Why sustainable biofuels?

Challenges and opportunities
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Challenge:
Greenhouse gas emissions

Source: 2008 average annual oil price forecasts as of Sept 2008 (Global Insight, EIA) and June 2008 (Moody'’s, IATA)
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Pursuing alternative fuels initiatives

The industry Is pursuing
different alternative fuels
Initiatives to address these
challenges...and that’s ok!

& AIRBUS

Air Transport Association
4=n BOEING
.\ L

IATA CAAFI

Sustainable Aviation Fuel Users Group

L

AIR NEW ZEALAND Jd" L% matlantic

AIR FRANCE edes

—wes/ay KL i) ! SAS
GULEAI

COPYRIGHT © 2009 THE BOEING COMPANY



Focus on Sustalnablllty

Are all biofuels equal? What are the best and worst s




Sustainability considers:

environmental, economic and social impa
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Commercial efforts underway via

Sustainable Aviation Fuel User Group

GOAL: To help speed the creation of a viable market mechanism for
sustainable biofuels.

Members are:

™ Driving commercial viability requirements
ISustainability principle and monitoring in place
ITechnology/agronomy in place
“IFuel processing technology in place
Viable feedstock and processing developers in place

™ Using the power of their fuel spending dollars to ensure
sustainability is a real requirement in the development of future
aviation fuels
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Ensuring a sustainable approach to aviation

biofuels

The user’s group pledges to
consider only renewable fuel
sources that —

I require minimal land, water
and energy to produce

I minimize biodiversity impacts
1 don’'t complete with food or
fresh water resources

/I provide socioeconomic value
to local communities in
cultivation and harvest of
feedstocks

Group agrees to link with
Roundtable on Sustainable
Biofuels Process
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Sustainable Aviation Fuel Users Group
Qur Commitment to Sustainable Options

As Aviatinn leadees nurhusinass is fn hring peoplke. mdres, and seonamies ingefher  We rerngnize the need far dynamic. nesr
innovafion to help reduce aircraft greenhouse gas emissions beyond exisfing advances. while confinuirg fo increase the socio-
economic geod that air Tansport provides to the world.

Whilst we recognize the need to drive furfher efficiency gains through technological solutions and operafional efficiencies, we also have
an opporturity to deliver significant envircnmentsl and social beneits as we sesk to lbwer fe cabon intensity of our fuels overall by
aupporting the dereloprent, cerificalion, and cemmercial use of lower carbon renewable fusls, derived from envirenmerally and

socialy susiainable sources.

Therefore, we, the undersigned air camicrs and other eviation industry erganzations dedare our commitment to advance
the development, cerlification, and commerzial use of drop-in sustainable aviation fuels. Collzclively, we represent,
approximately 15% of commercial aviation fuel demand, and in assessing the sustainability and commercial use of a bio-
derivad aviation fuel, the following considerafions at a minimum should be addregsed by verifiable means:

1. Jet fuel plant sources should te devaloped in a manner which is non-competitive with food and where biodiversity impacts are

minimized; in addiion, the culivation of those plant sources should not jeopardize drinking water suppliss.

2. Total ife:t:yde greenhouse gas emissions from plant grm\dh hanrﬂmq processing, and end-use should be significantly reduced

o to those aated with jot fuels from
2. In deuelnplng economies, devalopmant projects should nnlude provisions or outcomes thal improve sozio-economic concitions
for srafi-coale famers who !E}’ﬁ! %"'_2!2..’2 o teed hem and thes tamilies, and that do ant requre the '"‘.'&.".".E.",f
displacement of local populations.

4. lligh conservatfion value areaz and nafive =co-aysterz should not se clesred and conwverted for jet fuel plant scurce development.
These critetia should be consistent with, and complerrentary fo emerging intemationally-recognized standarcs such as those being
developed by the Roundtable on Sn.:tmrnbln Bicfuals.

We agree fo wok with |eacing organizations and individuals in the biofuels arena, not limited to the aviation industry, to
deve op aworld leading fact baes on eustainable aviation fusle, which will:

1. Provice a bm‘yufpeer—reulewzd reseﬂd‘a.nd best practices, incuding fuel ifecycle emiszions sssessments, Ihlnhulsquorl

tha practical a ility critaria o the dovclopmant, cortficstion, ond sor ial uso of

2. We will wark in conjuncton with the Version Zero repaort of the Roundtable on Sustainable Biofuels as a basis for sustainasbility
research and cerffication efforts. The Working Group will identify and research feedsiock-saecific sustainability indicators and
criteria to cenfribuie to the Roundtatle.

3. Support the development of government policies which promode fhe development, cerification, and commercial use of
sustainable, kower carben avistion fuels.

Vve are commiti=d to working In parnership where appropriate wih governments, other Industries and representatives of
civil society an credibe and feasible actions in rezponse to global climate change coneerns and other socio-economic
challenges.

We sfrongly encourage other aviation industry parficipants to join us in working together to help accelerate the
deveopment, certification, and commercial use of environmentally and soclally sustainable aviation fuel.
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Sustainability Pledge




Viable and sustainable feedstock alternatives

Viablility is based on timing, technology and local resources




'_ mercially Viable

The business case for sustainable aviation fuel




Long term trajectory of cost Is important

Fossil Fuels — mature
technology chasing finite &
diminishing supply.

COST

Biofuels — emerging technology
driving renewable & increasing

supply

now TIME
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New fuel supply models increase aviation

fuel supplies

Sustainable Fuel Model

Integrated Oil

Sustainable —— ‘
Biofuel Production‘ ‘

Production

Individual — o

Airline Fuel Demand

Individual —
Airline Fuel Demand
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Aviation Is uniquely structured to maximize

benefits of sustainable biofuels

Eieigis
T FH
i F A
xﬁ“"“&; +
O Tens of @ Hundreds of
thousands millions of
fueling stations vehicles

COPYRIGHT © 2009 THE BOEING COMPANY

i
i 52
: i
P
< Several hundred @ 20,000
fueling stations vehicles

(airports)



.- Technical and

el Requirements:

i 2iBIOfkie|s must provide near-term replacement solution




Sustainable biofuels work in existing aviation

Infrastructure

W Meets fuel performance
requirements

¥ Requires NO change to
airplanes or engines

¥ Requires NO change to
infrastructure

M Can be mixed or
alternated with Jet-A fuel
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Sustainable biofuels can exceed current jet

fuel specification

Fuel requirements:

/I Freezing point

VI High temperature thermal stability

VI Energy density
I/l Storage stability

/| Elastomeric compatibility

I Must be a replacement solution
I Meet ASTM fuel specs

V1 Have a low CO, footprint

Synthetic Paraffinic Kerosene (SPK) from a bio-derived source*

Property

Jet fuel
specification

ASTM Test
Bio-SPK performance Method

Freezing point, degrees Celsius

Net heat of combustion, MJ/kg

-40 Jet A
-47 Jet Al

42.8

Bio-jet A Bio-jet Al

D 5972, D 7153,
-63 -69 D 7154, or D 2386

4

D 4529, D 3338,
44.4 43.2 or D 4809

* Data provided by UOP
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”'-'_hieving the Goal

Driving a viable market for sustainable aviation biofuels




Sustainable biofuels can follow a similar

adoption curve to wind energy _
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Accelerating fuel certification |

Current Am_ende_d
specification specification

ﬂglb) Amendment to include AHIM)
U high-performing i/

T LA

INTERNATIONAL sustainable biofuels INTERNATIONAL

Standards Worldwide - Home

Standards Worldwide - Home

New specification
will include high
performing
biofuels

Boeing is working to achieve certification of bio-spk fuels by 2010 by:
¥ Increasing airline participation in ASTM
W coordinating flight demos, which generate performance data
W Writing the technical fuel certification report which supports near term
certification
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Successful flight test program demonstrated

biofuel viability

W Demonstrated technical feasibility

¥ |dentified sustainable biofuel sources

W Promoted development of viable commercial markets
¥ Demonstrated diverse engine / airframe combinations
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Increasing level of test objectives
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Focus areas in commercial scale production

Gaps in critical market drivers are being addressed
by Sustainable Aviation Fuel Users Group

staipability

|ﬂcanon
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Driving development of viable

W Sponsoring feedstock feasibility studies on
jatropha, algae, halophytes

W Connecting feedstock projects with financial
community

™ Working with industry and NGOs to support
sustainable feedstocks through public policy

W Co-founded

WAlgal Biomass Organization
WSustainable Aviation Fuel Users Group
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Algae Biomass Summit
Algae for Energy




