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Abstract

The need to modify the aircraft interior during utseful life has grown at an unprecedented
rate since the last years. For several reasonisiesirand aircraft owners are undertaking the
retrofit of their airplanes in a shorter cycle thaafore. It is here an attempt to investigate this
emerging and growing market, and to forecast itdugion for the next 20 years. The volume
of each cabin modification scenarios, along withworld distribution of this demand, will be
determined. The different level of comfort and ames among several types of cabins will
be investigated and the different modification scers will be identified. For each of them,
(overall redesign of international cabins, overallesign of domestic cabins, cabin conver-
sion of aircrafts on operating lease, freightervassion, VIP cabin modification) the duration
of a modification as well as the frequency of thedifications that are undertaken during the
entire aircraft life will be determined. Moreovdretinvestigation of the factors which drive
the demand for cabin modifications will help to clude about the future trend. Several air-
craft databases, which include the current woretflas well as the forecasted fleet for the
next years, will be used with this information irder to forecast the volume of cabin modifi-
cations. The conclusion of this study is refleatethe following numbers: about 38000 cabin
redesigns will be undertaken within the next 20rge@here will be also 2500 conversions of
jetliners into freighters and 25000 cabin modificas at VIP standards. North American and
European markets will have influence but there very strong emerging demand from Asian
markets. Their big influence on the demand put thethe front rank.
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Background

The life of an aircraft cabin is not static. Cabare redesigned, refurbished and converted
(Pax-to-Freighter, Pax-to-VIP, Pax-to-Pax). Forstlheason, business opportunities exist
around cabin related activities. Even in a climaiteconomic downturn, the cabin market is
quite strong and is expected to grow. A changengioirtant economic factors requires airlines
to adapt. Without available money to buy new aiftsrahe need to convert the fleet and to
bring old aircrafts to new tasks is vital. A contpa center is an organization that deals with
cabin conversion and refurbishing, starting froncustomer request up to delivery. Some
completion centers handle the conversion of smalleraft types in an autonomous way. A
few big companies in the field also handle conwersiof large passenger aircrafts from Air
bus or Boeing autonomously. Engineering officesehtraditionally supported the aircraft
manufacturers in selected cabin design activitiedeu the aircraft manufacturer's guidance.
The future, however, seems to belong to companiesaxe independent and approved design
organizations, capable of offering work packages@lthe entire process chain for a complete
cabin conversion.

Task

Analyze the demand for cabin conversion of large simall aeroplanes (CS-23 and CS-25)
and predict a market volume for a hypothetical eegiing office, establishing itself as a
Completion Centre.

The task consists of these sub tasks:

* Investigation of aircraft data (manufacturer, aftfamily/class/model, age of aircraft).

» Deduction of criteria which are relevant for cabonversion (conversion cycles, conver-
sion scenario like: Pax-to-Freighter, Pax-to-VIaxfo-Pax, small/large aircrafts, extend
of the conversion).

» Forecast of the market volume.



* Investigation of companies offering cabin convensand classification of these compa-
nies: position inside the process chain, aircygiies, type of conversion.

A systematic approach to the topic should be agpata should be collected with an apro-
priate software tool. All relevant sources of imf@tion should be considered ranging from

libraries, internet resources, aviation statisiictitutes as well as all relevant companies in
the field.

The report has to be written in English based omfaa or international standards on report
writing.
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Terms and Definitions

All-business-class airlines:
These are airlines which operate jetliners witingls-class cabin configuration (that is to say
Business Class).

Cabin Configuration:
Each cabin configuration is linked to a specifipeyof cabin as well as to a specific seat lay-
out: passenger version with a specific seats laymighter version and VIP version.

Cabin Conversion:

The cabin conversion is the modification of theigabteriors from a configuration to an-
other. For instance, a freighter conversion isnttoglification of a cabin in the passenger con-
figuration to the freighter configuration.

Cabin Modification:

The cabin modification groups all the existing so#rs about the modification of the aircraft
interior: refurbishment of a used cabin, convergibthe cabin from one seat configuration to
another, completion of a VIP cabin.

Cabin Refurbishment:
The cabin refurbishment consists of the redesigarafaft used aircraft interior and its instal-
lation onboard.

Cargo:
This is anything other than passengers, carriethifer including both mail and freighATA
2009).

Charter service:
This is a transport service when an aircraft, @gibycthe entire aircraft, is hired for a non-
scheduled tripATA 2009).

Check C:

In maintenance, a C-Check usually refers to a ceh®sive inspection performed at rather
large increments of either aircraft time in servacecalendar years since certification. The ac-
tual inspection increment varies between aircrajtlets and is determined by the manufac-
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turer along with the governing authority over theetification each individual aircraft. Thus
the same model of airplane may require inspectartifferent times depending on the coun-
try it is registered in. The scope of a C cheakssally entirely comprehensive, meaning every
square inch of the aircraft structure is inspeeted every system tested/serviced.

Check D:

This is the heaviest check for the airplane, alsown as a Heavy Maintenance visit (HMV).
This check occurs approximately every 4-5 yearss Tthe check that, more or less, takes
the entire airplane apart for inspection. This nepueven more space and time than all other
checks, and must be performed at a maintenance O#iea, older aircraft being phased out
of a particular airlines' fleet are stored or spegpupon reaching their next check.

Coach seats:
This is another name for Economy Class.

Completion centers:
The completion centers are the centers which grahbda to carry out any modification on VIP
cabins.

Full servicecarrier:

A Full Service Carrier provides in-flight meals,teriainment and other complementary ser-
vices compared to Low Cost Carriers. Hence, thesfaharged are generally higher. It ser-
vices also incorporate hub and spoke networks tapifiers a variety of air travel classes such
as first (F), business (C) and economy (E) classes.

Green aircraft:
This designates an aircraft just after being mastufad which have still no painting. Usually,
this aircraft goes to a Completion Center to geinterior completed.

Low cost carrier:
A low-cost carrier or low-cost airline is an aidithat offers generally low fares in exchange
for eliminating many traditional passenger services

M odification center:
Modification centers group all the centers that @apable to carry out a cabin modification,
for example, a center that carries out freightevessions.
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Narrow-body air craft:
It designates an aircraft that is not a wide-badyraft.

Premium cabins:
It groups several classes with different comfoendlrds: First, Business, and eventually
Premium Economy Classes.

Scheduled service:
This is a transport service based on publisheditfisghedules, including extra sectioAd @
2009).

Seat pitch:
The distance between seats in an aircraft’s passemadpin as measured from any point on a
given seat to the corresponding point on the sefont of or behind itATA 2009).

Seat width:
Seat width is the distance from armrest to arn(iskipedia 2009c).

Single-aisle:
This is an aircraft with a single aisle in the ecabUsually, it designates a narrow-body air-
craft.

Twin-aise:
This is an aircraft with two aisles in the cabirsudlly, it designates a wide-body aircraft.

VIP Hi-end Completion:
This completion consists in completing the aircraferior after its manufacturing according
to the specific requirements of the aircraft owner.

VIP Cabin Modification:

The cabin VIP modification groups all the existisgenarios about the modification of the
aircraft interiors in the VIP configuration: VIP +¢nd Completion, VIP Cabin Refurbishment
and the conversion from the passenger configuratiahe VIP configuration.
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Wide-body air craft:

It is generally an airliner with more than one aisl the passenger cabin. Examples of wide-
body aircraft include the Airbus A300, A310, A338340, A350 and A380; the Boeing B-
747, B-767, B-777, B-787, DC-10 and MD-11. Techiycany aircraft with a fuselage di-
ameter in excess of 200 inches may be considenedeabody ATA 2009).
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1 | ntr oduction

1.1 Motivation

The demand for cabin modifications is growing atuaprecedented rate and the evolution of
the distribution between the different segmentshid market changes very fast. For a com-
pany wanting to establish itself as a completiontee it is a major issue to identify the seg-
ments where the largest profits can be made fonéx¢ twenty years. It is also necessary to
investigate the driving factors and the world regiovhere the growth rate of this demand will
be the most important. In that way, the completienter gets a global outlook on the market
for the years to come and can decide where it ghioeilbetter to establish and which custom-
ers is better to target.

1.2 Objectives

The main objectives are:

e To group data from CS-23 and CS-25 world fleet

« To identify the different cabin modification sceiwarfor these aircrafts

* To estimate their number for the next 25 years

« To identify the completion centers existing on tharket and their characteristics
« To investigate the business opportunities of thasket for a completion centre

1.3 Report structure

A quick overview on the cabin modification will st introduced. The comfort standards
and the characteristics of each type of cabin tvérefore be investigated. Then the different
types of modifications of these cabins would benidging and would be related to a group of
airlines and to a group of aircrafts. In the secpad, an analysis of the parameters of these
modifications will be undertaken which will enalilee forecast of the cabin modification de-
mand. These characteristics are the factors tlina tie current demand, the frequency and
the duration of each modification scenario throughtbe aircraft useful life, and the charac-
teristics of the modification center which compléte work. In the third part, the current
world fleet and its forecast for the period 20022@ill be investigated in order to get an
overview about the future fleet volume and the regan of this fleet. Then, the forecast
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method will be explained along with the databassdu®r the forecast. The results will be
presented and analyzed. The last part will focusherclassification of the modification cen-
ters, their type of work and their customers.
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2  Cabin Modification: Current Market Overview

Our first objective is to get a quick overview abthe amenities, the look and the comfort of
the exisiting cabins installed on airliners or aee@utive aircrafts. This will show the comfort
standards currently required by operators or peivatners. Then, modifications of these sev-
eral types of cabins will be investigated and tharacteristics of the different scenarios of
cabin modification will be defined.

2.1 Airliners

2.1.1 Comfort and Amenities Standards of an Airliner Cabin

The Domestic Economy Class

Domestic Economy Class is only found on domesights. This type of cabin has the lowest
comfort level and the lowest class of seating caegb#o other classes. There are slight varia-
tions in seat pitch and width among airlines amglanes $eatGuru 2009). In addition, some
airlines (Cathay Pacific and Quantas) offer inftigideo services or laptop power ports that
can make the flight more enjoyable. Low-cost casrigfiten offer only economy class. These
airlines are often associated with short-pitch séait also lower fares\(ikipedia 2009a).
Figure 2.1 shows a typical Domestic Economy Class.

Figure2.1 Domestic Economy Class on a Jazeera Airways AZRDERIrliners 2009a)
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Domestic First and Business Classes

Domestic First and Business Classes are only fandomestic flights. There are only small
improvements over most coach class seats and dnené any legrests. Airlines have started
offering these seats to customers that pay forféwé coach tickets as they try to increase their
revenue from these seafe&tGuru 2009). There may be a curtain to separate business from
economy class, based on demand, but the seatsnatieei same cabin. Some airlines
(Lufthansa and British Airways) use convertibletsehat seat three people across in econ-
omy, or adjust with a lever to become two seath wihalf seat length between them for busi-
ness class us&\ikipedia 2009b). In Figure 2.2 and Figure 2.3 is shown what tpest from

a Domestic First Class.

Figure2.2  Domestic First Class on an Air Canada A320-2001{ners 2009b)

Figure 2.3 Domestic First Class on Japan Airlines (JAL 2007)
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ThelInternational Economy Class

The International Economy Class is only found otermational Flights i.e. on long-haul
routes. There are slight variations in seat pitoth width among airlines and airplanes. In ad-
dition, some airlines offer in-flight video servg®r laptop power ports that can make the
flight more enjoyableSeatGuru 2009). Some video screens, especially on older plaares,
mounted on the ceiling of the aircraft or on a bhel&kd so that all passengers in the cabin
watch the same film. If there is an individual serdor each seat or partial row of seats, it
may be smaller than first and business class sere@rthere may be fewer video channels
available Wikipedia 2009a). Figure 2.4 and Figure 2.5 show a typical Econ@tass.

Figure 2.4 International Economy Class on a Finnair A330-300 (Airliners 2009c)

Figure 2.5 International Economy Class on a Singapore Airlines B777-200ER (Airliners 2009e)

19



ThelInternational Premium Economy Class

Premium Economy is a travel class offered on soiniees, taking one of two form@Viki-

pedia 2009d):

* a simple upgrade to the Economy class as a segctitile economy/coach cabin, which
generally provides more legroom by removing a fews of seats, along with some form
of leg rest, possibly enhanced In-flight enterta@mtnand dedicated cabin crew.

* a more comprehensive upgrade, which will norma#yim the form of a separate cabin
section, combining the enhanced legroom of the Isimpgrade with better seats.

Premium Economy is found mostly on internationghfls SeatGuru 2009). Figure 2.6 and

Figure 2.7 show typical Premium Economy cabins.

Figure 2.6 International Premium Economy Class on a Japan Airline B777 (JAL 2007)

Figure2.7 International Premium Economy Class on a BMI A2B@- Airliners 2009d)
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TheInternational Business Class

Business Class is found mostly on internationata®@and planes that are configured for long-
haul travel SeatGuru 2009). Its level of accommodation is higher than DongeE&tonomy,
Domestic First and Premium Economy but lower thaerhational First. However, many in-
ternational airlines offer only Business Classhastiighest level of service. In fact, they have
installed "lie flat" seats into Business Class, s previously seats with such a recline were
only available in International First Class. In g 2.8 is what to expect in International
Business.

-

Figure 2.8 International Business Class of Singapore Airlines (Wikipedia 2009b)

There are essentially three types of long-haul iB2ss Class seats today. These are listed in
the Table 2.1 in ascending order of perceived ‘ltyial
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Table 2.1 Seat Types in International Business Class (SeatGuru 2009)

Seat Type Drawing Description

Recliner Seats or

Cradle Seats around 160 degrees of recline

recline 180 degrees to provide a flat sleeping

Angled Lie-Flat Seats
surface

recline into a flat sleeping surface which is

Flat Bed Seats
parallel to the floor

The International First Class

International First Class is only found on long-heautes GeatGuru 2009). This class of
service offers more comfort and amenities thanrihatigonal Business. There are not signifi-
cant differences between airlines concerning IFEeyise and amenities. However, the type of
seat offered can vary significantly. Additionalydt seat types offered in International Busi-
ness, another type of seats called Suites is &l&ild is an individual mini-cabin which in-
cludes a fully-flat bed, work station and television Figure 2.9 and Figure 2.10 is what to
expect in International First Class.

Figure 2.9 International First Class of Swiss Air Lines (PSFK 2009)
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Figure 2.10 International First Class on a A380 of Lufthansa (NYT 2009)

Comfort comparison between classes
The Table 2.2 summarizes the differences betwdedadses available on airliners. These
data come fronseatGur u 2009.

Table 2.2 The different comfort standards on airliners

Seat Pitch Seat Degree Electric Seat  Legrest Over- Laptop Mini-

(inch) Width  of recline Controls and Lum-  head or Power Cabin
(inch) bar Sup- Personal Ports
port TV

Domestic 30-32 17-18 No No 0 No No
Economy (average) (average)
Domestic

First or 35-39 19-20 + No No 0 No No
. (legroom)
Business

Interna-

tional 30-36 17-18 + No No + No No
Economy
Premium 35-43 19-20 ++ No Yes ++ Yes No
Economy  (legroom)

Interna-

62-64

tional 20-21 +++ Yes Yes +++ Yes No
. (legroom)
Business
I - 73-

ntermna 3-93 21-23 ++++ Yes Yes ++++ Yes Yes

tional First  (legroom)
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2.1.2 Cabin Modification Scenariosin PAX Configuration

According to the last paragraph, airlines havedheice among different standards to meet
passenger requirements. As the demand changedygulody have to reconfigure the seats
layout and retrofit the cabin in order to remaimpetitive. Modifications that are usually un-

dertaken by airlines will now be investigated

Overall Redesign of International Cabins

The first modification scenario that should be ¢deed is the overall redesign of interna-
tional cabins. In this term is included:

* The International First and Business Class

e The International Premium Economy and Economy Class

Swiss Air has redesigned its first class cabin002 PSFK 2009). It has completed the in-
stallation of new seats offering passengers aduitiprivacy, space, and connectivity (23
screen, fold out tables, full length bed, touctesarremote to control all seating and rest ar-
rangements).

In 2004, China Southern Airlines has retrofittesl International First Class on B77 BNet

2004). The carrier has undertaken:

» a reconfiguration of its premium cabin, increasihg number of seats in the First Class
cabin while removing some Business Class seats.

* The new First Class seats facility with more degreecline (expanding from 60 inches
to 70 inches)

United Airlines has undertaken a refurbishmentt(#tzould be finished in 2009) of their
Business Class cabin for the entire internatiokeadt f(_ uxist 2007) including the installation
of new seats (reclining to a 6-foot and 4-inchfl&-bed, audio and video on-demand, and
video screen).

Malaysia Airlines began in 2004 to overhaul its BZ00 fleet ATT 2004). The upgrading
includes:

» Cabin Reconfiguration from three to two classess(Bess Class and Economy Class)

» 58-inch seat pitch with angled flat beds facility the Business Class

* Installation of new IFE system for Economy Class

In 2009, Finnair renews for its brand new A330 ek of the cabin interior and its seats, the
form language of fittings, colours, textiles and@ongs as well as materials and lighting. The
designer began preparing for the latest cabinifateb years agoKinnair 2009).

24



Japan Airlines has introduced in FY 2007 a Premkconomy Class on long-haul B777

(JAL 2007). In FY 2008, they introduced new seats in alkinational passenger classes
(First, Business and Economy)

Figure 2.11 shows an example of an A340-300 cadtonfiguration undertaken by Cathay

Pacific Cathay 2009). On the left side is the new version where F@&ss has been re-
moved.
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Luxist 2007, ATT 2004, BNet 2004, Air France 2009b,
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Cathay 2007, Cathay 2009).

A340-300 Cabin Reconfiguration of Cathay Pacific
The Table 2.3 groups all examples found about #akesign of International CabinBAL

2009, JAL 2007, PSFK 2009
Swiss 2008a, Dragonair 2003

Figure 2.11



Table 2.3 International Cabin Redesign: exemplary specifications

Aircraft Type Entire fleet ~ Premium Layout re- New seats facility
Affected type Re- Economy  configura-
i Introduction tion
design ucti i FC BC Ve
Malavsia Airlines B777-200 Yes No Yes removed Yes Only IFE
y B747-400 Yes No Yes Yes Yes Only IFE
Japan Airlines B777 Yes Yes Yes Yes Yes Yes
United Airlines Entire long- Yes No No No Yes No
haul fleet
. . A330-300
Swiss Airlines A340 Yes No No Yes Yes No
China Southern B777 Yes No Yes Yes No No
Airlines
B777 Yes
Air France A330 Yes Yes Yes Yes Only IFE
A340
Philippine Airlines B747-400 Yes No Yes removed Yes Yes
Dragonair Entire long- Yes No Yes Yes Yes Only re-
haul fleet covered
Cathay Pacific Entire long- Yes No Yes Yes Yes Yes
haul fleet

According to the Table 2.3, most of the refurbishteenclude:
* New distribution of classes due to:
o0 Premium Economy Class apparition
o First Class removal
0 Seats Removal to gain space
* New seats facility for First Class and Business€la
* New look of the cabin (new carpets, curtains, ligdptgalleys, lavatories)
* IFE upgrading for Economy Class

The refurbishment of an aircraft type affects alsvélye entire fleet as part of a retrofit pro-
gram. If the retrofit is undertaken, the layoutesonfigured; First and Business Class are up-
graded. If new Economy Class seats facility is eded is completed at the same time.

Aircrafts affected by these modifications are cguafed for long-haul flights. These aircrafts
are usually wide-bodies. Moreover these aircrasnat leased ones (see paragraph 2.1.2.3).

Airlines that undertake such a modification ard B&drvice carriers operating wide-bodies

with premium service. Therefore they should beedéhtiated from LCC or full service carrier
operating charter service. Indeed almost all LCQadooperate wide-bodies.
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The Table 2.4 summarizes the specifications ofQlierall Redesign of International Cabins
and the characteristics of the airlines and aitsrffected by this modification.

Table 2.4 Overall Redesign of International Cabins: usual specifications

Type of modification Description Aircraft Type affected Airline affected

New distribution of classes,
new seats facility

. . . Wide-body Full service carrier
Overall redesing of for premium cabins, _ ,
. : . No aircraft without
International Cabins IFE upgrading for _ :
on operating lease charter service

Economy Class,
New cabin look

Overall Redesign of Domestic Cabins

The second modification scenario that should besidened is the overall redesign of domes-
tic cabins. In this term is included:

e Domestic Economy Class

e Domestic Business or First Class

Business class has started to disappear from sborgrsedium haul routes, to be replaced
with full fare economy and discount economy (KLMd&BAS). On these routes, the seats are
the same for all passengers.

On shorter routes (typically less than one houmyrarlines have removed business class en-
tirely (e.g. BMI on many routes) and offer only azlass of service.

Most low-cost carriers, such as Ryanair in Eurapet etBlue in the United States, do not of-
fer any premium classes of servid®ikipedia 2009b).

The programme to re-equip all 52 aircraft of SWEEUuropean fleet with new seats has now
been completed. As a result, passengers on all SWights within Europe can now enjoy
the greater legroom and seating comfort offerethbynew high-quality seats. Since then, not
only its entire short-haul Airbus fleet but alsbthle Avro RJ100s of its Swiss European Air
Lines subsidiary have been equipped with the netss8y having the seat pocket at the rear
placed higher than on previous seating modelsnéve Recaro seats provide more legroom
for the passenger seated behiBdigs 2008b). Figure 2.12 shows an example of seats refur-
bishment program for short-haul aircrafts.
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Figure2.12 Seats refurbishment program for an A320 of Swisbn&s. News seats are on
the left figure Airliners 2009f, Airliners 2009g).

In 2007, Finnair fitted its Airbus A320 aircraft thinew light structure seating that makes it
possible to add as many as 15 seats to configngtithe Recaro Slimline CL3510 seating
model uses new technology with a light build anddera design, allowing more leg room
even though the seats are closer toge®Re( 2007).

In 2001, Olympic Airways undertook the fully refisbment of 11 Boeing 737-200, 3 Airbus
and 13 Boeing 737-400s. The refurbishment whichcasfthe entire short-haul fleet consists
of changing the colours and materials used on tarpevallpaper, the plastic and foam rub-
ber on passenger seats, seatbelts, wall covemuyflight attendants seats. All entrance ways
and other surfaces of the cabin have been upgr&det of the refurbishment is the installa-
tion of new Business Class seats in the Boeing-Z6@, -300 and -400 aircraft family. Con-
vertible leather seats that convert from a 3-3 l&yo a more comfortable 2-3 layout and 35
inches of seat pitch giving increased personal espAcspacious drinks table now separates
two seats from each other. The seats also haveefist adjustable headrests and backs that
recline at a greater angle than bef@egtain Chris 2000).

Cronus Airlines refurbished the cabins of its &mfts (B737-300 and B737-400) in 2001.
All cabins have comfortable leather seats withrisgm with new configuration for the Busi-
ness Class from 3-3 to 2-3 seats abréaapiiain Chris 2000).

Delta Airlines undertook in 2004 a refurbishment fioe MD 90 and MD 88 fleet which in-
clude all-new leather seating, both in first classl coach, new wall coverings, and updated
lavatories Cheap Flights 2006).

The Table 2.5 groups all examples found about #twesign of Domestic Cabin®wiss

2008b, BNet 2007, Wikipedia 2009b, ATT 2005, Captain Chris 2000, Cheap Flights
2006).
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Table 2.5 Domestic Cabin Redesign: exemplary specifications
. . Cabin sur- Seats re- .
. Aircraft Type Entire fleet . New seats facility
Airlines affected ) R faces up- configura-
ype e grade tio BC YC
design
Swiss Airlines SO Sl Yes Yes No Yes Yes
haul fleet
Finnair A320 Yes - Yes Yes Yes
KLM Entire short- removed
haul fleet
SAS Entire short- removed
haul fleet
L Entire short- Only
Ol A Y Y Y Y
ympic Alrvays haul fleet es es es es recovered
Cronus Airlines Entire short- Yes Yes Yes Yes Only
haul fleet recovered
. Entire short-
Air Canada Yes Yes - Yes Yes
haul fleet
Delta Airlines MD ?3?3 MD Yes Yes - Yes Yes

The Table 2.6 summarizes the specifications ofdterall Redesign of Domestic Cabins and
the characteristics of the airlines and aircraft®ived in this modification.

Table 2.6

Overall Redesign of Domestic Cabins: usual specifications

Type of modification

Overall redesing of
Domestic Cabins

Description

Aircraft Type affected

New distribution of classes,

new seats facility

for all classes,
New cabin look

on operating lease

Narrow-body
No aircraft

Airline affected

All carriers

Cabin Conversion for Aircraftson Operating L ease
The last cabin modification in PAX configuratiorattshould be considered is the cabin refur-
bishment on leased aircraft.

The aircraft lease is for airlines an alternatisiigon to the purchase of brand new aircrafts
(Aeroconseil 2009). It is the best way for these operators to atlagit fleet to the air traffic

and to passenger demand. As a result, more and aitbners are transferred from an airline
to another during its useful life.
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Once these aircrafts are operated by the new aitliey have to meet the operator policy and
requirements. The airline needs therefore to matidéycabin interior. The aircraft is sent for
Post Delivery Modification (PDM) and is refurbished as to fully conform with the equip-
ment and location specification for the airlinenstards $AS 1998). This operation usually
includes:

* New seats facility

* New classes distribution

* New seat pitch

For instance, an ex. Swissair DC-9-80 was leasefl9®8 by SAS. The work consisted,
among other things, of cabin refurbishment to StsBdards $AS 1998).

The Table 2.7 summarizes the specifications ot#ien conversion for aircrafts on operating
lease and the characteristics of the airlines &edaéts involved in this modification.

Table 2.7 Cabin Conversion for aircrafts on operating lease: usual specifications

Type of modification Description Aircraft Type affected Airline affected

Cabin Conversion for
aircrafts
on operating lease

Same operations as for inter- aircrafts

. . . . All carriers
national or domestic cabins on operating lease
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2.2 Freighters

2.2.1 Freighter cabin requirements

Freighter aircrafts normally have strengthenedrcdlioiors and the inclusion of a broad top-
hinged door on the port fuselage in addition tabhsence of passenger cabin windows which
are "plugged"\\ikipedia 2009¢).

Figure 2.13 gives an example of a Freighter cabin.

Figure 2.13 Freighter Cabin of an A300 (EADS 2009)

2.2.2 Freighter Jetliner Retrofit Program

A freighter jetliner retrofit is the conversion ah airliner cabin (in PAX configuration) into a
freighter cabin. Modification centers will utilisgircrafts that have completed their useful
lives as passenger jetliners, and will transforenthto the freighter configuratiomirbus
2009).

As an example, the freighter conversion complete@BW is investigated. After removal of
all structural and system components that are ngeloneeded, such as seats or floor struc-
tures, the new freighter kits are install@dhOS 2009):

» A cargo door and the related structural partsrastailed.
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* The cabin floor designed for passengers is replaged new floor structure with higher
strength.

« Ball mats and roller tracks for loading of contasyeomplete the conversion of the floor
structure.

* Necessary adjustments and completions of the #isystems are carried out.

Finally, system tests are performed. After customgpection and acceptance flight, the con-

version work is documented and the aircraft haralea to the customer.

Figure 2.14 shows the completion of such a coneengiith new floor structure installation.

Figure 2.14 Freighter Conversion of an A300 (EADS 2009)

For the freighter conversion completed by Boeirg B747 will be modified with a side
cargo door and layout that is identical to the 480-production freighter, with 30 pallets on
the main deck and comparable volume. The longeemugpck of the Special Freighter will
include seating for up to 19 people, an option tbon no other converted freighter. Also in-
cluded in the conversion is a strengthened maik-fleor, full main-deck lining, provisions

for a new cargo handling system and revised flagtk systemsBoeing 2003).

The process of freighter conversion usually inctugheorporating a large wide cargo door in
the fuselage, installing a new reinforced main diéo&r, and integrating cargo loading sys-
tems.

Not each type of aircrafts would be used as freigi®ver the next decade, ACMG predicts

that 737-300s/-400s and 757-200s will be the mopufar narrow-body models for freighter
application ACW 2003). In the medium wide-body category, it will be AB600s and 767-
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200s, and in the large capacity segment it wilf$@é-400s and MD-11s. Only the A300-600F,
747-400F, 777F, A320P2F and A321P2F are availableeav-built production freighters,
which means the majority of the additional freightavill be passenger-to-freighter conver-
sions.

The Table 2.8 summarizes the specifications ofRteégghter Conversions, the characteristics
of the airlines and aircrafts affected by this nficdtion.

Table 2.8 Freighter Conversion: usual specifications

T f - Aircraft T f- -

yp_e 0_ Description reratt 1ype a Airline affected
modification fected

B737-300/400

Incorporating a large wide cargo door in All airlines which pro-

) B757-200 . . .
Freighter the fuselage A300-600 vide freighter service
conversion  installing a new reinforced main deck floor B767-200 and passenger ser-
Integrating cargo loading systems B747-400 vice
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2.3 Executive Aircrafts

2.3.1 Comfort and Amenities Standards on Executive Aircr afts

The interior plays an increasingly important robe business jet operators and private indi-
viduals.
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Figure 2.15 Lufthansa Technik includes a conference dining room in its concept of the A380 main
deck (Aviation Today 2008).

Whether it's taking a warm shower, relaxing on eneo couch, sleeping on a queen-size mat-
tress or enjoying a Ralph Lauren or Versace-themiedgior, the range of cabin options avail-
able to business jet and private operators iséidnanly by what can be certified. Through the
years, customers ask for a lot of different thireysging from waterbeds, hot tubs, stationary
bikes, bean bag chairs, chandelier to unique nadgemvhether it be cork flooring or a granite
or marble floor in the entry area, to custom artwirat they wanted to display or stingray
skins on the lower sidewallg\yiation Today 2008).
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Figure 2.16 On the same A380, the upper deck includes a separate office area in the forward cabin
(Aviation Today 2008).

The interior of the modern business aircraft hagved, incorporating cabin management sys-
tems, wireless Internet and PDA connections, stamof seat fabrics and modern design ele-
ments. People now outfit the aircraft much likeytbeatfit their home. Because it’s their area,
their place to relax, while going from point A toipt B. They treat the aircraft as a house
now, or a place to do business, a mobile offie@ étion Today 2008).

2.3.2 Modification Scenariosfor aVIP Cabin

VIP High-End Completion

When they buy a brand new aircraft, most of VIPgehso special requirements about the in-
terior equipment and design that the aircraft mactwier can’t carry out the completion of
the cabin. The green aircraft is sent to a spseidland independent company, often called a
completion center, which takes charge of the desighthe completion of the aircraft interior.
This work is called Hi-End Completion.

The biggest challenges when completing a custoeriantinvolve certification, engineering
and timelines.A lot of thought and energy are ite@sn the initial conceptual design phase,
so that the completion center does not lead theowcwes down a path that they know they
can't get to Aviation Today 2008).

Specialized cabins that involve one or more elemtrdt have never been certified before can

also add time to a completion project. It's impattto meet with the customer first, establish
realistic timelines, set milestones and keep comaation open throughout the process.
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Moreover, additional weight is always a major isSihen a customer asks for something
specialized, anything that is moving inside theircdias to withstand the various turbulence
and movement that an aircraft doAwi@tion Today 2008).

VIP Cabin Refurbishment
For several reasons, executive jet owners neeeftiobish the aircraft interior during its use-
ful life.

Aircraft owners today often use corporate jetsngpress new clients or solidify the long-
awaited business deal. Then, an aircraft interor aften reflect a positive or negative image
about its owners and/or corporation. Thereforenied to refurbish the business jets interiors
is a major issueSEM 2009).

In the corporate/private/charter market, extra pisution't mean as much in the cabin as they
do in the airframe. The owners of these aircraftsidt want to reduce what they have in the
cabin to save a few dollars by conserving fuel.yT$ienply aim to maximize the comfort and
functionality of the flying office/hotel room thatgoing to get them from Point A to Point B
(Aviation Week 2008a).

Rather than gutting an aircraft to install all-nstnuctures, the desire to make these structures
look less dated and more suited to one's persastEs underscores most projects. These re-
fresh projects usually involves stripping and replg (Aviation Week 2008a):

» cabinetry veneers

» soft coverings of the seats

e carpets

» the lighting

Sometimes these refresh projects involve exoticeri@s, such as inlaying cabin surfaces
with rare, imported hardwoods from Asia and Afrigais trend is now identified by several
manufacturers and equipment providers for completienters and leads to big challenges
(Aviation Week 2008a):

* The use of exotic materials that never have besaliad in the aircraft environment has
to pass flammability and certification tests.

» Getting into bigger changes in the cabin, sucteaesnfiguring seating or moving lavato-
ries and galleys around, involves meeting recedifon requirements.

PAX to VIP Conversion
Some VIPs buy a former Jetliner to use it as amcu@ikee aircraft. Therefore they need to con-
vert the cabin to their own taste.

As an example of conversion from PAX to VIP configpion, 328 Support Services has
signed a contract for the conversion of two VIP ider 328s with a private individual. This
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aircraft, a former 31-seat airliner-configured 3B8 will be modified into a 10-seat VIP air-
craft. Special interiors features will include nsidewall with electric window blinds, a noise
reduction kit, a Sat phone system, IFE system wigint individual TV monitors and soft
leather seats. 328 Support Services will also cantya series of heavy maintenance checks
and other modifications prior to delivergJl1 2009).

VIP Cabin Modification Summary
The Table 2.9 summarizes the specifications oMilreCabin Modification and the character-
istics of the airlines and aircrafts involved imstmodification.

Table 2.9 VIP Cabin Moadification: usual specifications

Type of modification Description Aircraft Type affected Type of owner

Stripping and replacing:

Cabinetry veneers . .
y All Executive aircrafts:

VIP Cabin Modification: Seats soft coverings .
. . Business Jets VIP owner
VIP High-End Completion Carpets .
. . L Business Turboprops  State Government
VIP cabin refurbishment Lighting

Corporate versions of ~ Business Airlines

PAX to VIP conversion o
Airliners

Installation of
specific equipment
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3  Cabin Modification Characteristics

In this paragraph, relevant parameters for eacinaabdification scenario will be identified
in order to make the market volume forecast posshirst it will be determined when an air-
line proceeds to the retrofit of its aircraft cabihen, the factors which drive the demand of
each scenario will be identifying along with theduency (time between two retrofits) and the
duration of the modification.

3.1 Muodification Occurrence throughout the Aircraft Life Cycle

A cabin modification happens when a Check-D is datezl as shown in the Figure 3.1. The
Check-D requires the aircraft to be parked for deviThe operator can take this advantage to
make a cabin modification completed. AccordingAazenheimer 2009, airlines can even
schedule a cabin retrofit for the check C. In thay, airlines loss less money as if they carried
out a modification between two checks.

2. D Check

IFE innovation
B

(

1. D-Check

Figure 3.1 Exemplary Life Cycle of an Aircraft (Lufthansa 2009)

This observation is verified by some examples.

First Air Pacific’'s Boeing 747-400 refurbishmentsyaart of a planned maintenance program
in Singapore during October and November 2008. Paicific’'s second Boeing 747-400 air-
craft received the same extensive refurbishmeningwscheduled maintenance in February
and March 2009Air Pacific 2008).

Currently, Pakistan International Airlines has lelued cabin refurbishment programme for
the entire fleet wherein all the aircrafts, whiciil we coming for checks, will go out after
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cabin refurbishment. So far one Boeing 737, twdAé& A310 and one Fokker F-27 have un-
dergone through cabin refurbishment exercise. thtiath one Airbus A-300B4, one Airbus
A310 and one Fokker F27 are also undergoing thim cafurbishmentRakistan 2000).

An average C-check on a narrow-bodied aircraftaisied out every 4,000 flying hours or
every 20 months, whichever comes first. It takgscaund time from five to eight days, mean-
ing 2,500-3,500 man hour§ @M 2007).

A D-check on a wide-bodied aircraft means a conepéttip-down and refurbishment of the
aircraft. This is the heaviest check for the amplaalso known as a Heavy Maintenance visit
(HMV). This check occurs approximately every 4-margeVikipedia 2009g). This takes an
average ground time of 30 days and between 28,0(B@ man hours depending on the con-
dition of the aircraft and additional work requekts/ the custome(OM 2007).
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3.2 Cabin Moadification Characteristicsin PAX Configuration

3.2.1 Overall Redesign of International Cabins

For more details about the definition and the dmetions of the overall redesign of interna-
tional cabins, see paragraph 2.1.2.1.

Driving factors

According toATW 2007a, an airline has to remake their cabin in ordetgep up with com-
petiton. In fact an alliance partner or another petitor may have a better product and may be
better perceived by passengers. Nowadays passesgest comfort, service and entertain-
ment. Cabin equipment together with service aneéd@ee the decisive factors in forming
passenger perception of the airline's efficiendyeréfore interiors are becoming an increas-
ingly important element for differentiation of amés ( ufthansa 2009).

In Punch 2009, industry experts explain that carriers now payerattention to their cabin
layout, design and IFE rather than the level oirtagcraft competitivity. The aviation sector
has become one of the hardest hit by the currebigeconomy crisis:

» According to the International Air Transport Assi@n’s statistics released in March
2009, passengers and cargo traffics continue tp, dtanding at 10.1% and 23.2 % re-
spectively.

* Middle East carriers, apparently with more casbeireed support from their state govern-
ments.

* The meltdown has led to the preservation of casbngmmairlines and it is now forcing
them to postpone major expenditures such as jereahd deliveries.

All these economical factors have made competitmrgher for European, American and

Asian airlines. As a result, airlines have to foousre on cabin design to win passengers.

A new trend is the apparition of a new class calReeimium Economy which usually request
the reconfiguration of the seats distribution. iiels offer more and more seats in this new
premium cabin because if a full-service airline hagood reputation for flying premium class
passengers, it is not difficult to attract econartass passengers, assuming the fares are struc-
tured in a competitive wayATW 2007b). Moreover, many business travelers are not permit-
ted by their employers to fly in traditional premricabins. Providing an upgraded economy
product, for high-mileage passengers or those ngillio pay a few hundred dollars more
makes sense in building and retaining a base af mystomersATW 2007b).

In the last decade, some airlines began elimindiisgclass, though they have kept the ame-
nities that make their highest-paying passengeidik@ the most important people on board.

The airlines themselves were, in part, responsdsi¢he declining number of first-class seats.
Once they improved business class - with biggetsdbat opened into fully flat beds, menus
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designed by celebrity chefs, individual entertaintreystems and airport lounges where first-
and business-class travelers rubbed elbows, inecaore difficult for travelers to justify the
additional exorbitant price of first class. Theawrtrise of all-business-class airlines has just
added to the pressure on first class. With corpobaisiness travelers demanding the most
comfortable ride possible but not willing to pagtprice, the demand for first class shrunk
(NYT 2008).

However, for airlines, at a time of immense finah@ressure, the prospect of using bonus
points to upgrade to first class may make the wiffee between a passenger taking one airline
or another competitor. Bonus programs, and upgriadedirst, play a big part in keeping first
class. It also makes sense for an airline to burhjgla fare-paying passenger into first if it
opens up a space to meet extra demand in coagla itiarketing tool in a recession, and in
the best of times it's a genuine yield tool. Moregun some circles, flying first class remains
the status symbol of a person'’s success in bugiN&ss 2009).

The Table 3.1 summarizes the driving factors ofdamand for overall redesign of interna-
tional cabins.

Table 3.1 Overall Redesign of International Cabins: driving factors
Type of demand Factors
Overall redesing Of Tool for differentiation between airlines
International Cabins Aircrafts orders and deliveries are postponed
Premium Economy To enhance airline reputation among travellers in Standard Economy
apparition To retain a base of loyal customers

Demand from sucessful people even in economical downturn

First Class redesign .
g Demand from passengers upgraded to First Class

More and more luxury in Business Class for a lower fare

First class removal ; . e
Rise of all-business-class airlines
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Frequency and duration of therefurbishment

As with profitability and aircraft orders, cabin k&mvers appear to occur in cycles. Based on
the number of announcements over the past montt®i§€r 2006 - April 2007), it is clear
that a new cycle is well underway. Full servicerieas don’t wait until the international cab-
ins become shabby and woiTW 2007b).

As described in paragraph 2.1.2.1, full-serviceiees (with no charter service) usually under-
take a cabin redesign program for their internatiarabins. This includes the refurbishment
for the entire fleet of one model and could evdadifthe entire fleet of wide-bodies.

Certain numbers of airlines in the top 20 carrigmsch as British Airways, Emirates, Air

France, Qantas, Continental Airlines, United Aebn Japan Airlines and Korean Air) are al-
ways programing fleet renewal even in times of wrtarn in the economy\TW 2007b).
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Table 3.2

International Cabin Redesign: exemplary Frequency and Duration

United
Airlines

Britsh Air-
ways

Air
Canada

Cathay
Pacific

Singapore
Airlines

Japan Air
Lines
Air New
Zealand
Delta
Airlines
Swiss
Airlines

Malaysia
Airlines

Finnair

Aircraft

Type
affected

Entire
Fleet

B777

B747

B767

A340,
A330,
B777-300,
B747-400
B777-
300ER

B777-200

B777-
200ER
B777
B767
A330,
A340

B777-200

B747-200

Number
of
aircrafts

32

56

20

42

18

15

63
34

17

19

Begin of
retrofit
program

2006-11

2006-11

No refur-
bishment
in 2007

2004-10

2006-09

2006-10

2007-04

2006-10
Early
2009

2004-12

2004-10
2009-04

End of
retrofit
program

2009

2010-01

2009-04

2007-02

2009-04

2009

2009-06

2010
2010

2011-07

2006-09-
30
2006-07-
31

Retrofit
duration
(months)

17-29

39

30

29

32

27

38-50
38-50

31
22

20

Equivalent

duration for

one aircraft
retrofit

(days)

37

16

44

23

43

21
27

40

32

Date of
Last
Retrofit
Program
begin

2004-04
(end of
program)
2004-04
(end of
program)

2000

1994

2001

2002
(new de-
livery)

2005-10

2000

Retrofit
Frequency
(months)

65

60

(120)

57-69

46-58

108

The Table 3.2 groups all the examples found ababtncmakeovers cycled @xist 2007,

ATW 2007b, Punch 2009, Aeroweb 2009, Flight Global 2006, Swiss 2008a, ATT 2004,

BA 2009, Air Canada 2004, Finnair 2009, Company 2009). This data should be considered
with attention. The column “Begin of retrofit pr@gn” contains the date of the retrofit pro-
gram annoucement. If it was possible the date effiist aircraft refurbishment of the pro-
gram was entered. However these two dates seem ¢tode compared with the total retrofit
program duration. The column “End of retrofit pragnr” contains the date of the completion
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of the last aircraft affected by the retrofit pragr. The column “Date of last retrofit program”
almost contains the date of the last program begin.

According the Table 3.2, the cabin redesign progcdnone wide-body type is undertaken
each 65 months in average. This is the frequendggitefnational cabin makeovers cycle. In
Aviation Week 2008, it was also estimated that business class updragpens typically
around a 5-7 year cycle.

The refurbishment of one Air Pacific's Boeing 74084ast 2 monthsAir Pacific 2008) and
the retrofit of one Philippines Airline3747-400 last 3 monthdPAL 2009). It can be as-
sumed that the refurbishment for one wide-bodyaitaisually last 3 months.

The refurbishment program lasts around 31 monthshimiduration depends of the number of
aircrafts that are refurbished at the same timat Thwhy the equivalent duration of one air-
craft refurbishment, which amounts to 31 days, khbe considered. This describes the dura-
tion of one refurbishment as if aircrafts were ctetgd one after the other. Of course, this is
not the case because completion centers have yisualé than one production line. However
the equivalent duration of one aircraft refurbishineill give the duration of a redesign pro-
gramm, no matter how many aircrafts are retrofitted

The Table 3.3 summarizes the average frequencyrendverage duration of the Overall Re-
design of International Cabins that will be taketoiaccount in our cabin modification fore-
cast.

Table 3.3 Overall Redesign of International Cabins: average frequency and duration
Type of modifica- Frequency of cabin redesign Duration of one air-  Equivalent duration of
tion program craft refurbishment one aircraft refur-
bishment
Overall redesing
Of International 65 months 3 months 31 days
Cabins

Aircraft agelimitsfor a cabin refurbishment

The airline undertakes a cabin completion on newrait from the outset, just after its deliv-
ery (green aircraft). From now on, Air France wiktall its new cabin design on new aircratft,
including the forthcoming A38@usiness 2008).

Then, the airline proceeds to regular cabin refimments until the aircraft age makes it no

longer suitable for passenger ubeif 2001). This age ranges from 15 to 25 yedtai( 2001,
All experts 2006, Financial 2009). For instance, in 2008 Air France didn’t plarrétrofit its
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B747 fleet with an average age of 17 years asduesto be phase out at he average age of 21
years Business 2008).

The Table 3.4 summarizes the average lower andrgpeaft age limits for which a cabin
refurbishment is no longer planned.

Table 3.4 Overall Redesign of International Cabins: average age limits for a refurbishment

Type of modification Lower age limit Upper age limit

Overall redesing Of In-

i i 0 20
ternational Cabins year years
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3.2.2 Overall Redesign of Domestic Cabins

Driving factors

While most carriers view upgrades as a way tod@ttwaensure loyalty from passengers will-
ing to pay premium fares (on long-haul flightshers also see the importance of tending to
customers in the back of the bus on short-hauttiiglf the short-haul business isn't good, the
long-haul traveler won't take the same airlidd v 2007b).

With their lightweight construction, the new seatgstantially lower aircraft weight, which
permits corresponding further reductions in fuetrbuSwiss 2008b). Delta's cabin refur-
bishment program enables the installation of liglseats and removal of coach-class ovens
and airphones to reduce weight onboard MD-88 and9a@R@ircraft RedOr bit 2005).

With new light structure seating, Finnair makepadssible to add as many as 15 seats to con-
figurations. As a result of this extra seating, aim's capacity on European and domestic
routes increased by 5%BKlet 2007).

The Table 3.5 summarizes the driving factors ofdamand for overall redesign of domestic
cabins.

Table 3.5 Overall Redesign of Domestic Cabins: driving factors

Type of demand Factors

New business Short-haul flights drive the reputation

seats facilit - .
y of the airline among long-haul business travellers

Reduction of fuel burn
New seats facility
Extra seating capacity

Frequency and duration of arefurbishment program

The Table 3.6 groups all the examples found ababincmakeovers cycle€éptain Chris
2000, Swiss 2008b, FFL 2008, ATT 2005, Cheap Flights 2006). These data should be con-
sidered with attention. The column “Begin of retfrpfogram” contains the date of the retrofit
program annoucement. If possible the date of tts¢ &ircraft refurbishment of the program
was entered. However these two dates seem to be ctompared with the total retrofit pro-
gram duration. The column “End of retrofit prograstntains the date of the completion of
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the last aircraft affected by the retrofit prograhme column “Date of last retrofit program”
almost contains the date of the last program begin.

Table 3.6 Domestic Cabin Redesign: examplary Frequency and Duration
Equivalent  Date of .
. . . . Retrofit
Aircraft Number Beginof End of Retrofit  duration for Last Fre
Airline Type of retrofit retrofit  duration one aircraft  Retrofit uenc
affected  aircrafts program program (months) retrofit program d y
(days)
OympIC  po57400 13 200009 2001-03 7 16 ; ;
Airways
Cronus  B737-300,
Aifines  B737-400 6 2000-09 2001-03 7 36
. Entire
Swiss 2006-10- 2008-04-
Airlines short-haul 52 15 10 18 10 - -
fleet
. Entire
Al shorthaul 142 2006-04 200308 5 5 . .
Canada 01
fleet
Delta MD88, 94 (2/3 of 2004 2006-09 21-33 9 ) )

Airlines MD90 the fleet)

No example has been found on the frequency of diienesbin makeovers cycle. However It
can be assumed that domestic cabins retrofits Imalgse frequently than international cabin
retrofits. It is estimated this frequency amount84 months (7 years).

The retrofit of an Air Canada A320 was completed@ndays timeAchorizons 2008). It can
be assumed that the refurbishment for one narrady-bocraft usually last 15 days.

The refurbishment program last around 16 monthgHsitduration depends of the number of
aircrafts that are refurbished at the same timat ©why the equivalent duration of one air-
craft refurbishment, which amounts to 15 days, khbe considered. This describes the dura-
tion of one refurbishment as if aircrafts were ctetgr one after the others. Of course, this is
not the case because completion centers have yisuaié than one production line. However
the equivalent duration of one aircraft refurbishimeill give the duration of a redesign pro-
gramm no matter of how many aircrafts are retreditt

The Table 3.7 summarizes the average frequencyrendverage duration of the Overall Re-
design of Domestic Cabins that will be taken intoaunt in our cabin modification forecast.
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Table 3.7 Overall Redesign of Domestic Cabins: average frequency and duration

Type of modifica- Frequency of cabin redesign Duration of one air-  Equivalent duration of
tion program craft refurbishment one aircraft refur-
bishment
Overall redesing
Of Domestic 84 months 15 days 15 days
Cabins

Aircraft age limitsfor a cabin refurbishment
The same parameters and values as described igragina3.2.1.3 will be taken. The Table

3.8 summarizes the average lower and upper airagattlimits for which a cabin refurbish-
ment is no longer planned.

Table 3.8 Overall Redesign of Domestic Cabins: average age limits for a refurbishment

Type of modification Lower age limit Upper age limit

Overall redesing Of G viar 20 vears
Domestic Cabins Y )
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3.2.3 Cabin Conversion for Aircrafts on Operating L ease

Driving factors

For airlines interested in aircraft on operatingske, benefits are lower cash outlays to preserve
working capital, fleet flexibility to introduce newoutes or aircraft types, flexibility to in-
crease or reduce capacity quickly, no residualevaisk and newer aircraft models with no
need for pre-delivery payments or significant dowayments with the manufacturers
(GECAS 2009).

Operating leases are generally short-term makiamtattractive when aircraft are needed for
a start-up venture, or for the tentative expansiban established carrier. The short duration
of an operating lease also protects against airobefolescence, an important consideration in
many countries due to changing noise and envirotahéaws. In some countries where air-

lines may be deemed less creditworthy (e.g. thadoiSoviet Union) operating leases may be
the only way for an airline to acquire aircrai¥ikipedia 2009f).

The Table 3.9 summarizes the driving factors ofdamand for cabin conversion for aircraft
on operating lease.

Table 3.9 Cabin Conversion for Aircraft on Operation Lease: driving factors

Type of demand Factors

Lower cash outlays
Aircraft lease Protects against aircraft obsolescence

Fleet flexibility (change of capacity, new routes introduction, changing laws)

Frequency and duration of a cabin conversion

Operating leases are generally less than 10 yeataration Wikipedia 2009f). For airlines
interested in aircraft on operating lease, whilehe@mansaction has individually tailored lease
terms, operating leases typically range 3-12 yealength GECAS 2009). The average lease
duration amounts to 7 years (84 months).

Regarding the frequency of an overall cabin reaepignned by an airline for an owned air-
craft, the cabin conversion occurs only when theratt is transferred from an airline to an-
other. Moreover, these airlines choose the airtgafting in order to operate a young fleet and
therefore don’t have to refurbish the interiors.
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The Table 3.10 summarizes the average frequencyhamaverage duration of the Cabin Con-
version for Aircrafts on Operating lead®/ikipedia 2009f, GECAS 2009).

Table 3.10 Cabin Conversion for Aircraft on Operation Lease: Frequency and Duration

L . . Equivalent Duration of the aircraft
Type of modification Frequency of cabin conversion .
conversion
Cabin conversion for
aircrafts on operating 84 months 15 or 31 days
lease

It is assumed that the conversion program hasaime sluration as a complete cabin redesign.
Indeed, the tasks are quite the same. Therefovall ibe taken an equivalent duration of 15
days for Narrow-bodies and 31 days for Wide-bo(seg paragraphs 3.2.1.2 and 3.2.2.2). The
Equivalent Duration describes the duration of afarbishment as if aircrafts were completed
one after the others. Of course, this is not thee dsecause completion centers have usually
more than one production line. However the equivadieiration of one aircraft refurbishment
will give the duration of a redesign programm ndteraof how many aircrafts are retrofitted.

Aircraft agelimitsfor a cabin conversion

The same parameters and values as described mraaina3.2.1.3 will be considered. The Ta-
ble 3.11 summarizes the average lower and uppaatiage limits for which a cabin conver-
sion could be no longer planned.

Table 3.11 Cabin Conversion for Aircraft on Operation Lease: average age limits

Type of modification Lower age limit Upper age limit

Cabin conversion for
aircrafts on operating
lease

0 year 20 years
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3.3 Freighter Conversion Characteristics

3.3.1 Driving Factors

Most conversions are carried out on older airanaffonger suitable for passenger use, often
due to changing safety or noise requirements, amthe aircraft type is considered to have
become uncompetitive in passenger airline ser¥\éekipedia 2009¢).

The freighter conversions combine the advantages lofv empty weight with the resulting
possibility to increase the useful lodgADS 2009).

The conversion of passenger aircraft into freightidfers an economic alternative to the pur-
chase of new freighter aircraEADS 2009).

The situation is more dynamic in the freighter cension market than in freigthers produc-
tion, where the original equipment manufactureis iadependent third-party converters offer
modifications for virtually every modern aircraype ACW 2003).

The use of wide-body aircraft - aircraft with agarfuselage cross-section - guarantees a high
degree of economic efficiency by combining excdlligaight volume and quick cargo han-
dling. They provide sufficient space for standaodtainers and pallets in the main and under-
floor cargo compartment&ADS 2009).

The Table 3.12 summarizes the driving factors efdamand for freighter conversion.

Table 3.12 Freighter conversion: driving factors

Type of demand Factors

Economic alternative to the purchase of new freighter aircraft
Freighter conversion Possibility to keep an aircraft no longer suitable for passenger use

modifications for virtually every modern aircraft type

Wide-body conversion high degree of economic efficiency
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3.3.2 Occurenceand duration of a Freighter Conversion

The freighter conversion itself takes approximatelyr months EADS 2009).

The freighter conversion might occur only one timéhe aircraft life. After an age of fifteen

or twenty years old aircrafts would not be modifaad/more for passenger service because of
their marketability. As their first and second agiers have used them, these planes are great
candidates for freighter conversiofe(r 2001). So the freighter conversion occurs when the
aircraft is no longer suitable for passenger use.

The Table 3.13 summarizes the occurrence and darafithe demand for freighter conver-
sion.

Table 3.13 Freighter conversion: Occurrence and duration
Type of modification Occurrence of the conversion Duration of one conversion
Freighter conversion Aircraft average age : 20 years 4 months
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3.4 VIP Cabin Modification Characteristics

3.4.1 Driving Factors

A number of factors persuade business jet ownerdprs to refresh big cabin structures.
Typically, changes to these aircrafts are done Haraesthetics than weal\iation Week
2008a).

The need to refresh cabin structures and surfacestito grow in the fractional aircraft arena
where Aviation Week 2008a):

* More traffic from extra people means additional vea

» Fractional owners are not as concerned about bug@pdoor panel because they don't
own this aircraft. These airplanes therefore areerfikely to see some wear and tear on
the interior than other aircrafts. The market ffreshing these interiors to keep them
looking nice should be busy over the next year.

Demand for high-end completions has grown at a dt@mate of 25 to 30 percent in projects

on the market in the last 10 yeafs/{ation Week 2008b):

* The unprecedented growth is due to the high derfarldrge business/VIP aircraft.

* New airplanes and technologies are also expandidigi@nal demand for large-cabin air-
planes.

* The arrival of these new types of VIP aircraft vaibate a secondary market for the ones
that operators will trade in when they take delvefrtheir new jets. If those earlier BBJs,
ACJs and other VIP transports change hands, thely lwill be repainted and have their
cabins refurbished

* This demand has been driven to a large extent imadd from emerging markets such as
Middle East— that has not subsided but it is now compounded by demand from India,
China and many of the former Soviet republics.

The Table 3.14 summarizes the driving factors efdamand for VIP cabin modification.
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Table 3.14 VIP Cabin Madification: driving factors

Type of demand Factors

High demand for large business aircraft
VIP Hi-end Completion New airplanes and technologies
New emerging markets : China, India, Russia

Need to keep interiors looking always nice

VIP cabin refurbishment ) .
Fractionnal owners make the cabin more used

3.4.2 Frequency and Duration of a VIP Cabin Modification

The average duration of a VIP cabin modificatiol e now determined.

PATS Aircraft Completions undertook the completadra green Embraer Lineage 1000 in 9
months time Aviation Week 2008b).

On average, Lufthansa Technik completes a VIP BBaround five months, but with special-
ized cabin elements involved, it can take up tdieay nine months. Lufthansa Technik con-
ducts a requirement-capturing or fact-finding phaeet of an initial design process, before a
contract is signed. This phase, which can take d@mtva few weeks to eight months and aver-
ages around six months, involves answering questadiout the mission profile of the air-
craft, typical city pairs the operator flies, whhe living quarters should look like and if the
operator is willing to trade off some range to udg unique interior elementa\iation To-

day 2008).

328 Support Services will complete the conversibtwo VIP Dornier 328s in 6 months time
for each aircraftBJI1 2009).

BizJet International, Lufthansa Technik's whollyrme US subsidiary, has received its first
Airbus A318 Elite which is scheduled to be completand delivered back to Airbus in au-
tumn with an FAA and EASA Type Certificate. The gmecompletion will last around 6

months ATI 2009).

The frequency, at which the interiors are refrestiedng the aircraft useful life, couldn’t be

determined precisely. It is estimated that the thatveen two VIP modifications amounts to
approximetaly 100 months.
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Usually, the refreshing of aircraft interiors happevhen aircraft is purchased by a new owner
(Aviation Week 2008a).

The Table 3.15 summarizes the average frequencthamaverage duration of the Caldion-
version for Executive Aircrafts.

Table 3.15 VIP Cabin Madification: Frequency and Duration

Type of modification Frequency of cabin modification Duration of the cabin modification

VIP Cabin Modification 100 months 10 months

3.4.3 Aircraft agelimitsfor a VIP Cabin Modification

The Table 3.16 summarizes the average lower andrupgraft age limits for which a VIP
cabin modification could be no longer planned.

Table 3.16 VIP Cabin Modification: average age limits

Type of modification Lower age limit Upper age limit

VIP Cabin Modification 0 year 10 years

3.4.4 Completion Centers Characteristics

With OEM backlogs for large executive jets at reclmvels, completion centers are working
overtime to finish green aircraft and refurbisheslairplanes. But, for the foreseeable future,
there will be more aircrafts in the market than ptetion centers can takEor instance, the
backlog atlet Aviationstretches out to 2011 for U.S. facilities and @42 for Basel facilities.
Associated Air Centealso reported that its facilities are fully bookddough 2009, and
Gorés backlog extends into 2018\iation Week 2008b).
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Due to the unprecedented demand for green compéetcmmmitments to complete green air-
craft affect the quantity and type of refurbishmprjects some completion centers can ac-
cept. Nearly all completion centers are therefanarabling to add floor space to enhance
their ability to handle VIP completions and ref@tonents. For example, eighty-five percent
of Jet AviationBasel's work involves completions, aRdkker Servicess concentrating on
finishing green aircraft and performing executioaersions. Other companies, however, are
taking on some refurbishment projects such.@shansa Technikvhich has one production
line dedicated to wide-body completions and anodesoted to refurbishments. The company
plans to open a second wide-body completion lir20ib0 Aviation Week 2008b).

Limited completion capacity obviously can inhibéw sales of large VIP aircraft, garbus

has joined in efforts to expand the industry'sighib finish green aircraft by opening in July
2007 the Corporate Jet Centre. The facility, whHeztures a 70,000-square foot hangar, is ex-
pected to eventually be able to outfit three AG3syear Aviation Week 2008b).
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4 CS23and CS-25World fleet

This paragraph aims at presenting the current witgtt and its forecast in order to conclude
about the growing markets that will influence theet volume, its distribution in the world
and the cabin modification demand. The passenget flvill be first presented, then the
freighter fleet evolution and finally the executiets fleet.

4.1 Passenger Fleet

4.1.1 Aircraft Classification

A classification of the aircrafts is needed in orte identify the type of cabin modification
scenario which affects each of them.

Long-haul service or international flights are @ted by aircrafts with extended range. Gen-
erally wide-body aircrafts are operated for longdhfights. We can notice on Figure 4.1 that
still air range is increasing as the number of diags seats is increasing. Therefore, we will
consider that all wide-body aircrafts are operdtedong-haul routes.
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Figure 4.1 Typical Seat-Range Diagram (Scholz 1999)

The aircrafts of the database are sorted by tleeisithe Table 4.2.
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Table 4.1 Aircraft classification by size

Aircraft body size Type of flight Aircraft model

Wide-body long-haul routes B747,B767,B777, B787
A300, A310, A330, A340, A350, A380
MD-11, DC-10

Narrow-body Short-haul routes B717, B727, B737, B757

Medium-haul routes A319, A320, A321
ARJ-21
BAe-146
CRJ-700, CRJ-900
Embraer models
Dornier models
Fokker 100, Fokker 70
MD-80, MD-90
SSJ-100

4.1.2 Passenger Fleet Evolution

All the data come from the Current Market Outloo&de by BoeingBoeing 2009).

Airplanes in 2027 will be more productive. Eachlvahrry about 40 percent more traffic
(RPKSs) than the average airplane today. Feweraaigd will be needed to accommodate the
same volume of travel. So the fleet needs to grgverdy 3.2 percent each year, although
travel will grow at 5.0 percent as shown in theureg4.2 Boeing 2009).

6,0%

5,0%

5,0%
4,0%

4,0%
3.2% 3.2% m World economy (GDP)

O Airplane fleet

3,0% -
@ Number of passengers

@ Airline traffic (RPKSs)

2,0% -

1,0% ~

0,0% -
World economy Airplane fleet Number of Airline traffic
(GDP) passengers (RPKs)

Figure 4.2 Passenger key growth rates
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66% of the fleet development will be due to newivazles. 3% of the current fleet will be
converted which will generate demand for freightenversion. The current fleet counts
17050 airplanes and this number will rise to 318itplanes as shown in the Figure 4.3.

13 680; 31%

@ Remowed from senvice
o Converted to freighter
@ New deliveries 2008-2027

28 540; 66% 1 330; 3%

Figure 4.3 Passenger fleet development 2008-2027

Aircraft category evolution
As market liberalization stimulates opening of newernational routes and aircraft capabili-

ties improve, twin-aisle airplanes will be the &stgrowing market segment. It will rise from
3200 to a fleet of 7130 airplanes.

3 080; 18%

W Total Single aisle
O Total Twin aisle

3200; 19% @ Total regional jets

10 770; 63%

Figure 4.4 Passenger fleet by airplane size in 2007
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Single-aisle airplanes primarily serve markets imittegions. The sheer size of these markets
means that the single-aisle category accountshioiargest share of future deliveries (from
63% to 70% of the global market in 2027).

2 630; 8%

7 130; 22%

m Total Single aisle
O Total Twin aisle

@ Total regional jets

22 150; 70%

Figure 4.5 Passenger fleet by airplane size in 2027

Airline requirements for economic and environmeraHiciency are pushing toward larger
aircraft, and congestion at major airports is aigvdemand away from the smallest airplanes.
Therefore, regional jets currently account for Bcent of the worldwide fleet, but this will
reduce to 8 percent by 2027. Therefore, twin-aaslé single-aisle demand should be investi-
gated.
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Fleet world repartition

650; 3%

1 340; 7%
760; 4%
1 070; 6%

3 730; 20%

| Asia-Pacific

o North America

@ Europe

@ Latin America

m Middle East

m Russia and Central Asia
m Africa

4 400; 23%

7 050; 37%

Figure 4.6 Passenger fleet by region in 2007

According to Figure 4.6 and 4.7, 20% of the wotkkf is currently operated by airlines in
Asia-Pacific and this will rise to 30% by 2027 means there is a significant growth in Asian
market as European and North American market gowih decline.

2 340; 7%

. 0,
11070; 30% | Asia-Pacific

o North America

@ Europe

@ Latin America

® Middle East

m Russia and Central Asia
m Africa

7 390; 21%

10 930; 31%

Figure 4.7 Passenger fleet by region in 2027
Twin-aisle demand by regions

Asia-Pacific, Middle East, and European marketd diive the demand of twin-aisle air-
planes. Over 40 percent of twin aisles will bedkied to airlines in Asia-Pacific.
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Twin-aisle Demand by Region in 2027

320; 4%

\ Asia-Pacific
3100; 37% o North America
@ Europe

340; 4%

@ Latin America

® Middle East

m Russia and Central Asia
m Africa

1 620; 20%

1 960; 24%

Figure 4.8 Twin-aisle demand by region in 2027

Single-aisle demand by regions

Strong domestic growth in China, India, and otheerging Asian nations is contributing to
high demand for single-aisle airplanes in Asia-flachApproximately 60 percent of new air-
planes needed in Asia will be in the single-aisitegory.

Single-aisle by Region in 2027

1 870; 8% 6 880; 29% m Asia-Pacific

O North America

@ Europe

O Latin America

m Middle East

m Russia and Central Asia
m Africa

5 200; 22%

7 540; 31%

Figure 4.9 Single-aisle demand by region in 2027

As a conclusion, the growing market takes plac@sma-Pacific for single-aisle or for twin-
aisle category.
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4.2 Freighters

The companyACMG believed in 2003ACW 2003) that growth in the global economy can
sustain a long-term growth rate of 6 percent par y@ the air freight market. Boeing has ob-
tained the same result as shown in Figure 4.10th&lIfigures have been drawn with data
from the Current Market Outlook made by BoeiBgd€ing 2009).

7,0%

5,8%

6,0%

5,0% -

4,0% m World economy (GDP)

3,2% 3,2% O Airplane fleet

@ Cargo traffic (RTKS)

3,0% -

2,0% -

1,0% -

0,0% -
World economy (GDP) Airplane fleet Cargo traffic (RTKS)

Figure 4.10  Air cargo key growth rates

From theEADScompany’s point of view, in the next two decadhs,average annual growth

of world wide airfreight is forecasted with 6 %. &world freighter fleet is predicted to dou-
ble, as air freight will more than triple. More tha000 additional freighters will be needed to
accommodate traffic growth and to allow fleet reabwthree quarters of this demand will be
satisfied by the conversion of mid-life passengerafts EADS 2009).

From theBoeing company’s point of view, over the next 20 yeahg freighter fleet will
nearly double, expanding from 1.948 airplanes @72t 3.892 airplanes in 2027.Taking the
forecast 1.414 retirements into account, 3.358amgs will be added to the freighter fleet by
2027. Nearly three-quarters of freighter fleet &dds will come from modified passenger and
combi airplanes, with 863 new production freightensering the fleet during the forecast pe-
riod (Boeing 2009) as shown in the Figure 4.11.
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1 420; 30%

m Remowed from senvice
O Converted to freighter
@ New deliveries 2008-2027

2 500; 52%

Figure 4.11 Cargo fleet development 2007-2027

The disparity between tripling traffic growth andubbling fleet growth owes to the shift to-

ward wide-body freighters, which will result in kdtwide increase in average freighter air-
plane payload. More than 60 percent of all addgitmthe fleet will be in the wide-body cate-
gory, that is, medium wide-body plus large freighid his aggregate category will increase in
share to 65 percent of the fleet in 20Boding 2009).

In many cases, operators such as express carrefes medium widebodies as replacements
for retiring standard-body freighters. Thus, tharshof standard-body freighters will slightly
decrease from 39 percent to 35 percent over thetnexdecades. Nevertheless, more than
1,334 standard-body units will be delivered, repnéinig an 84 percent increase in their num-
ber. As with production models, breadth of prodizshily is important in the conversion
market, so both airplane manufacturers continuexjgand their offerings. Freighters will
maintain about a 10 percent share of the totalaaigpfleet during the forecast peridgbging
2009).
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Figure 4.12 Cargo fleet by airplane size in 2007

1 390; 36% 1 340; 34%

m Large*
O Medium widebody
@ Standard body

1 160; 30%

Figure 4.13 Cargo fleet by airplane size in 2027

There is a significant growth in large aeroplanesidnd which rise from 26% to 34% of the
global market in 2027.
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4.3 Executive Jets

In 2008, the global business aircraft fleet coesisif 27,000 turbine airplanes (jets and turbo-
props), of which 68 percent belong to U.S. opesag@viation 2009).

The latest market forecast of tlheal Groupcompany predicts deliveries of 12,768 business
aircraft worth $195.7 billion over the next 10 ye#&light Global 2009). If the same annual
growth rate and the same market share betweenifteeedt segments are kept, the forecast
for the period 2009-2029 can be obtained in thiefohg chart (Figure 4.14):

5786; 23%

@ number of business jets

@ number of corporate versions of

- o,
1150; 5% Jetliners and regional jets

@ number of business turboprops

18600; 72%

Figure 4.14 Business Aircraft Deliveries 2009-2029

Business jet deliveries will take a big part of tharket with a share of 72%. This forecast is
in strong contrast to Teal company's previous tejssued a year ago in which it called for
18,401 business aircraft deliveries between 20@82817. Indeed, the business aircraft mar-
ket has been hit harder by the economic crisis #ranother aerospace market. After un-
precedented growth, the market is falling at anrecgdented rate. All meaningful indicators
— utilisation, prices, used aircraft availabilitycaoorporate profits- indicate a prolonged and
painful downturn. Financing business jets is alswardifficult than financing jetliners. Teal's
forecast assumes a three-year downturn. The kenm#igrivers— economic growth and cor-
porate profits— will only recover in late 2010/early 201&l{ght Global 2009).
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5 Forecast of the Cabin M odification Volume

In this paragraph, the database used for the whodeast and its characteristics will be intro-
duced. Then the hypothesis made in the forecakbwiexplained along with the integration
in the forecast of the previous analysis abouttireent world market. Finally, the forecast re-
sults will be presented and analysed.

5.1 Database

The forecast will use the enclosEdcel database which groups the entire current anddutur
world fleet of freighters and executive jets. K@includes 63 types of the biggest airplanes on
commercial use (23311 aircrafts). The informatidrow all aircrafts on commercial use
comes fromAviation Week 2008c.

The first sheet is called ,Forecast”. It contaitidlee parameters of the different scenarios and
the result of the computation. The Figure 5.1 shthestable where the frequency and the du-
ration of each modification scenario can be moditiy the user. It groups all the results of
the market investigation done in the paragraphi3s Table is read by the code in order to
compute the amount of cabin modifications for eaictratft.

Aircraft Cabin Modifications: Market Volume Forecast until 2029

Computation Parameters for the Cabin Modification Scenarios

Duration of one aircraft Aircraft Age Lower Aircraft Age Upper
Equivalent Duration (days) Limit (vears) Limit (vears)

Freguency (months)

4]
Overall Redesign of b
International Cabins

Overall Redesign of
Domestic Cabins

Cabin Conversion for
Narrow-bodies on
Operating Lease

Cabin Conversion for
Wide-bodies on
Operating Lease

Freighter Conversion

WP completion

Figure 5.1 Database: scenarios parameters

The Figure 5.2 shows the table which groups alréiselts of the market investigation done in
the paragraph 2. This table is used by the codgetatify the cabin modification scenario for
each aircratft.
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Criteria for the identification of the Cabin Modification Scenarios

Overall Redesign of
International Cabins

Overall Redesign of
Domestic Cabins

Cabin Conversion for
Narrow-bodies on
Operating Lease

Cabin Conversion for
Wide-bodies on
Operating Lease

Figure 5.2

Wide-body Aircraft

Narrow-body Aircraft

Freighter

Full Serice Carrier

LCC or Charter

Senice Lease

Aircraft on Operating

Database: scenarios identification

The Figure 5.3 shows the table where all the result written by the code. The total amount
of cabin modifications for each scenario and eacHdwregion can be founded.

Forecast Results

Overall Redesign of
International Cabins

Overall Redesign of
* Domestic Cabins

Cabin Conversion for

Aircrafts on Operating
Lease

Freighter Conversion

VIP completion

Figure 5.3

Total Number of Cabin

Modifications Western Europe Eastern Europe China Asia Pacific Africa
10156 1959 30 1007 2938
23234 5417 1501 3381 3197
4246 1277 406 550 441
26252 ? » » 2

Database: Forecast Results

Then, in the sheet “Aircrafts” the characteristiéseach aircraft model in the database can be
founded. As shown in the Figure 5.4, the tabledatdis if a specific aircraft model is a wide-
body or not.

N ) RO UG RO (Y (N (Y (TR Y - |

Aircraft full name
Sukhoi Superjet 100
Boeing (McDonnell
Douglas) MD-80
Boeing (McDonnell
Douglas) MD-80
Boeing (McDonnell
Douglas) MD-11
Fokker 100

Fokker 70
Embraer 195
Embraer 190
Embraer 175
Embraer 170
Dornier 328JET
Boeing (McDonnell
Douglas) DC-10
Boeing (McDonnell
Douglas) DC-9

Aircraft model
Superjet 100

MD-80
MD-80

MD-11
"100

70

"195
"190
175
"170
328JET

DC-10

DC-9

Wide-body?
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Figure 5.4 Database: aircraft characteristics

In the sheet “Airlines” the characteristics of thié airlines of the database can be founded. As
shown in the Figure 5.5, the table indicates pacsic airline is a LCC or not.

6
I Low Cost Carriers Name
| 8 Air Arabia
9 Air India Express
10 AirAsia Sdn Bhd
| 11| AlrAsia X
12 | AirTran Airways
13 Allegiant Air
14 Aflas Blue
15 Aflasjet Airlines
|16 Aflasjet Airlines
17 Avolar
18 Bahrain Air
19 Blu-Express
20 bmibaby
| 21 | BRA Transportes Aereos Lida
| 22 | CanJet Airlines
| 23 | Cebu Pacific Air
| 24 | Centralwings
| 25 Click Mexicana
| 26 | Clickair S.A.
|27 | Corsairfly
| 28 easy.Jet Airlines Co. Ltd
| 29 easyJet Switzerland
30 Flybe
W 4 v nl Forecast / Aircrafts ), Airlines / Executivelets / Freighters /551 / MD-80 / MD-80 / MD-11 /

Figure 5.5 Database: aircraft characteristics

The other sheets group a database of the majoopdre large aeroplanes world fleet. Each
sheet groups all the aircrafts of the same modgltgme. Each row corresponds to a specific
aircraft. There is a lot of information in the steebut, as shown in the Figure 5.6 and Figure
5.7, the code read only the most important parasételumns in light blue):

e Aircraft model

* Freighter

¢ Operator name

* World region

e Aircraft First Delivery date

« Aircraft Lease termination
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A B C D E F G H
A 3 A 3 A 3 od Op ato A a A
17 ame 2 3 e A 3 pde aria s B 3 - orid Reqio aria De
Bosing 777- r r
18 |300ER (GE)  Boesing 777 200LR/300ER 0 Air Austral  Western Europ 300ER (GE) 3
Bosing 777- r r
19 |300ER (GE)  Boeing 777 200LR/300ER 0 Air Austral  Western Europ 300ER (GE) 3
Boeing 777- i i
20 [300ER (GE)  Boeing 777 200LR/300ER 0 Air Canada  North America 300ER (GE) 3
Boeing 777- r r
21 |300ER (GE) |Bosing 777 200LR/300ER 0 Air Canada  North America 300ER (GE) 3
Bosing 777- r r
22 [300ER (GE)  Boeing 777 200LR/300ER 0 Air Canada  North America 300ER (GE) 3
Boeing 777- i i
23 [300ER (GE)  Boeing 777 200LR/300ER 0 Air Canada  North America 300ER (GE) 3
Boeing 777- r r
24 [300ER (GE)  Boeing 777 200LR/300ER 0 Air Canada  North America 300ER (GE) 3
Bosing 777- i i
DE |2nncCD /REY DAnina~ TTT 2NNl DM2NNED n Air TCanada MMarth Armarina 20NED /Y 1
Figure 5.6 Database: aircraft major parameters

Finally the code writes, for each aircraft, thersoe in which this aircraft is involved and the
number of modification that will be undertaken. §mformation can be found in the two red
columns:

* Type of modification
*« Number of modification until 2029

Pass.
Pass.AICin |Pass. AIC on Aircraftin  |Aircraftin Aircraft Number of
Aircraft Service Order Aircraft Life |Service>1 |Service>1 |Block Hours |Manager Lease meodifications until
Delivery Date | Delivery Delivery in Days year year per Day Name Termination | Type of modification 2029

15 févr 2009 FAUX 2009 FAUX FAUX ILFC 15 févr 2017 Cabin Conversion for Wide-bodies on Operating Lease 2

S FAUX 2009 -115 FAUX FAUX 0 ILFC #atpi Cabin Conversion for Wide-bodies on Operating Lease 2

15 déc2008 FAUX 2008 -25 FAUX FAUX 0 Air Canada Overall Redesign of International Cabins 3

15 janv 2009 FAUX 2009 -55 FAUX FAUX 0 Air Canada Overall Redesign of International Cabins 3

27 juil 2007 2007 FAUX 473 VRAI VRAI 12 7040169  Air Canada Overall Redesign of International Cabins 3

i 2008 FAUX 246 FAUX FAUX 105853659 BOC Aviation ##r#H#H#sH## Cabin Conversion for Wide-bodies on Operating Lease 2

22awr 2008 2008 FAUX 208 FAUX FAUX 105096154 | BOC Aviation 22 avr2020 Cabin Conversion for Wide-bodies on Operating Lease 2

25 juin 2008 2008 FAUX 145 FAUX FALX 10,6 BOC Aviation 25 juin 2020 Cabin Conversion for Wide-bodies on Operating Lease 2

13 mai 2008 2008 FAUX 187 FAUX FALX 10,7807487 Air Canada Overall Redesign of International Cabins 3

30 awr 2007 2007 FAUX 560 VRAI VRAI 129375 Air Canada Overall Redesign of International Cabins 3

29 juin 2007 2007 FAUX 501 VRAI VRAI 13497006  Air Canada Overall Redesign of International Cabins 3

RS 2007 FAUX 590 VRAI VRAI 12 779661  Air Canada Overall Redesign of International Cabins 3

1juin 2007 2007 FAUX 529 VRAI VRAI 127901701 ILFC 1juin 2017 Cabin Conversion for Wide-bodies on Operating Lease 2

15avr 2009 FAUX 2009 -145 FAUX FAUX 0 ILFC 15avr2019  Cabin Conversion for Wide-bodies on Operating Lease 2

15avr 2011 FAUX 2011 -865 FAUX FAUX 0 Alr China Overall Redesign of International Cabins 3

15 aolt 2011 FAUX 2011 -985 FAUX FAUX 0 Alr China Overall Redesign of International Cabins 3 -
/DC9 / CRI-700 / BAel46+Avroliner / ARJ-21 / B787-900&1000 / B787-800 / B787-300 ) B777-300ER B777-300 / B777-200LR / B777-200ER [ B777-200 / B767400ER |« O

NUM

Figure 5.7 Database: aircraft major parameters
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5.2 Hypothesis

Following hypothesis will be considered in the fast:

» (CS-23 airplanes are not considered. As not enolggheaits could be founded about cabin
modifications for these small airplanes, this dedhaartainly doesn’t affect the whole
market of cabin modifications. The error about¢hbin modification volume is therefore
considered as negligible.

* Future aircrafts (i.e. the world fleet forecast)ievhwill be operated whithin the next 20
years and which will modify the future world fleate not specifically identified, as the
fleet forecast is already included in the datahas#er aircraft orders. This will lead to a
negligible error as airlines usually plan theietlat least for the next twenty years.

» It is computed a forecast for the next 20 yearsailecabin modifications that will be un-
dertaken before 01/07/2029 are counted.

* For each aircraft, the modification scenario wdl identified and it will contain the spe-
cific time between two modification programs undtetaby the operator

* For each aircraft, the number of modifications Ww#l obtained by the computation of the
specific time between two modification programs dhd duration of a refurbishment
program.

» For each aircraft, the first modification that wok calculated will occur the 01/07/2009

» For each aircraft, the last modification that viaél calculated will occur either before the
01/07/2029 or before the end of the aircraft uskfiel
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5.3 Forecast Method

5.3.1 Method for airplanes on commercial use

The method used for the computation is to scan slaebt and each row.

For each aircraft:

» the tables “Aircraft Model Characteristics” in thleeet “Aircrafts” and “Airline Character-
istics” in the sheet “Airlines” are scanned.

» the characteristics of the aircraft is completed.

» the scenario is identified thanks to the table fise®s identification” in the sheet “Fore-
cast” and is written in the database under thensplttype of modification”.

» the scenario parameters are scanned in the shexcdst” (table “Computation Parame-
ters”)

* the number of modifications is computed thanksh® dcenario parameters and is written
in the database.

Then, the total amount of modifications is obtaimgdthe following process. For each sheet
and each row the code scans in the database:

» the world region where the aircraft is based

» the scenario in which it is involved

* the number of modifications

The modifications for each scenario and each wedibon are counted and results are written
in the table “Forecast table” in the sheet “For€cas

For aircrafts which are not on operating leasejate duration of the whole retrofit program
has to be determined. As airlines are always uakliexg retrofit programs, the code has to-
compute the fleet volume (same aircraft modelraftdype and operator). This is multiplied
with the equivalent duration in order to get thal uration of a retrofit program.The Figure
6.8 describes all these processes.

The formula used in the computation is the recerfivmula.

date, 4.aion 1S the date at which the end of the next modificaprogram is planned and
date,,,, is the date of computation. A new retrofit prograes already been completed for

the aircraft from the date of computation, as dbsdrin the formula (5.1).

datenodification = datQOday (51)

73



Then, thanks to (5.2), the date at which ends the modification programdate, i aion 1S
computed.date, . i.s modicaion 1S the date at which ended the last retrofit progfor the same

aircraft. frequency,,.., IS the time between the end of the last retrafigpam and the begin

of the next scheduled retrofit program. It depesidsourse of the cabin modification scenario
in which the aircraft is involvedduration,, .., iS the duration of the retrofit program. It also

depends of the scenario.

datenodification = dateprevious_modification + frequencycenario-'- duratlorgcenario (52)

The equation (5.2) is executed until (5.3) is naenalid. It is checked if the date of the com-
puted retrofit program date ,...on) IS NOt exceeding the deadline of the forecast

(01/07/2029) or the second deadline, correspontbnthe aircraft age g€ cnaiq imir) fOr

which the refurbishment is no longer planned bydperator. This second deadline is calcu-
lated thanks to the date of the aircraft first\ety date ... geivery -

datenodification < maX@]./O?/ 2009 dateaircraft_delivery+ ag%cenario_lim it) (5 3)
The number of modificationa is given by the number of loop executionsg,, .

M= Mooy *+1 (5.4)
For aircrafts on operating lease, the duratiorhefretrofit program duration,,,.....) is the du-
ration of one aircraft refurbishmenduration, ..., - It iS considered in fact that these air-

crafts don’'t take part into a refurbishment progréiike wide-bodies and narrow-bodies
owned by the operator) but they need to be recordi)just after the aircraft lease termina-
tion.

duratlorgcenario = duratlonnodification (55)

For aircrafts owned by an operator, a retrofit paog is usually undertaken by the airline for
the whole fleet. Therefore the volume of the fleatlume,,,) has to be taken into account. It

will, along with the equivalent duration of onecaaft refurbishment duration,;,.c.), help
to determine the duration of the whole retrofit gnam for the fleet duration . ...)-

duration,,,..., do not correspond to the real duration of onerafireefurbishment but deter-
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mine the real time between two refurbishment pnogréor the same aircraft (for further de-
tails about equivalent duration, see paragrapi 2p.

d u r.ationscenario = d u r.ationtotal = d u rati 0 |’Lquivalentx VOI um eleet (5 . 6)

The Figure 5.8a decribes how the total number difieation for an aircraft on commercial
use is computed. The Figure 5.8b describes howuingber of modification for one aircraft
on commercial use is computed.
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Figure 5.8a Database: computation method for aircrafts on commercial use
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Figure 5.8b Database: computation method for aircrafts on commercial use

5.3.2 Method for freighter conversion

Existing freighters in the database are not comsdlén order to compute the number of
freighter conversions. Indeed, only aircrafts omuotercial use which have reached a specific
age could be involved in a freighter conversioner&fore the fleet forecast made Bgeing
2009 is rather usedwherein a specific percentage indicates the amotufreighter conver-
sions for the future. Moreover, the figures putward byBoeingare verified byEADSIn
EADS 20009.

The additionnal airplanes which are required inftitare amounts to 3500. 75% of this de-
mand will be met by freigther conversion. The faliog formula is therefore used to get the
number of freighter conversion by 2029, Wheg,,.eanversion IS the amount of freighter con-

VErsion, Npygionaaipianes  te NUMber of additionnal airplanes forecast Bgeing and

Prreighteranversions tNE Proportion of conversions in these additidinmigplanes.
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nFreigtherOJnversion_ AdditionndAirpIanesx pFreighteernversion (5 7)

However, the world distribution of this demand & get available. Therefore, the distribution
of the current freighter fleet is computed and iekxtrapolated to the number of freighter con-
versions. In order to get the amount of freightenwersions in a specific world region

Nptioanversion the following formula is used, wherglmare is the proportion of the
freighter fleet in this specific region:

world _region — world _region
nFreighteernversion_ nFreighter(hnversion>< pFreighterFIeet (58)

5.3.3 Method for Executive Jets

No database with enough detailed information hahldeund about the fleet world distribu-
tion neither about the current fleet volume. Tharefonly the fleet volume for the 2009-2029
period will be used, based drals 2009 forecast (see paragraph 4.3).

Each business aircraft will have the same modiboascenario. It means that all of them will
be involved in several VIP completions (as describe paragraph 2.3 and 3.4.) until they
reach the limit at which VIP completions will noe lundertaken anymoreade. ... iq jmi )»

with the same duration dgration,,,,,) and the same frequency of occurrence

( freq uencYcenario) .

All business aircrafts will have the same numbemaidifications. Of course some aircrafts

will be delivered in 2028 and they will not have ttame number of completions in one year
time than others which have been in service forsye€khis hypothesis will therefore lead to an
error regarding the VIP completions volume. Howethis is about to compensate the VIP
completions of business aircrafts which are alragadservice in the current fleet and which

have not been taken into account because of afaakormation.

For each aircraft, the number of VIP completiond & computed in the following way. It
will first be computed the duration of the periddration, .., peios Within which VIP com-

pletions should be undertaken.

duratiorgcenario_ period = ag%cenario_lim it (59)
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Within that time, it will be computed the number\GP completionn,,..., that could be un-
dertaken for one aircraft.
Nyireratt = int[duratiorgcenano_ period /(durationscem+ frequencycenano)] (5.10)

Finally, it will be computed the total number ofR/tompletionsn for the entire business air-
craft forecasted fleet.

n= naircraft ><VOluraneet (511)
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5.4 VBA Program

The VBA code, which executes the forecast computatis seperated in 4 main functions
which will be explained in the following paragraph:

» “Sub project_commercial_airplanes()”

* “Sub project_commercial_airplanes_total_modificasi()”

e “Sub project_freighter_conversion()”

e “Sub project_VIP_maodification()”

Access to the code itself is executed by the condiALT+F11” in Excel and and can also
be read in the appendix A.

The parameters of each scenario such as “frequamcguration” are modifiable in the sheet
“Forecast”.

5.4.1 Aircraftson commercial use

“Sub project_commercial_airplanes()”, which canread under “Module3” is the part of the
code which computes the cabin modification scenamid the cabin modification volume for
each aircraft on commercial use. It writes the ltssn the database for each aircraft on com-
mercial use. The computation can be executed wsthinked command button available in
the sheet “Forecast”.

Two important variables are used in this funct@smshown in the Figure 5.9:

+ Aircrafts
* Scenarios

These variables are filled each time another dirigaonsidered (i.e. for each sheet and each
row). The compact form of these variables helpgiHercomputation and the understanding of
the code. All the details about these variableslaseribed on the figure.
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g mapa s
Type aircrafts
model As String 'model of the aircraft
wide_body As Boolean 'indicates if the aircraft is a wide-body or not
operator As String 'gives the airline name that operate this aircraft
LCC As Boolean 'indicates if this operator is a LCC or not
freighter &s Boolean 'indicates if this aircraft is operated in the freighter configuration
delivery date As Date 'gives the delivery date of the aircraft to its first operator
lease termination As Date 'gives the date of the lease contract termination and indicates if the aircraft is on operating lease or not
region As String
End Type

Type scenarios
type As String 'gives the name of the scenario that affectsz this airecraft
occurence &4s Integer '"time at which the conversion of leased aircraft is undertaken (useful just for aircrafts on operating lease)
frequency &s Integer 'time ketwe two modification programs in the aircraft useful life
duration As Integer 'duration of the cabin modification of one aircraft (useful just for aircrafts on operating lease)
equ duration &s Integer 'egquivalent duration of the modification program for one aircraft
tot_duration As Integer 'duration of the modification program for an entire fleet (same aircraft model and type)
age_limit As Integer 'aircraft age at which this modification scenaric is no longer planned
date_limit As Date 'date at which this modification scenaric is no longer planned
End Type

Figure 5.9 Database: major variables of the VBA code

“Sub project_commercial_airplanes_total _modificasiQ”, which can be read under “Mod-
ule2” is the part of the code which computes thaltocabin modification volume of aircrafts
on commercial use, and this for each scenario and world region, by using the results fo
the function “Sub project_commercial_airplanes()’writes the results in the sheet “Fore-
cast”. The computation can be executed with itsdthcommand button available in the sheet
“Forecast”.

5.4.2 Freighter conversions

“Sub project_freighter_conversion()”, which can fdead under “Modulel” is the part of the
code which computes the freighter conversion vol@imneach world region. It writes the re-
sults in the sheet “Forecast”. The computation lmamexecuted with its linked command but-
ton available in the sheet “Forecast”.

5.4.3 VIP modifications

“Sub project_VIP_modification()”, which can be readder “Module5” is the part of the code
which computes the VIP modification volume. It wsgtthe results in the sheet “Forecast”.
The computation can be executed with its linked mm@amd button available in the sheet
“Forecast”.
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5.5 Forecast Results

55.1 Cabin Modification Volume

30000
25536

25000 - 23226
© O Owerall Redesign of International
g Cabins
§ 20000 I~ |0 Owerall Redesign of Domestic Cabins
5
8 15000 - O Cabin Conwersion for Aircrafts on
= Operating Lease
é 10154 O Freighter Conversion
- 10000 +— —
g O VIP cabin modification
O]

5000 - 4244 2625
0

Figure 5.10: Cabin modification world volume 2009-2029

The results of the forecast applied on the sewdatdbases are presented in the Figure 5.10.
Over the next twenty years, 10154 programs for¢tmfit of international cabins and 23226
for domestic cabins will be undertaken. The demamdhe cabin conversion of leased air-
crafts will create 4244 additional cabin modificais on airliners. 2625 conversions from jet-
liners to freighters will be planned. Last but texdst, the most important demand will come
from 25536 modifications of executive aircraft gabat VIP standards.

5.5.2 Demand for Overall Redesign of I nternational Cabins

A big part of the 10100 wide-body cabin redesigmedasted will come from Asia-Pacific
(29%). Indeed, over 40 percent of twin aisles Wl delivered to airlines in Asia-Pacific. So
the Asia-Pacific market will have a big influenae this segment.
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Figure 5.11 Overall Redesign of International Cabins: Cabin Retrofit World Distribution 2009-2029

If the market share of the Middle East and Chireatdded to this consideration, more than
55% (6000 cabin retrofits) of the demand will be@entrated in a single world continent.

In following positions come Western Europe and Ndkimerica with respectively 19% and
13% of the market share. These results were expbetsause of the relative small part of the
wide-body deliveries in these two regions.

Moreover, as it has already been shown, the rededigvide-body cabins is a tool for differ-
entiation between airlines. That means, even draft deliveries and orders could be post-
poned because of a possible economical downtutmes will continue to redesign their cab-
ins in order to attract customers at minimal expsn&ompared to the purchase of a brand
new aircraft). Therefore, the demand for the regtesif international cabins will continue to
grow at a quick pace.

Although premium cabins are considered by airlagsery large profit centers, some special-
ists believe the margins will start to erode asofgtand innovation costs go up and fares go
down from competition. As a result, it will be mat#ficult to recoup their investment. These
specialists believe too that innovation on premuzabins has a limit because customers may
not be able to afford it every time they trag&' W 2007Db).

5.5.3 Demand for Overall Redesign of Domestic Cabins

The North American market will drive the global demd of 23200 domestic cabin retrofits
along with the Western European market (respegti28P6 and 23% of the market share).
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This is due to the high number of existing narravdils in these regions. But Asian markets
(China, Middle East, Asia-Pacific) are still stroagd approximately 60% of new narrow-
bodies will be delivered in these regions.
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Figure 5.12 Overall Redesign of Domestic Cabins: Cabin Retrofit World Distribution 2009-2029

The world demand for Cabin Redesign of Narrow-bsdippears to be a lot stronger than the
demand for International Cabin Redesign. It hasetoeminded that the price of such a retrofit

is a lot higher than the domestic cabin retrofiiti #his is due to the expenses required by the
innovation in premium cabins.

Although comfort and amenities on short-haul flgyhtso drive the airlines reputation, most
of them do not currently put the emphasis on itfaeds on wide-bodies.

Moreover, the real advantage for the domestic ceddesign is the reduction of fuel burn or
the increase of seating capacity. However North Acaa and Western European markets
have to be investigated if this segment is suddgrdwing because of a future trend.

5.5.4 Demand for Cabin Conversion of Aircraftson Operating L ease

The chart below shows that most of the 4200 cabnversions of leased aircrafts will be un-
dertaken in Europe and in North Amerca with regpelt 41% and 17% of the market share.
This world distribution of the demand is certainlye to the great proportion of Low Cost
Carriers in Europe and in North America, which @pera lot of leased aircrafts. However, the
Asian market follows the trend with 31% of the netr&hare.
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Figure 5.13 Cabin Conversion for Aircrafts on Operating Lease: Cabin Retrofit World Distribution
2009-2029

Let’s not forget that the leasing of aircrafts alfocarriers to be more flexible towards the
market expectations: they can preserve their aaghmie of economical downturn; they can
meet the market change by remodelling quickly tHegt and they can always offer the pas-
sengers new aircrafts. For these reasons, the tmarkércraft leasing is expected to grow as
more and more full service carriers (along with D@E&cide on aircraft leasing because of its
advantages.

Moreover, as it deals with short-term lease cotdrazabin retrofits occur in relative short cy-
cles. As a result, the leasing of aircrafts gemsran additional strong demand for cabin redes-
igns for narrow-bodies as well as wide-bodies.

5,55 Demand for Freighter Conversion

A strong demand for Freighter Conversions comeas flkorth America with 55% of the mar-
ket share. The second position is shared by WeEliemope and Asia-Pacific. This is probably
due to the high number of freighters operated inttiNAmerica.
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Figure 5.14 Freighter Conversion: Cabin Retrofit World Distribution 2009-2029

Let’'s not forget that a freighter conversion isesmonomical alternative to the purchase of a
new aircraft. Moreover, it allows a carrier to kemgormer airliner in service which is no
longer suitable for passenger use. Therefore sttesario also generates a strong demand for
Cabin Modifications.

5.5.6 Demand for VIP Completion

Among the 25500 VIP modifications that are foreeddbr the next twenty years, specialists
currently see strong interest from India, Russid ttwe Middle East and they think China will
also become a strong market. Traditionally, mo$t ®¥bnversion business has been generated
by the Middle East. Now really strong growth frommdRia is seeing and these specialists think
there is plenty of potential for further increagedusiness there. In fact, people from Russia
can afford the best, and they're asking for evemghbathrooms, dining areas, bedrooms, li-
braries, children’s rooms. Russia could dominagesictor within five years, exceeding even
the Middle East in its demand for the ultimate pulence. Growth is also coming from the
South American market, especially in Brazil, andntyain the business jet segment. India’s
fast-growing economy is fuelling demand, wheretaofanterest in the Airbus ACJ and Boe-
ing BBJ for both VIP and corporate transport issg@enAviation Today 2008).

Then, the typical price of a VIP modification hasbie considered because it put this scenario
at the front rank of the market. The AeroStrategympany estimates that more than $3.3 bil-
lion was spent in 2007 on completing green VIPraftand upgrading in-service large execu-
tive airplanes. AeroStrategy forecasts that thogerditures could grow to more than $3.8

86



billion annually by 2015. Typically, VIP aircrafulgers spend up to $100 million for a top-of-
the-range completiofAviation Week 2008b).
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6 Investigation of Modification Centers

Modification centers will be here investigated bgntifying the type of aircrafts involved, the
type of work (or scenario) they carry out on aifchateriors and their location. This informa-
tion has been collected in the following table shaowthe Figure 6.1, 6.2 and 6.3. This table
Is included in the sheet “Modification Centers'tbé enclosedxceldatabase.
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In-house

Modification Center name Type af work, Inkerior De=ign | Aircraft ypes inwalved Location
A0 Inkeriors WIP cabin modification yes L5
Bero Air, I, Intericr modification Galauy, .-.ﬁ.gtra, Westuing LS
and Twin Commander
Aero Industries  Richmond Jet Interior madifisation yes s
Center
Gulfstreams, Hawkers,
Learjetz, Challengers, Jet
Herozmith Sviation, Inc. WIF zabin moditication yes Stars, Diamonds, King LS
Air=, Falzons, Citations
and Westwinds
Birbus Corporate Jet Centre WIF zabin moditication Birbus
BirCraft Inkeriors Ine WIP cabin modification yes Medium sized jet Canada
Bircraft Interiors of Memphiz, LLC Interior modification yes piston and kurbine aircraft L5
Air Han=on Engineering, Lrd WIF cabin modification England
SIROYATION Interior Restyling, Ine Intericr modification yes =
Bkridge Aircraft Interiors, Inc. WIF cabin moditication yes Gulistream L5
Citaticn, King Air,
American Aircraft Interiors WIF cabin modification Conquest, Hawker, Lear, LS
Falzon, Gulfstream, and
Bioeing.
A=sociated Air Center, Inc. WIF cabin moditication yes EE.J & AC. L5
Lears, Cirations, King
Austin Jet International WIF cabin modification Airs, Hawkers, LS
Gulfstream
AuCraft Support Services, Inc. Airliner interior modification yes Darnier 328 L5
AYMATS Birliner interiar madificatian yos el [ e, e us
Sabreliner
Citation, Learjet, Dassault
Eizjet International Sales & Support WIF cabin modification yes Falcon Jet, Embraer, L=
Gulfstream, BB
Ecmbardier Global
Bombardier Aerospace - Montreal WIF zabin moditication yes Express, Bombardier Canada
Challenger
Bombardier ferospace - Tucson WIF zabin modification yes £ iz [Emaer, I__e-ar|e-t and L5
other aircraft
Elu:-mhar-:llerv.ﬂi'.r:riﬁizpace - West Intericr madification commuker aircraft types L=
Eombardier Aerospace - Wichita WIF cabin moditication yes Learjet L5
Burnet Interiors =4 WIP cabin modification yes Switzerland
Cabin Crafters uphalstery and cabinatry subcontract up o Gu:irs:::;m = LS
Capital Aviation, Ine. WIF cabin modification yes up b Gu:iit:rrz.?:n IV size L=
Clazzic Interior Completions, Inc. Interior modification es L5
Cypress Aviation, Ing. Intericr modification no L5
Dassault F aleon Jet WIF cabin moditication yes Falcon Jek L5
Falcon, Challenger, BEae,
Daszault Falcon Jet - ILGE WIF cabin modification yes Gulfstream. NOT and LS
OAas
Dlaz=ault Falcon Service WIP cabin modification yes Dlaz=ault Falcon Jet France
Dielba Interior sl WIP cabin modification yes Italy
Airliner interiors
OID328 Support Serdices refurbishment Darnier Germany

R S — -

£ Nirlim oA

' CunriEnimlake

Figure 6.1 Modification centers database (part 1)
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Citationz, Learjets,
Hawkers, Falcons,

Duncan Aviation ne, - LAJE WIF cabin modification yes Gulfstreams, Challengers, 15
Aztras
E&ADS EF W Freigher Conersion Airbus Germany
EADS Sogerma Services WIP cabin moditication Airbus France
Eagle Awiation, Ine. Intericr modification yes L5
Ellictt Aviation WIP cabin modification yes 15
Enecutive Aircratt Corp. - Mewton Interior modification 15
EESES .ﬁ.lrc_raFlf SEIpEEEm Inkerior modification yes 15
‘wichita
Field Auiation East Lid. WIF cabin modification yes Canada
Field Auiation East Ltd. WIF cabin modification yes Canada
Florida Aircraft Interiors Inkerior modification single engine to zmall jets 1=
; WIP cabin modification
Fokker 5 Metherland
RS S ENMIEEE Airliner interior modification e Fokker FHErAnE
Gulfstream, Cessna,
Falzon, Lear Jet,
. . A Challenger, Sikarsky,
FI Cal Corp. VIF cab dificat Canad
ying Calours Carp cabin modification yes Havker, Beechist, anada
Extensive experience with
Citation Series.
Garrett Aviation Services - 5P Inkerior modification Jes Falcon Service Center [
Garrett Aviation Services - W'Y WIF cabin modification subcontract Gulfstream, Challenger (1=
and Global Expres=
Gioderich Aircraft, Inc WIP cabin moditication yes Bombardier Canada
Goodner-Crider Aircraft Painting Intericr modification yes L5
Giore Deszign Completions, Ltd WIP cabin modification yes BB, 'ﬁ'g.lm'.?ﬁ?' s
enecutive jats
Greenpoint Technologies, Inc. WIF cabin modification yes Eoeing L5
Gulfstre.am E?IE?ECE Lorp.- WIP cabin modification yes Gulfstream 15
Sl .ﬁ.eg::-:;e EElb el WIF cabin modification yes Gulfstream s
Gultstream Aerospace Corp. - SAY Inkerior modification yes Gulfstream jet= L5
Hillaero Modification Center WIF cabin modification yes King Air ED.D' ;ltatlnn s
Eravo, Citation Wil
Indianapolis Jet Center WIF cabin modification Jes Challenger & Learjet [
Innotech - Erecaire Aviation Group WIF cabin modification Jes Canada
Gulfstreams, Challengers,
International Jet Interiors WIP cabin modification yes FalcnnS,IHa:.vkerE. s
Jetstars, Citations and
Learjets
Ikt Freigher Conwersion Fussia
Gulf=tream, Canadair bar
VIF ¢:abin modification o Cha"i'}ge'éﬁ‘f_”ft'
Jet Auiation Bazel yes azzaull torthe b alzan Switzerland
Series
Birliner interiors aircraft up bo the gize of &
refurbishment Boeing 747-400 and 7E7
Dazzault Falcon Jets,
Jet Aviation wWest Palm Beach WIF cabin modification yes Gultstreams, Challengers s
and Hawkers
Falzon, Learjet,
JetCarp WIF cabin modification yes Eﬂffff:nifﬁ?r =

Figure 6.2 Modification centers database (part 2)
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Jet Source, Inc. YIF cabin modification s
up ko large cabin jets such
Jet Warks Air Center WIF cabin modification yes 4z Gulfstreams and =
Challengers.
kD Aviation Inc. { Heeze Inkerior moditication yes 115
L-3 Communications Integrated VIP cabin madification s W El el a.nu:l wide-body s
Systems Aircrafk,
Lufthansa Technik AG ,l"'i": c.abln.mc'dlflc.a.tlnr! yes Germany
Airliner interior modification
Marshall Aerospace _I"'j":' c_abln_mndlflc.a.tlnr! yes England
Airlireer interior modification
MY Aircraft Services Intericr modification yes L5
Gulfstreams,
MeKinney ferospace WIF cabin muodification yes Challengers,F aleans, =
Hawkers, Jetstars,
Citations and Learjets
. . . A from Ceszna 150 to
Mena Aircraft Interiors Intericr modification yes (=
Gulfstream i
Challenger, Embrasr,
. - . A Falzon, Global,
Mlidcoast Aviation Inc. WIF cabin muodification yes (=
Gulfstream, Hawker,
Learjet
WP cabin muodification
MUET Airliner interior modification - EBombardier CRO00Z00 | %2
Maobarak Aircraf, LLC Intericr modification yes =t SRR L5
Gulfstream Gl
Dizark. Aircraft Systems Intericr modification yes L5
Fhazar Aerocorp Inc. WIF cabin modification yes 115
FrivateSky® Aviation Services, Inc. WIF cabin modification yes Gulfstre::dl_“qﬁlll:'rﬁlll, GV, s
Fanger Aviation Enterprises, Inc. WIF cabin modification no tur!:u:q_:un:ips iTEE)E s
midsize corporate
FEIRIRET Alrc:ézfewlcﬁ - WIF cabin modification yes Fiaytheon aircrafes (3
Faythean Aircraft .SEWICES - San Inkerior moditication Faytheon s
A koo
Faytheon Aircraft Services - Tampa WIF cabin modification yes Faytheon aircrafts 115
Faytheon Aircraft Services - Wichita WP cabin modification Fiaytheon 115
BEombardier Challenger
and Global Express
Savannah Air Center WIF cabin modification yes el =
through s, Bagtheon
Hamwk.er zeries, and
Falcon G0 aircraft.
Sierra Industries Inc. WP cabin muodification Cezzna Citation LS
Sky Harbowr Aircraft ,l"'i":' c.abln.mcudlflc.a.tlcnr! yes Canada
Airliner interior modification
Stewvens Aviation Inc. - Dayton Inkerior moditication yes 115
Stenvens Aviation Inc. - Greenuille Intericr modification yes L5
The Aircraft Completion Centre WIF cabin muodification Australia
Trace Aircratt Completions WP cabin modification yes LK
Airliner interior modification
ac Freigher Conversion
Challenger, Citation,
West Star Aniation, Inc. WIF cabin modification yes Conquest, Lear, Falcon L5

Figure' 6.3 Modification centers database (pgrt é)
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Conclusions

The demand for the 10100 International Cabin regsrad a major segment of the cabin modi-
fication global market even if the total amountnaddifications is lower than the demand for
the 23200 Domestic Cabin redesigns. It is drivemiaykets with a high growth rate, concen-
trated in a single world region that is to say AB&cific, the Middle East and China. Never-
theless, this demand is expected to be stableievegonomical downturn. The high price of a
retrofit program of a wide-body fleet, comparechtorow-bodies, indicates that this scenario
will have a big influence on the global market. fidfere it has to be considered with the big-
gest attention.

Although comfort and amenities on short-haul flgyhtso drive the airlines reputation, most
of them do not currently put the emphasis on dommesbins. Moreover, the real advantages
of Domestic Cabin Redesigns are the reduction @ftfurn and the increase of seating capac-
ity and do not involve high expenses. Thus, thenado is less interesting than International
Cabin Redesigns. However, as innovation on Intenak Premium Cabins has a limit and
should not always generate high margins for aislifdorth American and Western European
markets have to be investigated if this segmertswddenly grow.

Aircrafts on operating lease creates an additiostrahg market of 4200 Cabin Conversions
for Wide-bodies as well as Narrow-bodies. Moreoteis segment is expected to grow in the
future because of the real advantages of operating aircrafts even for full service carriers.
Therefore, European and Asian markets should be& apasidered with attention as this de-
mand will concentrate in those regions.

The market segment of Freighter Conversions remgtiianteresting with 2600 cabin con-
versions, which most of them will take place in tiiohmerica.

Last but not least, the 25500 VIP modificationsl wérhaps be the strongest segment of the
Cabin Modifications market for the next twenty y@arhe high prices of VIP cabin comple-
tions, along with the strong need for businessaits to be refurbished as soon as possible,
makes this segment very interesting. ThereforettNamerica and European markets should
have the biggest influence on the Cabin Modifiaaionarket. However, an emerging and
growing demand for next years should call attentioRussian and Asian markets.
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Appendix

In this appendix, there is the whole VBA code uiselixcelto forecast the cabin modification
volume. The commentaries linked to each row aréevrin green colour.

Sub project_commercial_airplanes()

Dim aircraft As aircraftscontains all the characteristics of the aircradtwork on

Dim scenario As scenarigontains all the characteristics of the cabin rication scenario related to this aircraft

Dim sheet As Worksheétescribes the worksheet we work on

Dim row As Integefdescribes the row of this worksheet we work on

row = 18'row gives the number of the current row. Inforroatbegins at row number 18.

Dim number_modifications As Integégives the number of modifications for one aircedther until 01/07/2009 or before
the aircraft end of life

For Each sheet In Worksheets
If ((sheet.Name = "Forecast") Or (sheet.Nam@ircrafts") Or (sheet.Name = "Airlines"”) Or (shegame = "Executive-
Jets") Or (sheet.Name = "Freighters") Or (sheet®&artB737-BBJ")) Then
Else'scan only the worksheets about commercial airglane
row = 18
Do While sheet.Cells(row, 3) <>'Stan all the rows until the end of the sheet(wesitter only one aircraft each time
number_modifications =lflefore the computation there is no modificationtfas aircraft
Call read_aircraft_properties(aircr8yVal row, ByVal sheet)scan all the characteritics of this aircraft frdm da-
tabase
Call determine_body_type(aircrafdtermine if this aircraft is a wide-body or anoar-body
Call determine_operator_type(aircraftytermine if the aircraft operator is a LCC or not
Call determine_scenario(aircraft, scenadetermine, with all these information, the cabiadification scenario re-
lated to this aircraft
Call write_scenario(scenario, ByVal rd@yVal sheet)write the type of scenario of this aircraft ingesific column
of the database
Call read_scenario_parameters(scerariraft) read the parameters of the scenario requirechéocomputation
Call compute_modifications(aircraft, sago, number_modifications, ByVal she&tpmpute the number of cabin
modifications for this aircraft either until 01/@029 or until the aircraft end of life.
Call write_number_maodifications(numbendifications, ByVal row, ByVal sheetyrite the number of modification
for this aircraft in a specific column of the dedab
row = row + Igoes to the next row
Loop
End If
Next sheet
End Sub

Sub read_aircraft_properties(aircraft Asaircrafts, ByVal row, ByVal sheet)
aircraft. model = sheet.Cells(row, 3).Value

aircraft.operator = sheet.Cells(row, 6).Value

aircraft.freighter = sheet.Cells(row, 5).Value

aircraft.delivery_date = sheet.Cells(row, 21).Value
aircraft.lease_termination = sheet.Cells(row, 29u¥a

End Sub
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Sub determine_body_type(aircraft Asaircrafts)
Dim row As Integer
row = 8'row gives the number of the current row. Inforroatbegins at row number 8.

Do While Worksheets("Aircrafts").Cells(row, 3).Valse "™ 'scan all the rows until the end of the sheet
If Worksheets("Aircrafts").Cells(row, 3).Valuearcraft.model Thenif the aircraft model is found
aircraft.wide_body = Worksheets("Aircrajt€ells(row, 4).Valué the type of body is saved in the variable aitcraf
End If
row = row + 1goes to the next row
Loop
End Sub

Sub determine_operator _type(air craft Asair crafts)

Dim row As Integer

row = 8'row gives the number of the current row. Inforroatbegins at row number 8.
aircraft.LCC = False

Do While Worksheets("Airlines").Cells(row, 2).Valse " 'scan all the rows until the end of the sheet
If Worksheets("Airlines").Cells(row, 2).Valueaircraft.operator Thehif the aircraft operator is found
aircraft.LCC = Truéthe type of operator is saved in the variableraft
End If
row = row + 1goes to the next row
Loop
End Sub

Sub determine_scenario(air craft As aircrafts, scenario As scenarios)
If aircraft.freighter = False Theii the aircraft is not a freighter
If aircraft.lease_termination = "00:00:00" Thérnhe aircraft is not on operating lease
If aircraft.wide_body = True Théiit is a wide-body
If aircraft.LCC = False Théihit is a Full service carrier
scenario.type = "Overall Redesiginbérnational Cabins"
Elseifitisa LCC
scenario.type = "No Modificationedario"”
End If
Elsé€if it is a narrow-body
scenario.type = "Overall Redesign of @etit Cabins™o differentiation here between LCC and Full sergasgier
End If
Else'if the aircraft is on operating lease
If aircraft.wide_body = False Théhit is a narrow-body
scenario.type = "Cabin Conversion forrdarbodies on Operating Lease® differentiation here between LCC and
Full service carrier
Elsé€if it is a wide-body
scenario.type = "Cabin Conversion for gvimbdies on Operating Leaseb differentiation here between LCC and
Full service carrier
End If
End If
Else 'if the aircraft is a freighter
scenario.type = "No Modification Scenario"
End If
End Sub

Sub write_scenario(scenario As scenarios, ByVal row, ByVal sheet)
sheet.Cells(row, 30).Value = scenario.type
End Sub
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Sub read_scenario_parameter s(scenario As scenarios, air cr aft As air cr afts)

If scenario.type = "Overall Redesign of Domestic @abiThen
scenario.frequency = Worksheets("Forecast")sCE), 5).Value
scenario.equ_duration = Worksheets("Forec&sils(13, 7).Value
scenario.duration = 0 'duration is not usedulthis scenario
scenario.age_limit = Worksheets("Forecast")st&8, 9).Value

End If

If scenario.type = "Overall Redesign of Internatio@abins” Then
scenario.frequency = Worksheets("Forecast")sCel, 5).Value
scenario.equ_duration = Worksheets("Forec&slls(12, 7).Value
scenario.duration ='Guration is not useful for this scenario
scenario.age_limit = Worksheets("Forecast")stefl, 9).Value
End If
(...)
If aircraft.delivery_date + scenario.age_limit *536 "1 / 7 / 2029" Thelfif the date at which there is no more modification
do not exceed the date 1/7/2029
scenario.date_limit = aircraft.delivery_datecenario.age_limit * 365hen we take this date as upper limit for the pom
tation
Else
scenario.date_limit ="1 /7 / 202@'se we take the date 1/07/2029 as upper limithfercomputation
End If
End Sub

Sub compute_modifications(aircraft As aircrafts, scenario As scenarios, number_modifications As Integer, ByVal
sheet)
Dim fleet_volume As Integécounts the number of aircrafts of the same modeladfected by the same scenario

If scenario.type = "Cabin Conversion for Narroedkes on Operating Lease" Or scenario.type = "C@lminversion for
Wide-bodies on Operating Lease" Then
Call compute_maodification_lease(aircrafiersario, number_modifications)}compute the number of modification for
aircrafts on operating lease
End If
If scenario.type = "Overall Redesign of Dome&abins" Or scenario.type = "Overall Redesign ofrlméonal Cabins"
Then
Call compute_fleet_volume(ByVal sheet, aiitcifieet_volume)compute the number of aircrafts of the same operat
Call compute_total_duration(scenario, By\legf volume)compute the program duration for the entire fleet
Call compute_modification_normal(aircraftesario, number_maodificationsgompute the number of modification for
the other aircrafts
'MsgBox (“aircraft: " & aircraft.model & CHiB) & "fleet volume: " & fleet_volume & Chr(13) & tmber modif: " &
number_modifications)
End If
If scenario.type = "No Madification Scenariolidn
number_modifications = 0
End If
End Sub

Sub compute_maodification_lease(aircraft Asaircrafts, scenario As scenarios, number_modifications As I nteger)
Dim end_computation As Boolean

Dim date_modification As Datendicates the date of the current forecast maalifom

end_computation = Falssommand the exit of the loop

date_modification = aircraft.lease_terminatitre first modification will happen at the dateledse termination

If scenario.date_limit > Date Théhaircraft is not yet phased-out then modificascshould be planned
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number_modifications = 0
Do While (end_computation = False)
number_modifications = number_modificatien$
date_modification = date_modification + rsago.frequency * 31 + scenario.duratimomputation of the date of the
next modification
If date_modification > scenario.date_lifilien'if the date of the next modification exceed th@eplimit, no more
modification will be planned
end_computation = True
End If
Loop
Else'if the aircraft is already phased-out, no more ification will be planned
number_modifications = 0
End If
End Sub

Sub compute fleet_volume(ByVal sheet, aircraft Asaircrafts, fleet_volume)
Dim row As Integer

row = 18

fleet_volume =0

Do While sheet.Cells(row, 3) <>'Stan all the rows until the end of the sheet
If aircraft.lease_termination = "00:00" Then'if the aircraft is not on operating lease
If aircraft.freighter = False Théérthe aircraft is not a freighter
If aircraft.operator = sheetl§gbw, 6) Theniif the aircraft belongs to the same operator
fleet_volume = fleet_volumd ‘count the fleet volume
End If
End If
End If
row =row + 1
Loop
End Sub

Sub compute _total_duration(scenario As scenarios, ByVal fleet_volume)
scenario.tot_duration = scenario.equ_durationétfleolumecompute the duration of the whole program (in dlays
End Sub

Sub compute_maoadification_normal(air craft Asaircrafts, scenario As scenarios, number_maodifications)
Dim end_computation As Boolean

Dim date_modification As Datendicates the date of the current forecast maalifon

end_computation = Falssommand the exit of the loop

date_modification = Datéhe first modification will happen at the datetoflay

If scenario.date_limit > Date Théhaircraft is not yet phased-out then modificascshould be planned
number_modifications = 0
Do While (end_computation = False)
number_modifications = number_modificatien$
date_modification = date_modification +rs@eo.frequency * 31 + scenario.tot_duratioomputation of the date of the
next modification
If date_modification > scenario.date_lifilien'if the date of the next modification exceed th@eplimit, no more
modification will be planned
end_computation = True
End If
Loop
Else'if the aircraft is already phased-out, no more ification will be planned
number_modifications = 0
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End If
End Sub

Sub write_number_maodifications(ByVal number_modifications, ByVal row, ByVal sheet)
sheet.Cells(row, 31).Value = number_modifications
End Sub
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Sub project_commercial_airplanes_total_modifications() ‘compute and write the number of modifica-
tions for each region and each scenario

Dim region As String

Dim scenario_type As String

Dim sheet As Worksheé&tescribes the worksheet we work on

Dim row As Integerdescribes the row of this worksheet we work on

row = 18'row gives the number of the current row. Inforroatbegins at row number 18.
Dim number_modifications As Integgjives the number of modifications of a specificiift
Worksheets("Forecast").Range("D32:U34").ClearContents

For Each sheet In Worksheets
If ((sheet.Name = "Forecast") Or (sheet.Nam@ircrafts") Or (sheet.Name = "Airlines") Or (sheg¢ame = "Executive-
Jets") Or (sheet.Name = "Freighters")) Then
Else'scan only the worksheets about commercial airglane
row = 18
Do While sheet.Cells(row, 3) <>"" 'scanthl rows until the end of the sheet(we considér one aircraft each time)
number_modifications =lfefore the computation there is no modificationtfas aircraft
Call read_region(region, ByVal row, By\&hleet)scan the world region where this aircraft is based
Call read_scenario(scenario_type, ByWal, iByVal sheet)scan the modification scenario of this aircraft
Call read_number_modifications(numberdifications, ByVal row, ByVal sheetycan the number of modifications
for this aircraft
Call compute_detailed_modifications(By\feimber_modifications, ByVal scenario_type, ByValiogd 'compute
and write the number of modifications for each oegand each scenario
row = row + lgoes to the next row
Loop
End If
Next sheet
Call compute_total_maodifications compute and write the total amount of modificatidor each scenario
End Sub

Sub read_region(region As String, ByVal row, ByVal sheet)
region = sheet.Cells(row, 7)
End Sub

Sub read_scenario(scenario_type As String, ByVal row, ByVal sheet)
scenario_type = sheet.Cells(row, 30)
End Sub

Sub read_number_modifications(number_modifications As I nteger, ByVal row, ByVal sheet)
number_maodifications = sheet.Cells(row, 31)
End Sub

Sub compute_detailed_modifications(ByVal number_modifications As Integer, ByVal scenario_type As String, ByVal
region As String)
If scenario_type = "Overall Redesign of Internatic@abins" Then
If region = "Western Europe" Then
Worksheets("Forecast").Cells(32, 5) =rkgbeets("Forecast").Cells(32, 5) + number_modificet
End If
If region = "Eastern Europe" Then
Worksheets("Forecast").Cells(32, 6) =rkgbeets("Forecast").Cells(32, 6) + number_modificet
End If
If region = "China" Then
Worksheets("Forecast").Cells(32, 7) =rkgbeets("Forecast").Cells(32, 7) + number_modificet
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End If
If region = "Asia Pacific" Then

Worksheets("Forecast").Cells(32, 8) =rkgbeets("Forecast").Cells(32, 8) + number_modificet
End If
If region = "Africa" Then

Worksheets("Forecast").Cells(32, 9) =rkgbeets("Forecast").Cells(32, 9) + number_modificet
End If
If region = "Middle East" Then

Worksheets("Forecast").Cells(32, 19) erkgheets("Forecast").Cells(32, 19) + number_maatifims
End If
If region = "Latin America & Caribbean" Then

Worksheets("Forecast").Cells(32, 20) erkgheets("Forecast").Cells(32, 20) + number_maatifims
End If
If region = "North America" Then

Worksheets("Forecast").Cells(32, 21) erkgheets("Forecast").Cells(32, 21) + number_maatifims
End If

End If

If scenario_type = "Overall Redesign of Domestic @abirhen

If region = "Western Europe" Then

Worksheets("Forecast").Cells(33, 5) =rkgbeets("Forecast").Cells(33, 5) + number_modificet
End If
If region = "Eastern Europe" Then

Worksheets("Forecast").Cells(33, 6) =rkgbeets("Forecast").Cells(33, 6) + number_modificet
End If
If region = "China" Then

Worksheets("Forecast").Cells(33, 7) =rkgbeets("Forecast").Cells(33, 7) + number_modificet
End If
If region = "Asia Pacific" Then

Worksheets("Forecast").Cells(33, 8) =rkgbeets("Forecast").Cells(33, 8) + number_modificet
End If
If region = "Africa" Then

Worksheets("Forecast").Cells(33, 9) =rkgbeets("Forecast").Cells(33, 9) + number_modificet
End If
If region = "Middle East" Then

Worksheets("Forecast").Cells(33, 19) erkgheets("Forecast").Cells(33, 19) + number_maatifims
End If
If region = "Latin America & Caribbean" Then

Worksheets("Forecast").Cells(33, 20) erkgheets("Forecast").Cells(33, 20) + number_mcalifons
End If
If region = "North America" Then

Worksheets("Forecast").Cells(33, 21) erkgheets("Forecast").Cells(33, 21) + number_maatifims
End If

End If

(...)
End Sub

Sub compute_total_modifications()
Dim index As Integer

For index =5 To 21

Worksheets("Forecast").Cells(32, 4) = Workshgetsecast").Cells(32, index) + Worksheets("Foregasells(32, 4)
Next index

For index =5 To 21
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Worksheets("Forecast").Cells(33, 4) = WorksheEetsecast").Cells(33, index) + Worksheets("Foregasells(33, 4)
Next index

Forindex=5To 21

Worksheets("Forecast").Cells(34, 4) = Workshgetsecast").Cells(34, index) + Worksheets("Foregasells(34, 4)
Next index

End Sub
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Sub project_freighter_conversion()

Call compute_fleet_distributionompute and write the freighter world fleet

Call compute_conversion_volurftmmpute and write the total volume of freightenwersion

Call write_conversion_distributionompute and write the world distribution of freighconversions
End Sub

Sub compute_conversion_volume()
Dim index As Integer

Worksheets("Freighters").Cells(13, 5).Value =Wébieets("Freighters").Cells(13, 3) * Worksheets¢iginters").Cells(13,
4).Value'multiplies the freighter fleet forecast with theifhter conversion proportion

Worksheets("Forecast").Cells(35, 4) = Workshgetsighters").Cells(13, 5).Valuerite the total amount of conversions
End Sub

Sub compute fleet_distribution()

Dim region As String

Dim sheet As Worksheé&tescribes the worksheet we work on

Dim row As Integerdescribes the row of this worksheet we work on

Dim index As Integetuseful for the distribution of the fleer (at thed

row = 18'row gives the number of the current row. Inforroatbegins at row number 18.
Dim fleet_volume As Integécounts the freighter world fleet volume

fleet_volume =0

Worksheets("Freighters").Range("C18:J18").ClearContents

For Each sheet In Worksheets
If ((sheet.Name = "Forecast") Or (sheet.Nam@ircrafts") Or (sheet.Name = "Airlines") Or (sheg¢ame = "Executive-
Jets") Or (sheet.Name = "Freighters")) Then
Else'scan only the worksheets about commercial airglane
row = 18
Do While sheet.Cells(row, 3) <>'Stan all the rows until the end of the sheet(wesizter only one aircraft each time)
If sheet.Cells(row, 5) = 1 Theonsiders only freighters
fleet_volume = fleet_volume +cbunts the freighter fleet
region = sheet.Cells(row, s9ans the world region where this aircraft is Hase
If region = "Western Europe" Then
Worksheets("Freighters").Cel&(3) = Worksheets("Freighters").Cells(18, 3) ®dunts and write the freighter
fleet of Western Europe
End If
If region = "Eastern Europe" Then
Worksheets("Freighters").Cel&(4) = Worksheets("Freighters").Cells(18, 4) + 1
End If

End If
row = row + lgoes to the next row
Loop
End If
Next sheet
Worksheets("Freighters™).Cells(18, 2) = fleet_volumeite the freighter fleet volume
For index =3 To 10
Worksheets("Freighters").Cells(18, index) = Wabr&ets("Freighters").Cells(18, index) / fleet_volumempute and write
the distribution of the fleet
Next
End Sub
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Sub write_conversion_distribution()

Worksheets("Forecast").Cells(35, 5) = Cint(WorkshgEtgighters").Cells(18, 3) * Worksheets("Freight@Gells(13, 5))
'multiplies the total number of conversion by theef proportion of that region and converts thelltéato an integer.
Worksheets("Forecast").Cells(35, 6) = CInt(WorkshgEtgighters™).Cells(18, 4) * Worksheets("Freight@Gells(13, 5))
(...)

End Sub
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Sub project_VIP_modification()

Dim duration As Integerontains the duration of a VIP modification

Dim frequency As Integécontains the time between two modifications

Dim time_available As Integérontains the the period within which VIP modificais will be undertaken

Dim number_modification_aircraft As Lorigontains the amount of VIP modifications for onesiness aircraft
Dim total_maodifications As Long 'contains the tadatount of VIP modifications in the world

Dim aircraft_volume As Longontains the amount of business aircraft deligerie

duration = Worksheets("Forecast").Cells(17réxd the duration of a VIP modification in days

frequency = Worksheets("Forecast").Cells(17, 5) *r8ad the frequency of VIP modifications in monthsl @onvert it in
days

time_available = Worksheets("Forecast").Cells(17 385 'read the time available for VIP modifications ahgrithe aircraft
useful life (in years) and convert it in days

number_modification_aircraft = time_available / f@tion + frequency)compute the number of modifications for one air-
craft during its useful life

aircraft_volume = Worksheets("ExecutiveJets").C&éBs@)'read the business aircraft fleet in the sheet Exexlets
total_modifications = number_modification_aircrafircraft_volume'compute the total amount of VIP modifications
Worksheets("Forecast").Cells(36, 4).Value = totaldifications'write this result in the sheet Forecast

End Sub
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