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Eco-Efficient Aviation

¢ Aviation needs to flourish with reduced
environmental impact

* Aviation is necessary for development

Facts:
* 8% Global GDP
* 2% man made CO, emissions

* Over 40 years the focus on innovation
has lead to

» 70% reduced aviation fuel consumption
and related CO, emissions

Targets:
e Carbon Neutral growth by 2020

* 50% CO, reductions by 2050 compared
to 2005
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Challenge: Emissions reduction roadmap

[0 Known technology, operations and infrastructure measures

B Economic measures

Cco,  Biofuels and additional technology No action
emissions
Carbon
Biofuels + Neutral
add. Tech | Growth
| 2020
-50% by
| 2050
(schematic)
2005 2010 2020 2030 2040 2050
7 , to reducing CO2 emissions S
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What are alternative fuels for Airbus

Short/ Mid Term

Flash point 38°C

Biomass

Freeze point -47°C

el 4 Same Routes
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Background: Short/Medium Term Requirement

* Use existing airport fuel storage
* Common aviation fuel distribution network

* With common piping and transport infrastructure /
mechanisms

* Any alternative should be “drop-in”
..... and mixable with fossil fuel

----- A “Drop-in” solution is require

H
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What are the alternative fuels?

Potential sustainable feedstocks

Jatropha Wood waste

rved. Confidential and proprietary documen

Camelina Yeast
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Alternative Fuels Options Commercial Aviation
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Non-Renewable

Renewable

Conventional
Jet Fuel
(“Kerosene”)
Jet Fuel
§
3 /
L
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Alcohols

Ethanol
NOT.

drip—ln

35% lower
energy content

Not suitable for aviation

Bio Esters

FAME*
NOT.

drip—ln

10% lower
energy conten

Freezes at —5°C\

| TYPE

Syn. Fuels

CTL & GTL

DROP-IN

v

Hydrogenated : Cryogenic
bio-mass - Fuels

Liquefied
Natural
Gas

drNoOp-rin

X

BTL
DROP-IN

v

)

Liquid

DROP-IN  :lLow energy per
i1 unit volume,
FUTU RE Availability,
:l Infrastructure.,
: Airframe

* FAME =Fatty Acid Methyl Esters

‘/ ‘/Approved suitable for aviation e~
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Alternative Fuels illustrated:
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(if no FL limitation)
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Biomass Jet Fuel

It has been estimated that cultivating an area equivalent to France with Sunflowers
could produce enough Bio-Jet to support the French civil aviation industry

It has been estimated that cultivating an area equivalent to Belgium with Algae could
produce enough Bio-Jet to support the World civil aviation industry

)
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Transformation Processes

Crude Petroleum

Crude
Vacuum Column

Vacuumgas oil Paraffins Paraffins Alcohols
= \ 4 \4
Selective Selective Selective Selective
Hydro-Treatment Hydro-Treatment Hydro-Treatment Hydro-Treatment
Processes Processes Processes Processes

— Light fuels

Straight run Jet A1, v

by Diesel, naphtha, Product separation » Jet Al (SPK) -

i
Vacuum bottoms . e
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Biomass Jet Fuel Locations

O Algae
@ Jatropha
O Camelina
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Airbus In the Fuels Approval Process

Specification

l 50% FT I
I HBO I

HBO 50%

‘ 100% FT I

100% HBO

Engine Safety, Performance and Durability
(DEF STAN 91-91, ASTM D1655, MIL DTL 83133, MIL DTL 5624)

Fit For
Purpose

Chemistry, Ground Handling & Safety, Materials compatibility,
Electrical Properties, Bulk Physical & Performance Properties

Component

Engine Hot Section, Aircraft Fuel System,
Engine Combustor Rig

Engine

Endurance

Full Scale Engine Rig Test

© AIRBUS S.A.S. All rights reserved. Confidential and proprietary document.

AIRBUS

CAAFI Farnborough Airshow




What has Airbus achieved

*GTL = Gas To Liquid

* February 2008
» Flight test
»~50% GTL

» A380 on one out of the
four engines

e October 2009

» First ever_commercial
revenue flight

»~50% GTL
» A340-600 all engines

E
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What's planned - Value Chain Projects

* Airbus acting as a Catalyst for Biofuel o e
commercialisation e T
* Projects that develop the Biofuel value chain @5 -
in different regions L | i
» Agriculture, Refiners, Investors, . d{-—; & d"L_L-[
Airlines.... - ':'"_," T
* Closed loop process to reduce CO, —
emissions - }

— Source: ATAG
—_— %‘ amaiid i '.‘-
- BTN -

AT meraAYE §,

é ; : : -.‘I-—--- —-—l_'.
s * Biofuel * Biofuel flight 2010 * Others projects under
T commercialisation e Biofuel commercialisation development with airlines
s * Investment strategy  Sustainability Analysis
3 ects that speed up sustainable commercialisation 7~
/ ﬁ P et e e e T el s bt iie e i e e S “
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Bio fuel an Aeronautical efficient solution

Feeditock growih

Processing stribation

@ ko my .::_._. i al alrports

Tiandpait
At each stage in the distribution chain, carbon dioxide Carbon dioxide will be reabsorbed as the next
- is emitted through energy use by extraction, transport, generation of bio fuel feedstock is grown.
T etc
- and sustainable | |
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Common Sustainability Analysis Is a must

RSB Principles & Criteria

Roundtable on Sustainable Biofuels (RSB)
1. Legality
2. Planning, Monitoring & eSustainability Standards for entire Biofuel

Continuous Improvement

3. Greanhouse Gases Value Chal n

Emissions

4. Human & Labor Rights eFrom Farm to Tank
5. Rural & Social

D pmant «Standard used for certification system (3"
b. Food Security

7. Conservation

;“::“ sImplementation a priority for 2010

11. Use of Technologies, . . . . .-
R s ot Basis for future Airbus Biofuel sustainability
Wastes

12. Land Rights analysis

rved. Confidential and proprietary documen

Al rights rese;
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Common Life Cycle Analysis (LCA) is key

P Stael 7 Diesal i KOH
Concrete — Electricity Methanol
Ve Natural gas 1 Hexane — Electricity
Glass Fibre "- / D""E'Et —  MNatural gas
¥
I . [ Lipid Final Use
{ H Hm]-[ H S T i igi i {Biodiesel)
Lireia Flocculent ; Glycerine .-::‘ Diesel
MK p— Diasel f II

—  Electricity ——  Electncity

%
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Industrialization

CAAFI Farnborough Airshow

* (Some) R&T already delivered, let’'s deploy and
implement
» Common sustainability criteria
» Lifecycle analysis

* More industry wide and Airbus R&T needed on e.qg.
algae
» Also building on early industrial experience

* Government support through policy and incentives

» Prioritisation of Energy types for different transport
modes
» Tax incentives / carbon credits
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Industrialization

* Cross industry approach

» Aircraft / Engine Manufacturers to provide technical support
for qualification

» Airlines to commit to using and buying bio-fuels

* |Investors needed!

Growing local economies in various world locations
Sustainability criteria

Joint ventures with airlines and stakeholders

v v Vv
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Sustainable Alternative Fuels User Group

CAAFI Farnborough Airshow

Members:
The P|edCle AIRFRAMCE 7 . é _ el o Tfuers
. Wi . . .
Will not displace, or compete with, food ANAE || i &
crops or cause deforestation = p
C m.'::iu. I _'T”_‘ “[D WZ‘
* Minimises impact to biodiversity —
. . Sy AL KLM
Produces substantially lower life cycle
o boanras ¥
greenhouse gas emissions than
i i T/ TulTravel 3 .
conventional fossil fuels TAM : o otianic
* Certified sustainable with respect to %)
Affiliates Members:
land, water, and energy use
(L eraerve LII?F " “AIRBUS ‘
* Delivers a positive socioeconomic '
.
Impact
x!ﬁ‘ L Comm|ttedCr Indus i @
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Initiatives (Including R&D) “Simple” description

* CALIN - Research work which aims to identify and evaluate a
number of alternatives to kerosene for the short, medium, and
long term.

* ALFA-BIRD - Overview of potential alternative fuels,
assessment for suitability for aircraft, technical analysis and
future alternative fuel strategy

* CAER - In preparation: establish a French aeronautic alternative
fuel program

* SWAFEA - Forum for the community (industry, policy, science
and research) to meet and discuss state of the art in alternative
fuels and energy for aviation

* DREAM - Engine (helicopter) endurance test with an alternative
fuel

* CAAFI, ICCAIA, ECAC, European Platform, and more and

é = more... 2 R&DaKey"C:Q. oner e
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Main Issues

Bio Fue
nmercialisa
3iofuel availak
urope is li

sovernment po
incentives rec

Missing co
stainabilit
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© AIRBUS S.A.S. All rights reserved. Confidential and
proprietary document.

This document and all information contained herein is the sole
property of AIRBUS S.A.S.. No intellectual property rights are
granted by the delivery of this document or the disclosure of
its content. This document shall not be reproduced or
disclosed to a third party without the express written consent
of AIRBUS S.A.S. This document and its content shall not be
used for any purpose other than that for which it is supplied.

The statements made herein do not constitute an offer. They
are based on the mentioned assumptions and are expressed
in good faith. Where the supporting grounds for these
statements are not shown, AIRBUS S.A.S. will be pleased to
explain the basis thereof.

AIRBUS, its logo, A300, A310, A318, A319, A320, A321,
A330, A340, A350, A380, A400M are registered trademarks.
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AN EADT COMPANY
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Glossary

* GDP Gross Domestic Product

* ATM Air Traffic Management

* ASTM American Society for Testing and Materials

* Def-Stan UK Defense Standard

* HBO Hydrogenated Biomass Oils

* HCF Hydrotreated Cellulosic Fibre

* FT Fisher Tropsch

* GTL Gas To Liquid

e CTL Coal To Liquid

* BTL Biomass to Liquid

* RSB Roundtable on Sustainable Biofuels

* FAME Fatty Acid Methyl Esters

* ATAG Air Transport Action Group

* CO2 Carbon Dioxide

* CFMI CFM International (Engine joint venture between GE Aviation of
the United States and Snecma of France)

* LCA Life Cycle Analysis

: -®.SPK Synthetic Paraffinic Kerosenes )

CAAFI Farnborough Airshow Page 24 AIRBUS




