Apogee and Perigee:

Analysis of the
U.S. Aerospace Industry

Office of Aerospace and Automotive Industries
International Trade Administration
U.S. Department of Commerce

June 2006
(Revised August 2006)



5/18/2006
Dear Reader,

This is the inaugural edition of the Aerospace Team’s annual publication Apogee and
Perigee. Designed to provide the reader with the status of the aerospace industry in the United
States, topics include financial analysis of major aerospace firms, trading partners, and industry
leaders. Apogee and Perigee is not designed to cover every aspect of industry in detail. Rather, it
provides an overview of salient issues, which the reader can then research for additional
information. This paper is based upon contributions and information from multiple government
agencies and numerous private sector entities.

Published by the Office of Aerospace and Automotive Industries, this report was written
by members of the Aerospace Team. A group effort, it provides insight to major aerospace
industry topics such as unmanned aircraft systems, large commercial aircraft, regional jets,
general aviation, and workforce issues. We welcome your comments, criticisms, and
suggestions for improvement. I also suggest you view our website at:
http://www.ita.doc.gov/td/aerospace/ for additional information on the U.S. aerospace industry.

Dean W. Woodard

Team Leader
Office of Aerospace and Automotive Industries
Dean_Woodard@mail.doc.gov
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EXECUTIVE SUMMARY

Overall, 2005 was exceptional for the aerospace industry in terms of change, product
offerings, orders placed, and increased manufacturing activities. Civil aerospace exports from
the United States totaled over $56.6 billion. This figure is expected to grow in the near to
medium term as orders are filled and aircraft prove themselves airworthy. Boeing and Airbus,
the two largest airframe manufacturers, set a record number of new aircraft orders.

Each company has offered new and competing products that revolutionize how large civil
aircraft are viewed. The products support different theories of civil air transport in that the
Boeing aircraft is designed for long distance point-to-point transportation that avoids use of the
hub and spoke system. The competing Airbus product features the largest civil transport in
history that depends on the hub system. These two competing products offer international civil
transport systems greater flexibility for operators to design their fleets for the greatest efficiency.

An important element in this competition are the current WTO cases over government
subsidies. In May of 2005, the United States filed a request for the establishment of a dispute
settlement panel to resolve the issue of subsidies being paid to Airbus for the development costs
of new aircraft. This request was filed as the EU was preparing to commit $1.7 billion in new
subsidies for the development of Airbus’ A350, the direct competitor to Boeing’s 787. Indeed,
since that initial request, the EU is discussing providing additional multi-billion dollar subsidies.

The trade cases cast a pall over the entire aerospace industry as they have the potential to
affect the numerous suppliers to both manufacturers. Never-the-less, suppliers to both
manufacturers have had a very good year with new plants and equipment under construction/
fabrication. Recent investments in Charleston, South Carolina by Vought and Alenia are
excellent examples.

In addition to the “boom” in large civil aircraft, general aviation manufacturing has
benefited from a strong upturn in business. Shipments in 2005 are the highest since 1982 with a
27 percent increase in sales dollars from only one year ago. Much of this increase is due to the
sale of business jets, especially exports of general aviation aircraft to the People’s Republic of
China. As more airspace is decontrolled by the military, general aviation sales in the PRC will
continue to rise.

Outlook: LCA sales will likely remain robust for the foreseeable future, but probably not as
strong as the past twelve months. Companies will continue to book additional orders for future
deliveries, but production slots are generally filled for the next few years. News reports suggest
that Airbus is considering a redesign of the A350 but so far have no announced a final decision.
If true, this will likely adversely affect scheduled deliveries of this aircraft and perhaps double
development costs. Their new flagship aircraft, the jumbo A380, has been delayed a second
time. These delays are having a negative impact on Airbus and will most likely result in
penalties assessed and orders cancelled by airlines.



Conversely, general aviation manufacturing and sales are expected to continue climbing and
reach record levels. This industry segment is poised to produce new and relatively inexpensive
very light jet aircraft. Initially envisioned as a new jet taxi service, over 2,875 of these aircraft
are already on order. Deliveries of full size business jets are also expected to reach new levels as
demand increases for fractional ownership of these aircraft. These factors in addition to the
expected increase in sales to China and India indicate that the general aviation industry segment
will have a record year. While sales to the PRC will remain small for the next year, sales of
aircraft to flight academies are expected to increase as China continues to open their sky to
general aviation. The Indian market is also one of great opportunity as they develop their
internal aviation infrastructure. Pilot training is a major component of this effort , increasing the
demand for simulators, instructors, and training cratft.

Another significant development is the announcement BAE Systems to sell its 20 percent
ownership in Airbus. Negotiations are presently underway between BAE and EADS over price.
While BAE is prohibited from selling its stake to anyone other than EADS, unsolicited offers are
still possible. One factor could be Russian desire to reassert their presence in the LCA industry
segment. Russia has recently reorganized its conglomeration of design bureaus and production
facilities into one holding company named OAK. Russia could submit a bid for the 20 percent
stake in Airbus as a means of improving its own aircraft manufacturing abilities. Indeed,
considering the enormous need for new aircraft by the various Russian airlines, this is a strategic
possibility. The same argument could be applied to the Chinese, as they want to develop an
indigenous LCA operation.

The outlook for the aerospace industry is very good for the next few years. India and
China’s infrastructure will continue to develop and with it the need for additional civil aircraft of
all types. The market in these two nations demands everything from fire trucks to simulators in
order to improve their basic airport infrastructure. These are just a few of the numerous
opportunities that will further stimulate international trade.



Large Civil Aircraft

Following its acquisition of McDonnell Douglas in 1997, Boeing is the only U.S. manufacturer
today of large civil aircraft (LCA), that is, aircraft of more than 100 seats or an equivalent cargo
capacity. Boeing’s LCA revenues in 2005, at $22.7 billion, accounted for 58 percent of the total
non-government, civil output of the U.S. aerospace industry.

Market trends

U.S. (and global) LCA production is cyclical, experiencing peaks about every ten years in the
number of aircraft delivered (with “valleys” about every other ten years).!

U.S. LCA Deliveries

# of aircraft

The terrorist attacks of September 11, 2001 economically shocked the civil aircraft industry. As
demand for air travel plummeted sharply, airlines’ demand for new transport aircraft also
plunged. By mid-October, airlines cancelled orders for 50 Boeing aircraft. At year’s end,
Boeing said that the net number of new Boeing aircraft ordered in 2001 (number of new orders
less the number of existing orders that were cancelled) was 314 airplanes. This was about half
the figure from the previous year (net orders in 2000 of 598 aircraft). With demand stagnant in
the immediate aftermath of 9/11, Boeing’s sales continued to slump. The number of orders fell
again in 2002, and bottomed out in 2003 with 249 net orders.

Boeing’s investors suffered accordingly. On the day before 9/11, Boeing’s stock closed with a
value of over $43 a share. Three weeks later it traded at $33. Although the price rebounded
somewhat in late 2001, Boeing stock declined steadily throughout 2002 and early 2003, reaching
a low in March 2003 at $25 a share.

! The source for this, and other data in this report regarding aircraft orders, deliveries, and sales volumes for Boeing
and Airbus are the companies themselves. Although widely accepted by aerospace industry analysts, the data has
not been independently verified.



The U.S. LCA industry turned a corner in 2004. After hitting an eight-year low in 2003 of 281
aircraft delivered, Boeing posted a slight increase — to 285 — of aircraft delivered in 2004. The
number of Boeing aircraft ordered in 2004 also increased from the previous year, marking an end
to the market slide precipitated by 9/11. Market conditions continued to improve in 2005, with
the apparent demand last year for LCA stunning many analysts. Boeing announced orders of
1,029 aircraft, an increase of over 370 percent from the 2004 order figure of 277 aircratft.

While Boeing appears to be on the rebound in terms of numbers of aircraft ordered, it may be
some years before the company regains previous sales levels when measured in dollars. The
highest revenues Boeing received from large civil aircraft sales, about $38.5 billion, was in 1999,
when it delivered a record 620 aircraft. This is a significant difference from Boeing’s LCA
revenues in 2005, of about $22.7 billion.

Boeing LCA revenues
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Access to foreign markets is crucial to Boeing. Over the next ten years, Boeing predicts that 73
percent of the large civil aircraft market will be outside of the United States. Key foreign
markets include China, Japan, and India.

Competition

As a practical matter, Airbus (Europe) is Boeing’s only competitor. Other civil aircraft
manufacturers do not produce aircraft comparable to those of Boeing and Airbus.

Antonov, Ilyushin and Tupolev (Russian) manufacture noisy, unreliable, fuel-guzzling large civil
aircraft that attract few customers. Embraer (Brazil) manufactures regional aircraft. Its largest
models, the Embraer 190 (94-106 passengers) and the Embraer 195 (106-118 passengers) could
compete marginally with Boeing’s smallest model, the 737-600 (110-132 passengers), but only
in short-range applications. The maximum range of the various types of Embraer 190 and 195
models varies between 1,800 and 2,300 nautical miles, while the maximum range of the Boeing
737-600 is 3,050 miles. Bombardier (Canada) manufacturers regional aircraft, the largest of
which, the CRJ900, seats a maximum of 86 passengers. Bombardier’s plans to produce a 110-
130 seat “C-Series” aircraft were postponed, if not cancelled, in early 2006.



Created in 1970, Airbus was a consortium of four government-supported companies. In 2001, it
was transformed into a single corporate entity, Airbus S.A.S. Today, Airbus is owned by
European Aeronautic Defense Systems (EADS) with 80 percent equity, and by UK-based BAE
Systems with 20 percent equity. The French government owns 15 percent of EADS.

Throughout its history, Airbus has received substantial financial and other support from the
governments of France, Germany, the United Kingdom and Spain. These governments have
provided over $15 billion in “launch aid” to develop new models of Airbus aircraft. Airbus has
benefited from government equity infusions, debt forgiveness, aircraft production support, and
infrastructure development. Senior economic officials from the four Airbus governments
coordinate pan-European aerospace industry policy in their informal capacity as “Airbus
Ministers”.

Boeing and McDonnell Douglas dominated the global LCA market in 1970s and 80s. In the
1990s Airbus became a serious competitor, as it remains today. For every year since 2001,
Airbus announced that it received more orders for civil aircraft than Boeing. Airbus makes the
same claim concerning aircraft deliveries for every year since 2003.

As calculated by various measurements, Airbus’ share of the LCA market in 2005 was:

. 56.6 percent, measured by number of aircraft delivered (378 vs. Boeing’s 290);
. 51.9 percent, measured by number of new aircraft orders (1,111 vs. Boeing’s 1,029); and
. 54.6percent, measured by LCA sales revenues ($27.3 billion vs. Boeing’s $22.7).
Aircraft Orders
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Boeing’s orders before 1997 (when it acquired McDonnell Douglas) include aircraft ordered from
McDonnell Douglas.

A difference in market projections

Airbus and Boeing differ starkly in their projection for the future market of large civil aircraft.
In Airbus’ view, the future of the LCA market lies with huge aircraft capable of long flights that
will fill a growing demand for “hub-and-spoke” airline operations. Airbus says that larger



aircraft will be increasingly required to mitigate congestion at the finite number of gates airports
have available.

In keeping with this market view, Airbus developed the A380 “super-jumbo” aircraft in the early
200’s. Several versions are planned, with seating capacity ranging from 555 to 850 passengers.
(By comparison, the latest version of the largest civil aircraft now flown, the Boeing 747-400,
typically is configured for a maximum passenger capacity of 416.)

In contrast, Boeing believes that the future of civil aviation lies with so-called “point-to-point”
airline operations. In Boeing’s view, passengers’ demand for non-stop service will trump their
interest in the lower fares that can be achieved with one or more intermediate stops.
Consequently, Boeing says, airline fleets will be composed of large numbers of aircraft with
relatively small passenger capacities. The mix of particular aircraft models should be capable of
meeting short-, mid- and long-range operations.

In keeping with its market projection, Boeing developed its latest jetliner, the 787 “Dreamliner”,
with many fewer seats than the Airbus A380, and somewhat fewer than the last aircraft Boeing
developed, the 777. Boeing anticipates entry into service in 2008 of two versions of the 787.
The 787-3 will have a maximum seating capacity of 289 passengers and a range of 3,500
nautical miles. The 787-8 will seat a maximum of 217 passengers with a range of 8,500 nautical
miles.

While the two LCA manufacturers have different views of the future market, neither Boeing nor
Airbus has put all of its eggs in one basket. In October 2005, Airbus announced it would
develop an aircraft, the A350, aimed at competing against the Boeing 787. Boeing plans to
produce a stretched version of its existing 747, to be called the 747-8, that will add room for 34
more seats in a typical configuration of three passenger classes.

Which manufacturer’s market projection is correct? Based on recent demand, it appears
Boeing’s forecast may be more accurate than Airbus’. In 2005, airlines placed orders for a total
of 2,140 aircraft to be produced by Boeing and Airbus. The very largest aircraft, the A380 and
the Boeing 747, accounted for a minute fraction — one percent and two percent, respectively.
Small, single-aisle aircraft, i.e., the Airbus 320 family and the Boeing 737 “New Generation”
family, dominated the market, accounting for 70 percent of all orders. Aircraft of a size in
between the very largest and the small, single aisle aircraft accounted for 27 percent of the new
orders.

These figures should be read with caution for several reasons. First, the number of aircraft
ordered in 2005 was far higher than anticipated based on airlines’ historic demand. If the
experience with previous spikes in demand holds true, many of the 2005 orders could be
cancelled. Second, factors other than the hub-and-spoke vs. point-to-point debate may be at
play. Chief among these is aircraft fuel economy. With oil prices climbing dramatically
throughout 2005, Boeing’s offer of a 20 percent fuel savings with its 787 may have been more
important than its smaller size. Finally, technical production snags in 2005 caused Airbus to
delay the dates (in 2006) of the first deliveries of the A380 “super-jumbo”. This did nothing to
attract orders from airlines for which timely delivery of new aircraft is important.



New U.S. manufacturing process

In a departure from its traditional way of manufacturing aircraft, Boeing will be using an
assembly technique for the 787 that has been used by Airbus for decades. In this new, “systems
integration” approach, instead of receiving parts from tens of thousands of suppliers, Boeing is
working with a small number of companies to provide major sub-assemblies for the 787. Boeing
requires that these suppliers assume the cost of integrating the sub-assemblies. Final assembly of
787 at Boeing facilities near Seattle will take three days, Boeing says, instead of the two-four
weeks now required for final assembly of similar aircratft.

In another departure from its traditional business model, Boeing is relying to a great extent on
the participation of foreign companies to help develop and manufacture 787 components.

A partnership between Alenia (Italy) and Vought (Texas) will design and manufacture center
and rear fuselage sections, representing 26 percent of the 787 “structures”. Some fuselage
sections will be assembled in Italy.

The Japanese Aircraft Development Corporation (JADC), a consortium of the three largest
Japanese aerospace manufacturers, will design and manufacture both wings, representing 35
percent of the 787 structures.

TE7 Structures Work Share
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Boeing seeks to minimize its role in producing aircraft parts. Its future vision emphasizes the
company’s skills in designing and integrating large, complex aircraft.

Future market
Boeing’s sales in the coming year are likely to be dominated by three models of aircraft: the

single-aisle 737, the wide-body 777, and the new 787 with a body fabricated from carbon
composite materials.
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While aircraft orders typically decline following a boom year, as 2005 was, the market
experienced an opposite trend in early 2006. Boeing received net orders for 176 aircraft in the
first quarter of 2006, an increase of 171 percent from the first quarter 2005 figure (65 orders).
Boeing’s deliveries in the first quarter of 2006, 98 aircraft, was an increase of 40 percent from
the number of aircraft Boeing delivered in the first quarter of 2005 (70 aircraft). Boeing reported
an increase in profit of 29 percent in the first quarter of 2006 over the year before.

As of late April 2006, Boeing forecasted that it would deliver a total of 395 aircraft in 2006, an

increase of 36 percent over its 2005 deliveries. Much of the demand for Boeing aircraft may be
led by three sources: low-cost carriers, Asia-Pacific airlines and leasing companies.

11



Regional Jets

Similar to the large civil aircraft sector, global production of regional jets is dominated by two
manufacturers — Bombardier (Canada) and Embraer (Brazil). Regional jets are typically
considered to be commercial jet transport aircraft with fewer than 100 seats. However, this
traditional defining line is becoming blurred as large RJs are competing with the smallest product
offerings from Boeing and Airbus. Orders and deliveries of regional jets have grown rapidly
over the last ten years in particular as airlines look use them to fill a unique market niche.
Production of current generation regional jets has jumped from 2 RJs delivered in 1992 to well
over 300 delivered in 2003.> The acrospace subsidiary of Bombardier is the third-largest civil
aircraft producer behind Boeing and Airbus, and the foremost global producer of regional
aircraft, accounting for two-thirds of global deliveries in 2003.

Together, Bombardier and Embraer have completely displaced European RJ manufacturers in the
global market. Other producers of regional jets in recent years have exited the market. German
company Fairchild/Dornier entered into bankruptcy, and sold the rights to its different aircraft
programs to various investors in early 2003.> The only Fairchild/Dornier program to survive was
the 32-passenger 328JET program purchased by AvCraft Aviation. The last BAE Systems
regional jet rolled off the assembly line in 2001.

Regional Jet Announced Orders
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2 U.S. Department of Commerce analysis of RJ data from Speednews.
3 “New Owner Expects To Begin Delivering 328Jets Within 60 Days”, The Weekly of Business Aviation, March 31,
2003.
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Regional Jet Deliveries/Shipments
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Bombardier has consistently increased annual deliveries of current generation RJs from two jets
in 1992 to 221 jets in 2003, but has not dominated the market. Embraer delivered more RJs in
1999 (97 vs. 81 aircraft) and again in 2001 (154 vs, 148 aircraft), and announced more orders for
new aircraft than Bombardier in four of the last six years. Perhaps more importantly, Embraer
had a production backlog for RJs 20 percent greater than that of Bombardier at the end of 2003
(426 aircraft vs. 274 aircraft.)

The financial performance of the regional jet manufacturers has been mixed. Embraer and
Bombardier both experienced rising net income in the late 1990s as deliveries of regional jets
grew, peaking in 2001. Embraer has successfully weathered the post-September 11 downturn
with positive net earnings. In contrast, Bombardier net income plunged into negative territory
for the three consecutive years ending January 2003, 2004, and 2004, but this negative streak
with net income of $249 million in January 2006.

Embraer Annual Net Income
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Bombardier Annual Net Income
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This performance is shadowed in the stock market. Embraer stock has mostly outperformed the
S&P 500 over the last three years, whereas Bombardier’s stock has performed increasingly
poorly since mid-2001 in comparison with the Toronto Composite (S&P TSX Index). In 2004,
Bombardier’s credit rating was downgraded to “junk” status, thereby making it more expensive
for the company to borrow money.

The financial problems of United States-based RJ customers are having a direct financial impact
on Embraer and Bombardier. For example, after US Airways filed for bankruptcy a second time
in September 2004, Embraer announced that it was suspending deliveries of RJs to that carrier
until it could determine US Airways’ ability to pay for the airplanes. Press reports indicated that
US Airways at the time was committed to nearly $1.5 billion worth of future deliveries from
Embraer, calling into question the viability of Embraer’s future production targets.*

The impact on Bombardier of poorly performing airlines has been even greater. Concerns about
order delays and declining production, due in part to bankruptcy concerns about two key
Bombardier RJ customers — Delta Airlines and US Airways — led credit rating agencies to
downgrade Bombardier stock in late summer 2004.

* “Embraer halts US Airways delivery”, Reuters, September 16, 2004.
> “Bombardier likely headed to junk by Moody's,” Reuters, August 30, 2004.
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Embraer vs. S&P 500
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Bombardier vs. Toronto Stock Exchange
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Embraer

Embraer’s existing production and assembly facilities are concentrated in a large complex
outside of Sao José¢ dos Campos, Brazil, where it employs a significant portion of Embraer’s
12,000-person Brazilian workforce. Like Boeing and Airbus, Embraer is not widely diversified

outside of the aerospace sector, although it manufactures both civil and military aircraft and
produces sub-assemblies and parts for other aircraft manufacturers.
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Embraer’s presence in the United States is thus far limited to support and engineering facilities
with a handful of direct employees. As of 2003, Embraer maintained the following U.S.
operations®:

Ft. Lauderdale, Fla. (support center)

West Palm Beach, Fla. (engineering offices)

Dallas, Texas (administrative offices)

Nashville, Tenn. (aircraft maintenance and support center)

Embraer takes a systems integration approach to manufacturing, relying on a broad (non-
Brazilian) supplier base for aircraft parts. Embraer claims that up to 70 percent of the hardware
on their RJs (citing the ERJ 145 as an example) comes from United States suppliers.” As with
Boeing and Airbus, Embraer is now utilizing risk-sharing partners in the development and
production of their newest program, the Embraer 170/190 E-Jet family. Five U.S. companies are
primary risk-sharing partners in this program, including:

o General Electric (turbofan engines)

o Honeywell (avionics systems)

o Hamilton Sundstrand (aircraft tail core, auxiliary power unit, electrical systems and the
air management system)

o C&D Aerospace (aircraft interior)

o Grimes Aerospace Company (exterior and cockpit lighting)

Embraer also relies almost entirely on non-Brazilian markets for regional jet sales, and is
Brazil’s largest single exporter. The Americas (primarily North America and excluding Brazil)
account for 74 percent of the company’s sales. Many of these customers are regional airlines,
low-cost carriers and even legacy airlines that seek to use RJs to transition away from traditional
business models. U.S.-based airlines are some of Embraer’s largest customers":

o American Eagle

o Continental Express
o GE Capital

o Mesa Air

o US Airways

o Jet Blue Airways

Embraer is starting to blur the traditional line between large civil aircraft and regional jets as it
introduces two new models with more than 100 seats that are roughly the same size as Boeing’s
smallest aircraft. Embraer began deliveries of the 100-seat Embraer 190 in 2005, and is expected
to deliver 108-116-seat Embraer 195 in 2006.

® Embraer SEC Form 20-F; June 30, 2003

’ Presentations to U.S. Department of Commerce

¥ Hoover’s Inc.

? «JetBlue Spices Up Its Fleet, Ordering 200 Embraer Jets,” Wall Street Journal, June 10, 2003.
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Embraer has secured big orders for their new aircraft. JetBlue Airways, whose fleet currently
comprises 156-seat Airbus A320s, has ordered up to 200 of the new Embraer 190s.'° Air Canada
has also agreed to purchase forty-five 190s, subject to the airline finding financing as it emerges
from bankruptcy protection."!

Embraer is moving away from the traditional model of domestic ownership. The company
began as a government-owned entity in 1969, began privatization in 1991, and was listed on the
NYSE in 2000. In 2006, the company announced a capital-restructuring plan that extends voting
rights to all shareholders, thereby adding increased transparency'.

Embraer also is diverging from the traditional model of domestically based production. In
December 2002, Embraer entered into a joint venture with Harbin Aircraft Industry Co., Ltd. and
Hafai Aviation Industry Co., Ltd., subsidiaries of China Aviation Industry Corporations II
(AVIC II). The agreement provides for the manufacture, sale and after-sale support of the ERJ
145 regional jet family. Embraer owns 51 percent of the joint venture."

In September 2004, Embraer took a first step toward a U.S. production presence by breaking
ground for a new facility in Jacksonville, Florida, to assemble ERJ 145 aircraft as part of a
Defense Department contract to supply the new Aerial Combat System (ACS). The ERJ 145
aircraft were meant to as the ACS platform as part of a system assembled by a Lockheed Martin-
led team. However, in January of 2006, the Army cancelled ACS program, claiming that the
ERJ 145 was in fact too small to meet their requirements'.

Embraer is teaming with a number of European companies on military projects as well. In
March 2002, Embraer formed a consortium with Dassault, Thales, and SNECMA to bid on the
development and manufacture of up to 24 fighter jets for the Brazilian Air Force. In 2002,
Embraer formed a $50 million joint venture with China Aviation Industry Corporation to build
the ERJ 145 jet.

Bombardier

Bombardier’s acrospace manufacturing and production facilities are located in Canada, the
United States and Northern Ireland. Bombardier (including all business segments) employed a
total of 59,550 people at the end of fiscal year 2005."” Bombardier’s production facilities
include the following:

o Quebec (Saint-Laurent, Dorval, Mirabel)
o Ontario (Downsview, North Bay)

o Northern Ireland (Belfast)

J Kansas (Wichita)

1ONYTimes.com article: Bombardier Considering a New Line of Jets; June 2, 2004.
Y Airline Business; May 1, 2004

12 Aviation Week and Space Technology; April 17,2006

"> Embraer SEC Form 20-F; June 30, 2003

4 The Seattle Ti imes; January 25, 2006

> Hoover’s Inc Report on Bombardier
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o Arizona (Tucson)
o West Virginia (Bridgeport)

Unlike the other prime aircraft manufacturers, Bombardier is widely diversified outside of the
aerospace sector. Aerospace accounted for 53 percent of Bombardier’s corporate sales in fiscal
year 2004, with $8.498 billion in revenue.'® Bombardier’s other business units include
Transportation Products (primarily rail operations, for which Bombardier is the world’s largest
manufacturer) and Bombardier Capital.

Although Bombardier is a publicly listed company on the Toronto Stock Exchange, the
Bombardier family owns more than 50 percent of the company. Much of the content in
Bombardier regional jets comes from a broad supplier base across Canada and the United
States.!” General Electric Aircraft Engines is the sole engine supplier for Bombardier RJs.

International customers (and predominately United States airlines) make up almost the entire
order book for Bombardier regional jets. Their customer base includes regional airlines, LCCs
and even legacy airlines that seek to use RJs to transition away from traditional business models.
Bombardier is not actively marketing RJs configured for military purposes.

Bombardier sought to match Embraer’s move into the 100-plus-seat market by proposing a new
series of aircraft consisting of three models with a capacity of 100 to 130 passengers, known as
the C-Series. Currently, Bombardier does not produce an aircraft with more than 86 seats, and
technical limitations prevent them from enlarging existing aircraft with simple modifications. '®
Bombardier started the process with an $18 million feasibility study in 2004. In 2005, the
company’s board approved the C-Series, but deferred its final decision until 2006. The company
ultimately decided not to move ahead with the C-Series and instead decided to focus on the 80-
100-seat market.

' Hoover’s Inc.
7 Bombardier presentation to U.S. Department of Commerce
'® Hoover’s Inc.
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Rotorcraft
Overview

The rotorcraft industry produces aircraft which are capable of performing vertical take-off and
landing (VTOL) operations and are powered by either turbo shaft or reciprocating engines. The
rotorcraft sector includes helicopters, gyrocopters, and tiltrotor aircraft. Helicopters, which
employ a horizontal rotor for both lift and propulsion, are the mainstay of the industry.
Gyrocopters are produced in much smaller quantities, primarily for use in recreational flying.
Tiltrotor aircraft can take off vertically and fly horizontally as an airplane.

Rotorcraft are produced in most industrialized countries, either of indigenous design, in
collaboration with, or under license from, other manufacturers. U.S. manufacturers of civilian
helicopters include Bell, Enstrom, Kaman, MD Helicopters, Robinson, Schweizer, and Sikorsky.
European producers include Agusta, Eurocopter, PZL Swidnik, Westland. Russian
manufacturers of Mil and Kamov helicopters have been consolidated within OAO OPK
Oboronprom (United Industrial Corporation). Asian producers include Harbin Aircraft,
Hindustan Aeronautics, Indonesian Aerospace, Kawasaki, Mitsubishi, and Korean Aerospace.

Most U.S. helicopter manufacturers produce for both the civil and military markets. Boeing,
however, currently produces only for the military market. Bell moved its civilian helicopter
production to Canada, with the last U.S. product completed in 1993. Bell is building the BA-609
civilian tiltrotor, with Agusta, in Texas.

U.S. Manufacturers

Bell Helicopter

Bell Helicopter, a wholly owned subsidiary of Textron, was founded in 1935 as Bell Aircraft
Corporation. The company is the leading provider of vertical take-off and landing aircraft. With
more than 34,000 helicopters delivered to customers around the globe, it is teaming with Boeing
to introduce tiltrotor technology into aviation via the military V-22 Osprey, the Bell Eagle Eye
UAV (Unmanned Aerial Vehicle), and civil BA609. In addition to these platforms, Bell
manufactures eight models of civil and military helicopters. The civil models are in the single,
and light and intermediate turbine weight classes. As mentioned above, the transfer of civil
helicopter production to its Quebec plant was completed in 1993.

Enstrom Helicopter
The R.J. Enstrom Corporation was established in 1959 (renamed the Enstrom Helicopter
Corporation in 1971) and began building and selling the F-28 light helicopter. Enstrom produces

light turbine and piston-powered helicopters. The company shipped 29 units in 2006 compared
with 23 in 2005.
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Robinson Helicopter

Robinson Helicopter Company was founded in 1973 to design and manufacture a light,
inexpensive helicopter for the general aviation market. The company currently produces light
piston-powered helicopters. Its R44 and R22 are the world’s best and second best-selling civil
helicopters. The company shipped 806 units in 2006 compared with 690 in 2005.

Schweizer Aircraft

Schweizer began operations in 1939 producing gliders. It produces fixed-wing aircraft and
airframe components for other manufacturers, as well as both manned and unmanned helicopters.
Schweizer became a wholly owned subsidiary of Sikorsky in September 2004, after acting as a
subcontractor to Sikorsky for almost 25 years. The company produces light turbine and piston-
powered helicopters.

Sikorsky Aircraft

Sikorsky, a subsidiary of United Technologies, is a world leader in the design and manufacture
of advanced helicopters for commercial, industrial and military uses. The company was formed
in 1923 to produce the S-29A (all-metal, twin-engine passenger plane). After the success of his
flying boats and amphibians, Igor Sikorsky returned to the helicopter, which he had been
developing since 1909. In 1931, he patented a design with the now-familiar helicopter layout - a
single large main rotor and small anti-torque tail rotor. Sikorsky helicopters occupy a prominent
position in the intermediate to heavy turbine range of 5,300 to 33,000 kilograms gross weight.
They are used by all five branches of the United States armed forces, along with military services
and commercial operators in 40 nations.

MD Helicopters

MD Helicopters (MDHI) produces helicopters designed while the company was owned by
McDonnell Douglas. MD helicopters feature the NOTAR® (no tail rotor) anti-torque system,
which is standard equipment on the MD Explorer® MD 600N® and the MD 520N® NOTAR®
system-equipped aircraft are quieter and safer than helicopters with conventional tail rotors.
Patriarch Partners, LLC took a controlling interest in MDHI in July 2005, after the company ran
into financial difficulties. The new CEO wants to reverse an industry trend and move production
of fuselages and most component parts in house to insure reliability of the supply of those
products.

Foreign Competitors

Eurocopter

The Eurocopter group was born in 1992 from the merger between the helicopter divisions of

Aerospatiale-Matra (France) and DaimlerChrysler Aerospace (Germany). The group is now a
subsidiary owned 100percent by EADS (European Aeronautic, Defense and Space Company).
The company produces civil turbine-powered helicopters in all four categories (single engine,
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light twin, intermediate, and large multiple engine). Eurocopter delivered a total of 334
helicopters of all types (civil and military) in 2005 compared with 279 in 2004.

Joint Ventures
AgustaWestland

Agusta and Westland first collaborated in the 1960s, when Westland started license production
of the Agusta AB47, which was renamed as Westland-Agusta/Bell 47G, better known as the
"Sioux". Starting in 1964, Westland built 250 of this small helicopter at Yeovil, England.
Agusta's relationship with Westland has evolved for over 20 years which has included
collaboration on the development and production of the 15-ton multi-role EH101, the largest
European helicopter program ever undertaken.

AgustaWestland produce rotorcraft in both commercial and military categories that encompass
all the principal weight categories and missions. The company offers a range from the 2.5-ton
light single-engine A119 Koala to the 15-ton three-engine multi-role EH101. Other products
include the light twin A109 Power and Grand, the A129 combat helicopter, the multi-role Super
Lynx 300, AW139 and BA609 Tiltrotor, the NH90 and the Apache AH Mk1

Bell/Agusta Aerospace

Bell/Agusta Aerospace Company (BAAC) is a partnership for the purpose of producing the
BA609 Civil Tiltrotor. Headquarters for the joint venture is located at Alliance Airport in Fort
Worth, Texas. BAAC is a joint venture formed in 1998 by Bell Helicopter, a Textron company,
and Agusta, an AgustaWestland company owned by Finmeccanica, who have collaborated on a
variety of notable products dating back to 1952. In the medium-twin engine segment, Bell and
Agusta have delivered and supported more than 35,000 helicopters.

In November 2005, the partners announced that effective upon regulatory and other necessary
approvals, Bell is selling its 25 percent interest in the AB139 medium twin helicopter program to
AgustaWestland. AgustaWestland will assume 100 percent ownership of all aspects of the
AB139 program going forward. In return for its 25 percent interest, Bell will receive payments
to reflect its value in the program. Specific terms of this transaction are undisclosed.

In addition, the realignment allows AgustaWestland to confirm the ability to increase its
economic interests in the BA609 civil tiltrotor aircraft, which will remain within BAAC, from
the original 25 percent to a maximum of 40 percent by increasing its investments during the
development phase.

NH Industries
NH Industries (NHI) was formed by Agusta, Eurocopter and Stork Fokker AESP to manage the
production of the NH90, which is a twin engine, 10.6 ton multi-role helicopter, developed to

meet naval and tactical transport helicopter requirements of Italy, Germany, France and the
Netherlands. The NH90 is now in production and will soon enter service.
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Trends

LS. New Civil Helicopter Sales
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The upsurge in the shipments of piston-powered helicopters to the global, as well as the U.S.,
market has been primarily due to Robinson’s sales of its R22 model, which has the lowest

acquisition and operating cost of any production helicopter.
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Turbine helicopter forecast 2006-2015:
Civil market phasing
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Source: Rolls-Royce/Teal Group 10-Year Turbine Helicopter Forecast 2006-2015.

Rolls-Royce and the Teal Group forecast about 5,190 new turbine-powered civil helicopters to
be delivered during the ten-year period 2006-2015 (519 per year). Included in the forecast are
aircraft for the non-armed services paramilitary market.

Honeywell projects about 6,000 for the 11-year period 2006-2016 (545 per year). Civil
helicopter deliveries were up 24 percent in 2005 and are likely to rise again in 2006, as helicopter
OEMs increase production to satisfy strong demand for new aircraft. North America will
constitute 40 percent of those helicopter deliveries.

There is some good news for U.S. helicopter manufacturers on the research and development
front. Some funds have been returned to NASA’s budget for acronautics research, while the
Aerospace Industries Association and the American Helicopter Society (AHS) International are
still trying to have more funds put back into that budget. The budget had been cut from $1.5
billion to about $700 million. NASA’s new associate administrator for the Aeronautics Research
Mission Directorate has introduced a more science-oriented program, focusing on developing
tools and applications that are science-based. Under the new manager, $42.6 million has been
budgeted for helicopter research. Funds have also been spent to revitalize the National Full-scale
Aerodynamics Complex (NFAC) at the NASA Ames Research Center in California, which had
been closed in 2005 due to lack of funding.

Source: Rolls-Royce/Teal Group 10-Year Turbine Helicopter Forecast 2006-2015.
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Commercial Space
Overview

The commercial space market is dominated by a small number of large companies that provide
launch services and manufacture commercial communications satellites. Commercial remote
sensing satellites are emerging within this market, but have seen limited growth internationally.
The companies comprising this market are also major suppliers to U.S. Government launch and
satellite programs, where demand has remained stable during the commercial downturn.

Three major companies dominate the launch market: Boeing, Lockheed Martin and Arianespace
(Europe). The U.S. companies provide launches through joint ventures that were established to
take advantage of Russian launch technology. Boeing’s Sea Launch uses Russian engines,
Ukrainian launch vehicles, and a Norwegian ship and launch platform. Sea Launch transports
the rocket and satellite from California to an ocean-based location on the equator for launch.
Lockheed Martin’s International Launch Services is a joint venture with Russia’s Khrunichev
that co-markets Lockheed Martin’s Atlas launch vehicle and Russia’s Proton launch vehicle.
Arianespace, a European consortium of more than 23 companies provides launch services on the
Ariane 5 rocket, which is launched from a site near the equator in French Guiana. In addition to
these three, Orbital Sciences manufactures smaller satellites and provides lightweight-class
launch services on the Pegasus and Taurus launch vehicles. Orbital Sciences is not involved in
an international joint venture, and mainly provides launches for the U.S. Government.

In 2005, 55 total orbital launches took place globally, of which 18 were commercial launches. "’
Nine of the commercial launches were completed by U.S. ventures—ILS conducted one Atlas 5
launch and four Proton launches, while Boeing’s Sea Launch conducted four. Arianespace
launched 10 satellites on 5 commercial launches.”® These figures demonstrate the stiff
competition between European- and Russian-manufactured rockets in the commercial market
and the return to a focus on government launches for U.S.-built rockets. Commercial launch
revenues totaled nearly $1.2 billion in 2005, an increase of $200 million over 2004.'

The 55 total global launches carried 75 spacecraft into orbit in 2005. Of those 75 spacecraft, 20
provide commercial broadcast and communications services, while the remaining spacecraft
perform other scientific or government functions.*

In the commercial communications satellites sector, U.S. companies have regularly maintained
approximately 70 percent of the commercial market over the past 5 years, with European

1%«2005 Year in Review”, Federal Aviation Administration, Office of Commercial Space Transportation, January,
2200‘(‘)26(-)05 Year in Review”, Federal Aviation Administration, Office of Commercial Space Transportation, January,
2210‘(‘)26(-)05 Year in Review”, Federal Aviation Administration, Office of Commercial Space Transportation, January,
2220‘(‘)26(')05 Year in Review”, Federal Aviation Administration, Office of Commercial Space Transportation, January,
2006.

25



companies striving to gain market share.” Boeing, Lockheed Martin, Orbital Sciences, Alcatel
Espace, Astrium, and Loral Space and Communications dominate the market. Several factors
will impact the demand for telecommunications services over the next 5-10 years including the
overall economic conditions, new market applications, competition with other non-space-based
services (such as cable television), data compression technology, regulatory barriers, emerging
competitors and the new trend towards investment firms’ ownership of services companies.**

In the commercial remote sensing satellite sector, the major communications satellite
manufacturers listed above as well as Ball Aerospace and Northrop Grumman have the
capability to build state-of-the-art imaging satellites. No U.S. company has sold one of these
satellites to an international customer, even though the 2004 national policy on remote sensing
encourages trade in this sector. Export control concerns and indecision and/or lack of funding
from foreign customers are the main reasons for the slow emergence of this market.

Domestically, two U.S. companies—GeoEye and Digital Globe—own and operate imaging
satellite systems and sell the data commercially. The companies’ success still hinges on
purchases from their main customer, the U.S. Government. This government-customer focus
will not change in the near term, but will slowly diminish as new applications are developed for
commercial use, such as commercial mapping, mineral exploration, insurance appraisals,
journalism/news media, and agriculture.

Competitors
Boeing

Boeing Launch Services Inc. (BLS), based in Huntington Beach, California, combines strategic
planning, marketing and sales for government and commercial launch service customers on the
U.S. built Delta launch vehicles and through the international Sea Launch venture. The Delta
family of launch vehicles has the best reliability among U.S. vehicles and can launch satellites up
to 13,100 kilograms to Geosynchronous Transfer Orbit (GTO). The Delta II, widely used by
NASA and the U.S. Air Force, has demonstrated more than 98 percent reliability in more than
100 launches since 1989. Boeing has launch service contracts in place for Delta II through 2010,
and will determine whether to continue using the Delta II based upon the needs of U.S.
Government customers. Boeing Launch Services earned $290 million in 2005 revenues.”

Starting in 2002, the newly developed Delta IV launch vehicle has flown successfully in its first
three flights, and its capabilities include launch pads on the East and West coasts of the United
States, heavy lift capability and a U.S. designed and built engine, the RS-68 (Pratt &
Whitney/Rocketdyne).”® The Delta IV launch vehicle is currently only being offered for U.S.
government launches, but could re-enter the commercial market if the demand for launches rose
and prices increased.

> Satellite Industry Association.

24<2005 Year in Review,” Federal Aviation Administration, Office of Commercial Space Transportation, January,
2006.

Shttp://www.boeing.com/defense-space/space/bls/why_bls.html

28 http://www.boeing.com/defense-space/space/bls/why_bls.html
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In addition to the Delta family, Boeing launches commercial satellites through its Sea Launch
venture, a joint venture involving Russia and Ukrainian rocket technology and a Norwegian
transport ship and mobile sea-based launch platform. Based in Long Beach, California, Sea
Launch transports its launch vehicle and spacecraft to a sea-based launch site near the equator,
which provides additional launch power or extended spacecraft life, due to the Earth’s increased
gravitational pull there. Sea Launch remains in a highly competitive pricing war with Europe’s
Arianespace and ILS’ Proton rocket, but recent contracts demonstrate that prices on all of these
launch vehicles may be rising.

Boeing is also exploring another venture called “Land Launch”. Land Launch would use a
modified version of the Zenit Sea Launch rocket, but would launch from Baikonur Cosmodrome,
Russia’s land-based launch site in Kazakhstan. No contracts have yet been signed for Land
Launch, though they are participating in several ongoing competitions.”’

(Note: For financial data on The Boeing Company, please refer to chapter 2a, on Large Civil
Aircraft).

Lockheed Martin

International Launch Services was established in 1995 by Lockheed Martin and the Khrunichev
State Research and Production Space Center to jointly market and launch the U.S.-built Atlas
family of rockets and the Russian-built Proton rocket. The launch vehicles are not only marketed
separately but are also offered as back-ups to each other in order to ensure timely launch
schedules. Since 1995, ILS has signed contracts for more than 100 launches, valued at more
than $8 billion (LMC). Having the two launch vehicles allows ILS to launch spacecraft of all
weight classes.”® The Atlas family launches both medium- and heavy-lift spacecraft, and can be
launched from either the east or west coast of the United States, depending on the required orbit.
The Proton targets heavier-class satellites and only launches from the Russian Spaceport,
Baikonur, located in Kazakhstan. The vast range of capabilities and launch sites has allowed ILS
to average one launch per month since the venture’s inception (LMC)

FY 2005 2004 2003
Revenue (in million USD) 37,213 35,526 31,824
Operating Profit (in million USD) 2,986 2,089 2,019

Source: Lockheed Martin 2005 Financial Statements

7 hitp://www.sea-launch.com/land-launch/index.html
28 http://www.ilslaunch.com/whoweare/
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Loral

Loral Space and Communications designs and manufactures communications satellites for
commercial and government customers. These satellites address such applications as direct-to-
home television, broadband communications, wireless telephony, weather monitoring and air
traffic management. Loral also owns and operates a fleet of communications satellites for
broadcasting, Internet access and other communications services. Loral emerged from Chapter
11 of the federal bankruptcy code on November 21, 2005 and began “fresh start” accounting as
of October 1, 2005. Therefore, financial information previous to the “fresh start” date is
irrelevant to the new company’s financial situation. Since reorganizing its business and
operations under the bankruptcy filing, Loral has begun to attract new investors for its Globalstar

telecommunications system and new customers for its satellites. Loral’s leaner organization will
also make it more competitive internationally.

FY 2005 2004 2003
Revenue (in million USD) 626.4 522.1 392.0
Operating Loss (in million USD) (40.8) (183.9) (363.6)

Source: Loral 2005 10K
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Europe: Arianespace, Alcatel SA and Astrium

Based in Evry, France, Arianespace is a group of 23 European aerospace companies that build
the Ariane 5 launch vehicle.”” Arianespace produces the Ariane 5 launch vehicle, which can
launch up to 39,600 pounds to Low Earth Orbit (LEO).* In addition to Ariane 5 launches,
Arianespace will soon offer launches of the Russian Soyuz rocket and the Vega rocket from its
Spaceport in French Guiana.”' Arianespace will remain extremely competitive in the
commercial launch services sector, due to competitive pricing and a reliable launch vehicle.
Arianespace conducted 5 commercial launches in 2005 and introduced a new variant (the Ariane
5 ECA) with improved technology and capability. Arianespace’s launch schedule is sold out
through 2006 and 2007, with only a few slots remaining for 2008.*

Arianespace, Inc.

FY 2005 2004 2003

Revenue (in million Euros) 1,068 657 559

Source: Clayton Mowry, President, Arianespace U.S.

Europe’s key satellite manufacturers, Alcatal SA and EADS Astrium, develop, produce, and
distribute telecommunications equipment and services. These companies will continue to close
the gap technologically vis-a-vis U.S. manufacturers. While the U.S. seems to still maintain a
cost advantage (aided partly by the weakness of the dollar), this advantage has also been

Phttp://www.arianespace.com/site/about/about_index.html
30 http://www.arianespace.com/site/about/arianespace_today_sub_index.htm 1
3! http://www.arianespace.com/site/about/arianespace_today_sub_index.html

3242005 Year in Review”, Federal Aviation Administration, Office of Commercial Space Transportation, January
2006

29


http://www.arianespace.com/site/about/about_index.html
http://www.arianespace.com/site/about/arianespace_today_sub_index.htm
http://www.arianespace.com/site/about/arianespace_today_sub_index.html

shrinking as Europe produces a greater number of satellites and gains more technological
expertise. In May 2006, EADS announced that it would merge its launcher and satellite
activities into one entity “EADS Astrium” instead of “EADS Space”. (Financial data for the
EADS Astrium subsidiary was unavailable).

Alcatel SA

FY 2005 2004 2003

Revenue (in million Euros) 13,135 12,244 12,513
Operating income (loss) 1,189 1,179 (246)

Source: Bloomberg L.P., 2006.

Orbital Sciences

Founded in 1982, Orbital Sciences develops and manufactures smaller satellite and launch
vehicles, which are generally less expensive than their competitors’ larger, more powerful
products. Orbital manufactures small geosynchronous (GEO) communications and broadcasting
satellites, low Earth orbit (LEO) remote sensing and scientific satellites, lightweight launch
vehicles, target rockets, and interceptor booster vehicles. The company performs space
engineering services and also develops advanced space-based transportation management
systems. Orbital Sciences has carved out a niche in the small- to medium-sized communications
satellite sector, and attracts mid-range customers who do not require the power and capability of
a large, state-of-the-art satellite. Orbital Sciences estimates that only 30 percent of its 2006
revenues will come from commercial and international customers, with nearly all of the
remaining revenue generated by sales to the U.S. Government.”> Communications satellites and
launch vehicles will account for approximately 30 percent and 11 percent, respectively.34

Orbital Sciences Corporation

FY 2005 2004 2003
Revenue (in million USD) 703.5 675.9 581.5
Operating Profit (in million USD) 52.9 55.3 35.6

Source: Orbital 2005 Financial Statements

33 http://www.orbital.com/About/
34 http://www.orbital.com/About/
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