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Fuel burn reduction

A continuous improvement slope
A never-ending challenge
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R&T - creating partnerships that matter

Objectives for 2020

Aircraft manufacturers
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Noise reduction at source

served. Confidential and proprietary document

Operational procedures

-z
AIRBUS

© AIRBUS S.A.S. Al rights re:

ICAO Workshop on Alternative Fuels ICAO - Montreal - Feb 09 Page 3




Alir travel Is a strong growth market

World annual traffic
(RPKs - trillions)

ICAO Airbus
total traffic <= => GMF 2007

Air traffic

has doubled
every 15 years

1970 1980 2010 2020 2030
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IATA’S commitments

Carbon neutral growth >

Traffic growth (5% pa)

Emissions growth {2-3% pa)
Technology

Operations

ment.

Infrastructure

Economic instruments
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Hydrogen ?
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New configurations

Some will remain...
... paper aircraft

... and others simply dreams.
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Low Emissions System : Fuel Cells

Multi Functional Fuel Cell

Reduced Fuel Burn
No Pollutions

Batteries Emergency Power

Auxiliary Power

Ground Support

Equipment Water Refilling Truck
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Piles a combustible

AIRBUS NE —
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EMISSION FREE POWER FOR CIVIL AIRCRAFT:
AIRBUS SUCCESSFULLY DEMONSTRATES FUEL CELLS IN FLIGHT

Airbus has successfully tested a fuel cells systermn in flight. For the first time on a civil aircraft this
innovative energy source powered the arcraft's back-up hydraulic and electric power systems.
The test conducted in February 1z part of Arrbus overall plans for an eco-efficient awviation
industry. It supports the on-going research to evaluate the potential use and environmental
henefits of fuel cell technology and zero emissions power generation in civil aviation.

ment.
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Ciuring the test, the hydrogen and oxygen based fuel cell system generated up to 20 Kilo VWatts
(kM) of electrical power. The emission free fuel cell system generates water as a “waste”
product. The fuel cell system powered the aircraft's electnc motor pump and the back-up (7
hydraulic circuit and also operated the aircraft's ailerons. The system's robustness was %ﬂ;
confirmed at high gravity loads ("g" loads) during turns and zero gravity aircraft manoeuvres. :
Diuring the flight test, the fuel cells produced around 10 litres of pure water. AIRBUS

© AIRBUS S.A.S. Al rights re:



Alternative Fuels Lifecycle (e.g. Bio Fuels)

Feedstock Feedstock
selectlon growth
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Alternative Fuels Technology Readiness Level

TRL Description

Actual fuel flight proven through successful Sasol 50% CTL
mission operation (in service since 1999)

Full scale plant operational Sasol 100% CTL

Fuel listed in international Standards,
e.g. US ASTM & UK Def Stan

ASTM technical evaluation passed
& Engine and Airframe manufacturers approval

Alternative fuel for approval defined 50% GTL
& Small scale plant operational

Industrial roadmap validated & Gated review point

Small fuel sample available from laboratory
& Cradle to Grave life cycle analysis

Feedstock and complete Process concept
identified

1 Feedstock and Process basic principles identified 4
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Overview of Alternative Fuels Approval

* Approval process for an alternative fuel estimated to take about 3 years
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Alternative fuels Roadmap

2005 2010 PAONRS 2020 2025 2030

V¥ 1st Commercial aircraft flight test with GTL, Feb. 20i08

I B CALIN (2007-2009)
| I /LFA-BIRD (2008-2011) > —

Airbus aircraft Flight Test with 2"d generation Bio Fuel

] L
XTL, 2009? I )% XTL, 20137 - Airplanes approve

¥ Qatar Airways revenue servicée with GTL, 2009?

V Pearl GTL plant on line, 2@11?

Maturity of ailternative 2"d Generation high
biomass feegdstock (e.g. algae) ... 20157

Airplanes approved to fly with hydrogenated Bio Fuels 20207

served. Confidential and proprietary document

» Up to 25%.0f Jet Fuel could be Alternativée Fuel ... 2025? V¥V

Up to 30% of Jet Fuel could be Bio Fuel ... 20302 ¥
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XTL available for other transport modes

Anything-to-Liquids (XTL) is a process that converts
carbon & energy containing feedstock to
ultra-clean fuels and specicﬂity products
via the Fischer-Tropsch synthesis process
straight-run finished

FT products XTL products
hydro-

natural gas,
ceal, biomass,
waste...

synthesis gas

CO + 2H,
(Y Fischer-Tropsch : "
> Symhesﬁ processing refinery/chemical

cleaning & & separation products:

A conditioning i * olefins

syngas
~ | manufacture

* oxygenates

* LPG

* naphtha
air H.O * gasoline
separation . . kero

product slate depends | -+ gasoil

on FT synthesis * base oils
and hydroprocessing * chemicals
catalysts & conditions * wax
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Alternative fuels...

* International & cross-Industry collaboration Is essential to
develop alternative Jet Fuels for commercial aviation

* Airbus is actively supporting generic alternative fuels approval
for commercial aviation via agreed industry protocols.

Imedium alternative §liel'shoule:be a “drop-in’ fuel”
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