Biomass production for biofuels  Energy required
* Zeronet impact if CO, from direct * Carbon-free

air capture for synfuels Cryogenic

* Energy required

Synthetic fuel, credits efuelpacific.com
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PoLLUTION REDUCTION [1][3]

3

12222022

H,: properties & challenges

Volumetric
energy
density

75% lower

LHV and
HHV 3x
kerosene

Production,
distribution
and
refueling

LH,
cryogenic

21 K and
1.25 bar

Hydrogen, credits e3g.org
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Hydrogen propulsion integration

Technical specification

Revolutionary aircraft Evolutionary aircraft

Tanks integration, credits [3]

Blended Wing And Body, credits [5]
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Evolutionary aircrafts

* Experience on manufacturing,
safety and reliability

* Faster EIS

* New systems design

* Trade-off between range in
kilometers and payload Tanks inegraion, eredits: 3]

* Autonomy constrains
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Revolutionary aircrafts

Measure of CONVENTIONS D8
progress sessse Timeframe line

* CTW might not be suitable for = e
future challenges
* Leverage of existing concept to
exploit new design opportunities ke | 22
I I T

() CO m p I ete Iy new man Ufa Ct u ri N g 19|40 15!60 1980 2000 2020 2040
. I_O n g E I S ti m e Airframe evolution, credits: [4]
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Revolutionary concepts

3 L ¥
Flying V, credits [5] BWB, credits: airbus.com

 Aerodynamics

* Light weight (GTOW)

e Structural loads

* Improved stability
 Lower fuel consumption

e Compatibility with airport infrastructure
 Technology readiness level
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Fuel cell vs Gas turbine

Climate impact
Change of in-flight emissions and emission related effects reduction potential*

Direct CO, NO, Water Vapor2 Contrails, cirrus

Synfuel -10-40% -30-60%3
B Hydrogen o o
turbine -30-50% -50-75%
( ____________________ - =
) T h I Hydrogen 75-90%
; rust reqUIrementS fuel cell -75-90%
le  EMIsSions ~

Change of in-flight emissions and emission related effects, credits: [6]

'e Fuel cells for commuters
| orregional aircrafts

—
—-— . S e o e e .
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Fuel cell

e Specific power

* Advantage on using electric thrusters
* Oxygen intake

* Thermal control

Fuelin

Electric current

)

Air in

Excess

fuel out |
<=

V Ve 0 =g

H+

H*

i’
'

H,O

Unused
air, water,
and heat

¥

/

Anode

\Cathode

Electrolyte

Functioning of a proton exchange membrane fuel cell,
credits: Wikipedia
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Gas turbine

e Several tests with currently used engines

* No huge differences in terms of
performance

* Lower specific fuel consumption

* NO, and lean combustion

* Development paths in CC

Turbofan inlet, credits: boldmethod.com
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Development paths
Synfuel

H, integration

Decarbonization
Revolutionary

concepts

H, infrastructure
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