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Key Elements of Successful Environmental Strate

1 Focusing on a Clear Vision
» Technology unlocks the future
» CO, (fuel) and Noise are the priority
« System efficiency is essential
» A global approach involves and benefits everyone

2 Achieving Specific Metrics and Milestones
* Pioneer new technologies
* Relentlessly pursue manufacturing and life cycle improvements
» Create progressive new products and services
» Improve performance of worldwide fleet operations

3 Delivering Global Aviation Industry Leadership

« Continually work together with the industry to promote effective global public
policies and best practices — for a better future
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Airlines will need more than 29,400 new

airplanes valued at $3.2 trillion

29,400 New Airplane Deliveries

2008 to 2027
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Airlines will need more than 29,400 new airplanes valued at $3.2 trillion

During the next 20 years, single-aisle airplanes will make up the bulk of airplane deliveries at 19,160 units valued at almost $1.4T. This is up from last year, particularly due to strong domestic growth in emerging Asian nations.

Because of high fuel costs, airport congestion and the easing of scope clauses, our forecast for Regional Jets (RJ) has fallen to about 2,500 units over the next 20 years. This forecast reflects the current environment for regional jets – where the majority of the RJ backlog is in the larger sized (70-90 seat) category.

Airlines will continue to augment their fleets with mid-size twin-aisle airplanes (6,750) as well. These airplanes will serve fragmenting long-haul markets such as the trans-Atlantic and trans-Pacific, as well as higher density shorter routes, such as those within Asia. The remaining segment accounts for 3 percent of unit deliveries, about 975 747-size and larger airplanes, including freighters, in the 2008-2027 time period.

The total market is valued at $3.2 trillion. The single-aisle and twin-aisle categories represent about 89 percent of that value.

Regional jets: below 90 seats

Single-aisle: 90-240 seats, dual-class

Twin-aisle: 180-400 seats, tri-class

747 and larger: over 400 seats, tri-class


®"Market for new airplanes set to become

considerably more geographice

Deliveries by Region
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Market for new airplanes set to become considerably more geographically balanced

The increasing share of deliveries to large, rapidly growing regions such as Asia-Pacific, the Middle East, Latin America, and the Commonwealth of Independent States (CIS) will lead to a more stable long-term market. There will be reduced vulnerability to swings in regional economies or other variations in demand.

The increased diversification of deliveries by region also mitigates financing risk by making airplane assets more globally fungible. In such a large and dynamic capital market, rapid innovation in financing vehicles and global financing infrastructure will reduce airplane financing and ownership costs. As the value share of the market increases in Asia-Pacific, the Middle East, and Latin America, we will see new airplane financing sources evolve in these regions. 

We’re forecasting nearly 9,200 new airplanes will be needed by the Asia-Pacific airlines over the next 20 years, with 40 percent of that coming from China. The North American market, while slow growing, is still significant, accounting for over 8,500 units and $740B. However, due to slower economic growth and up-gauging in the RJ market, the unit forecast is down sharply from last year. The other interesting change is in the Middle Eastern market. We’ve increased our forecast here nearly 40 percent, much of this driven by recent orders as well as growing LCC activity in the region.



3,700 units for China

2,300 units for SE Asia

1,400 units for NE Asia

1,100 units for SW Asia

600 units for Oceania


Technical solutions are being developee

Environmentally
| Preferred

ol Operational
Procedures

Exploration of alternative fuels
and technologies such as fuel
cell




Fuel Burn/Emissions by Phase of Flight

For nominal 500 nm flight by a single aisle airp

Taxi out, 3%
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Take off, 1%
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Descent, 3%

Cruise, 43%
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“cfficient operating practices improve fuel and

CQO, efficiency

Target
Opportunities

Sample CO, Savings:

Reduce Aircraft M Catering weight program 2 — 3 Million Ibs

Weight ® Aircraft servicing (0.9 — 1.4 Million kgs) §
5
B Flight plans 21 Million 16 L

- illion Ibs
.. ® Speed schedule @)
Plan More Efficient P (6.4 — 9.5 Million kgs) O
Flights B Aircraft loading ' ' m
3,
w

" Reserve fuels 14 — 21 Million Ibs

® ldle reverse (6.4 — 9.5 Million kgs)
m Efficient routings

Total CO, Annual Savings: 30 — 45 Million Ibs
(14 — 20 Million kgs)

It IS not one thing, It Is everything
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 Fuel Use Drives Value in Many Ways

Direct impact on cash operating costs

Potential impact on aircraft residual value

Emission of CO2

EU, and potentially other jurisdictions, plan to charge for CO2 emissions, which will have a direct impact on cash operating costs

Perceptions about how environmentally responsible companies are will have increasing impacts on brand and consumer purchasing decisions – affecting load factor and fares



  Noise Emissions Affect Value in Many Ways

Direct impact on landing fees

Significant impact on operations

Curfews and runway restrictions

Noise budgets

QC

Access to slots



     Other Environmental Performance Factors

NOx, particulates, ability to recycle




Technology Programs for Quiet Airplanes

Quiet Technology Demonstrator (QT1D)

g 2001 QTD 1

. Boeing
Rolls-Royce
Analytical ~ American Airlines 747-8
studies QTD 2 Technology Applied

£

ok

2005 QTD 2

= Boeing

.- General Electric

~ Y Goodrich

] NASA

All Nippon Airlines

187
QTD 2 Technology Applied

tests

Static engine
tests Ll
777
QTD 1 Technology Applied
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QTD 2

Multiple Organization Working Together

O

BOEING

,,//
GOODRICH

Sustainable
Solutions Require
Working Together

GE ecomagination-




Jointless Liner*
+

Core Lip Liner
Chevrons

y L= \\ 8 e

Fan Chevrons*

Quieter Landing Gear *787 Features



Acoustic Camera Microphone

2 " 614 microphones

51 km of cables
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Acoustic Camera Pin-points Noise Sources




Acoustic Camera Enables Flyover Noise

Mapping

|dentify opportunities for source
noise reduction

Distinguishes between engine and
airframe sources

\\

Wing Anti-Icing o
Exhaust Vents -

Quiet
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The 787 Dreamliner Is cleaner,

guieter and more efficient

The 787 Dreamliner delivers:
20%* Reduction in fuel and CO,
28% Below 2008 industry limits for NOx
60%* Smaller noise footprint

Advanced Wing Design

Innovative Systems :i. Enhanced Flight Deck

Technologies

Composite Primary Structure

Advanced Engines and Nacelles

*Relative to the 767
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The 747-8 Is cleaner, quieter and

more efficient

The 747-8 delivers:
16%* Reduction in fuel and CO,
28% Below 2008 industry limits for NO,
30%* Smaller noise footprint

New Wing Design \

Enhanced Flight Deck

Advanced Materials

787 Dreamliner Technology
High-bypass Engines

=

Advanced Nacelles and Chevron Nozzles

*Relative to the 747-400
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Hydrogen fuel cell powered airplane takes flig -

BFuel cell creates
electricity

BNO emissions



Priority technolo% y research for sustainable
10

next-generation biofuels

Demonstrating alternative, low-carbon life cycle

fuels
Conducted the first biofuel demonstration on a

commercial airplane

Researching potential of future environmentally
progressive fuels

Plants, including algae, could supply fuel for the
world’s airplane fleet while absorbing CO, from
the atmosphere

Accelerating deployment of viable sustainable low
carbon life cycle fuels

Initiated industry working group to facilitate
alternative fuel research
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Plant-based feedstocks naturally remove CO;

from the atmosphere

Plant-based fuel Petroleum-based fuel
Plant-based feedstocks absorb CO, CO, emissions from petroleum-based fuel
emissions as the feedstocks grow. are sourced from fossil material.

CO CO

co, co,
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Second-generation biofuels are efficient

and sustainable
First-generation biofuels Second-generation biofuels

W Inefficient and unsustainable sources of B Derived from non-food crops utilizing new
energy biomass-to-fuel-conversion technologies

B Require large landmasses and mostly B Exponentially more efficient and sustainable

grown for human consumption SOurces of energy |
B Require small landmasses and proportionately

less fertilizer and water

Examples: Examples:
Ethanol produced from corn New fuels from algae, babassu,
and soybean feedstocks switchgrass and jatropha

Soybean Babassu
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What is the global potential for Jatropha?

> More than 800 million hectares of sustainable, non-forested,
non-food land are suitable for jatropha.
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- major GIS project by our partners identified land that is not: 

forested

used for foodcrop

grassland 

wetland

bordering bodies of water (contributing to erosion)

otherwise arable



The study found hundreds of millions of hectares of relatively un-usable land on which Jatropha could be economically cultivated.  This equates to hundreds of billions of gallons annually from one sustainable feedstock.




Successful flight test program demonstrated

sustainable biofuel viabilit

W Identified sustainable biofuel sources
® Demonstrated technical feasibility on various engine / airframe combinations
W Promoted development of viable commercial markets

(Looeme & ~ Continental Y J dl—

 ARNEWZEALAND  Airlines #ll.
@ Rolls-Royce 1'@. g% Pratt & Whitney

& United Technologees Company

imp&ﬁum tel’ : ,‘Sapphire Sustainable Oils

renewables : Energy

A Honeywell Company

ENERGY

20% 50% 50%
Coconut & 50% Algae & Camelina,
Babassu Jatropha Jatropha | Jatropha & Algae

Feb 2008 Dec 2008 Jan 2009 Jan 2009

Increasing level of test objectives
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Environmental solutions — we need to
actively pursue all viable solutions

Newer solutions and
alternatives
= Sustainable biofuels

| \ Efficient flight operations
Eﬁ—“ = Ground movement and

= handling (departure and
.. : arrival)
Mqre efficient airplanes Takeoff and climb
=Airplane programs « Cruise

* Airline programs = Descent, approach, landing

COPYRIGHT © 2008 THE BOEING COMPANY


Presenter
Presentation Notes





Environmental solutions are being developed by

Working Together Globall

Efficient Operations

Advanced Technology Airplanes

Alternative Fuels

Recycling
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