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Boeing Commercial Airplanes is

committed to the environment

“As a leader in the industry, Boeing has an
obligation to be active in proposing solutions to
our environmental challenges.

We continue to invest significant resources
towards advancing technologies that will enable
the next great leap forward.”

— Scott Carson, President & CEO
Boeing Commercial Airplanes



The industry Is committed to action on

climate change
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Working together to improve air traffic

management efficiencies

Boeing and Airbus signed an
agreement to work together to ensure
global interoperability in air traffic
management.

GOAL: To accelerate improvements to
the world's air transportation
management system in order to
increase efficiency and eliminate traffic
congestion.

“While our approaches often differ, we are working
towards the same goal — to reduce aviation’s

environmental impact.”

— Scott Carson, President & CEO
Boeing Commercial Airplanes
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The principles that guide Boeing’s action

W Technology unlocks the future
B CO, and fuel are the priority
W System efficiency is essential

B A global approach involves and benefits everyone



Our plan and commitments

Relentlessly
pursue
manufacturing
and life cycle
improvements

100%

100% of Boeing major
manufacturing sites

will maintain 1ISO 14001
certification.
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Improve Deliver
performance of progressive new
worldwide fleet products and
operations services

2506  15%

Improve CO2 emissions
and fuel efficiency by at
least 15%

Focus on 25% efficiency
improvements in
worldwide fleet fuel use
and CO:2 emissions by
2020.

Pioneer new
technology

15%

Devote more than 75% of
R&D toward benefiting
environmental
performance



Our plan and commitments

Pioneer new
technology
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Devote more than 75% of
R&D toward benefiting
environmental
performance



Boeing Commercial Airplanes

What is the future of jet fuel?

......
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Cleaner and
cleaner.
Less and less.

Jat fuel powers the airplanea that
cannact peopls and economisa around
the wiorld. It aleo produces carbon
dicotide, ona of the greenhouse pases

at the cantar of climate change. That's
wity Bosing Commarcial Airplanss ia
committed to halping develop cleansr
fuele and innovating commercial aircraft
that usa lees and leea fusl 1o bagin with.
Today, saving one pound of fusl meana
preducing thres fewer pounde of carbon
dioonde. Our industry's contribution to
humar-produeed emissions is small and
we ara focusad an keaping it that way.
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wintion aocourte for only sbout

Todmy,
2 peroent of theworld's humar-producesd

carban dioxide smissiona—oompared with
14 Flﬂ_:nﬂ.'rt‘fmm h'phlq wehiclem,

This is our plan. These are our commitments.

15%

improvement in fusl efMciency and CO=
amiesions for aach new goneration of airplane

Design nnovation ia the sessnce of our DMA s8-8 comparry, By continualy

efficiancy improvamant in worldwide flaat fual
use and GO, emissions by 2020

Plewe, mors afficisnt airplanss an only part of the sciution. Wa'rs working
ehoesly with tha industry to impmove the amvironmantal performance of
sxigting fleat operstions. Significant reductions in fusl and GOy emissiors
@ being achieved thmugh improvernenta in camiar and airport operations

equipmant. Additionally, we'ne focussd on industry and
povermment inifiatives o optimize eir trafic managament systerma, which
represant & significant opporunity for efficiency improvemants,

of technology ressarch and development will
benafit environmental parformance

Technology creates new possihilifice. Wi ars pionaanng new technologes
that deliver messurabla improvements in snvimnmental performanecs. Our
resaarch and developmant ia focused on improving fuel efficlency reducing
smigsions and minimizing noies fostpinte. We'rs aleo pursuing lew carbon
alterrative fusls.

of manufacturing sites planned for IS0 1401
certification

An girplana’s smvronmamal footprint begins well bafors s first fight. Our
focim spans the entire produet ifecyels, from design end manufecturing to the
recyding of decommissionsd airoaft. As an advocsts and proven practitionsr
of Lean+ processes, all of Bosing Commereial Airplanes’ menufactuning sitea
have schisved orwill achisve certification undsr siringsnt and ntemationally
accapied snviranmental managament stendanda.

Our progesss in using mame efficiert sem dyremio desigre, sngines,
40 electronice and procesmes has improved the fusd sfficiency of our
ool niporess by TO pament over the post 40 pean.




ENERGY HARVESTING TECHNOLOGIES

Electrodynamic: Powering light switches with your finger.

Thermoelectric: Using temperature gradients to power
dimmable windows.

Piezoelectric: A vibration-powered wireless sensor

The Spectrolab solar cell: Concentrating solar power to
make it cost-effective

FUEL CELLS

The Boeing Fuel Cell Demonstrator, achieved the first manned
mission where straight-level flight was powered solely by a
hydrogen fuel cell.




Being and Biofuels

How and why is Boeing getting involved in biofuels?
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Sustainable biofuels — Boeing’s plan and

approach

Achieve near-term market viability
of sustainable biofuels
for commercial aviation

Demonstrate Technical Capability

Drive Commercial Viability
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There are two significant aviation industry

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

¥ Accelerated certification timeline ﬂ% 2 cur

¥ Flight test program

W Commercialization via Sustainable Aviation Fuel (SAF) Users Group

L
Aol
ARIR EFRANCE .
AIR NEW ZEALAND AN S 7 v Watlant’c ANA’

O S
corgolux

Scomdingeisn Airines

COPYRIGHT © 2008 THE BOEING COMPANY



Summary of major initiatives

= Accelerated certification timeline ﬂﬂ!!?/ R our

Srandands Workdwide
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Certification should focus on fuel performance —

not on processing methods

Current
specification

Amended
specification
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Amendment to current
specification to include
high-performing
sustainable biofuels
(synthetic paraffinic kerosenes)

Specification now
includes high
performing biofuels



Summary of major initiatives

™ Flight test program
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First flight test with sustainable biofuels for

commercial aviation
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Making progress:

The 2"d sustainable biofuel flight test
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December 2008



First North American

sustainable biofuel flight test

Continental 5\
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January 2009



First sustainable biofuel flight test In

Asia
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Pratt & Whitney

A United Teohnolugiss Company

January 2009



Summary of major initiatives

W Commercialization via Sustainable Aviation Fuel (SAF) Users Group
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Sustainable Aviation Fuel (SAF) Use

rs Group

Commitment to Sustainable Op

Sustainable Aviation Fuel Users Group
Our Commitment to Sustainable Options

As aviation leaders, cur business is to bring people, cultures, and economies together. We recognize the need for dynamic, new
lnwzinninh mﬂ.mem Emissions = advances, while to increase the soco-
gm:u'zegas beyond existing COntnng
Whistue mumrmﬂn need te drive further efficency gains through technological sclutions and operational efficiencies, we also have
mq:pnmliyn deliver significant enwvironmental and social benefits as we seek to lower the carbon intensity of our fuels overall by
supporting the development, certification, and commercial use of lower caron renewable fuets, derved from environmentzlly and
socially sustainable sources.
Therefore, we, the undersigned air camiers and other aviation industry organizations declare our commitment to advance
the development, certification. and commercial use of drop-in sustainable aviation fuels. Collectively, we represent,
approximately 15% of commercial aviation fuel demand, and in assessing the sustainability and commercial use of a bio-
derived aviation fuel, the following considerations at a minimum should be addressed by verifiable means:

1. Jet fuel plant sources should be developed in a manner which is non-competitive with food and where biodiversity impacts are
minimized; in addition, the cultivation of those plant sources should not jeopardize drinking water supplies.

2. Total Immﬁmmmmm harvesting, processing, and end-use should be significantly reduced
compared to assn:aahed mmjelfua‘sﬁ'nmizssi SOUMTES.

3. In developing economies, development projects should include provisions or cutcomes that improve socio-economic conditions
hmmmmmmmmmwmmiﬁmmammmmhmmr
displacement of local populations.

4. High conservation value areas and native eco-systems should not be cleared and converted for jet fuel plant scurce dewelopment.
These criteria should be i wath, and ttary in emerging mtemationally-recognized standards such as those being
developed by the Roundtable on Sustainable Bigfuels.

We agree to work with leading organizations and individuals in the biofuels arena, not limited to the aviation indusiry, to
develop a word-leading fact base on sustainable aviation fuels, which will:

1. Provide a body of peer-reviewed research and best i L ing fuel lifecycle emissions 1ts, which will support

umwmdmmwmmmm certification, and commercial use of sustainable

2 Weﬂminmmmﬁh\hwlmmpmdhwmmmaabmﬁfwmw
research and certification efforts. The Working Group will identify and research feedstock-specific sustainability indicaters and
criteria to contribute to the Roundtable.

3 swmmmmummmmmmhmmm and commerzial use of
sustainable, lower carbon awiation fuels.

We are committed to working in parinership where appropriate with governments, other industries and representatives of
«civil society on credible and feasible actions in response to global cimate change concemns and other socio-economic
challenges.

'We strongly encourage other aviafion industry participants to join us in working together to help accelerate the
development, certification, and commercial use of environmentally and socially sustainable aviation fuel.

Fﬁﬂag-.-&»‘.‘-‘v

A Honeywell Cormpany
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Sustainable Aviation Fuel (SAF) Users Group =

Commitment to Sustainable Option

As aviation leaders, our business is to bring people, cultures, and
economies together. We recognize the need for dynamic, new
Innovation to help reduce aircraft greenhouse gas emissions
beyond existing advances, while continuing to increase the
socio- economic good that air travel provides to the world.

Whilst we recognize the need to drive further efficiency gains
through technological solutions and operational efficiencies, we
also have an opportunity to deliver significant environmental
and social benefits as we seek to lower the carbon intensity of
our fuels overall by supporting the development, certification,
and commercial use of lower carbon renewable fuels, derived
from environmentally and socially sustainable sources.
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Sustainable Aviation Fuel (SAF) Users Group

Commitment to Sustainable Op

Therefore, we, the undersigned air carriers and other aviation industry organizations
declare our commitment to advance the development, certification, and commercial
use of drop-in sustainable aviation fuels. Collectively, we represent, approximately
15% of commercial aviation fuel demand, and in assessing the sustainability and
commercial use of a bio- derived aviation fuel, the following considerations at a
minimum should be addressed by verifiable means:

1. Jet fuel plant sources should be developed in a manner which is non-competitive
with food and where biodiversity impacts are minimized; in addition, the
cultivation of those plant sources should not jeopardize drinking water supplies.

2. Total lifecycle greenhouse gas emissions from plant growth, harvesting,
processing, and end-use should be significantly reduced compared to those
associated with jet fuels from fossil sources.

3. In developing economies, development projects should include provisions or
outcomes that improve socio-economic conditions for small-scale farmers who
rely on agriculture to feed them and their families, and that do not require the
involuntary displacement of local populations.

4. High conservation value areas and native eco-systems should not be cleared and
converted for jet fuel plant source development.

These criteria should be consistent with, and complementary to emerging
internationally-recognized standards such as those being developed by the
Roundtable on Sustainable Biofuels.
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Sustainable Aviation Fuel (SAF) Users Group

Commitment to Sustainable

We agree to work with leading organizations and individuals in the biofuels arena, not
limited to the aviation industry, to develop a world-leading fact base on sustainable
aviation fuels, which will:

1. Provide a body of peer-reviewed research and best practices, including fuel
lifecycle emissions assessments, which will support the practical application of
common sustainability criteria to the development, certification, and commercial
use of sustainable aviation fuels

2. We will work in conjunction with the Version Zero report of the Roundtable on
Sustainable Biofuels as a basis for sustainability research and certification efforts.
The Working Group will identify and research feedstock-specific sustainability
indicators and criteria to contribute to the Roundtable.

3. Support the development of government policies which promote the development,
certification, and commercial use of sustainable, lower carbon aviation fuels.

We are committed to working in partnership where appropriate with governments, other
industries and representatives of civil society on credible and feasible actions in
response to global climate change concerns and other socio-economic challenges.

We strongly encourage other aviation industry participants to join us in working
together to help accelerate the development, certification, and commercial use of
environmentally and socially sustainable aviation fuel.
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Focus on Sustalnablllty

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




Sustainability considers:

environmental, economic and social impée

s S
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No CO, '\
removed

Lower CO, lifecycle

Does not compete with food or promote
deforestation

Promotes local and regional solutions
and economies
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Plant-based feedstocks naturally remove CO,

from the atmosphere

Petroleum releases CO, that
has been locked underground

 NoCO,
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Petroleum-based fuel

Plant feedstocks re-absorb CO,
emissions as they grow

Plant-based fuel



Boeing is focusing on alternate fuels that

have low life-cycle CO, emissions
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Boeing Is focusing on high-productivity

sustainable biofuels
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Near-term viable biofuels
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nomically Viable

Ically viable biofuels will deliver sustainable aviation fuel
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New fuel supply models increase aviation
fuel supplies

Fossil Fuel Model Sustainable Fuel Model

Sustainable —— ‘
Biofuel Production‘ ‘

Individual —
Airline Fuel Demand

We need both models



Aviation Is uniquely structured to maximize

benefits of sustainable biofuels

xxxxx
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O Tens of @ Hundreds of
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fueling stations vehicles
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ommercialization

The business case for sustainable aviation: biofuel
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Sustainable biofuels can follow a similar

adoption curve to wind energy
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* Notional data

Technology matured; financial markets became comfortable with investing
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Sustainable biofuel supply chain overview

Commercial viability
threshold requirements:

VI Sustainability
principles established

/I Sustainability
practices and auditing

I Technology/agronomy

in place Feedstock Biofuel Biofuel Airline
project processing delivery use
V! Fuel processing project infrastructure

technology in place

1 Viable feedstock and
processing
developers in place
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Boeing helped form the Algal Biomass

Organization

Promotes the development and
commercial application of
algae biomass

¥ Global organization Algae for Energy

¥ Founded in May 2008

WGR

Wilson Sonsini Goodrich & Rosati

PROFESSIONAL CORPORATION

W , Continental )
atlantic Airlines 2%,

Q BoEING BY RNE  FedEx AIR NEW ZEALAND
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#  Technical and
~Fugl Requirements

Sustai gbleltiels must provide near-term replace_meni solutions *

'
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Sustainable biofuels are a drop-in solution

W Sustainable biofuels have equal energy content

W Sustainable biofuels perform as well or better than today’s
Jet-A fuel

W Sustainable biofuels work in existing aviation structure

W Sustainable, scaleable and affordable processing methods
exist

There are no apparent showstoppers




Sustainable biofuels performing better than

Jet-A fuel

Key fuel requirements:

v Freezing point /| Elastomeric compatibility

/I Must be a replacement solution
/I Meet ASTM fuel specs

VI Have a low CO, footprint

1 High temperature thermal stability
VI Energy density
I/ Storage stability

Detailed Requirements of Aviation Turbine Fuels

Jet fuel Comparison of bio and ASTM Test
Property specification petroleum jet performance Method

Petroleum JP-8
Jatropha (same as Jet Al)

Fluidity

D 5972, D 7153,
Freezing point, degrees Celsius max -40 Jet A -69 -51 D 7154, or D 2386

-47 Jet A-1

D 4529, D 3338,
Net heat of combustion, MJ/kg min 42.8 43.5 43.2 or D 4809
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Sustainable biofuels work in existing aviation

Infrastructure

W Meets fuel performance
requirements

¥ Requires NO change to
airplanes or engines

¥ Requires NO change to
infrastructure

W Can be mixed or
alternated with Jet-A fuel
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Sustainable, scaleable and affordable

processing methods exist

1 ’ ’\.\‘ 3
Enzymatic/
A ! Microbial
2 ; conversion _
= i Fischer-
S i Lo-temp
@ : Hydrocrack +
D v Hydrotreat
3 \
u -
= *—Petroleum jet fuel
@© .
S N /7
()] N e
> ~. 7 .
@) I @ Cellulose to biofuel

Biodiesel @ Plant oil to biofuel
process

>
Process Energy Needed

Boeing is focused on accelerating the viability of options in Quadrant 1




So What Should We Do Now?

Continue collaborations focused on accelerating
commercial markets for sustainable aviation fuels

B Specific collaborative groups (e.g. Aviation Fuels Alliance)

W Accelerate methodology & definition of LCA & Sustainability
Assessments

W Accelerate real public & private investments in real projects
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Boeing Commercial Airplanes Is

committed to the environment

www.newairplane.com/environment
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