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How One Economist Cut His Teeth In Analyzing The
Aerospace Raw Materials Market!

= “The [Korean Was] buildup was upsetting
the market for raw materials and
equipment..and it was putting a massive
guestion mark over the business
outlook...”

= “l knew the weights of particular aircraft and
could surmise the proportions of aluminum,
copper, and other materials that went into
each type. With all of that in hand, | could
estimate demand”

Alan Greenspan = “Some of the Pentagon’s planners had been
Consultant — Conference Board surprised by how closely the analysis
Early 1950s matched their classified numbers.”

Source: Age of Turbulence (Greenspan)
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Agenda

= Aerospace Raw Material Demand Outlook

= Key Events Since AMM 2011
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RAW MATERIAL DEMAND OUTLOOK

Air Transport Production Will Increase From 1,200 To Over
1,800 By 2021, Led By Boeing and Airbus

Air Transport Production Market
Units 2011-2021*, By OEM
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2011 2013 2015 2017 2019 2021 Total CAGR = 3.4%

* Drop in production rates from 2014 to 2016 is due to a change in orders, shifting from legacy aircraft to next generation—see following page
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RAW MATERIAL DEMAND OUTLOOK

The Air Transport Fleet Will Exceed 35,000 Aircraft By 2021

Air Transport Fleet Growth* 2011-2021

CAGR
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2011 2021 3.3%
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Source: ICF SH&E analysis * Includes Turboprops
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RAW MATERIAL DEMAND OUTLOOK

High Fuel Prices Are Driving a Structural Increase
In Retirements

# Aircraft Air Transport Retirements and Deliveries
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Source: Airline Monitor
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RAW MATERIAL DEMAND OUTLOOK

As A Result, Surplus Parts Usage Is Becoming A Major
Factor In The Air Transport Aftermarket

Air Transport MRO Market ($B)

0 _U_se Of Service Parts And Alternatives*
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* Includes engines, components and airframe parts;

Source: ICF SH&E analysis

Thousands of aircraft are now
economically obsolete due to a unique
blend of high fuel prices, low interest
rates, high production rates, and new
technology aircraft

The parting out of many of these aircraft
has fueled an increase in surplus parts

supply

Also fueling growth is the financial
sophistication of the largest surplus
dealers — many are owned by leasing
companies or OEMs

ICF projects surplus penetration of 20%
or more by 2015 — six times greater than
PMA
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RAW MATERIAL DEMAND OUTLOOK

Production Growth Through 2021 Varies Greatly By Market

Aircraft Production Forecasts

2011 & 2021
Business & General Aviation Military Fixed Wing Rotary Wing
units
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* Includes Spares
Source: ICF SH&E

icfi.com/aviation | Passion. Expertise. Results.



RAW MATERIAL DEMAND OUTLOOK

Annual Aircraft Production Is Projected To Increase From
4,200 to Over 5,000 Units By 2017

Aggregate Production Market
2011-2021, By Market Segment

Units
6,000
Market, CAGR
5,000 -
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4,000 -
mBusiness & Gen Aviation;
O Rotary Wing; 0%
2,000 mAir Transport; 3.4%
1,000
i Total CAGR = 1.8%
2011 2013 2015 2017 2019 2021

Source: ICF SH&E
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RAW MATERIAL DEMAND OUTLOOK

Annual Aero-Engine Production Should Exceed 10,000
Units By 2021

Aero-Engine Production Market*
2011-2021, By OEM
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* Includes Spares
Source: ICF SH&E
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RAW MATERIAL DEMAND OUTLOOK

Total Aerospace Material Demand In Buy Weight Is 1.2B
Pounds, Led By the Air Transport Sector

2011 Aerospace Raw Material Buy Weight*

1.20 B Lbs
Alr Aluminum
Transport
75% Alloys

49%

Rotary
Wing
5%

Other
7%

Militar : composites Steel
10%y Business % Super Titanium Alloys
& Alloys Alloys 22%
General 9% 10%
Aviation
10%

* Fundamental Mill Demand; Maintenance, repair and overhaul (MRO) included in total;
** Includes air transport aircraft used as VIP transport, contributing roughly 12% to the total
Source: ICF SH&E
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RAW MATERIAL DEMAND OUTLOOK

The Total Aerospace Raw Material Market is Over $9 Billion

2011 Aerospace Raw Material Value
$ US Billions, By Aircraft Category

Other = Aluminum and titanium

Aluminum :
Alloys are the largest material

26% markets by value — both
are worth ~$2.4B

Steel Alloys 0
11% 4%

Composites
13%

= Super alloys is third
largest category, with at
total value of $1.8B

§ﬁ§§; Titanium = Composites is the next
20% Alloys largest at $1.2B
26%

Source: ICF SH&E
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RAW MATERIAL DEMAND OUTLOOK

Aerospace Raw Material Demand Will Ramp Up With
Production

Aerospace Raw Material Demand Forecast
Buy Weight, M Lbs

800

700 - Aluminum Alloys*

600 - —/\/[

500 -

400 -

Steel Alloys

300 —

] gﬂtw//,super alloys

100 + ;=____‘_!— |
AN \*Composnes

0 Other

* Includes aluminume-lithium
Source: ICF SH&E
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Agenda

= Aerospace Raw Material Demand Outlook

= Key Events Since AMM 2011
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KEY EVENTS SINCE AMM 2011

2011 Was A Great Year For Aluminum...

Airbus and Boeing

Re-engine A320 and B737  Avoided doomsday scenario
o of clean sheet composite

single aisles

« Dominance of Al ensured
until mid-2020s

A350XWB integrates heavy
use of Al-Li into design

* New generation Al-Li alloys
very competitive versus
composites

B777x to
Follow?

Three suppliers announce
major Al-Li investments

R ALcOA

& Constellium @ris

Source: ICF SH&E
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http://en.wikipedia.org/wiki/File:Boeing_737_MAX_computer-generated_image.jpg
http://www.alcoa.com/global/en/home.asp

KEY EVENTS SINCE AMM 2011

...And The A320neo And 737 MAX Will Begin To Contribute
To Aluminum Demand Mid-Decade

Aluminum Demand From A320 NEO & 737 MAX

2011-2021
M LBs
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KEY EVENTS SINCE AMM 2011

The Latest New —
And Big — Event...

UTC and Goodrich

largest transaction in aerospace history*

iz United
Technologies

P
GOODRICH

What does this mean
for further Tier 1
consolidation?

* |f approved by regulators; next largest were Honeywell-AlliedSignal and Boeing-Douglas Aircraft
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KEY EVENTS SINCE AMM 2011

Aerostructures, Systems and Aeroengines Comprise
70% of Aircraft Value

Aircraft Production Value Breakdown

OEM final Aerostructures
assembly, ~$40B
margins, NRE
$35B

2011 Market
~$130B

Interiors
~$5B

Aircraft systems, avionics
Aeroengines & defense electronics
~$25B ~$25B

Source: ICF SH&E
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KEY EVENTS SINCE AMM 2011

Despite Recent Consolidation, Vigorous Competition
Between Tier 1 Suppliers Remains in Most Segments

Aerostructures Market Share — Top Two Suppliers
relatively fragmented

\ B Supplierl OSupplier2 OOther Suppliers

Aerostructures

Flight Controls

Avionics & Defense Electronics

Environmental Control Systems

Wheels & Brakes Vigorous competition
Electrical Power & Distribution rem ai ns in Most
Nacelles & Thrust Reversers equ | pmen’[ seg ments

Engines

Interiors

Landing Gear

APU

0% 20% 40% 60% 80% 100%

Source: ICF SH&E
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KEY EVENTS SINCE AMM 2011

...As The Tier | Supply Chain Model Reshapes
Spending Patterns With OEMs

Component MRO Spending Distribution
B777 versus B787

B777 B787

Supplier consolidation Panasonic

Collins . )
Vlessier Tier | supply chain model

. . Hamilton
. Vickers Redefined system architectures Sundstrand

Menasco

Goodrich
Goodrich

Honeywell

Source: ICF SH&E, Airframer, Teal Group
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KEY EVENTS SINCE AMM 2011

The Emergence Of Integrated Propulsion Systems Could
Reshape The Aeroengine Supply Chain

Two Major IPS Supplier Groups

.-

‘ NEXCELLE
@ SAFRAN o

Integrated Propulsion Systems

AEROSPACE - DEFENCE - SECURITY

= Combines engine, nacelle, thrust UTX/ GR Merger
reverser, and engine accessories j Hominen Snestand

as an integrated system

= Reduces design redundancies
and optimizes overall aircraft

performance / Collaborating on future GTF designs;

// sold IAE stake to Pratt

Rolls-Royce’

= Controlled by single integrator

Source: GE Aviation: ICF SH&E
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http://hlogos.londonothenent.netdna-cdn.com/wp-content/uploads/2011/08/rolls-royce-logo.png

KEY EVENTS SINCE AMM 2011

Consolidation Amongst Tier 4 Material And Process
Suppliers Is Also Gaining Momentum
The Aerospace Manufacturing Supply Chain

Commercial aiflines Military Operators BGA Operators u Leadlng ra_W
Aircraft S . .
operators ) R (e e material suppliers
= —T— S and process
OEMS Aerospace Engine OEMs Aircraft OEMs Supp“ers are
Civil and O O T
Wiilitary . J Z repositioning via
— | vertical integration
ngine Module System & A.erqatru ctures . .
Tier 1 Suppters I and consolidation
System; ‘
integration ‘ ‘ | = This includes
Y. . .
) [)
Tier 2 ( - Principal com rllentmanufa{'.t"e ) fc')’]rdg Ir?]g1 (;”ar?::]ng
Sub-assembly — ) E— | | |_| - a ac g
manufacture L] o “process”
__________ b _ - — __ . _ e L4 .
Tier 3 | _ “ ‘ " iy suppliers
Make-to-print | |
. camponents | Sub-cumpﬂne:tmanuiacture [ | | | ) - The upShOt
S — L Increases
e LI “ i
l Materials and bargaining power
meESSES L Raw material suppliers, casting and foundry )

Source: ICF SH&E Analysis
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KEY EVENTS SINCE AMM 2011

Three Blockbuster Deals in 2011 Are Harbingers of
Continued Tier 4 Consolidation/Vertical Integration

‘E&AT' Ladish

= ATl acquired Ladish in
May 2011 for $883M

= ATl is now able to offer
customers advanced
forging, casting and
machining assets for
titanium alloys, nickel-
based superalloys and
specialty alloys

Source: Secondary Research

m f I?II“-M:II;j .5'

= PCC acquired Primus
International in June
2011 for $900M

= Deal significantly
expands PCC’s
machining and final
assembly capabilities

= PCCis integrating
upstream (raw materials) |
and downstream
(machining)
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@ CARPENTERJ

W |

= In June 2011 Carpenter
Technology announced
the intention to buy
Latrobe in $558M deal

= Deal was approved by
FTC on 2 March 2012

= Brings together two
leading aerospace
specialty alloy suppliers '



http://www.latrobesteel.com/index.cfm

KEY EVENTS SINCE AMM 2011

China Completed Its First Major Acquisition of a
Western Supplier - FACC - In 20009...

Fisher Advanced Composite Components

= In December 2009, XAC (an AVIC company)
acquired Fisher Advanced Composite Components
(FACC); AVIC will eventually own 91%

= FACC is a Tier | aerostructures supplier with €265.3
million in revenue and nearly 1,600 employees

= A supplier on the ARJ21 and many other OEMs;
particularly strong with Airbus.

= Addresses China’s weaknesses in advanced
materials and complex mechanical systems;
should also assist with certification and supply
chain management gaps

China’s first major acqusition of a western aerospace supplier

Source: ICF SH&E analysis, FACC
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KEY EVENTS SINCE AMM 2011

...And Has Since Followed Through With Three

Aerospace Acquisitions in BGA Since 2010 &

EPIC AIR (2010)

General aviation kit
aircraft manufacturer
based in Bend, Oregon

Three aircraft under
development including
piston, turboprop and VLJ
models

Brings composites
capability and FAA
certification experience

Source: ICF SH&E analysis, Press reports

CONTINENTAL
MOTORS (2011)

Second largest piston
aircraft OEM

Powers many key piston
aircraft models from
Cessna, Beech, Piper, and
others

Acquired from Teledyne
for $186 million
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CAIGA

CIRRUS (2011)

Iconic GA aircraft OEM
that delivered nearly 5,000
new piston airplanes —
including the best-selling
Cirrus SR22 family

Gives China piston trainer
and personal jet capability
(e.g., Cirrus Vision)

Plans to continue
production in North
Dakota facilities




KEY EVENTS SINCE AMM 2011

The Events Of The Past Year Underpin Four Megatrends That
Are Reshaping The Aerospace Supply Chain

The Aerospace Supply Chain

Commercial airlines Military Operators

BGA Operators 1

Supply:Chain dE [ = M H’ M
Globalization G S SN G SN |

-
1

1

Aerospace Engine OEMs Aircraft OEMs h
Civlana B8 | (e

[ ]
Military 7'} — I 3 [ )

Engine Module
Suppliers

System & Aerostructures
Suppliers

Tier1
Systems
Integration

|
Tier 2 © pr— - N
N eW P r O g r am SUb-& mbfy . \:l } Pnn’mpalo\ompﬂnent maJm ufaci\um a— ,_._‘ m—

Execution manufacture - H H -
Make-to-print o |_‘

Tier 3
components | ____| Sub-componentmanufacture

Tier 4 riord a — - _| |_ _| . m

Consolidation Materials and | \_|| |

pYDCQSSBS L Raw material suppliers; casting and foundry

AN

Source: ICF SH&E analysis
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KEY EVENTS SINCE AMM 2011

Current Aerospace Supply Chain Trends Have Important
Implications

AIRCRAFT & ENGINE OEMS

= Carefully manage consolidating Tier |
Supplier base ( ASTOSpace :nﬂméOFH# \‘ [ AllClM:CIF_:H

= Expanding revenue from services ocu.

MJ'HE"}‘ . ¥ [3

= Emergence of IPS paradigm :

z'd—l—-“

Engine Module System & Aerostructures |

Supphiers

Suppliers

TIER | SUPPLIERS

= More consolidation in wake of UTX-
Goodrich
= Build value around Tier | systems

Tier1
Systems
Integration

RS- X
ettt

|
Principal component manufacture

Tier 2
Sub-assembly

solutions manufacture | | i 1 = )
Tier 3 |

Make-to-print
i / m'ffg 4 S —— a1 )

A4
|
|
|

= Monitor make-buy decisions of Tier 1s
= Need IP, low cost, or both
= Key decision: global or local?

Tier4

Matenals and
processes Raw matenal supplers, casting and foundry

TIER 3 SUPPLIERS
» [ncreased competitive intensity — more

supply from low cost regions TIER 4 SUPPLIERS
* Incumbents must audit business = Ongoing consolidation & vertical integration
models = More capacity in emerging aerospace clusters

Source: ICF SH&E Analysis
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KEY EVENTS SINCE AMM 2011

What To Watch: Scheduled Production Rate Increases
Could Create Supply Chain “Pinch Points”

Aggregate Production Market
Units 2011-2021, By Market Segment

6000 = Aluminum mill
capacity

5000 -
= Large press
aluminum extrusions

Y = Rutile

4000

3000

2000 Pinch = Titanium machining

1000 Points? = HIP facilities

0 = Heat treat facilities

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

A nagging question: Are sub-tier suppliers properly capitalized for expansion?

Source: ICF SH&E analysis
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Thanks and Questions

ICFSH&E

an ICF International Company

Kevin Michaels
Vice President
Aerospace & MRO Practice Leader

+1 734 821 0220
kmichaels@icfi.com
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AeroStrategy is Now Part of ICF SH&E, One of the World’s
Largest and Most Experienced Aviation Consultancies

Airports + Airlines °* Aerospace & MRO < Asset Advisory < Safety & Security

= 48 years in business (founded 1963)
= 80+ professional staff

+ Dedicated exclusively to aerospace and aviation ICF SH&E

n ICF International Company

 Recruited from the industry

= Specialized, focused expertise and proprietary knowledge

= Broad functional capabilities SH&E

an ICF International Company

= More than 6,000 private sector and public sector assignments joined ICF in 2007
= Backed by parent company ICF International ($841M revenue)
T AeroStrategy
= Global presence —six major offices NenageentConsulig
Ann Arbor + Boston + New York « London « Singapore < Beijing joined ICF in 2011
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