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Executive Overview

The Shadow Critical Project Appraisal (CPA) indicates that projected revenues
from the A380 project will not cover its projected total costs. In fact, the original (2002)
analysis shows that over the period 2006-2025, inclusive, the program produces net
negative cash flow of $8,143,000,000. The prospects are not better now (June 2004)

since the number of A380s sold below cost has more than doubled.

Because the 1992 Agreement prescribes that a program receiving state aid be
considered over a period of 17 years beginning when government direct support is first
received (assumed to be 2001), it is noteworthy that at the end of 2017, the A380
program, as reflected in the CPA, shows a cumulative negative cash flow of
$6,912,600,000. (As of 2004, given the increased sales of launch-priced A380s and the
higher unit production cost of the A380, cumulative negative cash flow has also grown.)

The Shadow CPA is prepared as if it had been produced by Airbus in January,
2001. This date was chosen to correspond with the official program launch of the A380
and the assumed formal commencement of development support from EU member states.
At this point such an analysis is required by the 1992 Bilateral Agreement. The 1992
Agreement also requires that the CPA be based upon “conservative assumptions”, more
so than the Shadow CPA reflects. This suggests that the Shadow CPA is more favorable
to the A380 program than perhaps a CPA actually drawn up by Airbus or EADS at that

time would have been.

There is also recognition that developments subsequent to January, 2001 affect
the A380 program in unfavorable ways. These include the acceleration of long-distance
market fragmentation, including point-to-point flying, the rapid growth in
intercontinental travel using executive jets (in both scheduled common-carrier service
and traditional “corporate” flying), the need for ubiquitous investment in airport
improvements to accommodate the A380, and the imperative to reduce A380 airframe
weight, often requiring expensive materials. Again, because the Shadow CPA has been



prepared as though it had been written in January, 2001, none of these factors is
considered.

The Shadow CPA estimates the demand for the A380, both passenger and freight
versions, over the first 20 years of deliveries. In January, 2001, Airbus could reasonably
have projected 496 A380 deliveries over the first 20 years. (The study team itself holds
the view that a more realistic expectation is about 350 A380 deliveries.) To the present,
A380s have been sold at unit prices in the $130,000,000 to $145,000,000 range. This
compares with the estimate (for the 100" production aircraft) that, as of June 2004, the
passenger A380 will cost $199,700,000 (in 2001 dollars) and the freighter version
$208,000,000 to produce. These costs do not reflect Airbus’ obligation to repay direct
development state aid of at least $2,200,000 over the aircraft delivered through 2017.
Meeting this obligation only makes the A380 program an even greater burden for Airbus
and EADS.
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Supplemental Preface

The study being updated was completed just over two years ago, in March, 2002. It was
not released at that time for reasons not shared with the study team. In any case, it is now
being made available to all interested in understanding a particularly important — and
critical — aspect of the present and future civil air transport industry.

The update supports the original position that the assumptions underlying the “Shadow”
Critical Project Appraisal (CPA) of 2002 (written as of 2001) were favorable to Airbus.
As of now, the key factors, such as market size, development cost and cost of production
have made the original “Shadow” CPA conclusions even more favorable to Airbus than
before. Projected market size for the A380 has not increased and may be smaller and the
costs of development and production have increased. Detailed explanations are provided
in updates to the respective appendices.

As explained in the original preface, by the very nature of the report, an “executive
summary” was not practical. To realize full value from the report, it is necessary to

consider the entire document. It will be found a worthwhile commitment of your time.



Section | Preface

Under theterms of a1992 agreement between the United Statesand the European Union, in
order toqualify for “ stateaid” it isnecessary to producea“ critical project appraisal” which forecaststhe
project’seconomic and financia viability. The*groundrules’ for therequisitecritical project appraisa are
st out intheinter-governmental agreement:

“ Governmentsshall provide support for the devel opment of anew largecivil aircraft
programmeonly whereacritical project appraisal, based on conservative assumptions,
has established that there isareasonabl e expectation of recoupment, within 17 years
fromthe date of first disbursement of such support, of all costsasdefinedin Article 6(2)
of the Aircraft Agreement, including repayment of government supportsontheterms
and conditionsspecified...”

Asfar asis known, no critical project appraisal has been produced covering the A380
program. It clearly wasaresponsibility for Airbus(or EADS, it's80% owner) to do so asacondition
precedent to qualifying for public support of thisprogram. Absent evenaclaimthat acritical project
appraisal was produced prior to receipt of thefirst stateaid for the A380, it was decided to develop
one—a" shadow” critical project appraisal.

Underlying any endeavor that focuses on the future are forecasts and expectations about all
the factors impinging on that future. Some are explicit, othersimplicit. In context of the A380 (or
any aircraft program), it all comes together in the projections of aircraft deliveries and costs (includ-

ing payback of any state aid in a program subject to the disciplines of the EU-US agreement).

It follows that any analysislike a critical project appraisal cannot be fully appreciated
without reference to substantially afull range of reasonable assumptions about, say, costs and
deliveries. Soit isnecessary to consult the appendices to this report, not just the “shadow” critical

project appraisal itself, to understand fully the bases of the conclusions that can be drawn.

As a consequence, the shadow critical project appraisal has one feature that would not be




foundinany such document prepared by Airbus: it hasfootnotesreferring the reader to specific appendices

which, asnoted, areanintegral part of thisreport.

Most appendices have tables reflecting alternative expectations. These should be considered

s0 that choices are made which accord with the interests and concerns of the reader.

Financial resourcesfor thisstudy were provided by the Boeing Company inresponseto aproposal
from the study team. At no timewas Boei ng consulted about the approach to betaken or informed asto
progress being made or possible conclusions. Nor wasany non-public dataor information offered by
Boeing or sought by the study team from Boeing. Thefinal “product” issolely theresponsibility of the study
team.

The shadow critical project appraisal isnot an executive summary of the report. No such
summary is possible given the nature of the study. Perhaps this places an unprecedented burden
upon thereader to consider thework initsentirety in order to draw the conclusionsrelevant to his particular
interests, but that isthe nature of thisbeast.




Section I1: A “Shadow” Critical Project Appraisal: The A380 Program

[1.1: Introduction

[What followsisa*“critical project appraisal” (CPA), asif prepared by Airbus, asof January 2001,
and asrequired by the agreement between the European Union (EU) and the United States (US) to enable
Airbusto qudify for “stateaid” for the A380 program.]

The CPA beginswith an estimate of the demand for the A 380, including both passenger and freight
versions, asreflected in deliveriesover thefirst 20 years, i.e., 2006-2025, inclusive. Itisfollowed by

projectionsof theunit costsof producing such aircraft and therevenuesthey will bring to Airbus.

Finally, costsand prices (revenues) areintegrated to produce net returns (which need to be positive
to unlock state aid for the A380 program).

1.2 A Word About Method

Throughout the CPA it isassumed that, to the extent thereisany inflation, it will effect the cost and
revenuestreamsidentically. Therefore, al cost and revenue projectionsaredirectly comparable. Put
another way, all costsand pricesare on a2001 basis.

Exhibit CPA-1

11.3: A380Delivery Projection A380 Ddiveries: 2006-2025
Year Passenger Freighter Total
2006 13 1 14
Theanticipated pattern of A380aircraft deliveries 2007 ° . -
from 2006 through 2025 is provided in Exhibit CPA-1. gggg E 1 ig
Over the 20-year span, 496 A380'swill bedelivered, of 2011 15 1 16
2012 16 2 18
which43will befreighters. 2013 18 2 20
2014 21 2 23
2015 24 2 26
2016 25 2 27
Thetimepattern of thesedeliveriesisof consider- 2017 27 3 30
. . _ _ 2018 28 3 31
ableimportancein ng the economic prospectsof the 2019 26 3 29
2020 25 2 27
A380for severa reasons. First, aswill bediscussed 2021 27 3 30
_ _ _ _ _ _ 2022 31 3 34
bel ow, the pricesrealized will vary (rise) over timewith 2023 35 3 38
2024 36 4 40
lower pricesbeing redized from “launch customer” sales 2025 32 3 35
Total 453 43 496

than from subsequent deliveries. Second, “ stateaid”

Source: Appendix 3, Exhibit 3-25¢




repaymentsarederived from the sale of each aircraft and interest on such stateaid runsfrom thetime such
adisfirst provided. Giventhat stateaidislimited to support for devel opment of the A380 and not for
arcraft production, itisheavily front-ended. This, inturn, meansthat each aircraft fromtheinitia delivery
bearsasignificant cost related to the state aid received and to theinterest accrued thereon.

I1.4: Pricesand Revenues

The price charged to launch customersfor the passenger version of the A380 is $144,000,000.
Thefreighter brings$150,000,000. Fifty passenger aircraft will be delivered to launch customersat the
price shown aboveaswell asten freighters. Theserepresent discountsof 40 per cent (40%) from * catalog”
pricesfor the A380 of $240,000,000 and $250,000,000 for passenger and freighter aircraft, respectively.

~ Exhibit CPA-2 .
Beyond theseearly deliveries, for thenext A380 Aircraft Revenues Assuming No
, , _ Progress Payments: 2006-2025 ($ Millions)
60 aircraft (50 passenger andtenfreighters), prices gz Passenger Freighter Total
: . 2006 $ 1872 $ 150 $ 2,022
will be $168,000,000 and $175,000,000, respec 007 1728 150 878
tively. Thereafter, A380swill besoldat anaverage 2008 2,016 150 2,166
2009 2,088 150 2,238
discount from catal og of 20 per cent (20%). This 2010 2,352 150 2,502
o 2011 2,520 150 2,670
resultsin prices of $192,000,000 and 2012 2,688 300 2,988
i . 2013 3,408 300 3708
$200,000,000 Exhibit CPA-2 reflectstheaircraft 2014 4,032 350 4,382
: . 2015 4,608 350 4,958
salesrevenuesassumingthat al fundsarereceived 2016 4800 350 5150
- e dali 2017 5,184 525 5,709
for eachaircraft asitisdelivered. 018 gt o o 051
2019 4,992 600 5,592
2020 4,800 400 5,200
But thisisnot, infact, thecase. Therewill 2021 5,184 600 5,784
_ 2022 5,952 600 6,552
be progresspayments. Itisexpected that, on 2023 6,720 600 7,320
_— 2024 6,912 800 7,712
average, aninitia payment of ten per cent (10%) of 2025 6.144 600 6.744
Total $ 83,376 $ 7,850 $91,226

thepurchasepriceispaidwhenafirmorderis
. . . Source: Appendix 3, Exhibit 3-25¢

placed or threeyearsbeforeddivery, whichever is

later, with an additional 25 per cent (25%) paidin equa annual amountsin each of theyearsbefore delivery

and the balance of 65 per cent (65%) paid on delivery. Itisfurther assumed that, on average, thetime

between the placement of an order and delivery will betwo years. Exhibit CPA-3reflects Airbusreceipts

from A380 aircraft salesbetween 2001 and 2025 inclusive—theaircraft that will bedeliveredinthefirst 20

yearsof production, 2006-2025 inclusive.

Theddlivery of each A380 will trigger the purchase of partsand services of $20,000,000. Of this,
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Exhibit CPA-3
A380 Revenues Assuming Progr ess Payments:
2006-2025 ($ Millions)

Year Passenger Freighter Total
2004 $ 4212 $ 338 $ 4550
2005 622.8 52.5 675.3
2006 1,886.4 150.0 2,036.4
2007 1,845.0 150.0 1,995.0
2008 2,100.6 150.0 2,250.6
2009 2,218.2 150.0 2,368.2
2010 2,448.6 183.8 2,632.4
2011 2,740.8 202.5 2,943.3
2012 3,080.4 311.3 3,391.7
2013 3,756.0 3175 4,0735
2014 4,276.8 350.0 4,626.8
2015 4,761.6 389.4 5,151.0
2016 4,977.6 4225 5,400.1
2017 5,164.8 548.1 5,712.9
2018 5,198.4 538.8 5,737.2
2019 5,011.2 575.0 5,586.2
2020 5,107.2 470.0 5,577.2
2021 5,625.6 600.0 6,225.6
2022 6,264.0 645.0 6,909.0
2023 6,614.4 625.0 7,239.4
2024 5,260.8 595.0 5,855.8
2025 3,993.6 390.0 4,383.6
Total $ 83,376.0 $ 7,850.0 $ 91,226.0

$15,000,000 will be supplied by or through Airbusand will consist of spare airframe parts, training, etc.

Airbusgrossmargin onthisbusinessis67%. Thus, $10,000,000in net revenueisresalized per delivered

aircraft. Itisassumed that no other airframe sparesand servicesarerequired inthefirst threeyearsan

arcraftisinservice. Theresfter, from
yearsfour throughteninclusive, an
average $1,500,000 in such partsand
serviceswill berequired and thereafter

$3,000,000 will be sold for each
arcraftannudly. Exhibit CPA-4

reflectsthe grossrevenuesgenerated
by A380 deliveriesof 496 aircraft
over the 20-year span from 2006
through 2025. Exhibit CPA-5 pro-
videstherevenuestreamfromthesae

of A380 parts, training and other

savices.

Exhibit CPA-4
Parts, Training, and Gross Ancillary Revenues:
($ Millions)
Year Revenue - Passenger  Revenue - Freighter Total
2006 $ 1950 $ 15.0 $ 2100
2007 180.0 15.0 195.0
2008 210.0 15.0 225.0
2009 231.0 16.5 2475
2010 252.0 18.0 270.0
2011 289.5 195 309.0
2012 3285 375 366.0
2013 385.5 375 423.0
2014 462.0 435 505.5
2015 543.0 46.5 589.5
2016 616.5 51.0 667.5
2017 708.0 72.0 780.0
2018 787.5 78.0 865.5
2019 820.5 85.5 906.0
2020 870.0 735 9435
2021 972.0 99.0 1,071.0
2022 1,1145 106.5 1,221.0
2023 1,264.5 114.0 1,3785
2024 1,374.0 1395 15135
2025 1,404.0 133.5 1,537.5
Total $13,008.0 $ 12165 $ 14,2245




Exhibit CPA-5
Net Revenues From Parts, Training, etc.:

($ Millions)
Year Ancillary Revenues Associated Costs* Net Revenue
2006 $ 2100 $ 700 $ 1400
2007 195.0 65.0 130.0
2008 225.0 75.0 150.0
2009 2475 82.5 165.0
2010 270.0 90.0 180.0
2011 309.0 103.0 206.0
2012 366.0 122.0 244.0
2013 423.0 139.0 284.0
2014 505.5 168.5 337.0
2015 589.5 196.5 393.0
2016 667.5 2225 445.0
2017 780.0 260.0 520.0
2018 865.5 288.5 577.0
2019 906.0 302.0 604.0
2020 9435 3145 629.0
2021 1,071.0 357.0 714.0
2022 1,221.0 407.0 814.0
2023 1,3785 459.5 919.0
2024 1,5135 504.5 1,009.0
2025 1,537.5 512.5 1,025.0
Total $ 14,2245 $ 4,739.5 $ 9,485.0

* Assumes 67% profit margin

Exhibit CPA-6 reflectsan amalgam of all A380 program revenuesthrough 2025. Itisconsstent
with the constant 2001-dollar assumption discussed above.

Exhibit CPA-6
Summation of All A380 Program Revenues:
($ Millions)
Year Aircraft Sales Net Ancillary Revenue Total Revenue
2004 $ 4550 $ 0.0 $ 455.0
2005 675.3 0.0 675.3
2006 2,036.4 140.0 2,176.4
2007 1,995.0 130.0 2,125.0
2008 2,250.6 150.0 2,400.6
2009 2,368.2 165.0 2,533.2
2010 2,632.4 180.0 2,812.4
2011 2,943.3 206.0 3,149.3
2012 3,391.7 244.0 3,635.7
2013 4,073.5 284.0 4,357.5
2014 4,626.8 337.0 4,963.8
2015 5151.0 393.0 5,544.0
2016 5,400.1 445.0 58451
2017 5712.9 520.0 6,232.9
2018 5,737.2 577.0 6,314.2
2019 5,586.2 604.0 6,190.2
2020 5,577.2 629.0 6,206.2
2021 6,225.6 714.0 6,939.6
2022 6,909.0 814.0 7,723.0
2023 7,239.4 919.0 8,158.4
2024 5,855.8 1,009.0 6,864.8
2025 4,383.6 1,025.0 5,408.6
Total $ 91,226.0 $ 9,485.0 $ 100,711.0
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[1.5: Costs

In 2001 dollars, each A380 delivered for passenger servicewill cost $194,900,000 to produce, net
of buyer-furnished equipment (BFE). Each freighter will require $201,900,000. Theseare average costs
with overheadincluded. However, they do not reflect any apportionment of devel opment costs, whether
covered by stateaid or not. State aid for the A380 program isto be $2,200,000,000. Thisreflectsone-
third of the devel opment costsborne by Airbus of the $10,700,000,000 total devel opment investment
required, of which $4,100,000,000 will be provided by risk-sharing partners. Under the EU-US agreement
of 1992, stateaid isto be paid back over 17 yearsfrom thefirst receipt of such support. Inthe case of the
A380 program, stateaid will first be providedin 2001. Therefore, aircraft delivered through 2017 will bear
the burden of paying back the state aid.

Such public support requiresthat interest be applied. Theformulaisthat 75 per cent (75%) of the
fundswill bear four per cent interest (4%) and theremaining 25 per cent, five per cent (5%). A blended
rate of four-and-one-quarter per cent (4.25%) isused in Exhibit CPA-7b whichisbased uponthedeliveries
reflected in Exhibit CPA-1 between 2006 and 2017 inclusive, 232 aircraft.

Given state aid of $2,200,000,000, each of thefirst 232 aircraft bearsaburden of $9,482,759
without interest. Expecting stateaid to bedisbursed in equal amountsin 2001, 2002, and 2003, applying a
four-and-one-quarter (4.25%) rate of interest to unpaid balances, providesthetota burden of stateaid
repayment for each set of annual deliveries. Thisisaso shownin Exhibit CPA-7b. Inaddition, Exhibit
CPA-7c displaysthe amortization of the development costs provided directly by Airbus.

[1.6: Relating Costs and Revenues

Exhibit CPA-6 summarized therevenuesreceived by Airbusfrom the sale of A380sand related
partsand servicesfor each year from 2001 (when development aid isfirst received) through 2025 (the 20"

year of ddliveries).

Exhibit CPA-8indicatesthe costsincurred by Airbusin producing the 496 aircraft to be delivered
between 2006 and 2025 inclusive. Asprevioudy noted, these are production costsincluding overhead, but
do not includerecovery of development costsincurred by Airbus, or itssuppliers, or through stateaid
provided to Airbusunder the 1992 EU-US agreement.
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Exhibit CPA-7a
State Aid Receipts and Reimbursement:
2001-2017 ($ Millions)

State Aid Repayment

Year State Aid Received Without I nterest
2001 $733.3 $0.0
2002 733.3 0.0
2003 733.3 0.0
2004 0.0 0.0
2005 0.0 0.0
2006 0.0 131.6
2007 0.0 122.2
2008 0.0 141.0
2009 0.0 141.0
2010 0.0 141.0
2011 0.0 159.8
2012 0.0 169.2
2013 0.0 188.0
2014 0.0 216.2
2015 0.0 244.4
2016 0.0 263.2
2017 0.0 282.1
Total $2,200.0 $2,200.0

Note: State aid repayment is calculated by multiplying the burden
per aircraft and the number of aircraft delivered in each year

Exhibit CPA-7b
State Aid Receipts and Amortization Calculations:
2001-2017 ($ Millions)

State Aid Received Interest on State Aid Amount Financed  Amortization

2001 $ 7333 $ 312 $ 0.0 $ 0.0
2002 733.3 62.3 0.0 0.0
2003 733.3 93.5 0.0 0.0
2004 0.0 935 0.0 0.0
2005 0.0 93.5 0.0 0.0
2006 0.0 $ 25740* 278.3
2007 0.0 278.3
2008 0.0 278.3
2009 0.0 278.3
2010 0.0 278.3
2011 0.0 278.3
2012 0.0 278.3
2013 0.0 278.3
2014 0.0 278.3
2015 0.0 278.3
2016 0.0 278.3
2017 0.0 278.3
Total $ 2,200.0 $ 374.0 $ 3,339.1

Note: Interest at 4.25% p.a. compounded
* Asof January 1, 2006




_ Exhibit CPA-7c o
Private Development Funding and Amortization:
2001-2030 ($ Millions

Interest on Amount

Development Cost Development Cost  Financed Amortization**
2001 $ 1,466.7 $ 880 $ 0.0 $ 0.0
2002 1,466.7 176.0 0.0 0.0
2003 1,466.7 264.0 0.0 0.0
2004 0.0 264.0 0.0 0.0
2005 0.0 264.0 0.0 0.0
2006 0.0 $5,456.0 * 426.8
2007 0.0 426.8
2008 0.0 426.8
2009 0.0 426.8
2010 0.0 426.8
2011 0.0 426.8
2012 0.0 426.8
2013 0.0 426.8
2014 0.0 426.8
2015 0.0 426.8
2016 0.0 426.8
2017 0.0 426.8
2018 0.0 426.8
2019 0.0 426.8
2020 0.0 426.8
2021 0.0 426.8
2022 0.0 426.8
2023 0.0 426.8
2024 0.0 426.8
2025 0.0 426.8
2026 0.0 426.8
2027 0.0 426.8
2028 0.0 426.8
2029 0.0 426.8
2030 0.0 426.8
Total $ 4,400.0 $10,670.1

Note: Interest at 6% p.a. compounded
*As of January 1, 2006
** Amortized over 25 years, 2006 - 2030




Exhibit CPA-7d
Amortization of State Aid and Airbus Development Costs:
2001-2030 ($ Millions)

Amortization
State Aid Airbus Development Funding
2001 $ 0.0 $ 0.0 $ 0.0
2002 0.0 0.0 0.0
2003 0.0 0.0 0.0
2004 0.0 0.0 0.0
2005 0.0 0.0 0.0
2006 278.3 426.8 705.1
2007 278.3 426.8 705.1
2008 278.3 426.8 705.1
2009 278.3 426.8 705.1
2010 278.3 426.8 705.1
2011 278.3 426.8 705.1
2012 278.3 426.8 705.1
2013 278.3 426.8 705.1
2014 278.3 426.8 705.1
2015 278.3 426.8 705.1
2016 278.3 426.8 705.1
2017 278.3 426.8 705.1
2018 0.0 426.8 426.8
2019 0.0 426.8 426.8
2020 0.0 426.8 426.8
2021 0.0 426.8 426.8
2022 0.0 426.8 426.8
2023 0.0 426.8 426.8
2024 0.0 426.8 426.8
2025 0.0 426.8 426.8
2026 0.0 426.8 426.8
2027 0.0 426.8 426.8
2028 0.0 426.8 426.8
2029 0.0 426.8 426.8
2030 0.0 426.8 426.8
Total $ 3,339.1 $10,670.1 $ 14,009.2

Note: Interest on state aid calculated at 4.25% p.a compounded, interest on Airbus development costs
calculated at 6% p.a. compounded
* Amortized over 25 years, 2006 - 2030




~ Exhibit CPA-8
Costsof Producing Ddlivered A380 Aircraft: 2006-2025
2001 Dollars ($Millions)

Number of Aircraft Delivered* Cost of Aircraft**

Passenger Freighter Total Passenger Freighter
2006 13 1 14 $ 25337 $ 2019 $ 27356
2007 12 1 13 2,338.8 201.9 2,540.7
2008 14 1 15 2,728.6 201.9 2,930.5
2009 14 1 15 2,728.6 201.9 2,930.5
2010 14 1 15 2,728.6 201.9 2,930.5
2011 15 1 16 2,923.5 201.9 3,125.4
2012 16 2 18 3,118.4 403.8 3,522.2
2013 18 2 20 3,508.2 403.8 3,912.0
2014 21 2 23 4,092.9 403.8 4,496.7
2015 24 2 26 4,677.6 403.8 5,081.4
2016 25 2 27 4,872.5 403.8 5,276.3
2017 27 3 30 5,262.3 605.7 5,868.0
2018 28 3 31 5,457.2 605.7 6,062.9
2019 26 3 29 5,067.4 605.7 5,673.1
2020 25 2 27 4,872.5 403.8 5,276.3
2021 27 3 30 5,262.3 605.7 5,868.0
2022 31 3 34 6,041.9 605.7 6,647.6
2023 35 3 38 6,821.5 605.7 7,427.2
2024 36 4 40 7,016.4 807.6 7,824.0
2025 32 3 35 6,236.8 605.7 6,842.5
Total 453 43 496 $ 88,289.7 $868L7 $ 969714

* Source: Exhibit CPA-1

** $194,900,000 for each passenger aircraft
$201,900,000 for each freighter aircraft

Source: Appendix 3




Exhibit CPA-9isacomparison of costsand revenues, year-by-year, asgenerated by the A380
program between 2001 and 2025. It thereforerepresentsasummary of this*“ critical project appraisal”.
Exhibit CPA-9

Comparison of A380 Costs And Revenues. 2006-2025
2001 Dollars ($Millions)

Year Total A380 Revenues® Total A380 Costs Total A380 Cash Flow

2001 $ 22000 $ 0.0 $ 22000
2002 2,200.0 1,320.0 880.0
2003 2,200.0 1,320.0 880.0
2004 455.0 1,320.0 (865.1)
2005 675.3 1,320.0 (644.7)
2006 2,176.4 4,760.7 (2,584.3)
2007 2,125.0 3,245.8 (1,120.8)
2008 2,400.6 3,635.6 (1,235.0)
2009 2,533.2 3,635.6 (1,102.4)
2010 2,812.4 3,635.6 (823.3)
2011 3,149.3 3,830.5 (681.2)
2012 3,635.7 4,227.3 (591.7)
2013 4,357.5 4,617.1 (259.6)
2014 4,963.8 5,201.8 (238.0)
2015 5,544.0 5,786.5 (242.5)
2016 5,845.1 5,981.4 (136.3)
2017 6,232.9 6,573.1 (340.2)
2018 6,314.2 6,489.7 (175.6)
2019 6,190.2 6,099.9 9.3
2020 6,206.2 5,703.1 503.1
2021 6,939.6 6,294.8 644.8
2022 7,723.0 7,074.4 648.6
2023 8,158.4 7,854.0 304.4
2024 6,864.8 8,250.8 (1,386.0)
2025 5,408.6 7.269.3 (1,860.7)
Total $ 107,311.0 $ 115,447.0%* $ (8,136.0)**

Sources: Exhibits CPA-6, CPA-7d, CPA-8
*Includes state and private development funding
** Amortization of private development funding continues through 2030; $2,134.0 million remaining
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Update to Appendix 1

Regarding the unique airport investments required to accommodate the A380,
Airbus has recently acknowledged that 22 destination airports will be necessary to
meet the initial deployment of the A380. This will require at least $900,000,000
in net new investment. In addition, about 26 airports will be required to serve as
alternates leading to at least another $100,000,000 of incremental investment.

To the extent Airbus itself does not cover the unique airport investments, airport
operators will have to do so if they are to cater to the A380 at all. To recover
these investments, special charges will have to be levied against airlines flying the
A380, or all airlines serving the airports being used by the A380 will be required
to share the burden whether they operate the A380 or not.

It is far from certain that every one of the airports deemed critical to the A380’s
operation will be able to accommodate the aircraft; especially in doubt are those
airports with runways or taxiways incorporating bridge structures crossing roads
or other rights-of-way.

The implicit assumption that hub-to-hub flying will continue to dominate
intercontinental airline operations has been called further into question by the
advent of the Boeing 7E7, which will offer an often-attractive alternative to hub-
to-hub flights.

While the “catalog” price of the A380 has been raised (to about $265,000,000 to
$275,000,000), transaction prices for the aircraft have remained well below cost,
both catalog and list. The number of A380s sold at such “launch” prices (of about
$145,000,000 in 2001 dollars) has risen from about 60 in 2002 to over 120

presently.



Appendix 1. Why the “Shadow” Critical Project Appraisal is Favorable to
Airbus

Cost cdculationsare biased towards greater reliance on conventional metal structurethanisnow
anticipated rather than on more expensive composite primary structure. In part, thisisdueto an aggres-
siveweight-reduction effort to deal with an operating-weight-empty (OWE) at least 40,000 pounds
greater than planned.

Despitethesevera radical innovationsincorporated inthe A380 airframe (e.g. GLARE primary struc-
ture; alargely compositewing box; laser-wel ded structure), no exceptiond certification costsandtime
are assumed which would drive up development investment and delay initial deliveriesand slesre-
ceipts. Itwouldasodelay initia repayment of stateaid.

No account istaken of theincremental investment required to finalize the design of the A380 freighter
andtocertify it.

Noincreased unit costsare assumed for early A380salthough therewill surely bealearning curve.

Although Airbusderivesnodirect financia benefit fromthevery low pricesassumed for enginesand
power-packs, itislikely that later A380 customerswill face substantially higher pricesfor these compo-
nentswhichwill increasethe price of theaircraft beyond what has been projected and chill somefuture
interegtinit.

Thereareno explicit provisionsfor enabling risk-sharing “ partners’ to recoup their investmentsinthe
development of the A380. Implicitly, the pricescharged for the componentsthey supply will be higher
than anticipated. Either way, the cost to produce each A380 will beincreased.

Uniqueairport investmentsrequired to accommodate the A380 may haveto be covered by Airbus, at
least at someairports. Thereisprecedent for this. when the manufacturers sought to assure accessto
LaGuardiaAirport (LGA) for theL-1011 and DC-10, each had to cover one-half of theinvestment
required to do so.

Giventheddivery expectationsfor the passenger A380, it isimplicitly assumed that intercontinental hubs




(e.g.CDG, LHR, JFK, NRT) will continue to dominateinintercontinental markets even though severa
arcraft types (somefrom Airbus) will offer other attractivelong-range point-to-point options.

Alsoimplicitisan assumption that asufficient network of airports capabl e of accommodating the A380
will beavailable uponitsintroduction and subsequently.

Higher thanredlistic“catalog” pricesare assumed and, beyond thefirst 60 aircraft delivered, thedis-
countsfrom catalog will, at times, beinsufficient to obtain the projected orders.




Update to Appendix 2

Development costs of the A380 have certainly risen well above the
$10,700,000,000 originally projected. Since risk-sharing partners largely continue
to be unwilling to shoulder additional development support commitments, Airbus
(or EADS) will have to do so. While this increases the state aid for which the
A380 program is eligible (one-third of Airbus’s development costs for the A380),

it also increases the per-aircraft repayment burden through 2017.

A380 aircraft sold at below-cost launch prices now exceed 100 compared with

about 60 two years before.

Many Airbus aircraft of other types (e.g. A320 series) have been sold in recent
years at below-cost prices for delivery during the early years of A380 production,
thus reducing Airbus’ ability to use profits from such aircraft to cover its

obligations to repay A380 launch aid.

The US dollar has weakened against the euro by as much as 10% since the
introduction of the euro and the start of the A380. It has declined by as much as
45% since the peak of the US dollar exchange rate against the euro which was
reached after the launch of the A380. If the weak dollar continues beyond the time
for which Airbus is hedged against exchange rate changes, its dollar-denominated

sales receipts will shrink relative to its euro-denominated development costs.

The Sonic Cruiser is no longer under development and therefore is not a
competitive threat to the A380; however, the 7E7 is becoming a reality with its

own challenges to the market viability and economic attractiveness of the A380.

Given the persistent excess of airframe weight over what was intended for the

A380, the ability of the aircraft to meet its performance guarantees is called into



question; the potential financial jeopardy to Airbus (and EADS) is presently

unknown.

As it attempts to reduce airframe weight, Airbus has increased the use of
expensive GLARE in the construction of the A380; it is adding the leading edges
of the vertical and horizontal stabilizers to the list of items made of GLARE. It
has also taken radical steps such as the introduction of aluminum wiring with
significant implications for A380 certification even while it reduces weight

marginally.



Appendix 2: Recent Developments Affecting Prospects for the A380

Thefollowing could not have been knownin January 2001, when the shadow critical project
appraisal isassumed to have been produced. Nevertheless, theseissues must now be addressed in assess-

ing the market and economic prospectsfor the A380 program ayear | ater.

Therisk-sharing partnersin the A380 program have not beeninclined to provideasmuch as
$4,100,000,000 in development investment aswas expected. |f they comeforward with, say,
$3,100,000,000 of the $10,700,000,000 required, thisrai ses allowabl e state aid to become
$2,500,000,000 (of $7,500,000,000 provided by Airbus). This, inturn, increasesthe payback burden
on each of thefirst 232 aircraft to approximately $9,500,000 plusinterest.

It appearsthat launch-customer priceswill extend beyond the 60 aircraft previoudly projected; how far
beyond isnot yet known.

Theadvent of the Sonic Cruiser, whichwill bid especidly for the* premium” passengerson many routes,
will strip away the most profitable A380 traffic from about 2008.

Therapid growthintheuse of corporatejetsevenfor very long-rangeflights, isatrend likely to con-
tinue. Thisalsojeopardizesat least premium-cabinload factor.

Airlineinterestinsmaller rather than larger long-rangeaircraft to facilitate hub-busting and greater

frequency of serviceiscontinuing.

Anincreasein A380 development costsare probablefor two reasons. theneed to lower airframe
weight and to provide acceptable basesfor certification of anaircraft incorporating itsradical innova
tions; this hasbeen made more critical because of the Long Idand accident in November 2001.

A general declineof passenger demand reflecting reduced economic activity from mid-2001.

Accelerationinthedeclinein passenger demand following the events of September 11, 2001; hasput
airlinesbehind their anticipated growth path by at least two-to-three years.




Allinal, ascenario where about 350 A380s are ddlivered between 2006 and 2025 inclusive seems
most likely. About fifty of theseaircraft will befreighters.




Update to Appendix 3: A380 Market Analysis
June 2004

Current Orders

As of May 31, 2004, there were 129 orders for A380s, from 11 customers. Deliveries are
not expected until 2006. According to Speednews, there were orders for 34 A380s placed
between April 1, 2003 and March 31, 2004. There have been no (announced) orders
since March 31, 2004.

Airport Issues

There are two principal issues with respect to airports and the A380. First, will there be a
sufficient number of airports ready to accommodate the A380 when it enters service in
2006, and second, what will be the cost of adapting these airports for the A380, along
with determining which entities (airlines, the manufacturer or the airports themselves)

will pay for the modifications.

With respect to the physical readiness of airports, there have been (albeit contradictory, in
some cases) indications that certain airports would not be ready as quickly as had been
hoped. Recently (May 18, 2004, The Seattle Times, for example), it was announced that

Virgin Atlantic Airways postponed the delivery of its first Airbus A380 by 18
months, to the end of 2007, because Los Angeles International Airport and other

airports may not be ready to handle the world’s largest passenger plane.

However USA Today carried a conflicting item:

“We are confident that LAX (Los Angeles International Airport) will be ready to
accommodate the A380 with the highest standards of safety when the first airline
begins using the aircraft at LAX in late 2006”, operator Los Angeles World
Airports said in a statement.



Virgin said on Tuesday, following the statement by the operator of Los Angeles

airports, that there was no change in its statement.

Officials at other U.S. airports, including Chicago’s O’Hare and JFK in New York,
indicated that their facilities would be ready for the A380’s entry into service, without
elaboration. At LAX’s cross-state rival, SFO (San Francisco International), the airport is
*“...already rolling out blueprints and reconfiguring infrastructure to handle its arrival.”
(San Francisco Chronicle, June 20, 2002)

Illustrating the fact that there are significant variances between airports with respect to
the cost of facilities/improvements necessary for A380 operations, the Chronicle article
goes on to note that “SFO officials say getting ready to handle the A380 will cost the
airport $76 million. The money, including a $10 million contingency fee, is earmarked

for repaving taxiways, widening and thickening them slightly.”

However, the article also states that

In contrast to the $76 million price tag at SFO, Los Angeles International Airport,
which competes with SFO for trans-Pacific business, will have to spend $700
million to modernize and accommodate the new plane, according to an estimate

provided to the General Accounting Office.

Indeed, the GAO’s February 2002 Report to Congressional Requesters about Airport
Infrastructure makes clear, via its title, that information is far from definitive on the
subject: Unresolved Issues Make it Difficult to Determine the Cost to Serve New Large
Aircraft. The GAO surveyed 23 airports, and received responses from 22. Of the 14
airports that expected to have service with an aircraft in the size category of the A380 by
2010, “...the estimate for infrastructure changes is $2.1 billion”. Airbus provided an
estimate for the same 14 airports of only $520 million. While the GAO indicated that

operational restrictions could mitigate the forecast expense to some degree, they also



stated that “...we do not view this as a long-term solution to serving NLA [New Large
Aircraft] because many of these airports have typically experienced delay and congestion

problems that could be made worse by additional restrictions.”

Clearly, there will be significant cost associated with the A380 for a number of airports,
worldwide. At present, it is not yet possible to identify the full magnitude of this
expense, nor who will bear this financial burden. To date, there has been no indication
that Airbus is willing to do this, however, so that it is likely that it will be borne by
suppliers and users of the air transport system, including airports, airlines and ultimately,
passengers and shippers.

Competitive Aircraft (Sonic Cruiser, 7E7)

At the time the original report was prepared, it appeared that the Boeing “Sonic Cruiser”
would have an impact on the A380’s market prospects. While we did not formally
include this in the Shadow Critical Project Appraisal (since it could not have been known
in January 2001, when the Shadow Critical Project Appraisal was assumed to have been
produced), mention of this was made in Appendix 2, “Recent Developments Affecting
Prospects for the A380”.

Subsequently, work on the Sonic Cruiser was discontinued, before formal launch or the
placing of any orders for the type. More recently, however, Boeing has proceeded with
the development of another mid-sized/long-haul (in at least one of its variants) aircraft

project, the 7E7. This program was launched during 2004, and currently has announced

orders from two airline customers, Japan’s ANA and Air New Zealand.

While the Sonic Cruiser appeared to be targeted largely at that component of the
passenger market that valued (and theoretically, would pay for) speed, the 7E7 is likely to
cut a wider swath in the market and appeal to a number of carriers in a variety of markets.
It is still difficult to quantify the impact the 7E7 will have directly on the A380’s market

prospects (and this certainly would have been impossible to foresee in January 2001);



however, it is likely that the 7E7 will have a depressing effect on sales of the A380. Asa
result, the A380 Market Analysis contained in the original (2002) Shadow Critical
Project Appraisal of the A380 program can be considered to be more favorable to Airbus
and the A380 program than likely would be the case if the market analysis were

undertaken today.

All-Coach High-Density A380

From time-to-time there have been references to an extremely high-capacity

(approximately 800 seats in an all-coach configuration) version of the A380:

Airbus promotes the A380 as having a capacity of 555 passengers in three
standard cabin classes: first, business and coach. That’s 139 more passengers
than the latest 747 carries. But Airbus says that the A380 will actually be able to
carry more than 800 passengers. (“Whale of a plane can seat 800 Jonah’s”, by
Joe Sharkey, New York Times, December 3, 2003.)

While this would seem to be an effective answer to very large markets and extreme
airway and airport congestion situations, the operating economics of this variant are

likely to be less than desirable from a profit-and-loss standpoint.

As shown in the following table, a mixed-class, “standard” size A380 (555 seats) can
generate a reasonable level of revenue, both per available seat-mile and per mile. While
the “premium” (first and business class) component of the traffic is smaller than the
economy portion, premium traffic in fact generates over half of the total (passenger)

revenue potential.



Load Rev/Seat- Rev per 9% of Base % of Tot

Class Seats Factor Pax Yield Mile Mile  Case Rev
Premium 125 70.0%  87.5 $0.500 $0.350 $43.75 59%
Economy 430 70.0% 301 $0.100 $0.070 $30.10 41%
Total/Avg 555 70.0% 388.5 $0.190 $0.133 $73.85 100.0% 100%

It is likely that a number of airlines could achieve profitability with this traffic/revenue

mix on a long-haul sector.

However, if an all-economy, 800-seat version is substituted, with no change in economy-

class yield, the revenue potential becomes worse:

Load Rev/Seat- Rev per 9% of Base % of Tot
Class Seats Factor Pax Yield Mile Mile Case Rev
Premium 0 70.0% 0 $0.500 $- $- 0%
Economy 800 70.0% 560 $0.100 $0.070 $56.00 100%
Total/Avg 800 70.0% 560 $0.100 $0.070 $56.00 75.8% 100%

While cost per ASM (available seat-mile) could decrease, due to the greater number of
seats (although more fuel would be burned, due to the greater weight being carried), it is
useful to note that the total revenue per mile would decline, to only 75.8% of the base
case. Itis unlikely that many, if any, carriers would be able to achieve profitability at
these revenue levels, even at what is a relatively generous (i.e. revenue of $400 for a

4,000 statute-mile journey) average yield.

However, it is very unlikely that even this level of yield could be maintained in the face
of the need to essentially double the number of economy passengers versus the base case.
Accordingly, we also examined a case where half of the economy passengers would be

carried at a yield designed to stimulate considerable incremental traffic:



Load Rev/Seat- Rev per 9% of Base % of Tot

Class Seats Factor Pax Yield Mile Mile  Case Rev

Economy 400 70.0% 280 $0.100 $0.070 $28.00 67%
Economy 400 70.0% 280 $0.050 $0.035 $14.00 33%
Total/Avg 800 70.0% 560 $0.075 $0.053 $42.00 56.9% 100%

Revenues are even lower than in the previous case, and only slightly greater than half of
those in the base (premium and economy passengers) case. While benefiting many
passengers, in terms of low-fare offerings, such results would not be very welcome from

an airline P&L perspective.

In addition, an 800-seat A380 would have very little (if any) room for cargo, due to the
large amount of passenger baggage that would need to be carried. On many long-haul
routes, cargo represents the majority, and sometimes all, of a flight’s profit. Eliminating
cargo revenue potential in favor of marginal, incrementally-priced passengers would not

be beneficial to the economics of the airlines operating this version.
Accordingly, while an 800-seat aircraft might merit inclusion in the Guinness Book of
Records, the news associated with this feat in the financial press likely would strike a

considerably more discordant note.

Market Fragmentation Issues

In the intervening two years since the preparation of the Shadow Critical Project
Appraisal, there has not been a resolution of the issue of whether long-haul international
markets are “fragmenting”. Airbus continues to believe either that they are not or that the
trend is abating. Boeing believes that they are and is voting with its development money
in favor of continuing (and perhaps accelerating) market fragmentation via the launch of
the 7E7.

Although the Shadow CPA did not examine short-haul regional/domestic markets, it is

clear that there is a continuing trend towards replacing “full-size” jets with regional jets



in many markets, particularly in the U.S. This continued in the post-September 11, 2001
period, when virtually all other categories (including regional turboprops, narrowbody

jets and widebody jets) were declining.

One of the reasons cited for this is the preference of business travelers, who often pay
higher fares than their leisure counterparts, for flight frequency. Although mitigated to
some extent by the difficulty of scheduling around time-zone changes, curfews and slots
in long-haul international services, there is little doubt that intercontinental business

travelers prefer to have a choice of departure times where this is feasible.

Long-haul travelers also prefer nonstops to connecting flights. While the A380 is well-
suited to handle significant volumes of passengers in “hub-to-hub” service, this type of
operation forces travelers to endure additional connections that may not be necessary.
For example, to travel between Indianapolis and Bremen, Germany, today typically
requires two connections, with routings such as IND-IAD-FRA-BRE, or IND-DTW-
AMS-BRE. The use of smaller aircraft such as the 7E7 or the A330-200 (or the 767, for
that matter) to add an Indianapolis “spoke” from Lufthansa’s Frankfurt hub, would
reduce the IND-BRE trip to a single connection and clearly would be a more desirable
alternative for high-yield business travelers than a double connection.

While individual city-pair markets like Indianapolis-Bremen are small on an individual
basis, the aggregation of such markets from Indianapolis that can be served on a single-
connection basis via a European hub such as Frankfurt could produce enough traffic to
make nonstop IND-FRA service economically feasible. This would also enhance the
Frankfurt hub; it should be apparent that having more, and diverse spokes makes that hub

more competitive.

An excellent example of this is provided by the Cincinnati hub (of Delta and its regional
partners). In addition to being highly-effective as a domestic entity, it has enabled Delta
(and its code-share and alliance partners) to offer transatlantic services from a point with
only modest origin-destination traffic. In the summer of 2004, nonstop transatlantic



service is being added from Cincinnati to Amsterdam and Rome, even though both points
were already served effectively from Cincinnati via Delta’s (SkyTeam Alliance) partner
Air France’s Paris hub. Numerous new single-connect opportunities will be created by

the new Amsterdam and Paris services, however.

We believe that it is likely fragmentation will continue, and as longer-range aircraft
(including Airbus products such as the A340-500) enter service, this phenomenon will
spread further. There will continue to be a need for large increments of hub-to-hub
capacity in some instances, but even here additional frequency will be attractive in many

cases.



Appendix 3: A380 Market Analysis
3.1: Methodology

The A380 Market Analysispredictsdemand (intermsof aircraft deliveries) and revenuesfor the
first 20 yearsof the A380 program, commencing with the expected first delivery in2006. Demandis
determined by first segmenting the market to includethe portion of the market wherethe A380 will be
operated—Ilargeaircraft, principally inlong-haul operations. Then future needsfor thismarket segment are
forecast by establishing parametersfor both replacement of existing equipment, based on age, and expected
futuregrowth. Traffic growthisimpacted by structura issuesin theworl dwide market, including market
“fragmentation”, whichwill haveasignificant impact onthe market sector served by the A380.

Fragmentation will, infact, beakey issuein determining what portion of the market will accrueto
the A380 onceoverall future growth and replacement needs have been determined. Thisand competitive
offerings determinethe A380'smarket shareand, therefore, expected annua deliveries. Inadditionto
forecasting demand for A380 passenger aircraft, thismarket analysisalso predictsddiveriesof freighter
versonsfor 2006-2025. Finally, oncethedelivery forecast hasbeen determined, programrevenuesare
cal culated based on forecast pricesfor both the passenger and cargo versions of the A380.

3.1.1: Market Segmentation

Sincethe A380will beutilized primarily asalong-rangeaircraft, thisportion of theanalysisbegins
by identifying theexisting fleet of large, long-haul aircraft from the A310/767 to the 747-400 in passenger
capacity. Thedistribution of thisgroup of aircraft at year-end 2000 isshownin Exhibit 3-1. Only aircraftin
commercid airline passenger service (including combisand convertibles) areincluded.

Nomina “standard” seating capacities(threeclass) areindicated for each aircraft type, representing
typical configurationsfor aircraft inthistypeof service (long-haul internationa), aswell asthetotal number
of seatsinservice. Thismethodol ogy permitsdetermination of future capacity requirementswithout having
toadjust for differingindividua airlineconfigurations; it aso alowsfor thepossbility of changesinthe* mix”
of aircraft types. Replacement aircraft are assumed to perform missionssimilar to those of theaircraft
shownin Exhibit 3-1 without sSignificant changesin aircraft productivity (Speed, load factor, utilization, etc.)
Serviceto new markets, “fragmentation” of marketsnow served viaasmall number of traditiona gateways




Exhibit 3-1

World Passenger Widebody Fleet - Year End 2000
Configuration Number of Aircraft Total Seats

A300-600 200 3-class 191 38,200
A310 170 3-class 178 30,260
A330-200 240 3-class 79 18,960
A330-300 260 3-class 94 24,440
A340-200 240 3-class 19 4,560
A340-300 270 3-class 162 43,740
B747-100 375 3-class 31 11,625
B747-200 375 3-class 129 48,375
B747-300 400 3-class 58 23,200
B747-400 420 3-class 421 176,820
B747-SP 265 3-class 18 4,770
B767-200 170 3-class 202 34,340
B767-300 200 3-class 530 106,000
B767-400 230 3-class 16 3,680
B777-200 285 3-class 279 79,515
B777-300 350 3-class 35 12,250
DC-10-10 285 3-class 19 5,415
DC-10-15 285 3-class 6 1,710
DC-10-30 250 3-class 91 22,750
DC-10-40 250 3-class 37 9,250
L1011-500 205 3-class 23 4,715
MD-11 275 3-class 105 28,875
Total 2,723 733,450
Source: Jet Information Services, Inc. World Jet Inventory, YE 2000

* egtimated

and new, extremely long-range nonstop servicesare properly included in the growth portion of the market
rather than being accounted for under the replacement category.

3.1.2: Key Assumptions

The A380will beintroduced into airline passenger servicein 2006. Accordingly, the 20-year
aircraft demand forecast coversthe period 2006 through 2025. Whilea20-year spanislionger thana
particular model of aircraft hastypically beenin production, theforecast doesnot attempt to anticipate

precisely what sort of derivativeswill evolvefrom thebasic design. Based on the experience of the 747, the
A380 could bein productionin someformfor well over 20 years, although the experience of the DC-10,
MD-11 and Lockheed 1011 indicatethat thisishardly guaranteed. Certainly within 20 yearstherewill be
some new product devel opment which will render the 2006 model s of the A380 and other contemporane-
ousaircraft lessattractive, but it isnot now possibleto identify with precison what theseaircraft will be. In
addition, whiletheforecast coversa20-year period, thefirst ten years (2006-2015) havethe greatest
bearingon ng theforecast for purposes of A380 program economic viability.
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3.1.3: Aircraft Retirement Assumptions

Forecastsof demand for largecommercia aircraft typically assumeretirement or replacement dates
between 25 and 30 years. Accordingly, theforecast examinestwo retirement assumptions (which corre-
spond to these two timespans) to determinethe demand for new aircraft to replace existing units. Exhibit 3-
2ashowstheresultsby year for thenumber of aircraft being retired from thoseidentified in Exhibit 3-1;
Exhibit 3-2b a so displaysthe corresponding number of seatstaken out of service. For the purposesof this
analysis, a25-year retirement was selected. Thisfavorsthe addition of new capacity earlier thanwould a
30-year retirement assumption, Exhibits 3-2c and 3-2d.

Exhibit 3-2a
Retired Widebody Aircraft (25 Year Lifespan)
2000 - 2025
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Exhibit 3-2b
Retired Seats (25 Y-ear Lifespan)
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Exhibit 3-2c
Retired Widebody Aircraft (30 Year Lifespan)
2000 - 2030
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Exhibit 3-2d

Retired Seats (30 Y-ear Lifespan)
2000 - 2030
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3.2: Passenger Demand For ecast

3.2.1: Market Growth Rates

Inforecasting demand, thetime horizonis20 years. Thelong-haul marketswhichtheaircraftin
Exhibit 3-1 will typically serve are expected to grow over the next 20 years, some at apace exceeding the
averagegrowthratefor civil passenger air transportation generally. A number of long-termindustry fore-
castsfor the next 20 yearscall for average annua growth rates between four and five per cent (4.0 and
5.0%). Accordingly, theforecast considersmarket growth at ratesof four, four-and-one-half, and five per
cent (4.0, 4.5, and 5.0%) per year.

3.2.2: Market Structure | ssues

A key issuerequiring consideration in forecasting market demand for the A380 isthat of market
“fragmentation”. Thisreferstotheproliferation of long-haul international servicesfrom “non-traditiona”
gateways—including pointssuch as Atlanta, Munich and Osaka, as opposed to the historic gateways such
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asNew York (JFK), London (Heathrow), San Francisco and Tokyo (NRT).

Although fragmentation on the Atlantic can be considered to have begunin earnest thirty-two years
ago with National’sMiami-London route, two aircraft-rel ated devel opments have caused thetrend to
accelerateduringthelast ten- to 15-years. Theseareaircraft with greater range capability, beginning with
the 747-400in 1989, and followed by theMD-11, A340 and 777, together with widespread depl oyment
of twin-engineaircraft onlong overwater sectors, beginning inthe 1980s.

Transatlantic

Asshownin Exhibits 3-3aand 3-3b, there hasbeen greater growth in departuresfor U.S. transat-
lantic operationsthan there hasbeenintotal seats. (Thesedata, aswell ascorresponding figuresfor trans-
pacificinthenext section, arederived fromthe U.S. DOT’ s T-100 database, whichincludesall carriers,
both U.S. andforeign, operating inthe U.S. transatlantic market.)

Exhibit 3-3a

U.S. Transatlantic Service 1990 - 2000:
Departures Growing Faster Than Seats
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Exhibit 3-3b
U.S. Transatlantic Service 1990 - 2000:
Departures Growing Faster Than Seats

Total Seats
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Thistrendisreflected inthedecreasein average aircraft sizein thismarket sector, asdisplayedin
Exhibit 3-4.

Whilethere have been modest changesin transatlantic length of haul during the 1990s, it isapparent
from Exhibit 3-5 that there has not been asignificant changein thismetric.

Exhibit 3-6 indicates clearly that there wasacompound annua growth rate (CAGR) of two-and-
four-tenths per cent (2.4%) in the number of U.S. transatlantic marketswith nonstop service during the
1990s, beginning with about 180 markets served, and growing to over 220 by 2000.

Exhibit 3-7 showshow thisdegree of fragmentation impacted aircraft usagein U.S. transatlantic
markets during the period 1990-2000. At the beginning of the period, the greatest number of departures
was performed by largewidebody aircraft (747s), with only modest incrementsof small (767/A310) and

=



Exhibit 3-4
AverageAircraft Sze - U.S. Transatlantic Service
1990 - 2000
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Exhibit 3-5
Average L ength of Haul - U.S. Transatlantic Service
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Exhibit 3-6
Number of U.S. Transatlantic Nonstop MarketsWith Greater Than 50 Annual

Departures

Departures (Each Way)
1990 - 2000
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CAGR: 2.4%
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Exhibit 3-7
U.S. Transatlantic Service 1990 - 2000: Departures by Equipment Type
1990 - 2000
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medium (DC-10, L1011) twin-aideaircraft. By 2000, however, the combined small/medium categories
held almost athreeto one advantage over thelarge widebody sector and the medium category alonewas
amost twicethesizeof thelarge.

Further evidence of the degree of fragmentation whichtook place onthe North Atlantic duringthe
1990sisfoundin Exhibit 3-8. Whilethe number of nonstop marketsserved viathe“traditiona” gateways,
suchasJFK, BOS, ORD and LAX, either declined, or increased only modestly, other locations, including
EWR, ATL, MIA, IAD, PHL and DTW experienced largeincreases.

Exhibit 3-8
Number of U.S. Transatlantic Markets Served Nonstop (>50 Annual Departures)
1990 - 2000
Selected U.S. Gateways
European Destinations
Gateway 1990 1991 1992 1993 1994 1995  199% 1997 1998 1999 % Ch
JFK 37 35 3% 33 33 35 35 35 3% 34 -8.1%
EWR 13 1 12 13 12 13 18 23 25 2 92.3%
ORD 18 18 19 20 18 20 19 20 21 21 16.7%
ATL 7 9 1 12 12 12 12 14 14 17 114.3%
BOS 12 12 13 13 13 1 13 13 15 16 8.3%
MIA 1 10 15 13 12 13 12 13 14 14 9.1%
IAD 5 5 6 10 9 11 9 10 10 10 120.0%
LAX 10 1 1 15 14 9 9 10 10 10 0.0%
MCO 10 8 10 9 8 8 7 7 5 8 -30.0%
SFO 5 3 3 4 6 4 5 6 7 8 60.0%
PHL 1 2 3 3 2 5 6 6 8 8 700.0%
Other 42 42 4 40 40 4 48 53 59 58 50.0%
Total 171 166 180 190 184 182 193 210 224 229 32.7%
Selected European Gateways
U.S. Destinations
Gateway 1990 1991 1992 1993 1994 1995  199% 1997 1998 1999 % Ch
LGW 17 20 18 19 20 19 2 2 23 23 PY]  41.2%
FRA 16 16 16 17 17 18 18 18 17 18 ] 25.0%
CDG 13 1 10 10 10 1 12 13 15 16 id 30.8%
AMS 12 12 12 14 13 16 18 18 18 16 iy 25.0%
LHR 12 1 1 10 10 10 10 1 1 1 11 R
ZRH 6 7 6 8 8 8 9 9 10 10 ikl 83.3%
MXP 4 5 5 5 5 6 6 6 7 8 ] 125.0%
MAD 6 6 8 8 6 6 6 6 8 8 ] 33.3%
BRU 4 4 5 7 6 5 5 8 9 9 &l 100.0%
MuUC 3 4 5 7 7 4 6 7 8 8 ] 166.7%
MAN 4 5 5 6 6 6 7 7 8 7 il 75.0%
Other 77 70 76 77 76 75 81 86 89 %3 Ed 11.7%
Total 174 171 177 188 184 184 200 211 223 27 pr2y  28.7%

Source: USDOT T-100

Thebottom half of thetableindicatesthat the sameistruein Europe. Theconstrained London-
Heathrow gateway declined dightly, while London-Gatwick, Amsterdam, Zurich, Milan-Mal pensa, Munich,
and Rome-daVinci al grew by considerable amounts. Inanumber of cases, thisresultsfrom both the
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utilization of smaler aircraft and thedevel opment of airline* aliances’—an exampl e being the Washington
DullessAmsterdam route flown by Northwest (withaDC-10), whichwould not have beenviableinthe
absenceof thealliance structure.

Exhibits 3-9 and 3-10 display relative share datafor the gatewayslisted in Exhibit 3-6 for both
departuresand seats.

Exhibit 3-9

Share of U.S. Transatlantic Departures By Gateway (>50 Annual Departures)
1990 - 2000

Selected U.S. Gateways
European Destinations
Gateway 1990 1991 1992 1993 1994 1995 1996 1997 1998 % Ch
JFK 380% 338% 321% 302% 3L0% 31.0% 293% 265% 247% 231% 22.9% [EEECSISN
EWR 51% 6.4% 6.7% 6.6% 6.5% 6.6% 7.6% 96% 11.3% 12.0% 11.7% EEVANEH)
ORD 99% 102% 102%  10.0% 98% 105% 102% 10.6% 10.9%  113%  11.2% [EMENLA
ATL 5.0% 6.2% 6.2% 6.6% 6.9% 6.7% 6.3% 6.2% 6.6% 6.7% 6.5% [P
BOS 5.7% 5.8% 5.8% 5.6% 5.8% 5.5% 57%  55% 5.4% 5.6% 5.5% Iz
MIA 4.6% 5.4% 5.9% 59%  4.8% 5.3% 55%  53% 46%  43%  4.2% [EENLH
IAD 4.1% 4.6% 5.2% 6.1% 6.7% 6.3% 62% 5% 6.1% 6.1% 6.7% YA
LAX 5.8% 6.0% 6.3% 6.7% 6.4% 5.8% 5.5% 5.5% 5.2% 5.2% LY -4.8%
MCO 2.3% 2.7% 3.0% 3.4% 2.9% 2.7% 2.7% 18% 14% 1.9% 7Y -28.9%
SFO 2.0% 19% 1.9% 2.7% 31% 3.0% 33%  35% 3.3% 3.4% 3.6% [N
PHL 0.5% 0.5% 1.2% 1.0% 1.1% 1.5% 2.1% 2.7% 3.3% 3.6% 3.3% LAY
Other 17.0% 165% 153% 1529 151% 151% 156% 16.9% 17.2% 168%  17.3% [EENELZ)

Selected European Gateways

U.S. Destinations
Gateway 1990 1991 1992 1993 1994 1995 1996 1997

LGW 124% 137% 11.8% 104% 103% 10.3% 10.3%  10.6%
FRA 134% 141% 144% 139% 134% 138% 129% 11.6%
CDG 8.6% 8.5% 8.1% 7.3% 7.2% 7.0% 7.2% 8.2%
AMS 5.7% 6.1% 6.0% 6.7% 7.0% 7.5% 8.8% 8.7%
LHR 16.7% 151% 160% 17.2% 187% 20.0% 193%  20.0%
ZRH 3.9% 3.6% 3.4% 3.4% 3.6% 3.5% 3.7% 3.6%
MXP 2.1% 2.6% 2.6% 2.6% 2.6% 2.9% 2.7% 2.5%
MAD 3.4% 3.5% 3.9% 3.7% 3.2% 3.4% 3.2% 3.5%
BRU 4.3% 3.6% 3.2% 4.1% 3.6% 3.3% 3.6% 3.2%
MUC 14% 1.5% 2.0% 2.4% 2.3% 1.4% 17% 2.1%
MAN 2.2% 2.7% 3.0% 3.0% 2.7% 2.5% 2.6% 2.7%
Other 26.00 248% 256% 253% 255% 244% 239% 23.4%

Source: USDOT T-100
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Exhibit 3-10

Share of U.S. Transatlantic Seats By Gateway (>50 Annual Departures)
1990 - 2000
Selected U.S. Gateways

Eur opean Destinations

% Ch
39.4% 320% 29.7% 30.7% 30.7% 28.4% . -45.1%
EWR 4.5% 6.0% 6.5% 6.3% 6.4% 6.3% 7.1% 9.1% 105% 11.2% . 142.7%
ORD 8.8% 8.8% 8.8% 9.0% 8.6% 9.4% 9.1% 9.7% 10.1% 10.4% . 17.7%
ATL 4.5% 5.6% 5.6% 6.0% 6.3% 6.1% 59%  55% 5.7% 5.9% . 25.4%
BOS 6.2% 6.3% 6.6% 6.1% 6.2% 5.7% 57%  5.6% 5.6% 5.6% . -12.3%
MIA 5.1% 6.1% 6.2% 6.3% 5.2% 5.8% 6.2% 6.2% 5.4% 5.1% . -1.1%
IAD 3.7% 3.9% 5.0% 6.0% 6.4% 6.3% 6.1% 6.2% 6.4% 6.4% . 90.5%
LAX 7.0% 7.2% 7.2% 7.5% 7.4% 6.8% 6.7% 6.8% 6.5% 6.3% X -5.8%
MCO 2.2% 2.7% 3.3% 3.9% 3.4% 3.2% 3.3% 2.3% 2.1% 2.7% . 9.2%
SFO 2.4% 2.5% 2.4% 3.2% 3.8% 3.7% 38% 42% 4.1% 4.2% . 85.2%
PHL 0.6% 0.5% 1.1% 1.0% 1.1% 1.4% 2.0% 2.4% 2.9% 2.9% . 409.4%
Other 15.6% 159% 152% 14.8% 145% 146% 15.7% 16.8% 17.5% 17.2% . 12.4%

Selected European Gateways
U.S. Destinations

LGW 12.0% 14.5% 11.0%

FRA 136% 142% 143% 138% 131% 135% 130% 119% 11.1% 11.0%
CDG 8.7% 8.3% 7.9% 7.0% 7.0% 6.6% 7.1% 8.0% 8.7% 9.1%
AMS 6.4% 7.2% 7.1% 8.0% 8.5% 9.1% 103% 10.2% 9.4% 9.2%
LHR 19.3% 16.6% 17.0% 188% 20.3% 221% 21.1% 222% 229% 22.3%
Z/RH 3.6% 3.5% 3.3% 3.6% 3.7% 3.5% 3.5% 3.4% 3.6% 3.5%
MXP 2.7% 3.2% 2.9% 2.8% 2.7% 2.7% 2.4% 2.1% 2.1% 2.7%
MAD 3.7% 36% 41% 3.6% 3.4% 3.5% 3.4% 3.4% 3.3% 3.3%
BRU 3.7% 3.2% 2.7% 3.5% 3.1% 2.9% 2.8% 2.6% 3.0% 3.2%
MuUC 1.1% 1.1% 1.4% 1.9% 1.8% 1.2% 1.4% 1.8% 1.8% 2.0%

MAN 2.0% 2.2% 2.7% 2.7% 2.4% 2.2% 2.4% 2.5% 2.5% 2.4%
Other 232% 225% 233% 228% 231% 224% 219% 21.1% 20.0% 19.3%
Source: USDOT T-100

Trangpacific

Whilethe U.S. transpacific market isnot as mature asthe corresponding transatlantic sector, smilar
resultswere observed with respect to the devel opment of aconsiderable degree of market fragmentation.
Again, during the 1990-2000 period, departuresgrew faster than overall seat capacity (Exhibits3-11aand
3-11b).

With respect to average aircraft size, there does not appear to be adiscernibletrend (Exhibit 3-12).
However, itisclear that therewasnot an overal increasein averageaircraft szeintheU.S. transpacific
market inthe 1990s, if anything, therewasasmall decrease.

Length-of-haul did increaseinthismarket, however, asshown by Exhibit 3-13. Thisreflectsthe
availability and utilization of aircraft with greater range capabilitiesthan such aircraft asthe 747-200 and
DC-10-30.
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Exhibit 3-11a
U.S. Transpacific Service 1990 - 2000:

Departures Growing Faster Than Seats
Total Departures
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Exhibit 3-11b
U.S. Transpacific Service 1990 - 2000:

Departures Growing Faster Than Seats
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Exhibit 3-12
AverageAircraft Sze- U.S. Trangpacific Service
1990 - 2000
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Exhibit 3-13
Average Length of Haul - U.S. Transpacific Service
1999 - 2000
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AsontheAtlantic, the number of nonstop marketsin U.S. transpacific service grew steadily during
the 1990s (Exhibit 3-14). Atacompound annual growth rate (CAGR) of three-and-three-tenths per cent
(3.3%) during this period, the Pacific grew faster than the Atlantic (2.4% CAGR) by thismeasure.

Exhibit 3-14
Number of U.S. Transpacific Nonstop Markets With Greater Than 50 Annual
Departures (Each Way)
1999 - 2000
120
CAGR: 3.3%
100
g 8
E
=
60
40
20
0
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999

Source: USDOT T-100

Exhibit 3-15 showsthat the large widebody aircraft category has dominated the U.S. transpacific
marketsthroughout the period between 1990 and 2000, with an absoluteincrease of approximately 40 per
cent (40%). Nonethel ess, medium widebodies showed astrong upward trend during thistime and now
congtitute asignificant share of total departures. During 2001 (prior to September 11), Japan’SANA
converted the 747-400 onitsNRT-ORD routeto asmaller 777; such may beaharbinger of further down-
ward adjustmentsin aircraft szeinthe U.S. transpacific market, reflecting additional competition, frequen-
ciesand gateways.

AswiththeAtlantic, anumber of new gateway servicesbeganinthe U.S. transpacific market during
the 1990s (Exhibit 3-16). Hereagain, longstanding gatewayssuch asHNL, SFO, SEA and JFK achieved
little net increase (although the other major west coast gateway, LA X, wasanotable exception), while
locationssuchasDTW, ORD and DFW, aswell asL A X, gained considerable new service.
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Exhibit 3-15
U.S. Transpacific Service 1990 - 2000: Departures by Equipment Type

1990 - 2000
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
USDOT T-100 B Small Widebodies B M edium Widebodies U Large Widebodies ‘
Exhibit 3-16
Number of U.S. Transpacific Markets Served Nonstop (>50 Annual Departures)
1990 - 2000
Selected U.S. Gateways
Pacific Destinati ons
Gateway 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 % Ch
HNL 16 18 20 19 20 18 18 17 19 19 jie}  18.8%
LAX 8 8 10 10 13 12 12 14 15 15 14 EEY0
SFO 7 7 7 6 8 8 8 9 8 9 ]  28.6%
DTW 2 2 2 2 4 3 4 4 4 4 ] 150.0%
ORD 1 1 2 2 2 2 2 3 4 4 ¥l 300.0%
SEA 4 4 4 3 2 5 5 5 4 4 . 0.0%
ANC 4 5 5 5 5 5 7 6 7 5 k] -25.0%
DFW 1 1 1 1 1 1 1 1 1 2 k] 200.0%
IAD 1 1 1 1 1 1 1 1 1 1 pA 100.0%
JFK 2 3 3 3 2 2 4 3 2 2 A 0.0%
MSP 1 1 1 1 2 3 2 A 100.0%
PDX 2 3 3 4 4 4 3 3 4 3 2 0
Other 2 3l £ 30 ES 36 34 31 2 2 E  209%
Total 71 8 2 86 97 97 100 9 101 102 ] 40.8%
Selected Pacific Gateways
U.S. Destinati ons
Gateway 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 % Ch
NRT 15 16 15 15 15 15 17 16 17 19 piel  26.7%
SEL 9 10 11 11 10 11 11 1 9 9 NR  22.20%
OSA / KIX 6 7 7 5 6 7 7 8 9 10 0}  66.7%
TPE 4 6 7 8 8 9 8 8 8 7 i 75.0%
HKG 3 4 5 5 4 5 6 6 6 5 ] 66.7%
NGO 3 4 5 5 5 5 5 5 6 6 ] 66.7%
SYD 2 3 3 2 3 4 3 3 3 3 k] 50.0%
AKL 2 2 2 2 2 2 2 2 2 2 2[R
CcTS 2 3 3 3 3 3 3 2 2 Pl nia
FUK 2 3 3 3 3 3 3 3 3 3 2[R
MNL 4 4 4 4 5 6 6 6 5 4 A -50.0%
PEK 2 1 1 1 2 2 n/a
Other 23 26 27 25 36 27 31 28 33 28 il 34.8%
Total 73 87 92 83 100 9 103 100 104 100 ] 38.4%

Source: USDOT T-100
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Finally, asshownin Exhibits 3-17 and 3-18, therel ative departure and seat shares of the“tradi-

tiona” gatewaysdeclined, or were stagnant.

Exhibit 3-17

Share of U.S. Transpacific Departures By Gateway (>50 Annual Departures)
1990 - 2000

Selected U.S. Gateways
Pacific Destinations

% Ch

251% 232% 21.8% 21.1% -43.9%
LAX 17.0% 181% 20.1% 22.7% 24.6% 23.6% 236% 248% 281% 27.9%  27.6% QEYAGL
SFO 117% 10.6%  10.0% 9.7% 108% 116% 11.7% 11.8% 11.6% 12.3% 5.9%
DTW 1.5% 1.7% 1.8% 2.0% 2.4% 2.8% 3.1% 2.5% 2.4% 2.7% 63.6%
ORD 1.7% 2.4% 2.6% 3.0% 3.0% 2.5% 2.5% 2.6% 4.0% 4.9% 208.7%
SEA 5.0% 4.4% 3.3% 2.4% 2.1% 3.3% 3.3% 3.3% 3.4% 3.8% -28.8%
ANC 5.8% 3.2% 2.6% 2.0% 1.9% 1.5% 2.2% 2.3% 3.5% 3.2% -59.4%
DFW 0.9% 0.9% 0.9% 0.9% 0.8% 0.7% 0.7% 0.7% 0.7% 1.8% 161.1%

IAD 0.8% 1.0% 0.9% 0.7% 0.6% 0.5% 0.4% 0.4% 0.6% 0.7% 13.1%
JFK 4.6% 4.2% 3.8% 46%  AT% 45% 4% 5.3% 4.0% 3.9% -18.5%
MSP 0.4% 0.3% 0.3% 0.0% 0.0% 0.0% 0.3% 1.3% 1.2% 1.0% 183.5%
PDX 1.9% 2.6% 2.7% 2.8% 2.5% 2.4% 2.2% 2.1% 2.3% 2.0% -24.6%
Other 20.1% 23.0% 234% 242% 235% 248% 240% 223% 199% 19.6% 41%

Selected Pacific Gateways
U.S. Destinations

47.9% 43.4% 38.9% 37.2% 33.7% .
SEL 111% 98% 117% 13.0% 14.0% 142% 146% 151% 10.2% 9.5%

KIX /OSA 5.4% 5.6% 5.4% 4.9% 62% 108% 114% 121% 124% 11.0%
TPE 3.4% 4.8% 4.9% 6.7% 8.4% 8.8% 8.6% 8.4% 8.7% 8.6%
HKG 3.6% 3.7% 4.0% 4.2% 4.5% 4.8% 4.6% 4.7% 5.1% 5.4%
NGO 3.4% 5.9% 6.7% 6.1% 5.6% 5.2% 4.7% 5.0% 5.4% 5.2%
SYD 4.4% 4.9% 4.5% 4.2% 3.4% 4.0% 4.2% 4.0% 4.4% 4.6%
AKL 4.1% 4.2% 4.1% 3.7% 3.1% 2.6% 2.5% 2.5% 3.0% 3.1%
CTS 0.0% 0.4% 0.7% 0.7% 1.0% 1.1% 1.3% 1.2% 1.2% 1.0%
FUK 1.6% 2.5% 3.2% 2.2% 24% 2.6% 2.7% 2.4% 1.6% 1.9%
MNL 3.2% 3.4% 3.1% 3.5% 3.1% 2.8% 2.9% 3.0% 2.2% 2.1%
PEK 0.0% 0.0% 0.0% 0.0% 0.0% 0.3% 0.2% 0.3% 0.4% 0.7%
Other 11.8% 114% 11.3% 11.7% 11.2% 9.2% 9.5% 9.0% 10.2% 9.3%

Source: USDQOT T-100

Europe-Asa

Whilethere are no comprehensive datacomparableto the T-100 avail ablefor the set of markets
between Europe and Asia, itsrequirements need to be examined. Thismarket arearepresentsone of the
three primary areasof usefor long-haul, high-capacity aircraft (the other two being transatlantic and trans-
pacific). Accordingly, OAG scheduledatafor several of thekey traffic pointsfor both 1990 and 2000
wereexamined; theresultsare summarized in Exhibits 3-19aand 3-19b.

It isapparent that the trends noted on the North Atlantic and North Pacific routesare a so present
inthe Europe-Asiamarket. Departuresand the number of destinations served haveincreased considerably
during the 1990s, along with agreater proportion of small and medium-si zed widebody equipment, although
therea so hasbeen significant growthinlarge widebody operationsin thismarket sector during the period
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Exhibit 3-18

Share of U.S. Transpacific Seats By Gateway (>50 Annual Departures)
1990 - 2000
Selected U.S. Gateways
Pacific Destinations
Gateway 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 % Ch
HNL 3L1% 301% 29.6% 264% 24.3% 23.2% 22.8% 225% 20.7% 17.9%  17.3% [EEEERCIZS
LAX 191% 20.6% 227% 258% 27.8% 265% 264% 27.1% 304% 304%  30.2% QIS
SFO 24% 117% 115% 114% 123% 131% 133% 13.0% 125% 12.7% 12.9% [l
DTW 1%  21%  21% 23% 28% 32% 37% 30% 30% 34%  3.2% )
ORD 18% 27% 2%  34% 34% 27% 25% @ 25% 37%  48%  5.4% SN
SEA 53% 44% 33% 24% 20% 30% 30% 29% 2%  36%  3.1% [N
ANC 60% 34% 25% 18% 17% 13% 18% 21% 30% 31%  24% [EsENCH
DFW 05% 06% 07% 07 06% 06% 05% 05% 05% 14%  19% [ZeNes
IAD 10% 13% 11% 08% 07 O07% 05% 04% 06% 07%  1.0% NN
JFK 49% 4AT% 43% 52% 51% 48% 51% 54% 38% 40%  4.1% AT
MsP 04% 03% 03% 00% 00% 00% 03% 14% 13% 11%  13% [eziis
PDX 12% 18% 1% 21% 19% 1% 17% 16% 18% 16%  1.1% K
Other 146% 166% 17.3% 17.8% 17.3% 19.0% 184% 17.6% 157% 154% 16.1% [ENIELZS
Selected Pacific Gateways
U.S. Destinations
Gateway 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 % Ch
NRT 525% 47.8% 449% 43.1% 404% 36.7% 35.7% 34.9% 37.0% 38.7% 37.6% QErELZS
SEL 103%  92% 11.3% 124% 135% 13.7% 141% 144% 9%  93% 10.9% [
KIX/OSA| 65% 7.0% 66% 5% 72% 115% 122% 130% 134% 118% 11.5% (AT
TPE 34% 50% 53% 69% 83% 85% 82% 81% 88% 8% 87% RIS
HKG 37% 40% A5%  AT% 4% 53% 53% 53% 55% 56%  5.2% KGN
NGO 27% 45% 56% 51% 47% 45% 42% A%  A4T%  45%  4.5% (NI
SYD 46% 51% 47% 47% 41% 47% 50% 47% 52% 53%  5.4% [EKERLZ
AKL 46% 45% 40% 39% 34% 28% 27% 28% 32%  33%  2.9% QRN
CTS 00% 04% 06% 06% O07% 08% 0% 09% 0% 08%  0.8% EEVE
FUK 08% 15% 19% 15% 16% 1% 1% 17% 15% 17%  1.3% [EeXeX
MNL 25% 28% 27% 30% 27% 24% 25% 25% 18%  17%  0.6% [EKe
PEK 00% 00% 00% 00% 00% 03% 03% 04% 06% 08%  10% EEVEY
Other 84% 82% 78% 83% 84% 69% 7.0% 67% 76%  75%  9.6% EEEWI
Source: USDOT T-100
Exhibit 3-19a
Scheduled Service from Select Eur opean Gateways to
Asia: 1990 vs. 2000
Number of Asian
Total Departures- August Desti nations
Airport Type of Aircraft 1990 2000 % Ch 1990 2000 % Ch
CDG Lar ge Widebody 145 333 129.7% 10 25.0%
M edium Widebody 244 n/a 9 n/a
Small Widebody 22 n/a 3 n/a
CDG Total 599 313.1% 8 16 100.0%
FRA Lar ge Widebody 613  80.8% 9 13 444%
M edium Widebody 119 n/a 8 n/a
Small Widebody 9 98 988.9% 1 6 500.0%
Other 21 n/a 3 n/a
Nar r owbody
FRA Total 864 148 3% 24 166 7%
LGW  Large Widebody -88 1% -66 7%
Small Widebody
LGW Total -68 7% -33 3%
LHR Large Widebody 864 137.4% 50.0%
M edium Widebody 193 n/a 10 n/a
Nar rowbody 18 n/a 2 n/a
Small Widebody 8 n/a 2 n/a
LHR Total 364 1,083 197.5% 6 20 233.3%
Total Large Widebody 915 1,818 98.7% 10 15 50.0%
M edium Widebody - 556 n/a - 16 n/a
Small Widebody 9 141 1466.7% 1 8 700.0%
Nar r owbody - 31 n/a - 2 n/a
Other - 21 n/a - 3 n/a

Grand Total

924 2567 177.8%

27  170.0%

Source: OAG
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Exhibit 3-19b

1990 vs. 2000

Scheduled Servicefrom Select Asan Gatewaysto Europe:

Number of European
Total Departures - August Destinations
Type of Aircraft 1990 2000 % Ch 1990 2000 % Ch
HKG Large Widebody 147 291  98.0% 5 4 -20.0%
Medium Widebody 111 n/a 5 n/a
Small Widebod 9 n/a 1 n/a
NRT Large Widebody 273 448  64.1% 7 8 14.3%
Medium Widebody 27 112 314.8% 4 6 50.0%
Small Widebody 8 92 1050.0% 1 3 200.0%
Other 79 -100.0% 1 -100.0%
NRT Total 387 652 68.5% 10 13  30.0%
SIN Large Widebody 187 462 147.1% 7 5 -28.6%
Medium Widebody 107 n/a 6 n/a
Small Widebody 13 -100.0% 2 -100.0%
SIN Total 200 569 184.5% 9 8 -11.1%
Total Large Widebody 607 1,201  97.9% 11 8 -27.3%
Medium Widebody 27 330 1122.2% 4 11 175.0%
Small Widebody 21 101 381.0% 3 3  0.0%
Other 79 - -100.0% 1 - -100.0%
Grand Total 734 1,632 122.3% 14 15 7.1%

Source: OAG

examined, aswell. Other markets, including Latin Americaand Africahave not been examined in detail
gnceitisunlikely that they will congtitute asignificant portion of thedemandfor very largeaircraftinthe
forecast timeperiod.

Conclusions-Mar ket Structure

Market “fragmentation” isincreasinginal threeprincipa market areas (transatlantic, transpacific
and Europe-Asia) wherethefleet of large, long-haul aircraft identified in Exhibit 3-1 typically operate. In
addition, there hasbeen asignificant trend towards smaller aircraft during the 1990s. Theincidenceof this
trend has been greatest in thetransatlantic market, appearsto be accel erating in Europe-Asia, and hashad a
amaller impact intrangpacific.

3.2.3: Capacity Requirements Forecast

Exhibits 3-20athrough 3-20f display theannual requirement for net new seatsfor long-haul interna:
tional servicesfor theyears2006-2025 inclusive. Thisconsistsof two elements: the replacement compo-

19



nent (for either twenty-fiveor thirty years, asappropriate), and an incremental component representing four,
four-and-one-half, and five per cent (4.0, 4.5 or 5.0 %) growth per annum of the seat capacity of the base
fleet at year-end 2000, as shown in Exhibit 3-1. Even at four per cent (4.0%), the growth component is
considerableduetothelargeingtaled base of existing capacity. Thisalsoalowsfor significant develop-
ment of new routesand services.

Exhibit 3-20a

Net New Seats Demanded
25 Year Lifespan and 4% Growth
2001 - 2025
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Itisclear inall three growth scenarios (4.0, 4.5 and 5.0%) that thereisasignificant increasein seats
needed beginning after 2012 in the 25-year retirement case. Thisreflectsboth thebuying “boom” of thelate
1980sand corresponding high level of ddiveriesduring theearly 1990s, aswell astheintroduction of the
747-400. Under a30-year retirement scenario, the sharp uptick in replacement need does not occur until
after 2018. Ineither case (25 or 30 years) the“bubble’ in replacement need comes significantly later than
the A380’ sentry into service date of 2006.
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Exhibit 3-20b

Net New Seats Demanded
30 Year Lifespan and 4% Growth
2001 - 2030
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Exhibit 3-20c

Net New Seats Demanded
25 Year Lifespan and 4.5% Growth
2001 - 2025
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Exhibit 3-20d

Net New Seats Demanded
30 Year Lifespan and 4.5% Growth
2001 - 2030
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Exhibit 3-20e
Net New Seats Demanded
25 Year Lifespan and 5% Growth
2001 - 2025
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Exhibit 3-20f

Net New Seats Demanded
30 Year Lifespan and 5% Growth
2001 - 2030
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3.3: Passenger Aircraft Demand Forecast

Oncetherequirement for net new seatshasbeenidentified, it ispossibleto estimate the number of
aircraft required in each year of theforecast period. If the A380 weretheonly aircraft available, thiswould
beasmplematter. Sinceitisnot theonly relevant offering, competition and aircraft szemix need to be
addressed prior to moving onto the actua aircraft forecast.

3.3.1: Competitive Considerations

For the purposesof thisanalys's, competing aircraft availablein thispayl oad/range category during
theforecast period are assumed to be asfollows:

A330 (-200, -300)
A340 (-500, -600)
A380 (dl models)

B767 (-300, -400)

23



B777 (-200, -300)
B747 (-400 and future derivatives; the proposed “ Sonic Cruiser” was not considered)

Asnoted previoudly, by 2026 other aircraft, either new or derivative, will have entered the market,
although thereisno attempt to forecast these specificaly.

3.3.2: Market Share/Delivery Forecasts

Asshownin Exhibit 3-21, the proportion of large passenger widebodies asa percentage of total
widebody deliverieshasdeclined since theintroduction of the 747in 1970. During the 1970s, about 40%
of total widebody deliverieswere passenger versionsof the 747, theonly aircraft withinthe®large” cat-

Exhibit 3-21
Deliveriesand Market Share by Aircraft Type: 1970 - 2000

1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 Decade Sub-total
Small Widebodies - - - - 4 9 13 16 15 24 81
M edium W idebodies - 13 69 96 88 68 35 25 26 50 470
L argeW idebodies 92 69 30 30 22 21 27 20 32 67 410
747 Pax Versions 92 69 29 30 19 13 22 11 17 44 346
92 82 99 126 114 98 75 61 73 141 961
Small Widebodies 0.0% 0.0% 0.0% 0.0% 35% 92% 17.3% 26.2% 20.5% 17.0% 8.4%
M edium W idebodies 0.0% 15.9% 69.7% 76.2% 77.2% 69.4% 46.7% 41.0% 35.6% 35.5% 48.9%
LargeW idebodies 100.0% 84.1% 30.3% 23.8% 19.3% 21.4% 36.0% 32.8% 43.8% 47.5% 42.7%
LargePax-Only W B 100.0% 84.1% 29.6% 23.8% 17.1% 14.4% 31.4% 21.2% 29.3% 37.3% 38.6%
1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 Decade Sub-total
Small Widebodies 39 38 66 91 77 67 56 69 98 84 685
M edium W idebodies 64 53 25 18 14 13 17 10 10 1 225
L argeW idebodies 73 53 25 23 16 24 35 23 24 45 341
747 Pax Versions 50 39 19 19 14 15 23 13 10 36 238
176 144 116 132 107 104 108 102 132 130 1,251
Small Widebodies 22.2% 26.4% 56.9% 68.9% 72.0% 64.4% 51.9% 67.6% 74.2% 64.6% 54.8%
M edium W idebodies 36.4% 36.8% 21.6% 13.6% 13.1% 12.5% 15.7% 9.8% 76% 0.8% 18.0%
LargeW idebodies 41.5% 36.8% 21.6% 17.4% 15.0% 23.1% 32.4% 22.5% 18.2% 34.6% 27.3%
LargePax-Only W B 32.7% 30.0% 17.3% 14.8% 13.3% 15.8% 24.0% 14.1% 85% 29.8% 20.7%
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 Decade Sub-total
Small Widebodies 97 106 109 95 65 55 60 50 62 52 751
M edium W idebodies 3 31 42 59 51 80 85 118 133 155 757
L argeW idebodies 70 64 61 56 40 25 26 39 53 47 481
747 Pax Versions 56 50 55 48 33 18 18 30 43 34 385
170 201 212 210 156 160 171 207 248 254 1,989
Small Widebodies 57.1% 52.7% 51.4% 45.2% 41.7% 34.4% 35.1% 24.2% 25.0% 20.5% 37.8%
M edium W idebodies 18% 15.4% 19.8% 28.1% 32.7% 50.0% 49.7% 57.0% 53.6% 61.0% 38.1%
L argeW idebodies 41.2% 31.8% 28.8% 26.7% 25.6% 15.6% 15.2% 18.8% 21.4% 18.5% 24.2%
LargePax-Only W B 35.9% 26.7% 26.7% 23.8% 22.1% 11.8% 11.0% 15.2% 18.1% 14.1% 20.3%
2000 Total
Small W idebodies 52 1569
M edium W idebodies 121 1573
LargeW idebodies 25 1,257
747 Pax Versions 9 978
198 4399
Small W idebodies 26.3% 35.7%
M edium W idebodies 61.1% 35.8%
L argeW idebodies 12.6% 28.6%
LargePax-Only W B 4.9% 23.7%

Note: Small, M edium and L arge W idebody numbers include all deliveries- passenger, combi and freighter. "747 Pax Versions' andthe corresponding mark et
share number ("LargePax-Only W B") include only the passenger 747sversus all other small and medium widebody deliveries.

Source: Jet Information Services, Inc. World Jet Inventory, YE 2000
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egory; thisshare dropped to about 20% for both the 1980s and 1990s.

Accordingly, the study forecaststhat 20 per cent (20%) of the seat demand for large, long-haul
aircraft during the 2006-2025 period will accrueto large widebodies, specifically the A380 and the 747.
Within this category, two-thirds of the demand isforecast to go to the A380, with the remaining one-third to
the747. Whileit could be argued that the 747 will have been in servicefor 55 yearsby the end of the
forecast period, itishighly unlikely that Boeing will abandon thismarket sector entirely to Airbus, and will
chooseto compete with some combination of derivativesof the 747 (acost-effective means of competing,
and one with which Boeing has considerable prior experience, both onthe 747, aswell asother programs
including the 737) or anew design.

Exhibits 3-22athrough 3-22f indicate the resulting forecast deliveriesfor the A380 under the
varying retirement and growth rate assumptions. Only onealternative (25-year retirement, 4.5% growth
rate), will beexamined in detail, it showsthat atotal of 453 passenger versionsof the A380 will bedeliv-
ered between 2006 and 2025—about 23 on average per year. However, the market requiresadelivery
rateinthefirst ten yearswhichisconsiderably lower; 160 units (16 per year) forecast to be delivered from
2006 until 2015, principdly reflecting thereatively low replacement needin thistimeframe asdiscussed

previously. Exhibit 3-22a
Aircraft Delivery Forecast

Aircraft Lifespan 25
Growth Rate 4.0%
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Net New Seats 32,715 32,494 34,733 45,533 50,431 47,115 43521 52,827 50,284 52,486
Aircraft M/S Seats
Small Widebody 175% 225 29 29 31 41 45 37 34 41 39 41
MediumW idebody 625% 325 73 72 77 101 112 91 84 102 97 101
B747-400X 6.7% 475 5 5 6 7 8 7 6 7 7 7
A380-800 133% 555 - - - - - 11 10 13 12 13
Total 107 106 114 149 165 146 134 163 155 162
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Net New Seats 56,163 57,119 66,612 76,998 89,341 95,238 101,798 103,414 94,968 92,664 97,317
Aircraft M/S Seats
Small Widebody 175% 225 44 44 52 60 69 74 79 80 74 72 76
MediumW idebody 625% 325 108 110 128 148 172 183 196 199 183 178 187
B747-400X 6.7% 475 8 8 9 11 13 13 14 15 13 13 14
A380-800 133% 555 13 14 16 18 21 23 24 25 23 22 23
Total 173 176 205 237 275 293 313 319 293 285 300
2022 2023 2024 2025 Total
Net New Seats 114,248 128,608 131,314 116,172 1,864,113
Aircraft M/S Seats
Small Widebody 175% 225 89 100 102 0 1,472
MediumW idebody 625% 325 220 247 253 223 3,645
B747-400X 6.7% 475 16 18 19 16 265
A380-800 133% 555 27 31 31 28 398
Total 352 396 405 357 5,780
A380-800 Tota Units (Starting in 2006)
First 10 Years 141
First 20 Years 398




Exhibit 3-22b

Aircraft Delivery Forecast

Aircraft Lifespan 30
Gr owth Rate 4.0%
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Net New Seats 34,573 37,276 39,466 39,609 41,714 40421 40,508 43,067 54,201 59,446
Aircraft M/S Seats
Smell Widebody 17.5% 25 31 33 35 36 37 31 32 33 42 46
MediumW idebody 62.5% 325 v 83 88 88 B 78 78 83 104 114
B747-400X 6.7% 475 6 6 6 6 7 6 6 6 8 8
A380-800 13.3% 555 - - - - - 10 10 10 13 14
Total 114 122 129 130 137 125 126 132 167 182
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Net New Seats 56,490 53,271 62,967 60,830 63,453 67569 68,981 78,948 89,828 102,684 109,115
Aircraft M/S Seats
Small Widebody 17.5% 25 44 41 49 47 49 53 54 61 70 80 85
MediumW idebody 625% 325 109 102 121 117 122 130 133 152 173 197 210
B747-400X 6.7% 475 8 8 9 9 9 10 10 11 13 14 15
A380-800 13.3% 555 14 13 15 15 15 16 17 19 22 25 26
Total 175 164 194 188 195 209 214 243 278 316 336
2022 2023 2024 2025 Total
Net New Seats 116,230 118423 110,578 108,899 1,698,548
Aircraft M/S Seats
Small Widebody 17.5% 225 0 92 86 85 1,342
MediumW idebody 62.5% 325 224 228 213 209 3,326
B747-400X 6.7% 475 16 17 16 15 245
A380-800 13.3% 555 28 28 26 26 362
Total 358 365 341 335 5,275
A380-800 Tota Units (Starting in 2006)
First 10 Years 129
First 20 Years 362 EXhl blt 3'22C
Aircraft Delivery Forecast
Aircraft Lifespan 25
Gr owth Rate 4.5%
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Net New Seats 36,212 36,288 38,842 49,979 55,235 52,298 49,108 58,842 56,754 59,438
Aircraft M/S Seats
Small Widebody 17.5% 225 32 33 35 45 50 41 38 46 44 46
MediumW idebody 62.5% 325 80 80 86 111 123 101 73 113 109 114
B747-400X 6.7% 475 6 6 6 8 9 7 7 8 8 8
Total 118 119 127 164 182 162 151 181 175 182
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Net New Seats 63,627 65,126 75,194 86,190 99,180 105,762 113,047 115,431 107,799 106,356 111,919
Aircraft M/S Seats
Small Widebody 17.5% 225 49 51 58 67 Y4 82 88 20 84 83 87
MediumW idebody 62.5% 325 122 125 145 166 191 203 217 222 207 205 215
B747-400X 6.7% 475 9 9 11 12 14 15 16 16 15 15 16
Total 195 201 232 266 306 325 348 356 332 328 345
2022 2023 2024 2025 Total
Net New Seats 129,814 145192 148,977 134,974 2,101,580
Aircraft M/S Seats
Small Widebody 17.5% 225 101 113 116 105 1,661
MediumW idebody 62.5% 325 250 279 286 260 4,104
B747-400X 6.7% 475 18 20 21 19 299
A380-800 13.3% 555 31 35 36 32 453
Total 400 447 459 416 6,517
A380-800 Total Units (Starting in 2006)
First 10 Years 161
First 20 Years 453
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Exhibit 3-22d

Aircraft Delivery Forecast

Aircraft Lifespan 30
Growth Rate 4.5%
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Net New Seats 38,238 41,253 3,774 44270 46,749 45,855 46,364 49,373 60,983 66,734
Aircraft M/S Seats
Small Widebody 17.5% 25 A 37 39 40 a2 36 36 38 a7 52
MediumW idebody 62.5% 325 85 7] 97 ] 104 88 9% 17 128
B747-400X 6.7% 475 6 7 7 7 8 6 7 7 9 9
A380-800 133% 555 - - - - - 11 11 12 15 16
Total 125 136 143 145 154 141 143 152 188 205
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Net New Seats 64,315 61,665 71,964 70,467 73,768 78,602 80,775 91547 103279 117,038 124,424
Aircraft M/S Seats
Small Widebody 17.5% 25 50 48 56 55 57 61 63 71 80 91 97
MediumW idebody 62.5% 325 124 119 138 136 142 151 155 176 199 25 239
B747-400X 6.7% 475 9 9 10 10 10 11 11 13 15 17 18
A380-800 13.3% 555 15 15 17 17 18 19 19 22 25 28 30
Total 198 191 21 218 27 242 248 282 319 361 384
2022 2023 2024 2025 Tota
Net New Seats 132549 135810 129,094 128610 1,947,499
Aircraft M/S Seats
Small Widebody 17.5% 225 103 106 100 100 1,539
MediumW idebody 62.5% 325 255 261 248 247 3,808
B747-400X 6.7% 475 19 19 18 18 280
A380-800 133% 555 32 33 31 31 417
Total 409 419 397 396 6,044
(A380-800 Tota Units (Starting in 2006)
First 10 Years 147
First 20 Years 417
Exhibit 3-22e
Aircraft Delivery Forecast
Aircraft Lifespan 25
Gr owth Rate 5.0%
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Net New Seats 39,708 40,116 43,027 54,544 60,208 57,708 54,984 65,216 63,661 66,914
Aircraft M/S Seats
Small Widebody 175% 225 36 36 39 49 54 45 43 51 50 52
MediumW idebody 625% 325 83 89 95 121 134 111 106 125 122 129
B747-400X 6.7% 475 6 7 7 9 10 8 8 9 9 9
A380-800 133% 555 - - - - - 14 13 16 15 16
Total 130 132 141 179 198 178 170 201 196 206
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Net New Seats 71,711 73,859 84,619 96,353 110,129 117,551 125730 129,066 122,448 122,085 128,797
Aircraft M/S Seats
Small Widebody 175% 225 56 57 66 75 86 91 98 100 9% 9% 100
MediumW idebody 625% 325 138 142 163 185 212 26 242 248 235 235 248
B747-400X 6.7% 475 10 10 12 14 16 17 18 18 17 17 18
A380-800 13.3% 555 17 18 20 23 26 28 30 31 29 29 31
Total 221 227 261 297 340 362 388 397 376 376 397
2022 2023 2024 2025 Total
Net New Seats 147,916  16459% 169,765 157,234 2,367,943
Aircraft M/S Seats
Small Widebody 175% 225 115 128 132 122 1,871
Medium W idebody 625% 325 284 317 326 302 4,623
B747-400X 6.7% 475 21 23 24 22 339
A380-800 133% 555 35 39 41 38 509
Total 455 507 523 484 7,342
A380-800 Total Units (Starting in 2006)
First 10 Years 178
First 20 Years 509
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Exhibit 3-22f

Aircraft Delivery Forecast

Aircraft Lifespan 30
Gr owth Rate 5.0%
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Net New Seats 41,904 45,266 48,161 49,056 51,963 51,526 52,525 56,056 68,224 74,572
Aircraft M/S Seats
Small Widebody 17.5% 25 33 41 43 4 47 40 41 4 53 58
MediumW idebody 62.5% 325 B3 100 107 109 115 9 101 108 131 143
B747-400X 6.7% 475 7 7 8 8 8 7 7 8 10 11
A380-800 13.3% 555 - - - - 12 13 13 16 18
Tota 138 148 158 161 170 158 162 173 210 230
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Net New Seats 72,790 70,820 81,845 81,121 85,247 90,961 94,071 105841 118637 133527 142,118
Aircraft M/S Seats
Small Widebody 17.5% 25 57 55 64 63 66 71 73 82 92 104 111
MediumW idebody 62.5% 325 140 136 157 156 164 175 181 204 228 257 273
B747-400X 6.7% 475 10 10 12 11 12 13 13 15 17 19 20
A380-800 133% 555 17 17 20 19 20 22 23 25 28 32 34
Total 24 218 253 249 262 281 290 326 365 412 438
2022 2023 2024 2025 Total
Net New Seats 151,526 156,152 150,888 151,947 2,226,742
Aircraft M/S Seats
Smell W idebody 17.5% 225 118 121 117 118 1,761
MediumW idebody 62.5% 325 291 300 290 292 4,350
B747-400X 6.7% 475 21 2 21 21 318
A380-800 13.3% 555 36 37 36 36 474
Total 466 480 464 467 6,903
A380-800 Total Units (Starting in 2006)
First 10 Years 165
First 20 Years 474

3.4: CargoAircraft Demand For ecast

Thecargo aircraft demand forecast for the A380 isbased on the historic demand for 747 cargo
aircraft. Specificaly, asshownin Exhibits 3-23aand 3-23b, cargo aircraft represent eight-and-eight-tenths
(8.8%) of thetotal of thistypedelivered between 1970 and theend of 1999. Evenwith the sharp increase
notedin 2000, thetotal isstill below ten per cent (9.9%) for the 1970-2000 period. The breakdown for
each decadeisasfollows:

1970-79 6.8%
1980-89 11.1%
1990-99 8.9%

(Thisincludesonly aircraft delivered asfreighters; conversionsareincluded inthe previoudy-cited passenger

arcraftfigures)




Exhibit 3-23a

747 Passenger, Freighter and Combi Deliveries

1970 - 2000
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Exhibit 3-23b
747 Ddiveriesby Year and Type
1970 1971 1972 1973 1974 1975 1976 1977 1978 1979 Decade Total % of Total
Passenger R 69 29 30 19 13 2 11 17 44 346 84.4%
Freighter 0 0 1 0 3 3 2 2 6 n 28 6.8%
Combi 0 0 0 0 0 5 3 7 9 12 36 8.8%
Total 92 69 30 30 2 21 27 20 32 67 410 100.0%
1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 Decade Total % of Total
Passenger 50 39 19 19 14 15 23 13 10 36 238 69.8%
Freighter 12 5 2 1 1 3 2 4 6 2 33 11.1%
Combi 1 9 4 3 1 6 10 6 8 7 65 19.1%
Total 73 53 25 23 16 24 35 23 24 45 34 100.0%
1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 Decade Total % of Total
Passenger 56 50 55 48 33 18 18 30 43 k) 385 80.0%
Freighter 5 2 0 2 4 5 3 4 8 10 43 8.9%
Combi 9 12 6 6 3 2 5 5 2 3 53 11.0%
Total 70 64 61 56 40 2 26 39 53 47 481 100.0%
2000 Grand Total Type as a % of Total
Passenger 9 978 77.8%
Freighter 15 124 9.9%
Combi 1 155 12.3%
Total 25 1257 100.0%
Source: Boeing
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Accordingly, demand for the cargo version of the A380 isforecast a nine-and-nine-tenths per cent
(9.9%) of the passenger aircraft deliveries, rounded to the nearest whole number, as shown in Exhibit 3-24.

Exhibit 3-24
A380 Freighter Delivery Forecast
Aircraft Lifespan (years): 25
Growth Rate: 4.5%

Passenger/ Freghter

Year Combi Aircr aft 9.9% Share For ecast(Rounded
2006 13 13 1
2007 12 1.2 1
2008 14 14 1
2009 14 14 1
2010 14 14 1
2011 15 15 1
2012 16 1.6 2
2013 18 1.8 2
2014 21 2.1 2
2015 24 2.4 2
Subtotal 15.9 14
2016 25 25 2
2017 27 2.7 3
2018 28 2.8 3
2019 26 2.6 3
2020 25 25 2
2021 27 2.7 3
2022 31 31 3
2023 35 35 3
2024 36 3.6 4
2025 32 3.2 3
Subtotal 289 29
Total 448 43

(It should be noted that thisisauseful method for determining thetotal volumeof cargo aircraft
ddiveriesduring the 20- year period covered by thisforecast, but may not reflect thetiming of whenindi-
vidual unitsenter service, duetothereatively small number of aircraftinvolved.)

Thismethodology likely isfavorableto the A380, sinceit hasnot yet entered the market, and, as
noted in Exhibit 3-23b, above, first-decade deliveriesof the 747F were only six-and-ei ght-tenths (6.8%) of
total 747 ddliveries. The A380F appearsto have an advantagein cubic capacity versusthe 747F, and
consequently, alower design density. Thisisadvantageousto integrators such as FedEx, although UPS,
which currently operatesthe 747, has acquired only medium-si zed widebodies—the 767-300, the A300-
600 and converted MD-11s—for anumber of years. In addition, the A380 freighter lacks outsi ze capabil -

ity, by virtue of itstwin-deck design, aswell astheahility to accommodate very long piecesof cargo, since
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it does not have nose-loading capability.

The combination of thesefactorsand thefact that Boeingislikely to defend itsportion of the
freighter market suggest that A380F salesmay not contributeto asignificant increasein production over the
passenger model. Thisisinlinewith arecent independent assessment of air cargo industry prospects:

Whereisthefreighter market headed? Obvioudly, it’sundergoing atransition, but three
thingsareclear. First, theretirement of older freightersover thenext decadewill resultin
afuturefleet that |ooksconsiderably different fromthe current fleet. Second, theongoing
shift towide-body freightersisexpected to continue. Third, most freightersadded inthe
coming years, asmuch asa75 per cent (75%) share, will be used aircraft converted
from passenger to freighter configuration whenthey are20 yearsold.

...Looking forward, therewill be substantial numbersof A300-600 and 767-200/300
conversionsinthecoming years. Also expect to seethelaunch of a747-400 conver-
sion program within the next two years, assuring the dominance of the 747 within the
large-capacity freighter market for the next decade and beyond. Theonly questions
unanswered in the wide-body market segment arethelong-term market acceptance of
the A380F, which will enter servicein 2008, and how long it will take Boeing and
Airbusto launch freighter variants of the 777 and A330/340 modelswhich they say are
now being studied.

Source: “ Freighter Aircraft: Outlook Uncertain”, by Robert V. Dahl, Director, Air Cargo Management
Group, Aviation Week, January 14, 2002, pages 55-58

Thisistrueevenat thelarge, financialy-robust integrators.

“Inthecoming years, theMD-11 will bethe primary aircraft flying our international
trunk routesand it will bethe centerpiecein our driveto enablegloba commerce,” said
UPSAirlinesvice president Bob Lekites.

Source: Cargo Facts, October 2001, page 1

3.5 Pricing

Oneof themogt difficult areasto addressisthat of pricing. Transaction pricesarehighly proprietary
andthereislittle, if any, information on the subject published infinancia or regulatory reports. Nonetheless,
thereiswidespread knowledge of pricing trendsin some sectorsof thecommercia aviationindustry,

31



particularly theaircraft trading community, and some of thisispublished in anecdotal format, rather thanasa
cons stent set of reference data.

Thereiswidespread agreement that discounting isrampant with respect to the recent pricing of large
commercid aircraft. According to arespected industry source:

For the past decadelist priceshave been anirrelevance, and remain so. Real pricing of
new aircraft continuesto bemuch lower. The starting point for most narrowbody
negotiations, evenfor small order quantities, isa 15 percent discount. Largewidebody
ordersmay see 20 percent amore appropriate starting point. Market forcesalso play
little part in determining theannua percentageriseinlist prices. Thehikeinlist priceisa
function of arisein cost indicesas produced by the Government and usually focused on
the aerospaceindustry.

Source: Aircraft Value News, July 16, 2001, page 2

Morerecently,

Bearden [Fred E. Bearden, President, Aircraft Information Services, Inc.] notesthat the
industry isinitsthird year of manufacturer discountsof upto 30%. A 737-800witha
2001 list priceof about $64.5m therefore comes up with atheoretica sales pricetoday
of $45m, which happensto be acommon appraisa figure. Thelow-end list price of
$57m discounted 30% equal s$39.9m, whichislower thanthetypica EETC financing
but where Fred Klein, president of Aviation Speciaists, another appraisal firm, believes
the 737-800 should be val ued.

Source: Airline Monitor Weekly, January 22, 2002

Thistrend continuesto be borne out by thefirst major transaction of 2002:

Ryanair isnot saying how much the deal isworth but stressesit received “ an exception-
aly competitiveoffer fromBoeing.” Boeing hastypicaly granted discountsof upto
30%, which equatesto apurchase price of $42.7mif that’sthe discount afforded
Ryanair. Market talk isthat thisdiscount was as high as 34%, suggesting apriceto
Ryanair of just $40.26m.

Source: Airline Monitor Weekly, January 29, 2002

Giventheimportance of the A380 program, and the size and influence of the potentia customers, itisnot
surprising that extens ve discounting can be expected with respect to A380 pricing:
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The customers capabl e of supportingthe B747, A340 or A3XX intermsof route
structureand traffic buy in multipleunitsat Sgnificant discounts. Launch customersgain
even more as manufacturersoffer incentivesto overcome uncertainty onthe perfor-
mance of new types. List price comparisons show around a 15-20 percent discount for
asingleunitincreasing to 20-30+ percent for multipleunits.

Source: Aircraft Value News 8 May 2000, page 2

Indeed, therearereportsthat early A380 customers obtained very favorable pricing ontheir A380
orders:

Since Singapore, Emiratesand Virgin Atlantic reportedly received extremely favorable
guarantees on performance and fuel consumption—not to mention apriceof lessthan
$150 million per airplane—specul ation continuesthat FedEx isreceiving similar conces-
sionsin order to bealaunch customer for thefreighter version.

Source: Cargo Facts, January 2001, page 2

and:

For suchamassiveorder at such acritical time, Emirateswill havereceived amassve
discount such that afigure of $140-150 million, subject to escal ation but representing a
discount of morethan 35 percent off the $239-263.5 million list price, may have been
secured, aswell asadvantageouswal kaway clauses. With so many customersachiev-
ing significant discounts, for thefirst timeva uesmay haveto be based on something
other thanasingleunit sale.

Source: Aircraft Value News, December 3, 201, page8

Thisleve of discounting apparently held for thefreighter, aswell asthe passenger version of the
A380:

The FedEx deal with Airbusfor ten A380-800Fs, announced in mid-January, is based
on amemorandum of understanding between thetwo companies. The partiesexpect
no problemsin executing adefinitive purchase agreement inthe coming weeks. No
priceswere announced, but observers specul ate that |aunch customer FedEx got at
least a30% discount from the $230 millionlist pricefor each A380F. A decision
concerning engine selectionisexpectedin March.

Source: Cargo FactsFebruary 2001, page 12

Whilethere have been claimsthat such large discountswill not persist beyond the* launch” period
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for the A380 program, thereisno guarantee that thiscan beachieved. All launch customerswill seek “most
favored nation” (MFN) treatment, sothat it islikely that theinitia discount level will apply tothisentire
category of customers. Thissort of pricing may have negativeimplicationsfor theoverd| financia success

of theprogram:

Indeed, Boeing hasn’t won asingle order for astretch version of the venerable 747 that
it soffering asan dternativeto the A380.

A dazzling start, no doubt. Butisitagood deal for Airbus? Business\Week has
learned that the company isgiving extraordinarily generoustermsto early buyers. It's
selling thecargo modd of the A380 for aslow as$133 million and the passenger model
for just over $140 million—about 40% off list pricesand lessthan the going rate of
$140to $150 millionfor Boeing's 747. Airbusisaccepting down paymentsaslow as
$500,000 per plane while giving customersthe option of canceling orders 12 months
before ddivery without customary pendties. Airbushasoffered lenient termsto buyers
of established modelsbefore. But expertssay it’sunusual to offer them onanew plane.

True, manufacturersaways sweeten the pot for first-timebuyersof new aircraft,
discounting them and throwing in everything from freepil ot training to spare parts.
...But, saysan airline executivewho has seen theterms[Airbus' s| Leahy isofferingon
the A380, “1 don’t know of adeal that has ever been quitethisgenerous.”

These concessionsonly steepenthe dready difficult path to profitability for the A380.
To meet itsbreak-eventargets, Airbus saysit expectsto deliver 250 superjumbosby
2011. But to offset the deep discountsand raiseworking capital, it will haveto demand
bigger up-front paymentsfrom future customersand chargethem closeto list prices—
$2181t0 $235 million, saysaerospace analyst Paul H. Nisbet, of Newport (R.1.)-based
JSA Research. Cost-consciousairlineswon't readily agreeto pay 40% morethan their
competitorsdid, say industry watchers.

Source: BusinessWeek, March 5, 2001 pages 52-53

A recent, and somewhat more conservative assessment indicatesthat:

The A380 hasalist price of $240 million, though thefirst customersweregivendis-
countsby Airbus, which anaysts have estimated at about 25%.

Source: “AirbusOutdoesBoeingin’ 01 Dedls’, LosAngeles Times, from Bloomberg News, January 10,
2002

Accordingly, thisanalysisassumesthat, based on a2001 “list” priceof passenger aircraft of $240
million, thefollowingleve of discountingwill apply:
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Category Price Discount Effective Price (2001$-M)

First 50 aircraft 40% $144
Second 50 aircraft 30% $168
Subsequent aircraft 20% $192

Based on therecent industry pricing conditionscited above, thisrepresentsamoderately conservative

approach.

Thepriceof thefreighter versionisassumed to be an additional $10 million per unit (list price $250 million),
based onitshigher production cost. Theeffective pricesfor thefreighter aircraft areasfollows:

Category Price Discount Effective Price (2001$-M)
First 10 aircraft 40% $150
Second 10 aircraft 30% $175
Subsequent aircraft 20% $200

3.6: Expected Program Revenues

Onceapricing structure has been established, it isrelatively easy to cal cul ate the expected revenues
for the A380 program. Accordingly, Exhibits 3-25athough 3-25f utilizeinformation onforecast deliveries
and pricing from the previous section to devel op forecast A380 program revenuesfor thefirst twenty years
of ddliveries(2006-2025) and for the previoudy defined combination of retirement and growth rate sce-

narios.

3.7: Conclusions

During the period 2006-2025, based on four-and-one-half per cent (4.5%) growth and 25-year
retirement of existing aircraft, 453 A380 passenger versionsand 43 freighterswill beddlivered, for atotal of
496. Thisgeneratestotal revenueof approximately $91 billion (in 2001 dollars). Itisnoteworthy that far
more medium and small widebodieswill be delivered during the sametime period, reflecting continuing
market fragmentation.
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Exhibit 25a
Aircraft Delivery Forecast - A380 Revenue

Aircraft Lifespan 25 ($in Millions)
Growth Rate 4.0%
Aircraft 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Pax AC Price $ - $ - $ - $ - $ - $ 144 $ 144 $ 144 $ 144 $ 161
Fr AC Price $ - $ - $ - $ - $ - $ 150 $ 150 $ 150 $ 150 $ 150
A380-800 Pax - - - - - 11 10 13 12 13
A380-800 Fr - - - - - 1 1 1 1 1
Pax AC Rev $ - $ - $ - $ - $ - $1584 $1,440 $1,872 $1,728 $2,093
Fr AC Rev $ - $ - $ - $ - $ - $ 150 $ 150 $ 150 $ 150 $ 150
Total Del - - - - - 12 11 14 13 14
Total Rev $ - $ - $ - $ - $ - $1734 $1590 $2,022 $1,878 $2,243
Aircraft 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Pax AC Price $ 168 $ 168 $ 171 $ 192 $ 192 $ 192 $ 192 $ 192 $ 192 $ 192 $ 192
Fr AC Price $ 150 $ 150 $ 150 $ 163 $ 175 $ 175 $ 175 $ 175 $ 188 $ 200 $ 200
A380-800 Pax 13 14 16 18 21 23 24 25 23 22 23
A380-800 Fr 1 1 2 2 2 2 2 2 2 2 2
Pax AC Rev $2,184 $2,352 $2,736 $3456 $4,032 $4,416 $4,608 $4,800 $4,416 $4,224 $4416
Fr AC Rev $ 150 $ 150 $ 300 $ 326 $ 350 $ 30 $ 3O $ 350 $ 376 $ 400 $ 400
Total Del 14 15 18 20 23 25 26 27 25 24 25
Total Rev $2334 $2502 $3,036 $3,782 $4,382 $4,766 $4,958 $5150 $4,792 $4,624 $4,816
Aircraft 2022 2023 2024 2025 Total
Pax AC Price $ 192 $ 192 $ 192 $ 192
Fr AC Price $ 200 $ 200 $ 200 $ 200
A380-800 Pax 27 31 31 28 398
A380-800 Fr 3 3 3 3 37
Pax AC Rev $5,184 $5952 $5952 $5,376 $ 72,821
Fr AC Rev $ 600 $ 600 $ 600 $ 600 $ 6,652
Total Del 30 34 34 31 435
Total Rev $5784 $6552 $6,552 $5976 $ 79,473
Exhibit 25b
Aircraft Delivery Forecast - A380 Revenue
Aircraft Lifespan 30 ($in Millions)
Growth Rate 4.0%
Aircraft 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Pax AC Price $ - $ - $ - $ - $ - $ 144 $ 144 $ 144 $ 144 $ 156
Fr AC Price $ - $ - $ - $ - $ - $ 150 $ 150 $ 150 $ 150 $ 150
A380-800 Pax - - - - - 10 10 10 13 14
A380-800 Fr - - - - - 1 1 1 1 1
Pax AC Rev $ - $ - $ - $ - $ - $1440 $1440 $1440 $1872 $2,184
Fr AC Rev $ - $ - $ - $ - $ - $ 150 $ 150 $ 150 $ 150 $ 150
Total Del - - - - - 11 11 11 14 15
Total Rev $ - $ - $ - $ - $ - $1590 $1590 $1590 $2022 $2,334
Aircraft 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Pax AC Price $ 168 $ 168 $ 168 $ 190 $ 192 $ 192 $ 192 $ 192 $ 192 $ 192 $ 192
Fr AC Price $ 150 $ 150 $ 150 $ 150 $ 150 $ 175 $ 175 $ 175 $ 175 $ 175 $ 200
A380-800 Pax 14 13 15 15 15 16 17 19 22 25 26
A380-800 Fr 1 1 1 1 1 2 2 2 2 2 3
Pax AC Rev $2,352 $2,184 $2520 $2,850 $2,880 $3072 $3264 $3,648 $4,224 $4,800 $4,992
Fr AC Rev $ 150 $ 150 $ 150 $ 150 $ 150 $ 30 $ 3B0 $ 3O $ 30 $ 30 $ 600
Total Del 15 14 16 16 16 18 19 21 24 27 29
Total Rev $2502 $2334 $2670 $3,000 $3030 $3422 $3614 $3998 $4574 $5150 $5,592
Aircraft 2022 2023 2024 2025 Total
Pax AC Price $ 192 $ 192 $ 192 $ 192
Fr AC Price $ 200 $ 200 $ 200 $ 200
A380-800 Pax 28 28 26 26 362
A380-800 Fr 3 3 3 3 35
Pax AC Rev $5376 $5376 $4,992 $4,992 $ 65,898
Fr AC Rev $ 600 $ 600 $ 600 $ 600 $ 6,250
Total Del 31 31 29 29 397
Total Rev $5976 $5976 $5592 $5,592 $ 72,148
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Exhibit 25¢

Aircraft Delivery Forecast - A380 Revenue

Aircraft Lifespan 25 ($in Millions)
Growth Rate 4.5%
Aircraft 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Pax AC Price $ - $ - $ - $ - $ - $ 144 $ 144 $ 144 $ 149 $ 168
Fr AC Price $ - $ - $ - $ - $ - $ 150 $ 150 $ 150 $ 150 $ 150
A380-800 Pax - - - - - 13 12 14 14 14
A380-800 Fr - - - - - 1 1 1 1 1
Pax AC Rev $ - $ - $ - $ - $ - $1,872 $1,728 $2,016 $2,086 $2,352
Fr AC Rev $ - $ - $ - $ - $ - $ 150 $ 150 $ 150 $ 150 $ 150
Total Del - - - - - 14 13 15 15 15
Total Rev $ - $ - $ - $ - $ - $2,022 $1878 $2,166 $2,236 $2,502
Aircraft 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Pax AC Price $ 168 $ 168 $ 189 $ 192 $ 192 $ 192 $ 192 $ 192 $ 192 $ 192 $ 192
Fr AC Price $ 150 $ 150 $ 150 $ 175 $ 175 $ 175 $ 175 $ 192 $ 200 $ 200 $ 200
A380-800 Pax 15 16 18 21 24 25 27 28 26 25 27
A380-800 Fr 1 2 2 2 2 2 3 3 3 2 3
Pax AC Rev $2520 $2,688 $3402 $4,032 $4,608 $4,800 $5184 $5376 $4992 $4,800 $5184
Fr AC Rev $ 150 $ 300 $ 300 $ 350 $ 3O $ 30 $ 525 $ 57/6 $ 600 $ 400 $ 600
Total Del 16 18 20 23 26 27 30 31 29 27 30
Total Rev $2,670 $2,988 $3,702 $4,382 $4,958 $5150 $5709 $5952 $5592 $5200 $5,784
Aircraft 2022 2023 2024 2025 Total
Pax AC Price $ 192 $ 192 $ 192 $ 192
Fr AC Price $ 200 $ 200 $ 200 $ 200
A380-800 Pax 31 35 36 32 453
A380-800 Fr 3 3 4 3 43
Pax AC Rev $5952 $6,720 $6,912 $6,144 $ 83,368
Fr AC Rev $ 600 $ 600 $ 800 $ 600 $ 7,851
Total Del 34 38 40 35 496
Total Rev $6552 $7,320 $7,712 $6,744 $ 91,219
Exhibit 25d
Aircraft Delivery Forecast - A380 Revenue
Aircraft Lifespan 30 ($in Millions)
Growth Rate 4.5%
Aircraft 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Pax AC Price $ - 0 - $ - $ - $ - $ 144 $ 144 $ 144 $ 144 $ 167
Fr AC Price $ - % - $ - $ - $ - $ 150 $ 150 $ 150 $ 150 $ 150
A380-800 Pax - - - - - 11 11 12 15 16
A380-800 Fr - - - - - 1 1 1 1 2
Pax AC Rev $ - $ - $ - $ - $ - $1584 $1584 $1,728 $2,160 $2,672
Fr AC Rev $ - $ - $ - $ - $ - $ 150 $ 150 $ 150 $ 150 $ 300
Total Del - - - - - 12 12 13 16 18
Total Rev $ - $ - $ - $ - $ - $1,734 $1,734 $1878 $2310 $2,972
Aircraft 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Pax AC Price $ 168 $ 168 $ 185 $ 192 $ 192 $ 192 $ 192 $ 192 $ 192 $ 192 $ 192
Fr AC Price $ 150 $ 150 $ 150 $ 175 $ 175 $ 175 $ 175 $ 175 $ 200 $ 200 $ 200
A380-800 Pax 15 15 17 17 18 19 19 22 25 28 30
A380-800 Fr 1 1 2 2 2 2 2 2 2 3 3
Pax AC Rev $2520 $2520 $3145 $3,264 $3456 $3648 $3648 $4,224 $4,800 $5376 $5,760
Fr AC Rev $ 150 $ 150 $ 300 $ 350 $ 350 $ 350 $ 350 $ 350 $ 400 $ 600 $ 600
Total Del 16 16 19 19 20 21 21 24 27 31 33
Total Rev $2,670 $2670 $3445 $3614 $3806 $3998 $3998 $4,574 $5200 $5976 $6,360
Aircraft 2022 2023 2024 2025 Total
Pax AC Price $ 192 $ 192 $ 192 $ 192
Fr AC Price $ 200 $ 200 $ 200 $ 200
/A380-800 Pax 32 33 31 31 417
A380-800 Fr 3 3 3 3 40
Pax AC Rev $6,144 $6,336 $5952 $5,952 $ 76,473
Fr AC Rev $ 600 $ 600 $ 600 $ 600 $ 7,250
Total Del 35 36 34 34 457
Total Rev $6,744 $6,936 $6,552 $6,552 $ 83,723
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Exhibit 25e
Aircraft Delivery Forecast - A380 Revenue

Aircraft Lifespan 25 ($in Millions)
Growth Rate 5.0%
Aircraft 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Pax AC Price $ - $ - $ - $ - $ - $ 144 $ 144 $ 144 $ 157 $ 168
Fr AC Price $ - % - $ - $ - $ - $ 150 $ 150 $ 150 $ 150 $ 150
A380-800 Pax - - - - - 14 13 16 15 16
A380-800 Fr - - - - - 1 1 2 1 2
Pax AC Rev $ - $ - $ - $ - $ -  $2016 $1,872 $2304 $2355 $2,688
Fr AC Rev $ - % - $ - $ - $ - $ 150 $ 150 $ 300 $ 150 $ 300
Total Del - - - - - 15 14 18 16 18
Total Rev $ - $ - $ - $ - $ - $2166 $2022 $2604 $2505 $2,988
Aircraft 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Pax AC Price $ 168 $ 180 $ 192 $ 192 $ 192 $ 192 $ 192 $ 192 $ 192 $ 192 $ 192
Fr AC Price $ 150 $ 163 $ 175 $ 175 $ 175 $ 175 $ 200 $ 200 $ 200 $ 200 $ 200
A380-800 Pax 17 18 20 23 26 28 30 31 29 29 31
A380-800 Fr 2 2 2 2 3 3 3 3 3 3 3
Pax AC Rev $2,856 $3,240 $3,840 $4,416 $4,992 $5376 $5760 $5952 $5568 $5568 $5,952
Fr AC Rev $ 300 $ 36 $ 350 $ B0 $ 55 $ 525 $ 600 $ 600 $ 600 $ 600 $ 600
Total Del 19 20 22 25 29 31 33 34 32 32 34
Total Rev $3,156 $35566 $4,190 $4,766 $5517 $5901 $6,360 $6552 $6,168 $6,168 $6,552
Aircraft 2022 2023 2024 2025 Total
Pax AC Price $ 192 $ 192 $ 192 $ 192
Fr AC Price $ 200 $ 200 $ 200 $ 200
A380-800 Pax 35 39 41 38 509
A380-800 Fr 3 4 4 4 51
Pax AC Rev $6,720 $7,488 $7,872 $7,29% $ 94,131
Fr AC Rev $ 600 $ 800 $ 800 $ 800 $ 9,426
Total Del 38 43 45 42 560
Total Rev $7,320 $8,288 $8,672 $8,09%6 $ 103,557
Exhibit 25f

Aircraft Delivery Forecast - A380 Revenue
Aircraft Lifespan 30 ($in Millions)
Growth Rate 5.0%
Aircraft 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Pax AC Price $ - $ - $ - $ - $ - $ 144 $ 144 $ 144 $ 150 $ 168
Fr AC Price $ - $ - $ - $ - $ - $ 150 $ 150 $ 150 $ 150 $ 150
A380-800 Pax - - - - - 12 13 13 16 18
A380-800 Fr - - - - - 1 1 1 2 2
Pax AC Rev $ - $ - $ - $ - $ - $1,728 $1,872 $1,872 $2400 $3,024
Fr AC Rev $ - $ - $ - $ - $ - $ 150 $ 150 $ 150 $ 300 $ 300
Total Del - - - - - 13 14 14 18 20
Total Rev $ - $ - $ - $ - $ - $1,878 $2,022 $2,022 $2,700 $3324
Aircraft 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Pax AC Price $ 168 $ 168 $ 173 $ 192 $ 192 $ 192 $ 192 $ 192 $ 192 $ 192 $ 192
Fr AC Price $ 150 $ 163 $ 175 $ 175 $ 175 $ 175 $ 188 $ 200 $ 200 $ 200 $ 200
A380-800 Pax 17 17 20 19 20 22 23 25 28 32 34
A380-800 Fr 2 2 2 2 2 2 2 2 3 3 3
Pax AC Rev $2,856 $2,856 $3460 $3648 $3,840 $4,224 $4,416 $4,800 $5376 $6,144 $6,528
Fr AC Rev $ 300 $ 326 $ 350 $ 350 $ B0 $ 350 $ 376 $ 400 $ 600 $ 600 $ 600
Total Del 19 19 22 21 22 24 25 27 31 35 37
Total Rev $3,156 $3,182 $3,810 $3998 $4,190 $4,574 $4,792 $5200 $5976 $6,744 $7,128
Aircraft 2022 2023 2024 2025 Total
Pax AC Price $ 192 $ 192 $ 192 $ 192
Fr AC Price $ 200 $ 200 $ 200 $ 200
A380-800 Pax 36 37 36 36 474
A380-800 Fr 4 4 4 4 48
Pax AC Rev $6,912 $7,104 $6,912 $6,912 $ 86,884
Fr AC Rev $ 800 $ 800 $ 800 $ 800 $ 8,852
Total Del 40 41 40 40 522
Total Rev $7,712 $7,904 $7,712 $7,712 $ 95,736
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A380 ddiveriesinthefirst half of the 2006-2025 timeframewill besignificantly lower thaninthe
second half of thisperiod, reflecting thelower level of replacement need prior to thelatter part of the 2010
decade. Thiswill haveasignificant impact on the economicsof theoverall program, particularly with
respect to recoupment of development costs, including theinterest on direct launch aid provided by govern-
ments.
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Update to Appendix 4: A380 Production Cost Estimate

New Information

Since the initial Shadow Critical Project Appraisal was completed more than two years
ago, a relatively modest amount of new information has become available on the design
and manufacturing of the A380. Articles were published in EADS in-house journals,
professional journals and the general media reporting the achievement of significant
project milestones. Data and other new information, revealed as the A380 project has
been progressing, is the basis for this update to the original production cost estimate.

The most significant information from a design and production cost perspective has been
the news of an overweight problem with the A380 airframe. The cost of producing an
aircraft increases with its weight. Analyzing an existing design for weight-reduction
opportunities and revising the design to mitigate the problem also increase the cost of
development and design. Cost is also heightened by selecting more exotic materials to

produce lighter-weight components.

Indications of an overweight problem have been persistent since the summer of 2001.
Until recently, Airbus brushed them off as mere rumors without substance. During the
last few months, however, several articles have appeared in which Airbus not only
acknowledges having had to deal with a higher-than-specified airframe weight; such
articles as well as industry sources also provide insight into the measures Airbus has
taken to ameliorate the problem. The following weight reduction measures have been

brought to bear:

e Manufacturing the leading edges of the horizontal and vertical stabilizers of
GLARE instead of conventional aluminum.

e Specifying aluminum instead of copper wire for the aircraft’s electrical system.

e Urging the suppliers of BFE to lower significantly (of the order of 30 percent) the
weight of all BFE, including seats, galleys and lavatories. (This item is of note



even though it does not enter directly into the cost analysis of this study.
Interestingly, 30 percent weight reduction in estimated BFE weight would
correspond to about 9,000 pounds, which is close to the 11,000 pound excess
weight assumed in this update for the airframe, as detailed below).

e Making the 24 largest ribs — out of a total of 61 — in each wing out of composite
material. Each of the composite ribs is encased in an aluminum frame. New

production methods had to be developed to accommodate this change.

In addition to considering the overweight problem in the updated production cost
analysis, use was also made of any new information that allowed for a refinement of the
airframe weight estimate as well as of the weights of the individual major airframe
components and of major systems. Updated information has become available when a
major airframe component or system was completed in manufacturing and shipped to

Toulouse for final assembly. Prime examples are the wings and tail cone assembly.

Updated Estimate of Airframe Weight

Following the methodology of the original analysis, the airframe weight is estimated by
subtracting the weight of all non-airframe systems and components from the operating
empty weight, OEW. To reflect the overweight problem, the OEW has been increased by
11,000 Ibs.(5 metric tons) over that used in the original analysis, (which was the OEW
published by Airbus at the time of program launch). An overweight problem of 40,000
Ibs. to 60,0000 Ibs. had been rumored to exist in the past. The 11,000 Ibs. estimate is
intended to be a conservative one, favoring Airbus. It is in line with estimates which
recently appeared in the media. The relatively modest estimated weight increase
represents the result of aggressive weight reduction efforts by Airbus. The new estimate

of airframe weight is shown in Updated Exhibit 4-1.



Updated Exhibit 4-1
Development of Airframe Weight

Component Weight
OEW 617,000
4x Engines 56,000
4x Power packs 4,000
2X Thrust reversers 4,000
Landing gear 48,000
Systems 16,000
BFE 30,000
Subtotal 158,000
Airframe weight 459,000

Note: All weights in pounds

Following the same methodology for estimating production cost as that employed in the
original study, the airframe weight has been broken down into its major components to
account for different materials used in construction. The new breakdown is shown in

Updated Exhibit 4-4

Updated Exhibit 4-4
Breakdown of Airframe Weight into its Major Elements

Component Weight
Fuselage from aft of cockpit to rear bulkhead 165,000
Nose and cockpit section 20,000
Tail cone 28,000
Wing box 22,000
Empennage 44,000
Wing 180,000
Total airframe weight 459,000

Note: All weights in pounds

Updated Estimate of Production Cost of Airframe

All cost estimates, as before, are in 2001 U.S. dollars.

The same methodology as that applied in the initial study is again applied to develop the

production cost estimate for the airframe, using the revised weight estimates, with one



exception: In the case of the wing, the production cost factor was increased from $270
per pound to $300 per pound to account for the higher cost of the composite ribs. In the
case of the empennage, making the leading edges of the horizontal and vertical stabilizers
from GLARE instead of less expensive conventional aluminum, as originally planned by
Airbus, certainly increases production cost. While the size of the leading edges has not
been revealed by Airbus it can be safely assumed that the amount of material involved is
very small relative to total empennage weight. Consequently, the incremental cost
increase due to the conversion to GLARE is a small fraction of total empennage cost.
Indeed, it is considered less than the inherent uncertainty in the overall cost estimate for
the production of the empennage caused by the uncertainty in the cost-to-weight factor

used in the analysis. Thus, it was ignored.

The result of the analysis is shown in Updated Exhibit 4-5.

Updated Exhibit 4-5
Estimate for Production Cost of Airframe

Component Weight (Ibs.) Cost ($ million)
Fuselage from aft of cockpit to rear bulkhead 165,000 52.7
Nose and cockpit section 20,000 4.8
Tail cone 28,000 14.0
Wing box 22,000 8.7
Empennage 44,000 22.0
Wing 180,000 54.0
Total airframe 459,000 156.2

The new, updated estimate for the production cost of the airframe alone is 3.2 percent
higher than the original one developed more than two years ago. Still in 2001 U.S.
dollars, total production cost for the 100™ A380 is estimated to be $199,700,000, keeping
the estimated costs of non-airframe systems unchanged. This represents an overall 2.5

percent increase over the original cost estimate.

The same relative increase applies to the estimated production cost of the cargo version
of the A380, which consequently becomes $208,000,000.



Appendix 4: A380 Production Cost Estimate

4.1: Introduction

Thisestimate of the cost of manufacturing the A 380, both passenger and cargo versions, considers
theaircraft oncethe manufacturing process has matured and the start-up problems have been resolved. It
focuses upon the cost the 100" airplane.

Only theincremental production costsareconsideredinthisanaysis. Related indirect costs, such
ascost of facilitiesor costsassociated with maturing the manufacturing processesfor advanced materiads
and new assembly methodsare not included. Thisisan especialy conservative assumption, particularly
sincethe A380 relies upon morefirst-time applications of advanced materialsto primary structure and more
advanced assembly techniquesthan for any previouslargecivil transport aircraft.

4.2: Pioneering applicationsof advanced compositematerialsto primary structureand innovative

assembly processes

Themost significant examples of the advanced materialsand assembly techniquesused onthe A380 are:

- GLARE fusdlage panelson the upper half of thefuselageimmediately foreand aft of the center
section for the passenger version; for the cargo version, GLARE isalso applied to the upper
crown of the center section. Theseareintended to befirst-ever applicationsof GLAREto
primary structurein largetransport aircraft which are certificated.

- Center wing box of CFRP (carbon fiber reinforced plastic) —another first for civil aircraft.
- Theun-pressurized aft fusel age cone section assembled with skins, stringersand some of the
frames made of composites; (other framesare made of aluminum). The empennage attachesto

thissection. Thisfuselage sectionisprimary structure.

- Advanced light-weight d uminum aloysfor inner and mid-wing cover panels (used onthe
A340-500/600).

- Light-weight outer wing design. Again, afirst. It will most likely be made of composites, since
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recently-obtained informationindicatesthat both wing and fusd age are significantly over their target
weights. (Further discussion of the overweight problem ispresented bel ow.)

- Laser-beamwelding of stringersto lower-fusalagea uminum panels. Thisadvanced assembly
techniqueisbeing used onthe A318.

- Rear pressure bulkhead of CFRP—introduced on the A340-600.

- Composite empennage—inuseonall Airbusmodelssince 1987.

Any first-time application of advanced materiasor processesto primary structure posesthe challenge
to designersof obtaining certification from civil aviation authoritiesfor thenew design. Thisisalengthy
process partiadly because many different civil aviation authoritieshaveto besatisfied. Theprimary certifica
tion authoritiesfor the A380 are the European Joint Airworthiness Authority (JAA) and thecivil aviation
authoritiesof Franceand Germany. Traditionally, the U.S. FAA and the authorities of other nations accept
the European certification provided it issupported by agreed-upon dataand analysis. If, however, theFAA
wereto decidethat it should have moredirect technical involvement in the certification processdueto the
many technology “firsts’ in A380 primary structure, the certification process could becomelonger - and
more expensive - than would bethe caseif theaircraft were of more conventional design.

By mid-year 2001, it seemed that theintroduction of some of the advanced technol ogies, especially that
of GLARE, might be postponed until later in the production run and that theinitial unitswould use conven-
tional technology rather than GLARE. Thisapproach would have madethe certification processmore
predictableintermsof length and cost.

However, later, with the A380 being significantly overweight, designersagain stressed GLARE for its
weight-saving capability and asolooked to other materid spartialy for the samereason. Correcting the
A380weight problemislikely toforce Airbusto use even more advanced weight-saving materialsand
assembly techniques, possibly to an evenlarger extent than originaly planned. One exampleistheouter
wing sectionfor eachwing. Whileacomposite outer section had been considered earlier, duminumwas
selected for production aircraft. Now, the composite gpproach may bereconsidered. For estimating A380
production cost, however, it wasassumed therewill bean al-metd wing.




Underlying the cost estimate are thefoll owing assumptions:

- GLARE fuselage pandls,

- Compositewing box (with aluminumribs);

- Compositetail cone;

- All-aluminumwing, using cong derablea uminum-lithiumaloy materid,;
- Laser beamwelding of stringersto lower fuselage panels;

- Compositerear pressure bulkhead;

- Composite empennage.

4.3: Cost estimating methodology

The production cost of the airframe hasbeen cal culated primarily from theweight of airframe
components. Cost-per-weight factorsare employed for the primary materialsused inthe A380. Thecosts
for enginesand power packs, avionics, systemsand landing gear are added to the cost of the airframe.

4.4: Estimateof airframeweight and production cost —Passenger A380

A380 arframeweight isestimated by subtracting from the operating empty weight (OEW) the
weightsof thefour engines, associated power packs, two thrust reversers, buyer-furnished equipment
(BFE, e.g. sedts, galleys) and systems(e.g. APU, avionics, hydraulics, eectrics). The OEW was published
as 606,000 poundsinthe January 1, 2001 issue of Aviation Week & Space Technology. All other weights
have been estimated by extrapol ation from known weightsfor other aircraft modelswhilealowing for
scalingto greater Sze. A tabulation of theweightsisshownin Exhibit 4-1. The BFE weight estimateis

derived below Exhibit 4-1
Development of Airframe W e ght
OEW 606,000
4x Engines 56,000
4x Power packs 4,000
2x Thrust reversers 4,000
Landing gear 31,000
Systems (APU, etc.) 9,000
BFE 30,000
Subtotal 134,000
Airframe weight 472,000 Ibs.

Note: All weights in pounds




4.4.1: Estimate of BFE weight

Theweight of BFE was estimated on the basis of the seat weightsfor the 555-passenger configura-
tion shownin Exhibit 4-2 and weightsfor lavatoriesand galleys shownin Exhibit 4-3.

Exhibit 4-2

Weight of Seat Units for 555-Passenger Configuration
Class/Type Number of Units Unit Weight Extended Weight
Coach/double 28 75 2,100
Coach/triple 71 95 6,745
Coach/quadruple 42 140 5,880
Busi ness/double 48 100 4,800
First/double 11 150 1,650
Total seat weight 21,1751bs.

Note: All weightsin pounds

Exhibit 4-3
Weight of Lavatoriesand Galleys
Category Number of Units Unit Weight Extended Weight
Lavatory 17 300 5,100
Galley 10 250 2,500
Total weight 7,600 |bs.

Note: All weightsin pounds

From Exhibits4-2 and 4-3 thetotal weight for all seats, lavatoriesand galleysisestimated as
28,775 pounds. Allowingfor theweight of miscellaneousitems, total BFE weight isestimated at 30,000
pounds.

4.4.2: Accounting for advanced materialsin airframe weight

Sincetheairframe cons stsof aluminum aswell asadvanced materialssuch as GLARE and other
composites, each with adifferent cost-to-weight factor, airframeweight has been broken down further toa
level wheretheimpact on cost of the various advanced materialscan be estimated. Also, by developing
weight estimatesfor the mgjor elementsof theairframe, use can be made of published information regarding
theweight savings projected to be achieved with the advanced materia srel ative to what the weightswoul d




beif theentirearframewere made of aluminum. Published weight savings claimscan be used asacheck
on the reasonabl eness of the weight assumptionsmade, asfurther explained below. The breakdown of
airframeweight into mgjor airframe componentsisshown in Exhibit4-4. Cost estimatesfor each airframe
element will now bediscussedindetall.

Exhibit 4-4
Breakdown of AirframeWaeight into itsMajor Elements
Fusel age from aft of cockpit to rear bulkhead 176,000
Nose and cockpit section 12,000
Tail cone 12,000
Wing box 22,000
Empennage 44,000
Wing 206,000
Total airframe weight 472,000 Ibs.

Note: All weightsin pounds

4.4.2.1: Fuselagefrom aft of cockpit to rear bulkhead

For thisestimatethefollowing cost assumptions are made (explanation provided below):

For primary Aluminum structure: $240 per pound
For primary complete GLARE panels: 3 x $240 per pound = $720

Thefusdageiscomprised of the*fusdagebarrd” consisting of skin (auminum or GLARE), lumi-
num tear straps, doublersand stringers, aswell asframesand two decks (main deck and upper deck). The
fuselagefrom aft of the cockpit to the rear bulkhead consi sts of three magj or fusel age sections: the center
section containing the wing box, theforward section up to the cockpit and the aft section to the rear bulk-
head. Thelatter two sectionscontain GLARE.

GLARE pandsarelaid upinamold and cured in an autoclave with a uminum stringersbonded to
theinsde surfaces. Cost information could only be obtained by comparing information regarding these
built-up panel sagainst smilar, assembled, al-auminum panelsready for ingtalation ontheairframe. Thus,
to estimate the cost implicationsof GLARE, theweight of the“fuselagebarrdl” consisting only of panelsand
stringershasto beestimated. Itsweight isassumed to be 60 per cent (60%) of thetotal weight of this
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fuselage section, i.e. 105,600 pounds. Onthisbasis, thefraction, by area, of the“fuselagebarrel” conssting
of GLARE pandsiscalculated asfollowsfor the passenger A380:

From an Airbus drawing showing aside view of the A380 whichisassumed to beto scale,
52 per cent (52%) of thetotal length of the* fuselagebarrel” (weighing 105,600 pounds)
contains GLARE —and only inthe upper part of thefuselage.

From published dimens onsfor thewidth and height of the*fuselagebarrel” and information
obtained from knowledgeable sources, atotal of 380 square metersof GLARE areused; it
followsthat approximately 55 per cent (55%) of the circumference consistsof GLARE
panels.

By multiplying 52 per cent (52%) (length fraction of GLARE) by 55 per cent (55%) (cir-
cumferentia fraction of GLARE) the GLARE fraction of the surface of the* fuselage barrel”
isfound to be 29 per cent (29%).

Built-up GLARE pandls, in primary structure, have been reported varioudy ascosting fromthreeto
ten timesas much as equival ent assembled  uminum panels. Inorder to be conservative, theareaof the
“fuselagebarrel” conssting of GLARE isassumed to cost threetimes as much to manufacture compared

with aconventional auminum sructure.
Thecost of the*fusdlagebarrel” can now be estimated asfollows:

First, theareafractionsfor the Al and GLARE panel sgiven above haveto be converted to
weight fractions. Since aluminum panelsare heavier than GLARE panels, the 71 per cent
(71%) areacovered by aluminum weighs somewhat morethan 71 per cent (71%) of the
overall “fuselagebarrel” weight. Correspondingly, the 29 per cent (29%) areacovered by
GLARE weighslessthan 29 per cent (29%) of theoveral weight. Thisrelationship canbe
expressed inthefollowing equation:

105,600 = 0.71 x 105,600 x C(Al) + 0.29 x 105,600 x C(GLARE),

where C(Al) and C(GLARE) arethetransformation constantswhich lead from areato
weight fractionsfor Al and GLARE, respectively.




From reportsand information provided by GLARE expertsat conferences, itisknownthat GLARE
skin material can beanywherefromfiveto 15 per cent (5-15%) lighter than aluminum. Itisassumed here
that the built-up panelsare seven per cent (7%) lighter, giventheir integral duminum stringers. Then,

C(GLARE) =0.93x C(Al)

from thesetwo equations onereadily obtainsthefollowing valuesfor the constants:

C(Al) = 1.02 and C(GLARE) = 0.95

Thecost of the*fusalagebarrdl” isdetermined asfollows:

(0.71x1.02+0.29x 0.95 x 3) x 105,600 x 240 = $39.3 million

Toget thetotal cost of the fusel age section from cockpit to rear bulkhead, the remaining 70,4001 b.
of Al structure, corresponding to $16.9 million, isadded, for atotal of $56.2 million.

Theremaining 40 per cent (40%) of the structure actually contains composite componentsfor the
upper deck. Thisispartially secondary structure; it isassumed to cost asmuch to produce asprimary

duminumstructure.

4.4.2.2: Noseand cockpit section

For thisa uminum structuretheduminum factor isused, resultinginacost of $2.9 million.

4.4.2.3: Tail cone

Thissection consistsamost entirely of composite materials. Itisprimary structure. Thecost of
manufacturing primary compositestructureison alearning curve. It hasdecreased from ashigh as$1,500
per pound several yearsago to the range of $600 to $1,000 currently. According to knowledgeable
sources, it might come down to $500 to $600 in the near future. Long term (10 years), the aerospace
community ishopeful that the cost might decreaseto the $300 to $400 range. For thisanalysis, thefigure of
$500 per pound isassumed asbeing realistic for the 100" aircraft.




At $500 per pound the cost of thetail coneis$6.0 million.
4.4.2.4: Wing box

According to themost recently availableinformation (Aerospace Engineering, October 2001) the
wing box consistsof approximately 13,200 poundsof composite material and 8,800 pounds of aluminum
crossmembersand rib tees. Using the factors of $500 per pound and $240 per pound for the composite
and aluminum components, respectively, the estimated cost of thewing box is$8.7 million.
4.4.2.5: Empennage

At $500 per pound, the estimated cost is$22 million.
4.4.2.6. Wing

Thewingwill incorporate advanced light-weight duminumaloys, suchasAl-Li dloys, toreduceits
weight. It also may have composite outer wings. These had originally been considered, but then werenot
selected for theearly versions of theaircraft. Now, inview of thefact that thewing issaid to be overweight,

composite outer wingsmay yet makeit onto theaircraft fromthe start.

To account for the advanced -- and more costly -- aluminum alloys, the cost factor used for the
wingis$270 per pound. Theresulting cost of thewing is$55.6 million.

Theresultsaresummarizedin Exhibit 4-5.

Exhibit 4-5
Estimate for Production Cost of Airframe

Component Weight Cost ($ million)
Fusel age from aft of cockpit to rear bulkhead 176,000 $ 56.2
Nose and cockpit section 12,000 2.9
Tail cone 12,000 6.0
Wing box 22,000 8.7
Empennage 44,000 22.0
Wing 206,000 55.6
Total airframe weight 472,000 Ibs. $151.4

Note: All weightsin pounds




4.4.3. Estimate of production cost of aircraft

Thetotd estimated production cost of the A380is$194.9 million. Itisreflectedin Exhibit 4-6.
Thisestimate takesinto account thefact that it has been determined that RollsRoyceisbasically donating
theenginesat $1 million each for launch customers. (Rolls Royce obviously expectsto recoup through parts
sdes)

Exhibit 4-6
Total Estimated Production Cost of A380
Airframe $ 1514
Engi nes and Power packs 8.0
Avionics 15.0
Systems 10.0
Landing Gear 10.5
Total $ 1949

4.4.4; Validating the GLARE weight-saving estimate

FromanarticleintheWall Street Journal and frominterviewswith peoplefromthe GLARE supplier
community, it hasbeen learned that the prospective wel ght savingsaattributableto GLARE for the passenger
version are estimated to be about 2,200 pounds. Thisweight-saving from GLARE compared to auminum
iscaculated asfollows:

Fromthe above, total weight of the GLARE panelsiscalculated to be:

W(GLARE panels) =0.29 x 0.95 x 105,600 = 29,093 Ib.
Using theweight ratio of GLARE to duminum of 0.93, pand weight would be 31,283
poundsif such panesweremadeentirely of duminum. Theweight differenceistherefore

2,190 pounds, whichisin close agreement with previoudy stated weight-reduction esti-
mates.




4.5. Estimated airframeweight and production cost —cargo air cr aft

Judging fromthelimited information Airbushasmade public onthe cargo version, themost signifi-
cant difference between passenger and cargo A 380swith the biggest impact on production cost isthe
addition of GLARE to the center fuselage section for thelatter. Another difference, withaminor net impact
on cogt, isthereplacement of the compositefloor beamsin the upper deck of the passenger versionwith
aluminum floor beamsfor the cargo A380. Themain deck hasa uminum floor beamsfor both typesof
arcraft.

4.5.1: Accounting for increased GLARE in fuselage

In generd, the same methodol ogy isused for the cargo version aswas employed in the case of the
passenger aircraft, discussed in Section 4.4.2. The same source of information was used for the OEW,
whichisgiven as549,000 pounds. A tabulation of the estimated weights of mgor subsystemsto derivethe
arrframeweight ispresented in Exhibit 4-7.

~ Exhibit 4-7 _
Development of AirframeWeght for Cargo Version

Component Weight

OEW 549,000
AXEngi nes 56,000

4x Power packs 4,000

2xX Thrust reversers 4,000

Landing gear 31,000

Systems (APU, etc.) 9,000

Subtotal 104,000

Air Frame Wei ght 445,000l bs.

Note: All weightsin pounds

Thecargo airframeis 27,000 poundslighter than that of the passenger version without BFE. This
weight reductionisdueto theelimination of certaininterior panelsand all wiring for passenger seats (includ-
ing entertainment systems) aswell asfor galleysand lavatories. Inaddition, thefloor support structureis
simpler and lighter since no support structureisneeded for galleysand lavatories. Moreover, theweight of
much of theair conditioning plumbingiseliminated.
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4.5.1.1: Fuselagefrom aft of cockpit to rear pressure bulkhead

Thecargo aircraft has doublethe amount of GL ARE of the passenger A380. Thus, fromthe
analysisin Section4.4.2, it isconcluded that the fusel age weight isreduced by another 2,200 pounds.
Following themethodol ogy in Section4.2.1, but inserting thelighter fusel agewei ght from takinginto account
that GLARE isapplied to 100 per cent (100%) of the upper fuselage barrel length, one obtainsacost of
$68.2 millionfor thefuselage barrel section, or $12 million morethan for the passenger version.

Thedimination of 27,000 pounds, as discussed above, isestimated to save about $5 million. A
cost factor of $185 per pound is used to account for thefact that a part of the wel ght savingscomesfrom
theelimination of wiring and plumbing. Thiscost, onaper pound bas's, islower than that of fabricated
aluminum structure. Insum, thereisanet costincrease of $7 million for thecargo versionfusdageas
compared with the passenger A380.

45.2: Cost of remaining aircraft components and of total aircraft

Theremaining costs of the cargo aircraft are approximately the same asthosefor the passenger
aircraft. Consequently, thetotal estimated production costis$201.9 million.
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Appendix 5: A380 Development Cost and Public Financial Support

5.1: Introduction

Estimating thetotal development cost of the A380 ismadedifficult by twofactors. First, Airbusis
asking itsmajor suppliersto berisk-sharing partners, bearing someor al of the development costsfor their
componentsin addition to contributing to Airbus own devel opment costs. Itisnot knownif suchrisk-
sharing contributionsto devel opment are appropriately accounted for in the published total devel opment
cost figure. Inaddition, someof the suppliersmay bereceiving direct stateaid to defray all or part of their
own development cost and any direct cash contributionsto Airbus. Second, theaccuracy of thetotd
development cost projected by Airbusisquestionablesinceit ismaking very aggressive use of advanced
technol ogiesin thedes gn and manufacture of the A380in order to keep airframeweight withinlimits. Some
of thesetechnologiesarebeing applied for thefirst timeto alargecivil transport aircraft; thismakesuncer-
tain both timeto start of production and the costs associ ated with compl eting A 380 devel opment and
obtaining regulatory approval.

5.2: Overall Breakdown

Attheofficial start of the A380 project in late December of 2000, Airbusprojected atotal devel op-
ment cost of $10.7 billion. Of this, $7.4 billion (69%) isfor aircraft devel opment and $3.3 billion (31%) for
non-recurring toolinginvestment. Morerecently, Airbushasclamedit will use$5.1 billion of itsown funds
while$3.1 billion will comefrom risk-sharing partners. Theremaining $2.5 billion would befinanced by
European government |oans, which arerepayable.

Theabove split of total development cost between Airbus, itssuppliers contributionsand govern-
ment support isinaccord with the 1992 Agreement on Tradein Large Civil Aircraft betweenthe EU and the
U.S. (cf. Appendix 6). Under thetermsof thisagreement, the amount of devel opment cost covered by the
suppliers($3.1 billion) hasto be subtracted from thetotal amount ($10.7 billion) before the maximum
amount of allowable government support can be calculated at 33 per cent (33%) of $7.6 billion, or $2.51
billion.

5.3: Risk-sharing Partnerships

Current Airbusplanscall for risk-sharing partnersto provide $3.1 billion in devel opment funding, or

29 per cent of total projected A380 development costs. Airbus’ original target was 38 per cent (.1
1




billion), but thiswasreduced, probably dueto lack of enthusiasm shown by potential partners. Of the $3.1
billion, Airbuswould like$2.1 billionto bein theform of traditional risk-sharing partnerships. Theremaining
$1 billionisexpected to be cash contributionsfrom suppliers. The concept of receiving cash contributions
from suppliersisnew and risky for thevendors. A supplier participating inarisk-sharing partnership
typically coversaportion of the up-front, non-recurring costsin exchangefor adefined share of revenue
and profit associated with future ddliveries.

Judging by vendor reactions, most potentia partnersappear to have nointerest in the co-funding,
risk-sharing approach. For example, Japaneseindustry eschewed any magjor A380role. (Itwasofferedan
eight per cent (8%) participationinthe A380 program.) Taiwan'sAero Industry Development Center
(AIDC) inJuly 2001, rejected an offered A380 stake. AIDC officialssaid the oneper cent (1%) share
required a$100 to $120 million commitment and that the potential reward did not justify theinvestment.

Asfor U.S. suppliers, several have decided not to becomerisk-sharing partners. Inthecaseof BF
Goodrich (mainlanding gear supplier), it appearsthat the company isfunding the devel opment of thelanding
gear but isnot making acash contribution to Airbus.

Aleniaof Italy wasoffered afive per cent (5%) stakeinthe Airbusenterprise, but after acompany
forecast showed amarket for only 485 aircraft above 500 seatsfrom 2000-2019, it choseinstead aseven
per cent (7%) shareinthe A380 programalone. Thereluctanceof Aleniato accept ahigher sskeimpliesa
requirement to insulate the company fromrisk. Asaresult of the half-hearted response from potential
partners, thereis some uncertainty asto whether Airbuscan reachitsgoal of 29 per cent (29%) partnership
funding of A380 devel opment.

Among the companiesthat did decideto take astakein the A380 program isthe Dutch Fokker
(Stork) Group, which hassigned an MOU to take atwo-and-one-half per cent (2.5%) participationinthe
A380. Thecompany’s main contribution isconsidered to bethe provision of GLARE panels. However, it
needsto find additional work to reach the two-and-one-half per cent (2.5%) goal.

Asaconsequenceof Airbus pushfor risk sharing partnershipsfor the A380, thisprogramis
becoming the Airbusaircraft with the highest proportion of European content yet. Sofar, non-European
suppliershave been chosen for only threemagjor systems: Pratt & Whitney Canadawill providethe APUS,
Goodrich themainlanding gear and Rockwell Collinstheavionicsdatabus. Inaddition, Honeywell will
supply someitsproprietary avionicsproducts. It appearsagiventhat all major structural airframe compo-
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nentsand systems (except landing gear) will comefrom European suppliers.

5.4: New Facilities*

Inadditiontothe$5.1 billion Airbusitself intendsto spend on devel opment — out of atotal esti-
mated devel opment cost of $10.7 billion—at least $1.44 billion (1.6 billion euros) will haveto be spent on
new building construction and other capital investments:

New facilitiesat Toulouse 500 million euros
New fecilitiesat Hamburg 500 millioneuros
New autoclavesand expansion at Nantes 170 million euros
Assembly improvementsat Meaulte 30millioneuros
Improvementsat Nordenham 100 millioneuros
Investmentsat BA€ sFilton and Broughtonfacilities 200 millioneuros
New factory for Latecoere 100 million euros
Totd 1,600 million euros= $1.44 billion

Moreover, improvementsto seaand river portsand to highwaysare needed to allow transportation
of A380 fusalage sectionsand wingsby several modesof transportation. For example, fuselagebarrelswill
move by ship from Hamburg to aport near Bordeaux wherethey aretransferred to abarge going up-river;
finaly they areplaced onatrailer for movement to Toulouse. None of theseinvestments and costs associ-
ated with development of the A380 seemto be considered initstotal development cost. Instead, they
appear to be covered by variousgovernment programsdesigned to stimulatelocal industria activity. The
investments are assumed to berecovered later from increased tax revenues.

5.5: Airport Facilities

Finally, consideration needsto begivento thefact that someor al of thefollowing investments must
bemadeat airportswherethe A380 will be operated:

Strengthened runway and taxiway bridges;
Strengthened airsde pavement;
Modified or new runway turnoffsand taxiway filets;

* Section 5.4: Availablefiguresfor new, unique, facilitiesarein Euros; therefore both dollar and Euro costs are shown.
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Expanded gate spacing at asufficient number of gates.

Addition of jetways,

Accommodationsfor second-deck passenger accessand egress,

Especially at international airports, expanded space and facilitiesfor handling agreater number
of passengers, including for cussomsand immigration services, per unit of time.

Whilethisanalysisdoesnot attempt to quantify theseitems, itisvery likely they will result inaddi-
tional cost for theoveral A380 program.




Appendix 6: State Aid and Reimbur sements

Under thetermsof the bilateral agreement of 1992 between the U.S. and the European Union
concerning tradeinlargecivil aircraft, theamountsof direct and indirect state support that either party can
provideto the development of alargetransport aircraft arelimited. Direct government support must not
exceed 33 per cent (33%) of thetotal development cost. Indirect support must not exceed three per cent
(3%) of thetotal annual revenuesof thecivil air trangport manufacturing industry inaparty’ sdomain. No
government support for production ispermitted.

6.1: Direct Support

Devel opment costsqudifying for direct support are defined under the Agreement toinclude:

- Preliminary design

- Engineeringdesign

- Wind-tunndl, structural, system and | aboratory tests

- Engineeringsmulations

- Equipment development work, except for work directly financed by equipment and engine
manufacturers

- Flight tests, including associated ground support, and analysis necessary to obtain certification

- Documentation required for certification

- The cost of manufacture of prototypesand test aircraft, including sparesand such. Modifications
asmay be necessary to obtain certification, lessthe estimated fair market value of flight aircraft
after refurbishment

- Jgsandtools, except machinetools, for use on specific programs

All direct support must berepaid. Anamount equal to 25 per cent (25%) of thetotal devel opment
cost (75% of direct support) must be recouped through royalty paymentsat aninterest rate nolessthan the
cost of borrowing to the government; the remaining eight per cent (8%) (25% of direct support) with
royaltiesat that interest rate plusone per cent (cf. Exhibit 6-1). Bothroyalty streamsmust berepaid “within
nomorethan 17 years.”




Exhibit 6-1
Sour ces of A380 Devdopment Support

Direct state support and repayment terms:
At governmernt i nterest rate: 25%
At government i nterest rate plus 1% 8%
Subtotal — Direct support: 33%
Commercial: 67%
Total: 100%

“Royalty payments’ per aircraft must be cal culated at thetime of commitment of the devel opment
support to berepaid on thefollowing scheduled basis:

20and 70 per cent of the aggregate payments are payable onthe basis of the delivery
of anumber of aircraft corresponding to 40 and 85 per cent, respectively, of forecast

deliveriesfor thefirst 17 years. Thismeansthat the payback stream isback-loaded.

6.2: I ndirect Support

I ndirect support constitutes state-supported research which conveysidentifiable benefitsto the
development or production of atransport aircraft. Itissubject to thelimitation of the Agreement and does
not haveto berepaid. Theamount of indirect support availableto Airbus hasbeen significant and isgrow-
ing. Indirect support isprovided through the European Commission aswell asby theindividual nationswith
interestin Airbus, primarily France, Germany andthe UK and, to alesser extent, Italy, Spain and Belgium.

In earlier research it was estimated that the total amount of indirect support of benefit to Airbuswas
between $745t0 $1,275 millionin 1997. Theamount of such support hasincreased sincethen. The
contribution by the European Commission has been doubled for the years 1999- 2002 (Fifth Framework
Programme), whilethe amountsfrom the various countries has either remained stable or beenincreased.
(Goingforward, theEC's“Vison 20/20" statement strongly indicatesthetrend of civil aviation research and
devel opment supported significantly by public fundswill be up for many yearsto come.)

Under accepted European practice, industry matching of government R& D support putsindustry in
aposition of defining al jointly-funded R& D projects. Thismeansthat over thefive-year development
period of the A380, between $4 and $6 billion of indirect state aid may be supporting Airbus R& D require-
ments, mostly for the A380.




Appendix 7: New Technology - Focus on GLARE

7.1: Introduction

With the A380 program, Airbusannounced plansfor introducing, al at once, several advanced tech-
nologies, somefor thefirst timeon civil transports. Infact, the A380 hasthe most ambitioustechnology
goasof any largetransport aircraft since the advent of thejet age (see Appendix 4).

Since GLARE iscentral to Airbusachieving projected A380 performance results, adetailed
discussion of thismateria follows, together withitsprinciple applicationsto theaircraft.

7.2: Principle Applicationsof GLARE

Airbuswill makethe upper part of thefuselage (down to and including lower window belts) of
GLARE. Fortheinitial passenger aircraft the center sectionwill not have GLARE, but thecargoversionis
expected to have GL ARE a ong the entire upper fuselage (except for cockpit and tail cone sections).

GLARE (GLAssfiber REinforced Aluminum) has been under development for some 20 years. Itis
an advanced fiber-meta laminate (FML) consisting of several dternatingthinlayersof “traditiona” aircraft-
quality aluminum (Al) and glassfiber prepreg material. (Prepreg materia consstsof sheetsof glassfibers
and abonding material.) GLARE isproduced by preparing alaminatelay-up inamold followed by curing
inanautoclave. The number of aluminum and fiber layers can have an Al-to-prepeg ratio of fromthree-to-

two to nine-to-eight, or even more.

GLARE pandsaremadeby placing several duminum sheets, butted together, inasinglelayer intoa
mold. Next, at least two layersof prepreg, with thefibersoriented at 90 degreesto each other, are placed
ontop of theAl. Then, another layer of Al panelsisput ontop of the prepreg such that the butt jointsare
offset fromthejointsinthefirst layer. Andsoon, until al layershave been placed intothemold. This
assembly iscuredin an autoclave at atemperature of about 350 degreesF.

While GLARE panelscan be bent into shapeto some extent (they arelessbendablethan monalithic
aluminum), typically they aremolded into shapein theautoclave. Thiscuring processcan asobeusedto
bond certain structural componentsto the skin, such asstringers. Airbusisplanning to usethisentire

processto save assembly cost.




The processlendsitsalf to the production of GLARE panelssubstantialy larger than monolithic
aluminumpanels. AnAirbuspaper at AeroMat 2001 quoted the maximum sizefor GLARE panelsas
3.5mx 14m (11.5ft x 45.9ft).

A bit of history isinorder. Advanced FMLswerefirst developed at the Technical University (TU)
Ddftinthe Netherlands during the 1980swith thegoa of producing morefatigue- and damage-resistant
fuselageand wing structure. Oneof theinitia industrial partnerswasthe chemical company Akzo. Because
it producesaKevlar-typearamid material, thefirst FM L devel oped contained aramid fibersand wascalled
Arall. 1t wassuccessfully applied tothemain rear cargo door of thefirst 41 C-17 U. S. Air Forcecargo
aircraft. Thiswasthefirst application of an FML onalargeaircraft component. (Thecargo door isnot
considered afull primary structural element —it fallshalfway between primary and secondary structure.) On
subsequent C-17s, Arall wasreplaced by regular, monolithic auminum in order to reducecost. Theweight
savingsof Aral (about 150 poundsper cargo door) wasno longer justifiablewhen Air Forcepriorities
shifted from weight to cost considerations. The C-17 application was deemed technically successful.
However, aramid fibersarevery costly and have certain inherent drawbacks, such asanegativetempera-
ture coefficient. Thismeansthat they expand with decreasing and contract with rising temperature, respec-
tively; thisisthe oppositeof auminum. For both reasons, aramid was subsequently replaced by glassfibers
intheGLARE FMLsfor commercia use.

7.3: First ApplicationtoPrimary Structure

Theuse of GLARE for the upper fuselage of the A380 isthefirst application to primary structurein
alargetransport aircraft. GLARE sheets have superior strength and damagetolerance characteristics
compared with monolithic duminumand are5to 20 per cent (5-20%) lighter than a uminum sheets of
comparable strength and fatigue-resistance. Theintegrity of GLARE dependsheavily ontheintegrity of the
bonding between thelayersof thelaminate. The C-17 application proved that such materialscan be
manufactured with the necessary integrity. Inaddition, the C-17 application a so pioneered joining of panels
by drilling andriveting. Ittook several years, including the devel opment of special tools, to perfect the
assembly processto the point whereit produced acceptablejoints.

7.4. Certification Risk

Onemagjor concernwith GLARE panelsisthat thereexistsasyet relatively limited experienceon

2



how to assureintegrity of thematerial during long-term operational use, including aging effectsand damage
repair. Thenewnessof themateria and thelack of experiencewithit asprimary structurearelikely to pose
certificationchalenges. Inaddition, someinformationfrom Airbusindicatesthat Airbus, wantingtofully
utilizethe superior damagetolerance characteristics of GLARE, may ask for an unprecedented certification
that would eliminatethe usual requirement for inspection duringthefirst“ design servicegod”. (“Design
servicegod” definesthelength of the period during which theaircraft isdesigned to operate without any
major repair or life-extensonwork.)

7.5. Cost

Proponentsof GLARE maintain that, on abuilt-up panel-for-panel comparison with conventional
aluminum panels, onceall itsadvantagesare utilized fully, the cost of GLARE panelsisexpected to bethree
timesmorethan that of equivalent sized aluminum panels. Thisfigure representsthe minimum estimated cost
of GLARE panels. It canredigtically beachievedif full advantageistaken of thelarger potentid sizeof
GLARE panelscompared to aluminum and if stringersare bonded to the panel sin the autoclave. Asthe
discussion below will point out, the cost dependsto some extent on whether the structureisbuilt for light
weight with the acceptance of the need for fatigue crack inspection or with greater strength (and heavier
weight), possibly eliminating the need for inspection during the design servicegoal period. Inthelatter case,
the cost would be higher but the cost of maintenance might belower —assuming that such aninspection-free

approach can be certificated.

A real-life comparison data point is provided by the experience with Arall on the C-17.
There, onaper pound basis, Arall was about ten times more expens ve than monolithic auminum. Even
though thisexamplecitesAral, with itsmoreexpensive, aramid fiber prepeg materid, it reinforcesthefact
that the assumption of afactor of three cost increasefor GLARE isconservative, i.e. favorableto GLARE.

7.6: Other Applicationsof GLARE

Inadditionto Boeing (C-17) and Delft/Fokker/Airbus, Bombardier hasbeen pursuing aninterna
R& D programto qualify GLARE for primary fuselage structure on futureregional and businessjets. Bom-
bardier issaid to bewithin two yearsof concluding its devel opment and validation program. Itisexpected
to befully successful. Bombardier hasbeenworking with the National Research Council of Canada. At
the AeroMat 2001 Conference, it reported on itsextensive program of validating GL A RE for subsequent
deployment. R& D isbeing conducted at Toronto, in cooperationwith TU Delft and Aviation Equipment,
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Inc. Detailed design and manufacturing will bedoneat Bombardier’sBelfast plant.

At Bombardier, development and testing of GL A RE have reached an advanced stage. Thegreatest
remaining challenges appear to be getting its cost reduced to alevel whereit can competewith monolithic
auminumandinobtaining certification.

7.7: GLARE Properties

7.7.1: Damage Tolerance

GLARE isconsdered an attractive materid for fatigue-proneaircraft structure becauseit promises
superior strength and durability aswell asexcellent damage-tol erance propertiesin combination with
essentialy auminum-like operationa characteristics-- al, possibly, at lower weight than monolithic alumi-
num. Itsimpact-damage behavior issmilar to that of auminum (amajor advantage over “pure’ composite
materias) and GLARE panelscan berepaired with processes similar to those used on auminum. It canbe
madewithdl of thestandard duminumaloys. For instance, with 2024 aluminum, GLARE pand sbenefit
fromthe high degree of corrosion resistance of thisaloy. Itistypically madewith 2024. (If madewith
2024-T3, itisclassfiedasGLARE 3.) Thesuperior damage-tolerance behavior of 2524 isnot needed,
however, becausethelaminate structure of GLARE isinherently and significantly more damage-tol erant
because crack growthisimpeded by thefiber layers.

Thedecreased rate of crack growth in GLARE, compared to that of monolithic aluminum, is
becausethefiber layers, by absorbing strain around cracksin thea uminum, reducetheload at the cracks.
Thismeansthat theresidua strength of the materia isbetter preserved, an essential featurefor damage
tolerance. Thus, thematerial isbetter ableto tolerate major damagefrom, for example, theimpact of a
fragment from adisintegrating rotating engine part, becausethe GLARE itself offers superior resistanceto
suchimpact. Theimpact from such afragment can lead to the breach of one or more of both aluminumand
fiber layers, eventhough any fatigue damageislimited to thea uminum layers.

Similar to duminum structure, crack-stopping features have been designed into GLARE pandls.
They congist of locaized additiona stripsof fiber layersstrategically placed for optimum effectiveness.
Certainly, such strengthening increasesthe wei ght and thicknessof GLARE panels.




7.7.2. Strength

GLAREisconsderably stronger than monolithic aluminum of equa weight. GLARE displaysits
advantages best under tensileloads, such asthose experienced by upper fuselage skin. Sincethethermal
expans on coefficientsfor a uminum and prepreg are not identical, but are both positive, GLARE panels
haveasmall degree of residual tensile stressfrom the curing process during manufacturing which can be
used to advantageto increase structural strength.

7.7.3: Design Options for Inspection and Related Certification | ssues

Thedower crack growth and higher residua strength of GL ARE providethe designer withtwo
options: One, designfor lowest weight and inspect for cracksduring the design servicegoal of the structure.
Or, two, makethe structure more crack-res stant, thus heavier, and eliminate the need for ingpection during
thedesign servicegoa. At AeroMat 2001, Airbusand TU Delft representativesindicated that they are
pursuing thelatter course. If they do, that will certainly poseachallengetothecivil aviation certification
authoritiesbecause, contrary to established practice, such authoritieswould haveto accept that the A380 be
allowedto fly with crackswithout repair and without inspection during thedesign servicegoal. Thelatter
design approach would also not redlizethefull, or potentialy any, benefit of lower weight, but would have
the benefit of reducing A380 operating codt.

7.7.4: Damage Mechanisms

Thesuperior resdua strength and damagetol erance characteristics of GLARE depend onthe
integrity of thebond betweenthevariouslayers. Delamination between any of thelayers, especialy at high
stress pointswhere d uminum fatigue cracking first occurs, serioudy degradesthe strength and crack-
resistanceof thematerial. Asisknown from other bonded materials, the quality of the bond depends
critically onthequality andintegrity of the manufacturing and assembly processes. Inthecaseof GLARE,
thisnot only includesthelay up procedures and autoclave cure (which have becomeroutine), but also the
processof drillingrivet holesand installing of rivets. Thelatter wasdevel oped by an Alcoa/Boeing team for
the C-17 rear cargo door. Different drill designsaswell asdrilling and riveting parameterswerefound to be
required.

Thegreatest threat to panel integrity in service, apart fromimpact damage, isfromintrusion of
moisturein the GLARE panel s because thisweakensthe bonds. Therefore, edgesof new panelsmust be
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completely sealed. However, accidental damage or poor repair work can still jeopardizethe sealsand
bonds.

7.7.5. Weight

Asdiscussed above, thereisadesign trade-of f between light-weight panel sthat exhibit fatigue-
cracking performanceroughly equivaent to that of monoalithic aluminum panelsversusheavier panelswith
superior crack growth characteristics. Panelsdesigned for minimum weight promiseatota weight reduction
(taking into account thefact that larger GLARE panelsrequirefewer rivetsto fasten them to the fusel age) of
up to 15to 20 per cent (15-20%). Asthepanelsare designed for better crack-resistance, theweight
advantageisreduced and may disappear compl etely.

7.8. Summary of Experience
7.8.1: Boeing/Alcoa

Thefirst major application of FML (Arall) wasto therear cargo door of the C-17, acomponent
somewhere between secondary and primary structure. Asthe supplier of Arall, Alcoadevel oped anumber
of manufacturing patents. Alcoaisevaluating whether to becomeasupplier of GLARE panels. Fokker
Aerogtructures, whichispart of the Dutch Stork Group, iscurrently the only supplier of thismateria to
Airbus.

7.8.2: Aviation Equipment, Inc.

Thiscompany isaU.S. licenseefor secondary structure GLARE. GLARE hasbeen appliedinthe
U.S. mostly to cargo aircraft floor structures. GLARE components have beeninstalled in secondary
structurein B737, MD-80 and B757 cargo decks. Itisalsofound ontheB777 bulk cargo deck.

7.8.3: Bombardier

Thiscompany hasbeen working on GLARE primary structure applicationssince 1986. It reports
very good progress and expectsto utilizeit on the fusel age of one or more of itsnew designsfor regional
and/or businessjets. Bombardier’sfirst application wason the Learjet 45 businessjet’sforward radome
bulkhead. (It has conducted adurability program with the National Research Council of Canada. The
FAA may well have accessto thiswork through their cooperativerelationshipwithNRC.) Bombardieris
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currently inthemiddleof performing testson an “ advanced technical test” fuselage. Astheresult of a
recently completed trade-off study of anew CRJ 700 fuselage, Bombardier has concluded that the business
casefor GLARE can be made, primarily based on weight saving.

7.8.4: Airbus

Airbusand itsrisk-sharing A380 partner, Fokker Aerostructures, arefurthest along. GLARE was
first flown asatest section of primary structureonan A310in October 1999; theaircraft wasnot certifi-
cated. Design codeshave been developed and validated —or arestill undergoing validation—and alarge
fuselagetest bed for fatigue testing has been constructed and isbeing used. The A380 team madeitsinitial
presentation on the GLARE-equipped fuselageto the JAA in 2001.

It must be noted that, for the passenger version, GLARE crown skin panelswill only beusedinthe
two large fusel age sections supplied by Deutsche Airbus, the sectionsaft and in front of the center section.
Thefusd age section containing the center wing, manufactured by AirbusFrance, will usemonolithic aumi-
num. Sincethecrown areainthe center (wing) sectionwill experiencethehighest loads, it was considered
prudent not touse GLARE, at least initially. For thecargo aircraft, use of GLARE isextended to the center
section.

Some of the commentsmade at AeroMat 2001 by technical representativesfrom severa organiza-
tionsinvolvedin, or closay following, the A380 GL A RE application indicated that the decision on the use of
GLARE for the A380 may not befinal. For example, some Airbusengineersare skeptica about itsweight-
saving potential and concerned about cost and technical risksaswell as certification problems.

7.9: Sourcesof information

a) Communicationwith expertsinacademia, government and industry

b) AeroMat 2001 Conference presentations

c) Aviation Week article” Low-Fatigue Material SavesWeight on A380” , AW& ST Vol. 154, No.
25, June 18, 2001, pp. 126.




