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Chapter 13

Chapter 13 - The Boeing MMA Prospects

13.1 Introduction

The ‘discovery’ by Boeing, after half a century in the jet airliner market, that there’s a special ‘middle
market’ has motivated much controversy. The concept of Middle of the Market Aircraft (MMA) might
not have won over scepticism without the weight of Boeing behind it. Boeing can be rather inventive,
for example with the ‘sonic cruiser’ that was an engineering marvel airlines would willingly discard in
favour of the cost-efficiency of the more conventional 787. Similarly, could the MMA simply give way
to the 737 replacement that is badly needed and could not come too soon? To rise above the
speculation three aspects need to be considered:

e Is there a ‘Middle Market’ (MM) single and twin-aisle (SA/TA)?
e If so, which aircraft serve the MM and what does that tell about a potential replacement?
e Could an MMA be combined with a B737 replacement or have comparable appeal?

The current airliner market could be seen as a mostly bi-modal distribution:

e The single-aisle (SA) with up to 200 seats cover transcontinental routes;
e The twin-aisle (TA) aircraft with well over 200 seats cover transoceanic ranges (over land or
water).

Certainly, there is a less densely populated middle ground of 200-300 seats and transatlantic and/or
transpacific ranges, and some past aircraft well-tailored to such routes with Boeing heritage: the B757
and B 767.

A closer examination of that middle of the market shows that the B757/B767 are less than 20% of the
fleet, hardly surprising in view of their age. The SA aircraft did not have (until recently) the necessary
payload-range, so the middle market is dominated to an extent of over 80% by TA aircraft like the
B787, A330 and A350. They were optimised for larger capacities over longer distances but they were
until recently the only choice for the middle market. In this scenario, the MMA could be more efficient
than the TA aircraft, but it would cannibalise their sales. The lost sales of TA aircraft and the limited
middle market might not justify the development costs.

The preceding assessment does not take into account a major new development. When the Airbus
A320 and the Boeing 737 were designed they were never expected to cross the Atlantic. The new
generation of engines adds to the benefits of lower fuel consumption those of longer range. The A320
family in its second generation has greater development potential that the B737 in its third generation
and Airbus is not missing the opportunity. Most of its sales advantage comes from the longer-range
A321 and A321LR, and with the A321XLR and possible further growth the B757/B767 replacement
market is squeezed from below and by the A330 neo from above, Even if the A330neo is no more
than a lower cost less efficient alternative to the B787, little room is left below it for the MMA.

N ' PERSPECTIVES FOR AERONAUTICAL RESEARCH IN EUROPE 10
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The MMA should incorporate all the technological advances planned for all the new clean sheet B737
replacement later in the decades before the third generation 737 MAX becomes a case of urgent
necessity rather than favourite choice and certainly, airlines will be always eager for greater efficiency
allowed by a new design. However, just after the introduction of new engines, still suffering from early
teething troubles, not much more efficiency can be expected anytime soon. Without a major
contribution from the engine will other areas (aerodynamics, structures, new production methods, big
data, artificial intelligence, operations) make enough difference?

Also, most airlines have a two-type fleet: single (SA) and twin (TA) aisle. Does it make sense having a
third type: MMA? Even if the MMA is better optimised for middle-market routes does it justify
operating another type, different spare parts and maintenance organisation and specific crew
training? Probably not unless it shares an extensive commonality with a SA aircraft. It is not surprising
that Boeing presents the MMA as a "family of aircraft” that will eventually include a B737 replacement.

This begs the question of what is really the main aim: a badly needed B737 replacement or an MMA
with an uncertain business case? Or does the combination add much value? There is also the argument
of which comes first: (a) the MMA as the technology pathfinder for a mature fast development of a
B737 replacement? (b) or the urgently needed B737 replacement with the MMA a follow-on option
to consider. As times elapses without an MMA decision option (b) gains weight for several reasons.

The B737 replacement is the aircraft that Boeing wants for all sorts of reasons: (i) because it is the
clean sheet design it has been working for years before the 373 MAX diversion; (ii) because the third
generation 737 MAX is at the limits of the development potential of a design half a century old; (iii)
because it is competing with the second generation A320 and a gap of one generation is almost
impossible to bridge; (iv) although the 4 500 orders of the B737 MAX are a respectable result for a
late entry against 6 500 orders for the A320neo, the gap is mostly due to the A321/LR/XLR that lies
beyond the B737 stretch potential.

The MMA may no more than a smokescreen behind which Boeing completes the development of an
all-new B737 replacement. Boeing cannot admit that the B737 has reached the limits of its
development potential. It needs to develop an all-new aircraft without fatally undermining the current
model. Maturing the new technologies in the MMA and applying them in the fast and successful
development of an all-new B737 replacement might be the best course of action, with sufficient time.

The B737 backlog of several years gives Boeing some time to develop its replacement but not enough
to put an eventual MMA ahead. The B737 replacement could be the first priority. The recent troubles
of the B737 MAX will drain Boeing resources as its highest priority, but once this is over the all-new
replacement must be the overriding objective, to compete with the A321 derivatives and erase B737
MAX bad memories. In the meantime, Airbus can push the A321 from below and A330 from above
and when it sees fit, counter the B737 replacement with an A320 replacement benefiting from
hindsight. The Boeing hesitations and postponements of the MMA are a sign of troubled times and
difficult options.

11
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13.2 KEY TOPIC T13.1 — What if Study 2: Boeing MMA Aircraft

In the last 40 years, the aeronautical industry has managed to move from a specialized sector to a
worldwide leading industry. Prospects for the growth of this sector are optimistic. Main aircraft
manufacturers, like Boeing, Airbus, Bombardier, etc., foresee an increase in the air travel demand per
year for the next 20 years. Despite the positive perspective for the market, many challenges populate
the road towards this upcoming future. To succeed, the aeronautical industry must keep innovation
as one of its main assets. Breakthrough and emerging technologies will continue to be the main
development differentiator, and sustained efforts in R&D are essential to ensure sustainable growth.
Strategic responses are being prepared by governments and international institutions.

Within these international efforts to cope with these challenges is where PARE comes along. The
overall objective of PARE (Perspectives for the Aeronautical Research in Europe) is to trigger
collaboration between European stakeholders to support the achievement of the 23 Flightpath 2050
goals. As part of this process, the project has the task of identifying the actions required in the coming
future for the proper development of the aerospace research sector, that can benefit from a detailed
and rigorous analysis of possible political, social and industrial scenarios by carrying out, among other
works, some "What if "analysis. “What if" study follows a double methodology. On the one hand, a
qualitative and analytical approach typical of market and competition studies. Additionally, the "what
if" analysis is complemented with the application of game theory to evaluate the results of the possible
competition strategies.

The "What if" case studied in this text addresses the competition among the main aircraft
manufacturers in a segment that has captured the attention of both in recent years, the Middle of the
Market, MoM. It represents the airliner market between the narrow-body and the wide-body aircraft
as well as between the short and the long-range. These aircraft can fly ranges of approximately 3,000
to 5,500 nm and carry passenger loads of approximately 180 to 300 people in both single and twin-
aisle configurations. The MoM is not currently clearly defined, it is broad, and its boundaries are very
blurred, as MoM routes sometimes can be covered by both narrow-body and wide-body, and
operators use indistinctively these two types. This study has followed a data-driven approach to shed
light on the definition of the MoM by analysing aircraft models and market share from 2018 flights
data provided by Open Flights web page.

For the purpose of MoM sector analysis, routes are classified as: a) Short-haul: Routes no longer than
2,500 nm; b) Medium-haul: Routes between 2,500 and 4,500 nm; and c) Long-haul: Those routes
longer than 4,500 nm. The medium-haul traffic is the target of the future Middle of the Market Aircraft
(NMA) production, and it represents about 20% of the total worldwide traffic. Nowadays, the biggest
number of scheduled mid-haul flights still corresponds to pairs between North American and
European cities, with over 30% of the volume of routes in total. There is also a big number of routes
within China and Europe with 6% of the routes, and within Europe and South/Central America, with
Spain as the hub of these connections. Additionally, an important market exists in the air routes
crossing the Pacific Ocean and connecting countries like Japan and the US. The rest of the flows are
very varied and each of them represents less than 5% of the total number of routes.
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Today, there is not an aircraft model designed and optimised for these routes, so that several aircraft
types absorb part of the MoM market share in different magnitudes. Figure A shows the aircraft that

are currently operating in MoM routes. Figure B presents the current market share of the MoM.

¢ Variants used for MoM routes:
A319, A320and A321

* Range: 3100-4000 nm

¢ (Capacity: 117-206 passengers

* Backlog: 115 ceo and 5680 neo

¢ Variants used for MoM routes:
B737-800,B737-900

* Range: 2935-3010nm

* Capacity: 108-177 passengers

* Backlog: 54

e

* Variants used for MoM routes:

B777-200/ER and B777-300/ER
* Range: 5240-7370nm
* (Capacity: 313-396

= Variants used for MoM routes:
A330-200 and A330-300

* Range: 6350-7250nm

= Capacity: 246-300 passengers

s Backlog: 54

A380

+ Variants used for MoM routes:
A380-800

+ Range: 8000 nm

* Capacity: 575 passengers

+ Backlog: 53

* Variants used for MoM routes:
A350-900

* Range: 8100 nm
¢ (Capacity: 315

¢ Backlog: 456

« Variants used for MoM routes:
B787-8 and B787-9

* Range: 6430-7635nm

* (Capacity: 242-290

« Backlog: 484

* Variants used for MoM routes:
B747-400

* Range: 7670 nm

* (Capacity: 416

« Backlog: 0

+ Variants used for MoM routes:
B757-200/300 and B767-200/300

* Range: 3900-6590nm

* Capacity: 214-261

+ Backlog: no production

¢ Backlog: 43 : /E

Figure A. Current MoM aircraft

The 98% of MoM market share corresponds to Airbus and Boeing models. Today, MoM is dominated
by models with very high ranges. Wide-body aircraft such as the A330, B787, and B777 possess a
significant market share, reaching between the three families a market share of 70%. Several models
used for these routes are old versions which have been in the market for a long time. This is the case
of the A330-200/300, B777-200/200ER and B777-300/300ER variants whose replacement is expected
with new variants such as the A330neo which has just entered the market and the B777X of which
introduction is planned around 2020. The A320 and B737 families absorb together 4% of the market
share. Some models used for these routes are previous versions such as the B737 Next Generation
and A320ceo families, whose range is lower compared to the most modern versions. It is very likely
that this percentage will increase when new variants such as the A321neolLR and B737 MAX 8 remain
several years in the market and fly a higher number of routes. Other aircraft even larger, such as the
A350, A340, B747 or A380 are also used for these routes, although in a much smaller proportion. It is
expected that their market share will be absorbed by the A350, a more recent aircraft with similar
range and capacity capabilities and less fuel consumption. Finally, the B757/B767 fleet represents 10%
of the market share. However, these models are no longer in production and they are expected to be
retired in the upcoming years.
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Others .
B747 2% A320/B737 family
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20%
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Figure B. Market share in medium-haul routes in 2018

To forecast the number of airplanes demanded by airlines and passengers in the future, five different
worldwide studies covering a forecast period of 20 years as well as global passenger fleet has been
used in this report. Main conclusions extracted are shown in Table A.

Wealth effect. Middle class
growth stimulates traffic

46,121 growth.
4.5% 19,803 37,419
(x2.3) e Low-cost business models

are the main drivers of the
future market

e GDP growth leads to more
consumer spending that
involves air travel

48,540 e New liberalized policies

4.7% 24.400 42,730 (o.pen skies'agreements) will
(x1.9) stimulate air travel

e Airport congestion

e Arise of low-cost long-haul
business models
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UAC United
Aircraft . . o .
Corporation 52,400 e China and Asia-Pacific region
(UAg) Market 4.6% 26,500 43,659 as the main drivers of the
Outlook 2017- ety sector
2036
e Slight increment on crude oil
JADC JADC 48 900 prices
Mavr‘l/:;rt[‘;';"r‘gfas .| 45% 26463 33,530 e Increase of the worldwide
50182017 (x1.8) middle-class and tourism
e GDP growing lead by China
Airline Monitor
Commercial 52,578 e Air transport growth directly
Aircraft Market 5.1% 26,042 46,190 linked to GDP growth (with
Forecast 2017 — (x2.0) an elasticity of 2.5 approx.)
2040

Table A. Forecasts’ results and hypothesis summary

From these hypotheses, a specific forecast for the MoM has been constructed. MoM fleet will be 2.5
times bigger in 2040 than what it was in 2018. Asian airlines (which include those from Middle-East
and Asia-Pacific regions) will account around 50% of the total mid-haul fleet, whereas Europe and
North America will decrease their share of the total fleet from 50% in 2018 to 37% in 2040, as a result
of the accelerated growth from the emerging countries. More than 2500 aircraft belonging to the
MoM sector will be retired worldwide, and the global market will account more than 8400 deliveries
in the forecast period. The results of the forecast are presented in Table B, differentiating by region.
The Asia-Pacific region together with the Middle East will account more than 60% of the deliveries
within this market, whereas Europe and North America will receive a third of the total new-built
aircraft. A total of 588 aircraft will be retired in Europe within the MoM and 520 in North America,
which means 59% of the 2018 fleet, will have to be replaced in both cases. Nearly 80% of the 2018
MoM fleet will be replaced by 2040 in Asia-Pacific, and about 90% in the Middle East. 73% and 76%
of the deliveries will expand the fleet of the Asia-Pacific and Middle Eastern airlines, respectively. In
Europe and North America, these fractions are of 60% and 57% respectively.

Region MoM fleet 2018 Mol:/;:cl,ev::hz)040 MoM Retirements Mc(:;:l ol:ii\;::')ies
Asia-Pacific 791 52001) 612 (22275/3)
North America 882 (1(?_2; 520 (112580/3
Middle East 592 (2)(23387) 528 (2226‘:)
Europe 993 (1)?97) 588 (11‘;2/3)
Latin America 179 ()?;' ?)) 139 (561/3)
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Region MoM fleet 2018 Mol:l;:cl,ev::hz)040 MoM Retirements M(();:I o?’etlci)‘;:lr)ies
Africa 159 (j; :) 119 él/f)
- w (326-?) . (352/5)
World 3772 (?;957) 2615 8476

Table B. MoM Fleet, retirements and deliveries by region

The main key driving forces influencing the evolution of air traffic, airplane production and evolution
of the Middle of the Market segment have been analysed: i) Fleet obsolescence and retirement; ii)
Doubling the traditional 7 years' jetliner growth cycle; iii) Replacement of B757; iv) Replacement of
the B767; v) Interactions in the Markets for Narrow and Wide-body Commercial Aircraft; vi) Fuel prices
evolution; vii) Fuel efficiency evolution; viii) Technologies to improve fuel efficiency, others than
engines; ix) Environment regulations; x) Manufacturer Subsidies; xi) China market evolution; xii) Low-
cost operation in the MoM; and xiii) Airport congestion increase.

Additionally, key success factors for a new Middle of the Market Aircraft (NMA) have been identified
and discussed, in particular, the expectations of airlines, the production rate and the feasibility of new
engines for a new clean-sheet design aircraft for this market. Since the commissioning date of a new
aircraft is scheduled for 2025, the possibilities of engine manufacturers to create and develop new
engine architectures are limited. In this aspect, the use of current gas generators (cores) of the engine
with their subsequent improvement, as a thermodynamic machine, is most appropriate. However,
achieving the necessary reduction in fuel consumption in this way can be difficult and costly. It is
possible to achieve a significant increase in fuel efficiency by a combined method, namely by an
increase of bypass ratio, the use of a geared fan and an increase in engine operating cycle parameters.
Three main potential engine manufacturers have been considered: Rolls Royce, CFM International and
Pratt and Whitney. All of them have the technology and potential to develop a new engine for a
Boeing NMA within a specified timeframe. All three considered companies use similar directions to
improve power plants based on improving the aerodynamics of the air-gas channel of the engine and
its nacelle, the use of ceramic composite materials for combustion chambers and turbines, the use of
new alloys for compressors and other engine elements. This is determined by the desire to improve
the weight perfection of the engine, to increase the parameters of the operating cycle, to reduce
losses in the engine, etc. A significant difference is the use of a geared fan in the PW 1000G engine
family.
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To complete the market and competition approach, an economic valuation program has been
developed to estimate the payoffs for the manufacturer’s strategies under different scenarios and
varying market conditions. The purpose is calculating the profits of airliners in terms of Net Present
Value derived for the future sells of current models as well as re-engineered models or new cleans
designs. The economic valuation models consider all the aspects identified in Figure C.

Nonrecurring
Investment
Fuel price
Recurring cost of | Learning forecast
production curve
Quantity of Total Market Demand - T
aircraft sold size forecast Aircraft life cycle
cost analysis
Share of the Differentiate h
market | factors . Other
—‘ Discount factor ‘ — differentiate
Production Expansion cost factors
capacity Airlines
Fixed cost T
Aircraft sale _ preferences

+——  Discounts

Figure C. Model program cost methodology

price

(- Experience 1 ( ¢ High development costs )
« Long-history in aircraft * Problems with engines’
manufacturing manufacturers

« Lessons learned for past e Recent loss of airlines’

programs trust in Boeing due to the
« Customer-oriented B737 MAX case
design
—— —/
Weaknesses
Opportunities
F ﬁ

e Lack of similar products
*B757 and B767 replacement.
* Gap between

manufacturers' product line-
up

e Growing demand in the

segment

\ g

<o Competitors, like the
A321neoXLR

e Cannibalize B787 sales
e Very tight timeframe

Figure D. SWOT analysis for the new MoM aircraft
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All the previous elements are synthesised in a SWOT for the Boeing NMA as in Figure D and have
been used to analyse Airbus and Boeing possible competitive strategies in the MoM. Those strategies
have been finally tested trough Game Theory analysis.

Historically, Boeing dominated the medium-size aircraft market. The Boeing 757 and 767 lead this
segment offering variants that span from the 200 seats of the B757-200 to the 296 seats of the B767-
400, offering ranges that varied from 3,300 nm to 6,590 depending on the version. In recent years,
Airbus has reached a strong position within the MoM with models such as the A321neo or the A330,
overcoming Boeing in orders and gaining market share. Currently, Boeing’s offer in the MoM market
segment is the Boeing 737 MAX 8, which belongs to the next generation 737 MAX narrow-body family.
However, the A321neo, which is the main rival of the 737 MAX 8, has achieved great success from
customers, getting really good sales thanks to its performance advantages, in terms of operating and
unit costs.

With Boeing's market share in the MoM segment declining and Airbus share increasing, Boeing has
to take some action to change this situation. The main option that Boeing is considering is the new
MMA aircraft, although others have been considered. Boeing's best-sellers 737 and 787 hold a
respectable share of the lower- and upper- layers of the Middle of the Market, respectively. The Boeing
737 MAX 8 and 9 operate many of the routes between 2500 to 3000 nm, and the 787 holds more than
the 30% of the MoM routes nowadays. These products aim to compete with the A321 LR and XLR
variants, but each of them is designed for a different mission, which makes them less flexible than the
Airbus competitor. Boeing has been proposing different options to modify these aircraft, but none
seems to be competitive enough to save Boeing market position in the MoM.

The scenarios of a potential Airbus response to Boeing's NMA have been discussed, including options
like extending its current product line by stretching the current models, the impact of the long-range
variants of the A321neo, or the possibility of developing a new Airbus mid-size aircraft.

The analysis shows that the most promising Airbus strategy is the evolution of the Airbus 321LR that
could absorb an important chunk of the market before Boeing decides to launch any new mid-size
aircraft programme. A321LR can be re-engineered, resulting in the Airbus A321XLR with 4700 nm of
extended range, higher MTOW, strengthened landing gear and reinforced fuselage structures, several
weight-saving modifications, as well increasing fuel capacity while maintaining the same wing.

The strategies of both manufacturers are synthesized in Figure E. The payoffs each manufacturer will
obtain in each case are illustrated in Table C. All together constitute a strategic game analysis. A
strategic game reflects a situation where two or more participants are faced with choices of action.
The choices of action may imply gains or losses for each participant, depending on what the others
choose to do or not to do. Therefore, the final outcome of the game is not determined by the
strategies or actions of a single participant, but instead, it is the result of the combination and
interaction of the strategies applied by all the participants.
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Airbus
) Maintain Re-engine
Boeing
* Boeing maintains the * Boeing maintains the
current product line current product line
Maintain ) o * Airbus re-engineers the
* Airbus malntamslthe A321RL and develops
current product line the A221XLR
+ Boeing develops a new * Boeing develops a new
clean sheet NMA-797 clean sheet NMA-797
New NMA « Airbus maintains the * Airbus re-engineers the
current product line A321RL and develops
P the A321XLR
Figure E. Reference scenario possibly strategies
i irbu intai -eng.
Boeing\Airbus Maintain Re-eng. A321XLR

Payoffs: B: 62.257— A: 74.810 Payoffs: B:44.326—A: 93.405

. . . [o) .
Maintain MoM Market share B:45%, A: 55% MoM Market6safl/are B: 37%, A:
(o]
Payoffs: B: 49.724 — A: 54.248
Payoffs: B: 56.192 — A: 46.4
Launch NMA ayoffs: B: 56.19 6.488 MoM Market share B:55%, A

MoM Market share B: 61%, A:39%

45%:

Table C. Reference scenario payoffs and MoM market share

In the analysis of this strategic competition, fuel efficiency and aircraft operating costs are the key
drivers for airlines buying decisions. The forces governing market share favour the aircraft models that
implement latest fuel efficiency technology, improved engines, lower weight and in general reduced
operating cost. In this scenario, manufacturers share incentives to innovate and to propose re-
engineered versions of current fleets or new clean sheet designs. Additionally, gains in efficiency will
justify that manufacturers might increase the selling price of new models, as far as they are offering
features and significant performance improvements to justify price increase through the aircraft
lifespan.

Game analysis of this situation concludes that the situation of equilibrium corresponds to the situation
in which Boeing takes the decision of developing a new clean-sheet aircraft model, the B797, which
would enter in service by 2025. On the other hand, Airbus takes the decision of extending the A321LR
range capabilities, resulting in a re-engined version called A321XLR. This decision would be taken in
2020 but the new A321XLR program would not enter service before 2025. In this scenario, Boeing
could maintain its leadership position in the MoM, however, due to the high investment required to
its development, the NPV values obtained are very similar to Airbus benefits.

These results have been subject to a sensitivity analysis by examining the impact in the final
equilibrium of external conditions through the following scenarios: a) Expectation of Low Fuel Prices;
b) Technology Forcing Regulations; ¢) Manufacturer Subsidies, d) Expectation of High Fuel Prices, €)
Increase in Airport Congestion; and f) Development of low-cost carriers in the MoM sector.

Each of these scenarios influences the payoff each company may obtain but it does not modify the
equilibrium situation, except for the case of low fuel prices. In this scenario, fuel efficiency is not the
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main driving force of the market and bigger aircraft are more prone to gain market share. In this case,
the equilibrium would recommend Airbus to invest in the A321XLR. However, the best option for
Boeing would be not to develop the NMA, because the higher cost of developing a new clean sheet
aircraft will not be re-compensated by a significant improvement of its market share.

Additionally, a dynamic game has also been performed to confirm the best timing for the decisions.
Committing to a re-engined or new aircraft locks into a technology level for 10 or more years requires
an investment and can be risky. Delaying the decision provides more flexibility for future actions but
gives competitors an opportunity to develop a superior aircraft earlier, access first to the market and
gain a significant share of the market in the intermediate period.

Recommendation 1. New aircraft product lines should capture better the airlines’ needs in term of
seats and range and should provide the flexibility required by new operation modes the airlines will
have to define to answer travel demand.

e Rationale: New aircraft market classification redefines the traditional distinction between
single-aisle or narrow-body jets and double-aisle or wide-body jets, and between the various
types of long-haul aircraft.

Market segments have evolved during the last years in terms of range and number of seats. The size
is increasing with a clear overlap between segments, reflecting a blurring of the boundaries between
market segments. Today, for example, larger single-aisle types like the A321 operate in what would
have been considered a twin-aisle market space. This is not just true for single-aisle types; larger
aircraft like the A350 can operate in a number of segments depending on airlines or market
requirements.

New classifications reflect the way in which airlines use their airplanes independently of the type of
model. The new statistical framework does not take into account the number of engines and focuses
on the segments by the number of seats, reflecting the opinion that long-term forecasts do not have
to coincide with current product lines.

e Justification: What if analysis 1: “The MMA case”, section 13.2.2.1.

Recommendation 2. The maximization of single-aisle range, while maintaining reduced CASM (Cost
per Available Seat Mile), will give manufacturers a substantial competitive advantage to compete in
the MoM.

e Rationale: In an extremely competitive air transport environment, CASM (Cost per Available
Seat Mile) is becoming more than never the criteria that guide airlines fleet decision. The new
generation of single-aisles A320 neo and B737 Max, have achieved excellent records in CASM,
and at the same time have enlarged the aircraft range, improving economic results of longer
routes.

Smaller operating cost gives a single-aisle aircraft a competitive advantage in the MoM and making
them the favourite of airlines. The maximum capacity of these aircraft is around 240 seats in 1-class
configuration and with 28" pitch. The new engine improvements on the new models such as the
A321neo LR with lower fuel consumption have allowed these single-aisle aircraft to cross the Atlantic
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offering a 27% lower fuel consumption than the previous generation’s Boeing 757. One of the
advantages of flying small airliners is that it is not necessary to have a very high occupation factor to
make a profit out of it. On the other hand, the comfortability is limited due to the limited space. The
strategy of airlines nowadays is offering flights with a lower number of available seats but increasing
also the frequency. Thus, flying is profitable, allows flexibility of scheduling and satisfies the
passengers’ demand.

Big wide-body jets are usually more comfortable and the favoured ones of the customers due to the
higher pitch and the bigger size of the seats. Operating these aircraft in short-haul flights is not
impossible but difficult. For a flight to be profitable, it is necessary to sell a high percentage of the
tickets, since the fuel consumption per seat ratio is bigger than in narrow-body aircraft. On the other
hand, bigger jets allow flexibility in airport operations since the number of flights is reduced, which
can be a medium- or long-term solution to avoid airport congestion.

o Justification: What if analysis 1: “The MMA case”, section 13.2.2.2.

Recommendation 3. Data-driven analysis should become standard practices in any research study
about future air transport and airliners prospects. The development of an adequate open and
accessible data framework, that allows analysing real data reflecting how airplanes are effectively used
and operated by airlines worldwide, is essential for an informed decision-making process.

e Rationale: Research studies about future air transport and airliners prospects need to
complement theoretical performance information provided by manufacturers with as much as
possible real data reflecting how airplanes are effectively used and operated by airlines
worldwide. A data-driven approach is essential to support informed decision-making process.
However, data required for this type of analyses are sometimes not publically available, or only
partially accessible through different not interconnected databases without quality assurance
guarantee.

o Justification: What if analysis 1: “The MMA case”, section 13.2.2.3.

Recommendation 4. New routes and market opening should be carefully watched in the coming
years to improve current estimates for the potential growth of the MoM.

¢ Rationale: The MoM fleet will experience significant changes in the next years. There is not an
aircraft model designed and optimised for these routes so that several aircraft types absorb
part of the MoM market share in different magnitudes. Certain aircraft models have just
entered the market or are expected to enter service in the following years. Models such as the
A330neo or B737 MAX are very recent, and they hardly have routes nowadays but it is expected
that this situation will change in the near future. It will be also necessary to consider fleet
retirement since several of the aircraft currently operating this range are old versions and it is
very likely that some of them will not be longer in production in the next 20 years.

e Justification: What if analysis 1: “The MMA case”, section 13.2.2.4.

Recommendation 5. A framework of institutional and industrial measures that counterbalance the
higher risk of developing new clean-sheet design wide bodies might benefit the innovation in the
Middle of the market.
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e Rationale: Today MoM routes are mainly operated by wide bodies, although it is expected
that this might change in the future. Both manufacturers are pushing to extend the market of
their current single-aisle bestseller products, by improving its engines and stretching the
airplane. In today’s aerospace market, the MAX and the Neo are the best-selling products for
both manufacturers. These models are more fuel-efficient, longer-ranged, enhanced
passenger interior and enhanced passenger comfort than previous B737/A320 families, both
of which have sold very well since their introductions.

Companies might perceive wide-bodies as riskier. The current wide-body fleets do not record any
model numbering over 2,000. The WB BB ratio (book-to-bill ratio) is less than 0.5 for Airbus while for
Boeing is a little better, close but still under 1. A BB less than one might signal a certain reluctance of
the airlines to commit to higher capacities. Wide bodies also imply a higher risk for manufacturers in
term of complexity, cost and smaller market.

Higher risks in WB development together with the attractiveness of increased return to adoption for
bestseller single-aisle might preclude innovation in the middle of the market. A new framework of
institutional and industrial measures that counterbalance these negative effects might benefit
innovation in the Middle of the market.

o Justification: What if analysis 1: "The MMA case”, section 13.2.2.4 and chapter 13.2.3.

Recommendation 6. Substitution of B757 and 767 will be a key window of opportunity in the MoM.
To catch the potential of the retirement of these fleets, manufacturers cannot delay their decisions for
the MoM further than 2020.

Recommendation 7. The company that will offer the sooner alternative substitution solution for B757
and B767 fleets will benefit from initial higher market shares in the MoM.

¢ Rationale: Over the past decades, the world fleet of aircraft has slowly increased to more than
27,000 commercial aircraft operating worldwide, with an average age of about 13 years. As a
result of the growing world fleet and lower average age, there will be an increasing number of
aircraft removed from service and subsequently decommissioned in the upcoming years.
Several models of aircraft which operate the MoM are aged and, as a consequence, many
retirements, 40% of the MoM fleet, are expected in the following years. Therefore, fleet
obsolescence must be taken into account in this study, especially the case of the B757/B767
fleet. B757/B767 fleet represents 10% of the MoM share. However, these models are no longer
in production and they are expected to be retired in the upcoming years.

Getting to market earlier means that the company will have more opportunities to dominate a
particular market segment before a competitor can react. If a company can lock in more customers, it
has a better chance of both producing more units and smoothing the production run over the
product’s life cycle and thereby realizing its learning economies. By getting to market faster, the
forecast for the product and the expected profitability of the program are more likely to be realized.

o Justification: What if analysis 1: "The MMA case”, section 13.2.2.4, section 13.2.6.1, and
chapter 13.2.3 and Chapter 13.2.4
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Recommendation 8. The expected growth of the MoM will require manufacturers to speed up and
maximize opportunities to bring into their structure new engineering and production resources, for
example by acquiring/merging other firms.

e Rationale: For example, Boeing industrial production capacity is quite stretched by their huge
efforts to ramp-up production for the existing types and to introduce the new 777X. A need
to extend the production capacity to accommodate MoM aircraft might occur after 5-6 years
when the production levels are, hopefully, stabilised. Boeing engineering capacity is also
compromised. Company resources are involved in 777X and they will not be available for other
jobs before 2020. In this scenario of restriction, the Embraer merging might bring not only a
new market extension but also new required engineering resources.

¢ Justification: What if analysis 1: “The MMA case”, chapter 13.2.3.

Recommendation 9. Customer-oriented strategies will be a key factor to reach success in the MoM.
The company that can consistently and efficiently do all of these will be the winner at the end.

e Rationale: Both Boeing and Airbus carefully research customer needs and strive to satisfy
these needs since they represent a competitive and successful factor for a company. In
addition, the airplane purchasing decision criteria of airlines includes not only load and range
factors and operating costs but also passenger comfort. Airbus has been quite competitive
and successful in recent years as a result of developing a clear empathy with its customers,
encouraging a two-way flow of views, ideas and technical feedback on its aircraft in service
around the world. At present, Boeing and Airbus appear equally competitive. Both companies
must understand their customer’s needs and buying behaviour, anticipate how customers’
needs will evolve over time, keep a close eye on the competition, be innovative in creating
customer value, and strive to deliver total customer satisfaction. Clients in the MoM have
different types of requirements. The big three U.S. carriers which are potential B797 buyers
and their counterparts across the Pacific have very different views on how much baggage and
freight the airliners should haul, what might affect greatly the aircraft design features.

o Justification: What if analysis 1: “The MMA case”, chapter 13.2.3 and 13.2.11.

Recommendation 10: Quantifying adequately the size and needs an evolution of the MoM will be
key for airliners strategies for the next years.

Rationale: The medium-haul traffic represents today about 20% of the total worldwide traffic, and a
big number of the aircraft to be produced will be used to operate in this market. This volume is
equivalent to the expected Chinese market by 2037. The segment is not clearly defined, and a broad
variety of models operate in these routes currently. Because of the average age of the aircraft
operating in this segment, important movements could take place in the next 20 years.

When a new MoM aircraft would be entering this market, after 2025, the market will not be the same
as today. The market will have grown by 100 million passengers in Asia alone and present aircraft will
not be large enough to handle this growth. In addition, there is a large replacement market. Up to
40% of the market value is destined to the replacement of existing aircraft in this category, which is
less suited for the job.
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Aircraft are chosen by airlines to cover the routes they want to fly. Nevertheless, the opposite situation
happens too. Over the last few years, aircraft with new capabilities opened some 400 new routes that
existing aircraft could not do because they did not have the economics. This will create a new
fragmentation of the market. A good example of new routes opened thanks to new aircraft
introduction is the new generation of long-range aircraft such as the Boeing 787 and the Airbus A350,
which were able to open the longest routes ever seen in the market.

Justification: What if analysis 1: “The MMA case”, chapter 13.2.3, 13.2.4 and 13.2.6.

Recommendation 11: Solving constrains and saturation in air transport infrastructures and
supporting ATM services should be a priority worldwide.

Rationale: From the published air traffic and aircraft demand forecast, it can be concluded
that Boeing believes in an increase of the average aircraft size in the future. This assumption
is present on the forecast's results since, despite predicting more optimistically the air traffic
growth per year (4.7%) than Airbus (4.5%), the future fleet is forecast to be 1.9 times the actual
one, as opposed to the 2.3 times multiplier of Airbus’ forecast. This shows that Airbus believes
in a dominance of the single-aisle segment as it has been occurring the previous years,
representing more than half of the deliveries worldwide. On the other hand, Boeing believes
in an increase of the wide-body aircraft demand, motivated by the infrastructural constrain
and airport saturation. Air transport infrastructures and supporting ATM services constrain and
saturation might highly impact the development of MoM routes in the next 20 years.

Justification: What if analysis 1: “The MMA case”, chapter 13.2.6.

Recommendation 12: From parts distribution to dismantling, through materials recycling, aerospace
leaders should develop new strategies and processes for management of end-of-life aircraft.

Rationale: With an estimated 12,000 aircraft retiring in the next two decades, aircraft recycling
will bring new problems and responsibilities, but also a broad range of opportunities for
expanding the aerospace business. Aircraft's components should and could be safely
dismantled and recycled for reuse in the aviation or other sectors. As the international
aerospace community continues to focus on environmental issues and landfill regulations
mount, asset owners will need to look for efficient, revenue-building and environmentally-
sound methods for aircraft disposal.

Justification: What if analysis 1: “The MMA case”, chapter 13.2.6.

Recommendation 13: Long term impact of the usual seven-year cyclicality duplication pattern in
jetliner manufacturing needs to be carefully considered from a sustainability perspective.

Rationale: The extended growth cycle experienced by the industry, with continuous growth
since 2004, is imposing severe growth requirements on all the supply chain. For the very first
time, the jetliner market will have a 16-year growth cycle, and possibly longer, over twice as
long as the usual seven-year boom.

Justification: What if analysis 1: "“The MMA case”, chapter 13.2.6.
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Recommendation 14: The analysis of the Middle of the Market segment will extend the state of the
art of competitive analysis because it implies the analysis of a segment that can be covered by several
models of each manufacturer.

e Rationale: Both companies, Airbus and Boeing, have completed product lines that span all
100+ seat market segments. Decisions within one market segment are constrained by the state
of products in other market segments. In the past, limited capital and engineering resources
have prevented manufacturers from undertaking more than one major aircraft design program
at any one time.

Conventional studies have neglected this complexity by assuming that manufacturers decide on the
single-aisle market without constraints imposed by the decision regarding the twin-aisle market. The
competitive structure of the market for wide-body commercial passenger aircraft has been extensively
explored by the literature because the market features several interesting analytic properties such as
learning-by-doing, differentiated products, and active trade policy. Fewer studies have tackled the
narrow-body market, much more complex and with much more actors.

For a proper analysis of the MoM, it could be necessary to consider multimarket oligopoly models.
When considering the purchase of an airplane, airlines can choose to either buy a single, large plane
to fly fewer routes or buy multiple small planes which will run more frequently. This decision suggests
that wide and narrow-body planes have strong interrelated demands. If a firm operates in two
markets, a change in one market can affect the outcomes of the other market by changing
competitors’ strategic choices and by changing the firm's own marginal costs. Therefore, to
understand better the commercial aircraft industry as a whole it is necessary to explicitly study the
wide and narrow-body markets together.

e Justification: What if analysis 1: “The MMA case”, chapter 13.2.6.

Recommendation 15: Main emphases need to be done in the coming years on technologies to
improve fuel efficiency, others than engines.

¢ Rationale: Reducing fuel consumption on modern aircraft can be achieved by investigation
and implementation of new technologies into production. The range of research being
conducted is quite wide. All aircraft systems are subject to improvements. Engineers and
scientists are continuously struggling to reduce the weight of the structure, increasing the
wing lift, while reducing the final weight of each aircraft system as well as maintaining its fail-
operational capability and reliability. This concerns not only the systems which allow aircraft
operation, take-off or landing, but also the systems providing passenger comfort and
commercial attraction of the flight as a whole.

In addition, ecologists are concerned about the increase in the share of emissions from commercial
aircraft; this is another incentive for the development of fuel-saving technologies. Furthermore, new
ICAO standards for permitted noise levels of the aircraft, whose take-off weight exceeds 55 tons, came
into operation on December 31, 2017. This is an additional incentive for aircraft manufacturers,
pushing them to introduce and develop technologies that reduce fuel consumption by aircraft engines
since the level of noise produced directly depends on the amount of fuel consumed.

e Justification: What if analysis 1: “The MMA case”, chapter 13.2.6.

h ' PERSPECTIVES FOR AERONAUTICAL RESEARCH IN EUROPE 25

-



Chapter 13

Recommendation 16: MoM aircraft should look carefully to the needs and requirements of LCC for
medium-haul routes.

¢ Rationale: The share of the LCCs in the Middle of the Market is expected to reach around 30-
35% in the following years.

The number of connections made by LCCs is continuously increasing, especially due to the extended
use of secondary airports as airline HUBs, due to the lower fares. In the Middle of the Market, the
number of routes offered by the LCCs is around 11% of the total market. Europe and North America
are the regions more connected by these types of carriers, followed by Asia-Pacific countries. Europe
and Latin America are also starting to be connected by LCCs as the liberalization of the Spanish-Latin
American air travel begins.

Considering the totality of operations, the share of LCCs against traditional carriers rounded 30% in
2017 just in Europe, whereas for 2019 increased to 42% and even 62% for Southeast Asia. Other
regions, like Russia and Central Asia, have not developed this business model like in the rest of the
world, with only 5% of LCCs operations. The global average in 2018 for short-haul operations (<3000
nm) was 33%. The big presence of LCCs in short-haul flights is mainly due to the regional liberalization
of the market between neighbouring countries. While this tendency spreads worldwide, the share of
the LCCs in the Middle of the Market is also expected to reach around 30-35% in the following years.

e Justification: What if analysis 1: “The MMA case”, chapter 13.2.6.

Recommendation 17: MoM aircraft should look carefully to the needs and requirements of the
Middle East Region for medium-haul routes.

e Rationale: The passenger distribution by distance shows the differences between regions
regarding flight distance tendencies. Regions like China, South America and the former Soviet
Union (CIS), predominantly travelled shorter distances in 2017, whereas in other regions, like
the Middle East, the majority of the air traffic was concentrated in medium- (46%) and long-
haul (22%) flights. In Europe and North America, the distribution is closer to the world’s
average, which was 62% for short-haul, 21% for medium-haul, and 15% for long-haul traffic.
2037 forecast predicts this distribution to change regionally, for example by an increment of
the short-haul traffic in China, or an increment of the medium- and long-haul flights in the
Middle East. Nevertheless, there is no change forecast in the overall worldwide distance
distribution.

Most of the mid-haul traffic is concentrated in the following flows: Middle East — Europe, EEUU —
Europe and the Middle East — Northeast Asia, mainly due to business reasons. Figure 13.67 shows that
the traffic in the medium-haul segment will be incremented by a factor of 2.4 worldwide, with more
importance in some regions like the Middle East, ok, where it will triplicate its demand or the area of
Asia-Pacific region. In general, mid-haul traffic will grow at a slower rate than the general traffic, since
the regions holding the majority of the worldwide passenger revenue are those where the traffic is
concentrated mostly on short-haul flights.

e Justification: What if analysis 1: “The MMA case”, chapter 13.2.7.
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Recommendation 18: MoM global market will account more than 8400 deliveries between 2018 and
2040, which will justify the R&D and development investment required by a new clean design aircraft
specifically design for this market.

¢ Rationale: Forecast values show that global MoM fleet will be 2.5 times bigger in 2040 than
what it was in 2018. Some regions will experience a bigger growth in terms of the fleet within
this market, which can be translated into Middle of the Market main business focuses. Asian
airlines (which include those from Middle-East and Asia-Pacific regions) will account around
the 50% of the total mid-haul fleet, whereas Europe and North America will decrease their
share of the total fleet from 50% in 2018 to 37% in 2040, as a result of the accelerated growth
from the emerging countries. More than 2500 aircraft belonging to the MoM sector will be
retired worldwide, and the global market will account more than 8400 deliveries in the forecast
period.

The Asia-Pacific region together with the Middle East will account more than 60% of the deliveries
within this market, whereas Europe and North America will receive a third of the total new-built
aircraft. A total of 588 aircraft will be retired in Europe within the MoM and 520 in North America,
which means 59% of the 2018 fleet, will have to be replaced in both cases. Asia-Pacific and Middle-
East have different tendencies, with most of the deliveries accounting to the fleet growth, but they
will also experience a big renovation of the fleet. Nearly 80% of the 2018 MoM fleet will be replaced
by 2040 in Asia-Pacific, and about 90% in the Middle East. 73% and 76% of the deliveries will expand
the fleet of the Asia-Pacific and Middle Eastern airlines, respectively. In Europe and North America,
these fractions are of 60% and 57% respectively.

e Justification: What if analysis 1: “The MMA case”, chapter 13.2.7.

Recommendation 19: The availability of new engines for the MMA will require a new impulse to
technologies today at medium TRLs.

¢ Rationale: The new MMA will need a new, next-generation, ultra-efficient engine with a thrust
of 18.2-22.7 ton-force (approximately 45,000 Ib). Boeing is demanding an engine that burns
25% less fuel for every pound of thrust it produces compared to the 757's decades-old
turbines.

The 797 selling case is primarily sustained on the basis of reductions in operating cost. Although
Boeing could implement new technologies to reduce its operating costs, it will rely heavily on the
engine fuel burn efficiency. This appears to be a key driver in terms of timing — both for program
launching and entry-into-service (EIS).

To meet the challenging 2025 EIS engine/s would have to be certified during 2024. That implies an
imminent engine selection that would require Boeing's confidence in engine technology that is today
in an advanced stage. Since the commissioning date of a new aircraft is scheduled for 2025, the
possibilities for engine manufacturers to create and develop fundamentally new engine architectures
are limited. In this aspect, the use of current gas generators (cores) of the engine with their subsequent
improvement, as a thermodynamic machine, is most appropriate. However, achieving the necessary
reduction in fuel consumption in this way can be difficult and costly. It is possible to achieve a
significant increase in fuel efficiency by a combined method, namely by an increase of bypass ratio,
the use of a geared fan and an increase in engine operating cycle parameters.
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e Justification: What if analysis 1: “The MMA case”, chapter 13.2.10.

Recommendation 20: Main directions of engine manufacturers’ research in terms of engines
application until 2025 have been identified in support to the development of new engines for the
MMA.

e Rationale: The study has pointed out possible directions for the development of power plants
in terms of their application in the Boeing NMA. This is due to the relative unavailability of
complete information concerning the work of engine manufacturers. That makes sense since
it is commercially confidential and its distribution can do much harm to the companies.
Development directions are shown in the following table:

Increasing fuel efficiency of engines
for long-haul civil aviation aircraft

Decreasing in specific weight,
volume and overall dimensions of
engines

Improving the integration of the
power plant and airframe

Effective modelling of gas-dynamic
processes in engine elements
Optimization of gas-dynamic
characteristics of the elements of
engine and power plants

Optimal blading of impeller
machines

Transient processes in the elements
of the engine airflow duct. Transient
processes in impeller machines.
Ways and means of reducing losses
and increasing stall margins

\'

High-performance thermodynamic schemes of advanced engines
for long-haul aircraft

Model heat exchangers, coolers and regenerators, samples of
advanced cooling systems for the engine hot section

The concept of ultra-high bypass ratio turbofan

Engine configuration with increased specific thrust and extensive
use of composite materials

The layout of the engine nacelle, pylon and wing with minimal
noise

The layout of the power plant and the airframe with common
structural elements

Low-noise, high-performance fan and LPC with a swept and
inclined stator and rotor blades

Fan with ultra-low tip speed at the periphery and a geared drive

Efficient high-load turbine

Numerical methods for studying transient and stall processes in
ducts, compressors and turbines.

Methods for diagnosing transient processes in impeller machines

Active methods for controlling flow ducts, compressors and
turbines (MEMS technologies, barrier and corona effects,
microwave plasma).

Active methods for increasing the stall margins.
Superggressive transition ducts of GTE with a flow control system

The design of spray units to operate with fuels of different
fraction composition

28
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'Creatio.n of methc?(:.ls and means for  Method of organizing work process in the main combustor at low
increasing the efficiency of mixing excess air factors and high gas temperatures (near-stoichiometric

and combustion processes. combustion with T>2000 K)

Creation of methods and

algorithms for modelling the New highly efficient fuel burning schemes.

processes of the air-fuel mixture. New designs of gas turbine power plants combustors

Creation of physicochemical and

mathematical models and methods  New algorithms and methods for numerical modeling of high-

for calculating the main temperature reactive flows using high-performance computing
characteristics of the processes in technologies

various combustors

e Justification: What if analysis 1: “The MMA case”, chapter 13.2.10.

Recommendation 21: Engine manufacturers will need to capitalise its technological innovation
capability and to surmount reliability problems in their more recent models.

¢ Rationale Three companies - CFM International, a joint venture between General Electric and
Safran, Pratt & Whitney and Rolls-Royce, are specified as applicants for the project to develop
a new engine.

The reviewed companies have the technology and potential to develop a new engine for a Boeing
NMA within a specified timeframe, which makes the choice of a future engine supplier unclear. At the
same time, companies must be confident in the success of future aircraft. This confidence will be
determined by the correctness of the Boeing strategy selection and the forecast of the future
passenger transportation market.

However, engines manufacturers are suffering some reliability problems that bring doubts about
whether engine makers will have the capacity to support a new programme with service entry in the
2025 timeframe. Rolls-Royce is dealing with turbine and fan blade problems on some Trent 1000s that
are one of two engines that power 787s. Pratt & Whitney's geared turbofan engines have suffered
durability and other issues that have spoiled the service entry of the A320neo. The joint venture
Safran-General Electric has had several problems with its LEAP engines relate to the appearance of
cracks in the low-pressure turbine section, which forced Boeing to halt test flights of its 737 MAX jets.
Those problems have affected a portion of the fleets and manufacturers are dedicating substantial
resources to solve these issues.

o Justification: What if analysis 1: “The MMA case”, chapter 13.2.10.

Recommendation 22: Short term improvement in power plants shall consider the aerodynamics of
the air-gas channel of the engine and its nacelle, the use of ceramic composite materials for
combustion chambers and turbines, the use of new alloys for compressors and other engine elements.

e Rationale All three considered companies use similar directions to improve power plants
based on improving the aerodynamics of the air-gas channel of the engine and its nacelle, the
use of ceramic composite materials for combustion chambers and turbines, the use of new
alloys for compressors and other engine elements. This is determined by the desire to improve
the weight perfection of the engine, to increase the parameters of the operating cycle, to
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reduce losses in the engine, etc. A significant difference is the use of a geared fan in the PW
1000G engine family. The company gets the operating experience of such systems and the
ability to foresee and eliminate possible problems when creating a larger engine for the Boeing
NMA aircraft. This aspect may be one of the key factors that will affect the choice of engine
supplier for future aircraft.

e Justification: What if analysis 1: “The MMA case”, chapter 13.2.10.

Recommendation 23: Consider the implications and potential of additive manufacturing in engine
production.

¢ Rationale The additive manufacture technology (3d printing) will most likely become a
significant production factor that may affect the commissioning date of a new engine. The
potential of this factor is not yet fully appreciated. The desire of companies to increase the
number and range of manufactured parts using 3D printing indicates the possibility of a
significant increase in production rate. How this will affect the commissioning date of a new
engine is not reliably known.

e Justification: What if analysis 1: “The MMA case”, chapter 13.2.10.

Recommendation 24: Full exploitation of the MoM requires the accomplishment of a set of
objectives: i) open new and profitable markets, ii) enable new business models, iii) increase profits on
existing routes, iv) restructure networks for better-operating efficiency and v) reduce turn time-
increase aircraft utilization.

e Rationale: Latest and more efficient aircraft (A320, B737, B787,...) with a higher number of
seats and longer-range capabilities have helped companies to open new routes, previously
not economically viable with other aircraft. Over the last few years, aircraft with new
capabilities opened some 400 new routes that existing aircraft could not do because they did
not have the economics. This will create a new fragmentation of the market. A good example
of new routes opened thanks to new aircraft introduction is the new generation of long-range
aircraft such as the Boeing 787 and the Airbus A350, which were able to open the longest
routes ever seen in the market.

LLC is expected to flourish in the MoM, where today represent just a small percentage of the
operation. Air transport liberalisation in emergent economies will set the basis for an optimum
scenario that an MMA can make a reality.

e Justification: What if analysis 1: “The MMA case”, chapter 13.2.6 and 13.2.11.

Recommendation 25: The development of a new aircraft in a relatively small market, with high levels
of competency from several different models, requires the manufacturer to get its supply chain
aligned with a price that customers are willing to pay.

¢ Rationale. Boeing estimates a market for the jet of between 2,000 and 4,000 airplanes. Some
analysts have predicted that the development of the new Boeing 797 jet will cost between $15
billion and $20 billion, while other analysts think that an ideal budget would be 13,5$ billion.
Besides, it is estimated that Boeing will need to sell between 1,045 and 1,585 aircraft units so
that the new model is profitable. Higher development costs or jet sales lower than expected
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could reduce or eliminate profits on the 797. Net Present Value obtained by a company from
the exploitations of its product lines is very much sensible to selling prices. This impact will be
even more important considering the relevance of discounts in this market.

Boeing must get its supply chain aligned with a price that customers are willing to pay. Analysts
suggest that a competitive price would be roughly $76 million per airplane, making a list price
somewhere between $130 and $150 million. That would be cheaper than the 787 Dreamliner (listed
at $239 to $281 million) and the competing Airbus A330 ($238,5 million).

¢ Justification: What if analysis 1: “The MMA case”, chapter 13.2.11.

Recommendation 26: To favour the innovation that comes with a new clean-sheet aircraft,
manufacturers should not only invest in R&D but should also make biggest efforts on the
standardization of the production process to improve its learning curve as soon as possible.

e Rationale. Recurring costs of production are subject to a learning curve. This process is
characterized in aircraft production by a significant decrease in unit cost as additional aircraft
are built, eventually reaching a unit cost approximately constant. That is, the more aircraft
produced, the more the manufacturer learns and the cheaper the next aircraft can be
produced. The learning curve depends on a parameter known as “slope”, which describes the
magnitude of the learning curve effect. A slope of 100% indicates no learning (the initial unit
cost remains constant throughout the production run). Aircraft production typically follows a
75-85% learning curve.

The learning curve can be one of the parameters influencing the more in the projected profits
manufacture can obtain from its models, particularly when the number of expected units is not as
high as in the single-aisle market. At the beginning of the learning curve, costs are higher so
manufacturers in the MoM will have an incentive to improve their learning curve as soon as possible.

e Justification: What if analysis 1: “The MMA case”, chapter 13.2.11.

Recommendation 27: The unbalance situation in the MoM, with non-symmetric reengineering
possibilities and costs for both manufacturers, will favour new aircraft design and innovation.

e Rationale: Since the early ‘80s, every move of one competitor was mirrored by the other.
Nearly each of the airplane types in the portfolio of Boeing had, has and probably will have a
counterpart in Airbus. This might not be longer the case in the middle of the market, as an
unbalance situation is taking place in the MoM. The possibilities of both manufacturers for re-
engineering incumbents’ models are not symmetric.

The increasing sales of the A321neo are allowing Airbus to capture the mid-range market, surpassing
the sales of the largest variants of the Boeing 737 MAX. A321neo is a fundamentally stronger aircraft
than B737, both in terms of operating and unit costs (excluding pricing), and in terms of operating
performance on metrics like payload and range. Therefore, Boeing needs and offering in the MoM
space, or it will miss out on thousands of new jet sales over the next 20 years in this market segment.

With Boeing’'s market share declining and Airbus share increasing, and B737 MAX evolution
possibilities almost exhausted, Boeing has no other alternative than proposing a new clean-sheet
design aircraft.
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e Justification: What if analysis 1: “The MMA case”, chapter 13.2.14.

Recommendation 28: The dominance of the MoM being at stake will favour the consolidation in the
next 5 years of aerospace technologies today at medium TRL stages under a broad set of scenarios
and will shorten the final step of its development.

e Rationale: Due to payback periods on the order of 10-15 years for large commercial aircraft
programs, when manufacturers commit to a course of action, re-engineer or new aircraft, they
lock-in to the technology level for the duration of the program to recover part of the
investment, enabling only incremental improvements. They have also to assume the risk that
comes with big investments.

If Boeing confirms its decision for the B797 in 2020, it will be locked with the technology that in 2020
is at high TRL stages. This might imply a short-term impulse for these technologies that will be
shortened their final development with regard to a normal development cycle.

e Justification: What if analysis 1: “The MMA case”, chapter 17 and 18.

Recommendation 29: The perspective of low fuel prices might induce both manufactures to retain
efforts in research in favour of increasing profits for the manufacturer’s best in class products. This
perspective could only be contested institutionally by fomenting R&D or by regulation forcing new
technologies.

e Rationale: Under a scenario of expectation of low fuel prices, fuel efficiency is not expected
to be the main driver of the market share, and the forces governing the market share today
will remain more or less stable. Other factors will dominate the buying decision by companies,
such as maintenance costs, other operational costs, manufacturer fidelity, the economy of
scale, number of seats, etc....

In this scenario, neither Boeing nor airbus will have an incentive to invest in fuel efficiency
technologies, either in the airframe or in the engine. None of them can increase the selling price of a
new aircraft due to the fact that the savings in fuel cost are not significant considering the lifespan of
the aircraft.

The results of the game analysis show that the situation of equilibrium in this scenario is achieved if
Boeing maintains its product lines and Airbus evolves to the A321XLR, despite the losses in Boeing
market share.

o Justification: What if analysis 1: “The MMA case”, chapter 13.2.14.

The PARE project assess progress, gaps and barriers, and propose suitable measures to close the
remaining gap to support the achievement of the Flightpath 2050 goals in a broad variety of key areas
of aeronautical research which are essential for the development of the aerospace sector in Europe.

As part of this process, the project has the task of identifying the actions required in the coming future
for the proper development of the aerospace research sector, which can benefit from a detailed and
rigorous analysis of possible political, social and industrial scenarios by carrying out What if analysis.
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The experience of the consortium and its capabilities, as well as the work performed in analysing the
state of the art, and future forecasts and needs in each of the project’s areas of interest, have allowed
the identification of two highly relevant case studies for the evolution of the sector.

The first case is justified from the perspective of the growth forecasts of the air transport sector in the
medium and long term that identify the Asian emerging economies, and in particular China, as the
one with the highest growth in air transport. Coupled with the booming economic development of
these regions, we are witnessing the growth of the potential powerful aerospace industry in China.
The capacity of this thriving industry to consolidate will undoubtedly condition the worldwide scenario
of aviation.

In recent years, we have observed several attempts by the Chinese industry to develop and certify
large transport aircraft, such as the regional jet ARJ21 certified by the CAAC after years of delays, the
C919 in the single-aisle segment whose certification has been postponed for years, or the future
development of a wide-body model C929. How the success of all these attempts will effectively affect
the Airbus/Boeing leadership in the industry is going to be one of the big issues in the industry in the
coming years.

China's ability to certify and produce commercial aircraft efficiently, economically and on time to take
advantage of the country's anticipated development could greatly influence the international scenario
and could have a major impact on the current balance of the aerospace industry.

Keys in that future will be the capacity of the Chinese industry to certify its current aircraft
developments, produce on a large scale, gain the confidence of the airlines and acquire a significant
share of the market. All these aspects are raised and developed in a first case study that aims to shed
light on how the possible scenarios can influence the development of the European air transport
industry and how Europe can react in each case with the best at political, regulatory, research,
educational and industrial strategy.

The second case focuses on the analysis of competition among the main aircraft manufacturers in a
segment that has captured the attention of both in recent years, the Middle of the Market segment.

The middle of the market is often abbreviated MoM or referred to as MMA for Middle of the Market
Aircraft. It represents the airliner market between the narrow-body and the wide-body aircraft as well
as between the short and the long range and has become a market segmentation used by Boeing
Commercial Airplanes since at least 2003.

These aircraft can fly ranges of approximately 3,000 to 6,500 nm and carry passenger loads of
approximately 180 to 300 people in both single and twin-aisle configurations. Both Airbus and Boeing
produce aircraft that serve this segment. In the range of 2,500 to 4,000 nm, 120-169 seat narrow-body
airplanes are also mainly used, and 170-229 seat narrow-body jets (A321, 737-900ER, 757, etc.) and
230-399 wide-body jets (A330, 767/787, etc.) are operated. In the upper band of this range, partly
because the route distance is longer, relatively large airplanes such as 170-229 seat narrow-body and
230-399 wide-body jets are used more actively than for over 3,500-4,500 nm. In the range of 4,500
nm or more, 310-399 seat jets (A340, 777, etc.) are mainly operated, followed by 230-309 seat jets
(A330, A350, 787, etc.), 500-800 seat jets (A380), and 400-499 seat jets (747). 400-499 seat airplanes
have declined in number due to the recent decrease in the number of 747 and A380 jets orders.
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B737 and A320 are the best sellers’ products, with more than 10,000 and 8,500 deliveries respectively.
B737 is in its third generation since 1969s and A320 in its second generation since the 80s, however,
this third 737 has less stretch potential than the A320, and the 737 MAX 9 has been beaten soundly
by its rival Airbus’ A321neo in the 170-229 seats market segment by a ratio of nearly 8:1 looking
purely at current firm orders. There is a 100 seat gap between the 737 and 787 where Boeing needs
and offering to compete with the A321 and profit from the 757 and 767 replacement opportunities.
The issue has become more burning since Boeing began studies for the development of an MMA,
named today as 797. Up to now, the company has been delayed the decision about whether to move
forward with the 797 program and lately has announced that probably a decision will be made in
2019. On the other hand, forecasts of traffic growth are especially optimistic for this sector and have
led the industry to focus strategies in recent years on the real volume of the MMA market and how
large manufacturers value its potential and develop strategies to lead it.

Because of all these reasons, the second case addresses the analysis of the MMA case and the best
and most probable Airbus and Boeing strategies to succeed in this market.

Objectives

The main objective of this "what if” study is to analyse and study the possible evolution of the Middle
of the Market Aircraft sector and the prospects of the Boeing MMA to provide insight into what
opportunities may arise from its development and to inform future policy, research and business
strategies through a set of synthetic conclusions and recommendations.

To achieve this aim, the study pretends to gather analytics and insights to answer key technical, market
and business questions about this mid-size aircraft and its impact on the market. Key issues that will
be covered by the study include:

e A thoughtful understanding and quantification of the MMA market, considering its main
drivers and possible evolution, the reasons why airlines are interested in this size of aircraft,
and which regions and companies offer the best sales prospects.

e An insight into how the large aviation market is divided nowadays between two main
manufacturers (Airbus and Boeing), and a better understanding of the causes and the
consequences of this duopoly.

e Asolid, supported by data and analytics, answer to the questions: Will Boeing launch an MMA
aircraft? And when? What is a realistic price for such an aircraft? How many aircraft might
Boeing sell?

e A data-supported guess of what the Airbus reaction and strategy to maintain or even improve
market positions might be pre-emptive and reactive.

e Provide details in how realistic is to use modernized engines in extra-large aircraft such as the
A380 and answer the following questions: Is it the extra-large segment over and conquered
by twin-engine smaller options of jetliners? Or there is still a real need for airlines to use these
models?

The study will make the best out from data and expert information covering market structure, forecast,
airlines needs and requirements, production and sale prospects, cost and price figures, aircraft value
criteria, SWOT and game theory approach to better understand what is happening and what could
happen in this sector.
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Besides the overall questions about the prospects of the Boeing MMA, the “what if" analysis will
address the following issues:

The lessons learned from the past A320 vs B737 competition. The Boeing B737 is in its
third generation since the 1960s and the Airbus in its second since the 1980s. With more than
10000 deliveries of the B737 and 8500 of the A320, they are the numeric best sellers in the
Boeing and Airbus ranges. With current backlogs numbers, they might exceed 12000 or even
reach 15000 sales. Though wide bodies are worth more individually they are most unlikely to
approach those numbers, so in overall market values, these ‘smallest’ airliners are quite big
and worth competing for. What does their long history tell us that was relevant in the past and
might be also in the future?

The A321LR/A330 as replacements for the B757/B767. The third generation B737 has less
stretch potential than the second generation A320. The new generation of more efficient
engines has turned the A321 into more than its designers could originally have hoped for: an
aircraft for long thin routes able to cross continents and some oceans. The B737 cannot be
similarly stretched so Boeing as no current challenger for the A321 in the B757/B767 market
for long thin routes. Airbus says that the stretch potential of the A321LR is not yet exhausted
and the A330Neo is a bigger option. Will this satisfy the market? Is there a gap for something
more modern and efficient?

The timeframe for the Boeing MMA. In order to upstage the A321LR/A330 neo, the Boeing
MMA must be a twin-aisle with 220-270 seats and more modern engines than the
B737max/A320neo and cannot be available before 2023. Since the current most advanced
engines in the class, thePratt&WitneyPW1200 geared fans and the Snecma-General Electric
leap are having development and /or reliability problems, can much better performance be
expected soon after for the new MMA engines? Is there a market for just one or more new
engines?

Are the A321LR/A3330neo a short or long-term response? The A321LR (and A330 Neo)
are available here and now, absorbing the B757/B676 replacement market for several years
until the Boeing MMA offers an alternative. Will this dry up the market and void the bossiness
case for the Boeing MMA? Could Boeing come up with a short-term competitor as an updated
B767 or would this be unpromising as an investment? Will airlines wait for the Boeing MMA?
Is there both a B757/B767 replacement and a new long thin route market that will justify the
Boeing MMA in any case?

Will an all-new Airbus MMA be needed? If the Boeing MMA goes ahead as a more modern
aircraft how much more efficient will it be than the A321LR and A330 neo? How long will these
remain attractive in the market? Can their lifetime in sales be prolonged? Will Airbus have to
counter the Boeing MMA with an all-new design? Since Airbus will have the hindsight on the
Boeing MMA how much better could it make the Airbus MMA? What would be the timeframe
for an Airbus MMA to give the Boeing MMA no room between the A321LR and a new Airbus
rival? Is Boeing in a corner with no easy exit?

New MMA engines to revive the A380. Could the development of the Boeing MMA not only
face difficulties in competing profitably with Airbus in the long thin market but also have other
consequences? Currently, the A380 is surviving on marginal production numbers, and its
layout of 4 old engines can hardly compete with modern long-range twins. There are no
modern replacements for the A380 engines, but the MMA could fall just in the right thrust
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bracket. Could the MMA engines revive the A380 to compete with modern long-range twins?
Since the Boeing MMA is almost certain to be all-electric with bleed fewer engines would the
development of engines with bleed for the A380 be economical (turning the A380 all-electric)
might be even costlier? Could the market prospects of an A380 with MMA engines justify the
development?
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Methodology

The methodology proposed in this case study is double. On the one hand, the “what if" analysis follows
a qualitative and analytical approach typical of market and competition studies. This approach alone
is sufficient and adequate to respond to the questions and cases raised in the objective and scope of
this study. Additionally, the “what if" analysis is complemented with the application of game theory
to evaluate the results of the possible competition strategies of Boeing and Airbus in this specific
market sector considering a medium and long-term horizon. Additionally, the game theory will allow
performing sensitivity analysis to consider the impact of the various uncertainties that influence the
case.

Information and analysis coming from the first part of the analysis will be used to define the structure
of the competitive games in the second part of the analysis and the possible scenarios; as well as to
synthesize the possible strategies of the two players and to construct the aircraft valuation model for
the estimation of the payoffs. Figure 13.1 illustrates the main steps in the whole process.

Market analysis of Game analysis of Airbus /Boeing
the MMA sector competition in the MMA sector
1 Middle-of-the-Market' sector Forecast for MMA sector 3 MMA delivery forecast 7 Pay Offs
definition and analysis 2
) X Construct of an aircraft program
Aircraft types & Flight Fleet Forecast Evaluation of design valuation model to estimate
Payload-rgnge (FFF) options for the New payoffs to manufacturers under
characteristics Assessment of Key Boeing MMA different scenarios concerning
Characterisation of market drivers for the Factors impacting Program market share, demand scenarios
currently available MoM sector development costs and and other relevant variables.
aircraft types Assessment of Key pricing
Assessment of the success factors for a Factors impacting launch 8 Strategies .
Market share new MMA and programme timescales Construct of the static and
. . dynamic strategy game
Quantification of the Factors impacting the styructures for tEZ %/IMA caseina
MMA market gap production capacity two-player market
constrains and forecast .
Analysis of the past Assessments of Airbus Assessments of Boeing .
4 Airbus/Boeing competition 5 competitive response 6 strategies 9 Game Analysis

Game theory analysis to
understand competitive forces
impacting manufacturer
decisions for the MMA case.

Conclusions and Recommendations

Figure 13.1. Methodology for the “what if” study on the MMA case.

As can be seen in Figure 13.1, the initial market analysis consists of 6 main steps. The first step involves
the definition and analysis of the Middle of the Market's sector itself. In this step, the sector is analysed
in terms of aircraft types and payload-range characteristics. The different approaches of Boeing and
Airbus to the definition of market sectors are explored. The models that both companies have
currently available or are already committed to developing are analysed in detail in term of
performances and adequacy to the MMA sector and finally, the actual market share picture is
analysed. As a major outcome of this first step, the questions of the existence of an MMA market gap,
and its magnitude, if any, will be answered.

The second step is concerned with the following main topics: i) Flight Fleet Forecast (FFF); ii)
identification of key market drivers for the sector; iii) identification of key success factors for a new
MMA; iv) performance of a SWOT analysis for the Middle of the Market Aircraft. Traffic and fleet
forecast will be a critical element for the valuation of the viability of the Boeing MMA, and at the same
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time, it will be one of the main sources of uncertainty in this case study, particularly considering the
long-time frame of the study. To cope with such limitations, the study will consider most accurate and
reliable forecast and will complement them with our own PARE project estimations based on accepted
forecasting methodologies and hypothesis based on the best knowledge within the consortium.
Those inputs will serve to generate a set of credible forecast scenarios, including a baseline forecast
and ranges, to be considered during the sensitivity analysis.

The third step focuses on the MMA delivery forecast trough the evaluation of i) the design options
for the New Boeing MoM; ii) the factors impacting program development costs and pricing; iii) the
factors impacting launch and programme timescales vi) the factors impacting the production capacity
constraints and forecast.

Finally, steps 4, 5 and 6 are dedicated to outline and evaluate the possible Airbus reaction strategy, as
well as the alternatives strategies that Boeing might apply for the MMA sector. Step 4 will look at what
the long history of competition between Airbus and Boeing tells us it was relevant in the past and
might be in the future, particularly in the single-aisle segment but also in other segments. Step 5 and
6 outline the respective possible Airbus and Boeing strategies to compete in this market.

Additionally, as can be seen in the figure, the game competitive research approach is three staged
(steps 7, 8 and 9). In step 7, static and dynamic game structures for a two-player MMA market are
constructed. In step 8, using the outcomes of previous study sections, an aircraft program valuation
model is implemented to estimate payoffs of manufacturers under different market share and demand
scenarios. The purpose of this model is not to determine aircraft manufacturers’ profitability precisely,
but to estimate the rank of payoffs to determine how changes in the market structure may change
the equilibrium game outcome. It has to be noticed that this analysis will be hindered by the
proprietary nature of aircraft program economic data. The consortium uses reusable assumptions
based on publicly available data sources. These assumptions will also be subject of a sensitivity
analysis to determine the impact of the assumptions and proxies on the study’s funding. Finally, at
step 9, a game theory analysis is used to model competitive forces affecting manufacturer decisions.

The results of the whole process will allow us to understand how the competition will affect the
decision to invest in new aircraft designs in this market. It will also help us to understand how the
introduction of a new Boeing MMA could imply changes in a today almost symmetric duopoly, or
how it will incentive the development and introduction of new technologies and aircraft
improvements. This understanding and the derived conclusions and recommendations may assist
policymakers in developing regulatory and incentive mechanisms to improve aviation and inform
expectations of the introduction of new aircraft into the global aviation market. The whole approach
will also allow testing policy options to determine their outcomes in a competitive market, based on
the assumptions in the valuation model.

There is a certain confusion or lack of clear definition about what the middle of the market (MoM) is,
up to what extent it is a real opportunity and how the various existing and potential Boeing and Airbus
designs stack up against one another.

Attending to how airplanes are used depending on the route length, a few years ago, commercial
aircraft were clustered in two quite differentiated segments. For short-haul routes, the Boeing 737-
800 and Airbus A320 were the main options, with capacities around 150-160 seats in a two-class
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configuration and flying distances of about 2,500-3,000 nm. For their longer international routes,
airlines mainly used large planes such as Airbus' A330-300, Boeing's 787-9, and Boeing's 777-300ER,
which 250-350, or more, seats in a typical premium configuration, (with full flat-bed business class
seats), and a fly distance of 6,000 nm or more.

However, the airlines’ preferences are changing towards planes that span the size and range gap
between the traditional narrow-body and wide-body segments. This size/range gap is the MoM —
Middle of the Market- segment, which remains poorly defined except for the characteristic of being
in the middle. With a broad interpretation, the MoM segment covers aircraft carrying 150 to 250
passengers in a typical high-quality typical premium-heavy international configuration (long-distance
configuration, including flat-bed business class seats). In addition, although all aircraft in this size
range can fly at least 3,000 nm, some airlines want to fly distances of 4,000 nm or up to 5000 nm with
an airplane of this size. Some authors broadly define the MoM sector as above the Boeing 737/Airbus
A321 and below the Boeing 787/Airbus A330-200/800. Since 2003, Boeing has extensively discussed
the MoM denomination and concept[1], as a market between the narrow-body and the wide-body
aircraft, although the manufacturer has not yet formally incorporated it into its market forecast.

Both Airbus and Boeing produce aircraft that serve this segment. In the Boeing line-up, it is between:

i) the largest Boeing 737 MAX 9 of 194,700 Ib (88.3 t) of maximum take-off weight (MTOW)
for 178 passengers in two classes over a 3,515 nm (6,510 km) range;

ii) and the smallest Boeing 787-8 of 502,500 Ib (227.9 t) for 242 passengers in a 2-class
configuration over a 7,355 nm (13,621 km) range.

This segment was previously covered by Boeing with:

i) the largest modern narrow-body, the Boeing 757, typically the -200ER for 200 passengers
over 3,915 nm (7,251 km) with a 255,000 Ib (116 t) MTOW, and

ii) the smallest wide-body, the seven-abreast Boeing 767, typically the -300ER for 269
passengers over 5,725 nm (10,603 km) with a 412,000 Ib (187 t) MTOW.

In the Airbus line-up, it is between:

i) the A321LR of 97 (214,000 Ib) of MTOW for 206 passengers in two classes over a 4,000 nm
(7,400 km) rangel[2], and

ii) the A330-800neo of 242 t (534,000 Ib) for 257 passengers in three classes over a 7,500 nm
(13,900 km) range.

Taking into account Boeing and Airbus’ products line and according to several sources, the Middle of
the market segment can be located in the middle of the traditional narrow-body and wide-body
segments, covering aircraft which can carry around 175 to 300 passengers in a two-class configuration
and have a range between 3000 to 6000nm[3]. However, the previous definition is broad and its
boundaries are very blurred so that the MoM is not currently clearly defined. For this reason, the aim
of this study is to define clearly this segment as well as the aircraft, which are currently operating in
it, which is provided in the next sections.
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13.2.2.1 Boeing vs Airbus definition of market segments

There are some differences in how Boeing and Airbus categorize planes, which might lead to
inconsistencies in the data about market share and forecasts (see Table 13.11).

Traditionally, Boeing has classified planes as single-aisle or two-aisle and then subcategorizes by the
number of seats. Therefore, within the narrow-body segment, there are regional jets, planes with 90-
175 seats, and planes with over 175 seats. Within two-aisle planes, there are small, medium, and large
which categorize planes by the number of seats.

Traditionally, Airbus has broken the fleet up into single-aisle and twin-aisle planes, but they reserved
a category for very large aircraft. However, in 2018 Airbus has introduced a new market segmentation
in its 2018 forecast. It has changed the segmentation methodology dividing segments into categories
ranging from ‘Small’ to ‘Extra Large’ (see Table 13.1), blurring the traditional boundaries between
aircraft types. This new classification redefines the traditional distinction between single-aisle or
narrow-body jets and double-aisle or wide-body jets, and between the various types of long-haul
aircraft. The “small” aircraft market goes up to 230 seats and ranges up to 3.000 nm. “Medium”
category is between 230 and 300 seats and range up to 5.000 nm; and “Large” between 300 and 350
seats and range up to 10.000 nm. In the larger aircraft, instead of segmenting aircraft with 450 or
more seats, which in practice means creating a specific category for the 747 and the A380, Airbus now
places all aircraft with a capacity above 350 seats and range up to 10.000 nm in a category called
‘Extra Large.’

Boeing classification Aircraft Airbus classification
Antonov An-148, -158 Small
AVIC ARJ-700 Small
ional Bombardier CRJ Small
Regiona Embraer 170, 175, 175E2 Small
Mitsubishi MRJ Small
Sukhoi Superjet 100 Small
Boeing 737-700, -800, MAX-7, MAX-8 Medium
Boeing 737-900ER, MAX 9, MAX 10 Medium
Boeing 757 -200, -300 Medium
Airbus A318, A319, A320, A319neo, A320neo Small
Single-Aisle Airbus A321, A321neo Medium
Bombardier CRJ-1000 Small
Embraer 190, 190E2, 195, 195E2 Small
Comac C919 Small
UAC MS 21-200/300 Small
Tupolev TU-154, -204, -214 Small/Medium
Boeing 747 Extra-Large
Boeing 767 Large
Boeing 777, 777X Large/Extra-Large
Boeing 787 Large
Wide-Body Airbus A330 Large
Airbus A340 Large
Airbus A350 Large/Extra-Large
Airbus A380 Extra-Large
lllyushin IL Large

Table 13.1. Passenger’s aircraft segments according to Boeing and Airbus. Aircraft in bold are no longer in production.
Sources: Boeing, Airbus.
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Figure 13.2 shows, through a Payload-Range diagram, the differences between the two manufacturers’
segmentation of the market.
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Figure 13.2. Differences between Airbus and Boeing’s market segmentation.

The change in Airbus segmentation methodology has a history behind it. Airbus has been waging a
statistical battle for years with Boeing over the actual demand for aircraft such as the 747 and the
A380. Airbus argues that the demand for these aircraft will grow in the future due to the problems of
airports congestion. Boeing thinks that large twin engines like the 777X will absorb most of this
demand and that the four-engine jets are seeing their last years. Today, Boeing's vision seems more
realistic, but congestion at some point may force decisions.

Comparing how aircraft are operated today and in 2007 (Figure 13.3), it can be seen the evolution and
scope by market segment in terms of range and number of seats. The figure shows that size is
increasing with a clear overlap between segments, reflecting a blurring of the boundaries between
market segments. Today, for example, larger single-aisle types like the A321 operate in what would
have been considered a twin-aisle market space. This is not just true for the single-aisle types; larger
aircraft like the A350 can operate in a number of segments depending on airline or market
requirements.
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Figure 13.3. Blurring boundaries between the new Airbus aircraft market segmentation. Sources: Airbus CMO 2018.

The change in methodology is based on the way in which airlines use their airplanes instead of the
type of model. Airbus’ new statistical framework does not take into account the number of engines
and focuses on the segments by the number of seats, reflecting the opinion that long-term forecasts
do not have to coincide with current product lines.

13.2.2.2 Narrow-body vs wide-body aircraft for the MoM

The main characteristic of the MoM segment is the diffuse frontier between the aircraft operating in
it. The routes considered as “"MoM" sometimes can be covered by both narrow-body and wide-body,
and operators use indistinctively these two types. Nevertheless, there are some differences between
them, especially when it comes to customer comfort or operating costs.

Narrow-body aircraft. Smaller, single-aisle airliners are the favourite ones of the airlines since their
operating costs are substantially lower than wide-body airliners. The maximum capacity of these
aircraft is around 240 seats in 1-class configuration and with 28" pitch. The new engine improvements
on the new models such as the A321neo LR with lower fuel consumption have allowed these single-
aisle aircraft to cross the Atlantic offering a 27% lower fuel consumption than the previous
generation’s Boeing 757. One of the advantages of flying small airliners is that it is not necessary to
have a very high occupation factor to make a profit out of it. On the other hand, the comfortability is
limited due to the limited space. The strategy of airlines nowadays is offering flights with a lower
number of available seats but increasing also the frequency. Thus, flying is profitable, allows flexibility
of scheduling and satisfies the passengers’ demand.

Wide-body aircraft. Big jets are usually more comfortable and the favoured ones of the customers
due to the higher pitch and the bigger size of the seats. The design of these aircraft is initially thought
for long-haul flights, carrying more passengers for long hours of flight. Additionally, its design allows
passengers to move easier due to its double aisle configuration. Operating these aircraft in short-haul
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flights is not impossible but difficult. For a flight to be profitable, it is necessary to sell a high
percentage of the tickets, since the fuel consumption per seat ratio is bigger than in narrow-body
aircraft. On the other hand, bigger jets allow flexibility in airport operations since the number of flights
is reduced, which can be a medium- or long-term solution to avoid airport congestion.

Figure 13.4 shows the CASM (Cost per Available Seat Mile) of different types of aircraft along with
their number of seats, according to the average length of the flight. Although there is not a really
defined tendency, it can be seen that long-haul flights flown by larger aircraft such as the Boeing 777
or Airbus A330 have the lowest costs per seat. In addition, from the figure, it is deduced that wide-
body aircraft operate at a lower cost whereas the distance is longer.
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Figure 13.4. Cost per ASM and average stage length by model. Source: The Boeing Company.

13.2.2.3 Payload-range characteristics

One of the most widespread means used to analyse an aircraft performance is by evaluating its
payload-range performance, which can be illustrated graphically through the payload-range diagram.
This diagram allows examining the capabilities and limitations of an aircraft related to its operating
requirements as well as to compare an aircraft operating economics.

First of all, it is important to note that assessing a payload-range diagram includes analysis of the
airplane operating weights, which are essential components that affect significantly the aircraft
payload-range performance. In particular, payload-range analysis involves examining Maximum Take-
off Weights (MTOW) and its various components to assess the aircraft’s payload capability at different
ranges, as well as range capability with different payloads.

On the other hand, the operating costs of an aircraft also depend solidly on its empty-weight, which
is related to the structure that the aircraft carries. The empty weight of an aircraft designed for long-
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haul flights is heavier due to the higher amount of fuel that it must carry as well as the bigger structure
required to fly longer distances.

Therefore, there are several aircraft weights that must be considered for payload-range diagram
analysis, which can be categorized depending on how they are certified, existing two types: those
weights that are certified by the manufacturer during the design and certification of an aircraft, and
those weights certified by the operator. Figure 13.5 below illustrates the composition of weight
categories that are reflected in most commercial aircraft as well as the most important definitions that
are required to understand the payload-range diagram.

. Aircraft Weights Definitions
Taxi-out Fuel
Maximum Takeoff Weight (MTOW): means the maximum
= weight for takeoff as limited and/or authorized by airplane
Z . strength and airworthiness requirements. This is the
T R maximum weight at the start of the takeoff.
i Maximum Landing Weight (MLW): means the maximum
weight for landing as limited and/or authorized by airplane
Reserve Fuel strength and airworthiness requirements.
— Maximum Zero-fuel Weight (MZFW): means the maximum
E weight permitted before usable fuel and other specified
oo kS Cargo usable fluids are loaded. The MZFW is limited and/or
S —% authorized by strength and airworthiness requirements.
£ o Operator’s Empty Weight (OEW): means the weight of the
© g Passenger & aircraft prepared for service and is basically the sum of the
£ = Baggage Manufacturer's Empty Weight (MEW), Standard Items (SI),
< o and Operator Items (Ol).
- Standard & Manufacturer’s Empty Weight (MEW): means the weight
*a_g Operator’s ltems of the aircraft as it has been built by the manufacturer,
HEJ o excluding any operator items.
e Aircraft Structure+ Standard Items: equipment and fluids not considered an
s fn Systems+Propulsion integral part of a particular aircraft.
g § Manufacturer’s Operator Items: personnel, equipment and supplies
© Empty Weight (MEW) necessary for a particular operation.

Aircraft Weights Components
Figure 13.5: Aircraft weights composition

Once the main weights related to the payload-diagram have been described, the next step is
examining how the different weights of the aircraft are built-up with reference to its payload-range
diagram.

The payload-range diagram is useful for operators in:

i) comparing payload range capabilities of various aircraft types
ii) determining how much payload can be flown over what distances according to a set of
operational limitations.

The specific shape of the aircraft's payload-range diagram is affected by its aerodynamic design,
structural efficiency, engine technology, fuel capacity, and passenger/cargo capacity. Each aircraft has
its own corresponding payload-range diagram, with different limitations depending on the engine
type installed.
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Figure 13.6 shows a typical payload-range diagram. For all aircraft, there is a natural trade-off between
its payload and range performance, since increasing distance by reducing payload may not profitable
for the operator. The typical shape of the curve is such that the aircraft is able to carry a maximum
payload over a specified range. Longer ranges can be flown if an operator is willing to reduce its
payload in exchange for fuel. In the last section of the curve, the trade-off consists of compromising
payload in order to achieve greater range.

Maximum payload, no fuel Maximum range with
/ / maximum payload
MZFW
= Range with maximum
2 fuel capacity
> Maximum /
3 Payload
= Tradeoff
~ between Fuel
and Payload
Maximum fuel, no payload
OEW

\ Tradeoff between

Range (nm) Payload and Range

Figure 13.6. Payload—Range diagram.

Choosing the adequate relation between payload and fuel is an indispensable tool for optimizing the
economics of an aircraft, complying with market requirements. In the payload-range diagram
represented in Figure 13.6, it can be seen that flying a longer range means less payload to carry, which
means, in turn, less profit for an airline. Airlines do not operate aircraft in the region of maximum fuel
because it requires large reductions in the payload to achieve small increases in range and, thus, the
profits decrease dramatically. For this reason, it is really important for an airline to operate aircraft
nearly to its maximum range-MTOW capacities, adjusting its flight plans to these characteristics.

On their side, aircraft manufacturers have to offer a product line-up consistent with the needs of the
market. In the Middle of the Market segment, operating aircraft should not have more than 5000 nm
range and carry no more than 270 passengers to satisfy the needs of the airlines’ routes.

The Boeing's approach of the market targets an aircraft of similar size of the 767 or the 757, carrying
an approximate number of 250 passengers but with shorter range. The clue behind shortening the
range of the aircraft resides in passenger comfort. Aircraft prepared to fly longer routes have to carry
a big structure that holds the big amount of fuel needed for those routes. If that structure is no longer
necessary because those routes are considerably shorter than the bigger models, the comfort of the
passengers is bigger, and the cost is lower. Taking this into account, the new aircraft could be between
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the size of the single-aisle 757 and the 767, with a range of approximately 5000 nm, which would
cover the gap left by the replacement of both aircraft.

13.2.2.4 MoM aircraft

This section aims to include an analysis of the current aircraft that are operating in the Middle of the
Market sector, providing data about performance characteristics, range and capacity capabilities as
well as orders and deliveries. However, due to its extension, this analysis has been included in Annex
| at the end of the document although in this section it is included one case as an example.

As the MoM segment is not clearly defined, it is complicated to determine the aircraft competing in
it. For that reason, the aircraft models analysed have been chosen to take as a base the data provided
by Open Flights web page. With this data, it has been possible to define the MoM routes as well as
the aircraft operating those routes. Chapter 13.2.4 provides a detailed explanation about routes
analysis performed and the results obtained.

Figure 13.7 shows the aircraft that are currently operating in MoM routes, indicating the variants used
and several relevant aspects related to their characteristics.

Variants used for MoM routes:
A319, A320 and A321

Variants used for MoM routes: Variants used for MoM routes:

A330-200 and A330-300 B787-8 and B787-9
* Range: 3100-4000 nm * Range: 6350-7250nm * Range: 6430-7635nm
* Capacity: 117-206 passengers * Capacity: 246-300 passengers « Capacity: 242-290

Backlog: 115 ceo and 5680 neo

Backlog: 54 Backlog: 484

* Variants used for MoM routes: * Variants used for MoM routes: Variants used for MoM routes:
B737-800, B737-900 A380-800 B747-400
* Range: 2935-3010nm * Range: 8000 nm ¢ Range: 7670 nm

* (Capacity: 108-177 passengers + Capacity: 575 passengers * Capacity: 416
* Backlog: 54 + Backlog: 53 . Backlog: 0

<

Variants used for MoM routes:
B777-200/ER and B777-300/ER
¢ Range: 5240- 7370 nm

* Capacity: 313-39%6
+ Backlog: 43

Variants used for MoM routes: * Variants used for MoM routes:
A350-900 B757-200/300 and B767-200/300

¢ Range: 8100 nm ¢ Range: 3900-6590 nm

* (Capacity: 315 * (Capacity: 214-261

Backlog: 456 + Backlog: no production

Figure 13.7: Current MoM aircraft

As it can be seen from the previous figure, as the Middle of the Market is located between the short-
haul and long-haul markets, traditionally represented by single-aisles and twin-aisles respectively,
models from both segments are used indistinctly for this type of routes. Therefore, selecting one
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model above another depending strongly on the airline’s interests, resulting in a difficult
quantification of this market. Consequently, there is not an aircraft model designed and optimised for
these routes, so that several aircraft types absorb part of the MoM market share in different
magnitudes. With the introduction of its new mid-size airplane, Boeing plans to change this situation.

However, as the analysis performed in Chapter 13.2.4 is based on routes data, it only considers aircraft
with routes flown in 2018. As this study is focused on a market analysis for a time frame between
2020-2040, it is also required to take into account those aircraft models which have just entered the
market or are expected to enter in service in the following years. Models such as the A330neo or B737
MAX are very recent, and they hardly have routes nowadays, but it is expected that this situation will
change in the near future. It will be also necessary to consider fleet retirement since several of the
aircraft shown in Figure 13.7 are old versions and it is very likely that some of them will not be longer
in production in the period considered.

Several sources have been consulted to determine the potential competitors that could threaten the
B797 market position between the 2020-2040 period. Within the single-aisle segment, the main
candidate is the A321neoLR, a long-range variant of the A321neo with a range of 4000nm with which
Airbus aims to compete in the MoM segment. As it is expected that the A321neoLR will be one of the
most important competitors for the B797, its analysis has been included in this section.

Additionally, Airbus is considering modifying the A321LR by stretching it to absorb more market share
from this sector. This variant is called A321XLR, which is expected to have a range of 4500nm, making
it a direct competitor for the B797. From Boeing, it must be also considered the B737 MAX family,
especially the MAX 8 y 10, whose order book is very promising with more than 2000 orders for both
models. Although they have a lower range, it is very likely that they will be serious competitors for the
MoM market, due to its efficiency and cost, which are commensurable with the A321neo. These two
families, the A320neo y B737 MAX, will not only compete in the following years for the control of the
single-aisle market but also they will try to absorb part of the MoM market.

Within the wide-body market, it is expected that the A330 neo versions will absorb part of the market
in the next years, replacing the A330-200/300 fleet. However, the order book of one of them, the
A330-800N, is extremely small and its perspectives are not very optimistic. For this reason, in the
analysis, it is only included the A330-900N model, which is far more popular than the A330-800N.

On the other hand, the new version of the B777 current generation, the B777X will also be included
in the analysis. It is planned to enter service around 2020 and, as the B777 has a significant market
share, it is expected that part of this market will be absorbed by this model. The A350 and the B787
are aircraft relatively recent which still have several years of operational life. Due to this fact, they are
considered for the analysis as they are expected to capture part of the MoM market share, but only
the smallest versions, the A350-900, B787-8 and B787-9.

Finally, the B747 variants will not be included in the study as they are old models which are expected
to be retired or replace in the following years. In addition, they are large aircraft whose range surpasses
the target range studied. The B747-8, the re-engined version has not been considered a potential
competitor due to its little commercial success and that it is focused on a more range market. The
same reasons can be applied to the A380, that is, it is an aircraft of which objective is competing in
long-haul routes and taking into account the announcement of its retirement, it is expected that the
A380 will not be a relevant competitor and, for this reason, it has not been included in the analysis.
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Table 73.2 summarises all the potential competitors considered in the study that could threaten the
B797 market position in the 2020-2040 period as well as the aircraft, which currently operate the
Middle of the Market segment. The table shows performance characteristics, dimensions and order
book. In addition, in the Annex | located at the end of the document, it is included a detailed analysis
of these aircraft, with data about routes flown as well as orders and deliveries. Moreover, Figure 13.8
shows a payload-range with the narrow-body and wide-body aircraft that are in service by both
manufacturers at the present time, taking into account a two-class and a three-class configuration.
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A319neo 2017 33.84 35.80 3700 120-150 160 35 0 101.5
A320neo 2014 37.57 35.80 3400 150-180 194 4143 641 110.6
A321neo 2016 44.51 35.80 3600 199 230
A321neo LR 2018 44.51 35.80 4000 206 240 2327 184 129.5
A321XLR 2023 44.51 35.80 4500 206 240
B737-800 1997 39.47 35.79 2935 160 189 4991 4979 102.2
B737-900ER 2000 42.11 35.79 2950 177 220 505 504 112.6
B737 MAX 8 2016 39.52 35.90 3550 178-193 210 2590 330 121.6
B737 MAX 10 2019 43.80 35.90 3300 188-204 230 579 0 1349
A330-200 1997 58.82 60.30 7250 247 406 665 633 238.5
A330-300 1992 63.66 60.30 6350 277 440 789 765 264.2
A330-900N 2017 63.66 64 7200 277 440 240 11 296.4
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1982/1998 200 4r3 38.05 3400-3915 200-243 239-295 1049 In service: 364 65-80
300: 54.4

1991 48.51 47.57 3900-6590 214 290 249 In service:13 160.2
1986 54.94 47.57 3900-5980 261 351 687 In service: 411 209.8
2009 57 60 7305 248 359 443 361 248.3
2013 63 60 7530 296 406 824 452 292.5
1988 70.66 64.40 7285 416 660 440 In service: 148 234

1994/1996 63.73 60.93 5240-7065 313 440 510 In service: 387 306.6

1997/2003 73.86 64.80 6030-7370 396 550 902 In service: 826 3755
2020 69.8-76.7 71.80 7525-8690 365-414 - 344 0 410.2-442.2
2013 66.80 64.75 8100 315 440 713 257 3174
2005 72.72 79.75 8000 575 853 290 237 445.6

Table 13.2: MoM aircraft characteristics
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Figure 13.8. Payload-Range diagram considering two-class configuration
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As it was said before, the Annex | located at the end of the document contains an analysis of the
current aircraft that are operating in the MoM as well as the potential competitors which could absorb
part of the MoM market share in the near future, with the following information about aircraft features
and characteristics:

e In the first place, it is included a brief background with a description of main models, with
characteristics such as the year of introduction, main features or commercial perspectives. The
information has been extracted from the document written by The DVB Bank and Aviation
Research, An Overview of Commercial Aircraft 2018-2019[4].

e A section with data about aircraft technical specifications and performance metrics. Different
features relating to every aircraft are included such as range, capacity, dimensions, engines, etc.
The goal of this section is to identify and summarize the performance differences between the
aircraft that operate within the MoM sector as well as to present the data that will be used as
inputs for the model cost developed in chapter 13.2.7. The information has been extracted from
Airbus and Boeing web pages.

e The aircraft order book, in terms of deliveries and firm backlog. The order book serves to
determine the aircraft with better commercial perspectives which could represent a threat for the
new NMA. The information has been extracted from Airbus and Boeing web pages.

e Finally, a section with an analysis of the routes flown by these aircraft, which serves as a guide in
order to determine the main aircraft which are used for MoM routes. Thanks to this analysis, it has
been decided to include larger aircraft such as the A330 or the B787, as they have a significant
percentage of their routes within the MoM category. For those aircraft which does not possess
MoM routes due to its recent introduction, it has been included the routes flown from its previous
versions.

The following section contains an analysis of the A321neolLR as an example, which includes all the
previous parts mentioned. The rest of the models are analysed in Annex |.
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A321-200N (NEO)/A321-200NX (NEO LR)

Background

The Airbus A321 is the largest member of the Airbus A320 family. It is a narrow-body, short to medium
range, commercial passenger twin-engine jet airliner manufactured by Airbus. It entered service in
1994 and it was offered in two versions: the basic -100 and the longer-range -200 variant. The A321-
200 was the first direct competitor to the Boeing 757-200. While not as range-capable as the Boeing
757-200, the A321-200 became a strong competitor on medium routes, such as US coast-to-coast.

In December 2010, Airbus launched the ‘New Engine Option' (or "NEQ") for the A320 family. The
baseline A320-200N (NEO) entered service in 2016 and the longer A321-200N followed in May 2017.
These versions were re-engined with CFM International LEAP-1A or Pratt & Whitney PW1000G
engines, which provide a 15% fuel burn advantage over their previous versions. With a backlog of
around 2000 aircraft, the A321-200N is a very successful programme for Airbus.

In October 2014, Airbus revealed a new long-range variant of the A321neo. Initially, this version was
unofficially called the A321neo LR. The new version will have a new door-configuration, called “Airbus
Cabin Flex” (ACF) which results in up 20 more seats, bringing the total of passengers on an A321-
200N to 240 (high density). As this new door arrangement is a structural change to the original A321's
fuselage, a new type certificate was needed, making it a new version of the A321-200N, called the
A321-200NX.

This new version is clearly aimed at the 757-200 replacement market. It will have a range of 4000nm,
200nm more than the Boeing 757-200 (some of which are used on long-range trans-Atlantic routes)
and 400nm more than the standard A321-200N. Intended markets are North America to Europe,
Europe to Africa, North America to South America and S.E. Asia to Australia. With newer engines and
more modern design, the A321-200NX will have 27% lower fuel burn than the 757-200. It is expected
its introduction to the market in 2019.
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Technical specifications and performance metrics

DIMENSIONS
Overall length 4451 m PERFORMANCE
Wing span 3580 m JEneE (i, il
el 1176 m Maximum take-off weight (Kg) 97000
Operating empty weight (Kg) 50100
CAPACITY
Typical seating 206 (two-class) COST MODEL INPUT PARAMETERS
Max 240 Speed (Kilometres per hour) 828
Utilization (block hours per day) 11
ENGINE DATA Fuel consumption (Gallons per 1000
SL thrust (ton) 14.05 eloctdiiot
Weight (Kg) 2380 Kg
Numl?er of 5
engines

&g T )
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Order book

As illustrated in Figure 13.9, the A321neo is a very successful programme, which has accumulated a
great number of orders since its introduction. By December 2018, the A321neo has received 2075
orders, composed by 122 deliveries and a backlog of 1953. In spite of its recent introduction into the
market, the perspectives of this model are very promising, as it has achieved to outsell its previous
version, the A321ceo, as well as several models of the Boeing 737 MAX generation.

QOrders Deliveries Backlog
2075 122 1953

Data as of December-2018

A321NEO Order book

0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200
H Deliveries ™ Backlog

Figure 13.9. A321neo order book by December 2018

MoM routes analysis
The routes market share shown in Figure 13.10 belongs to the A321neo variant, which is expected to

be the main competitor of the A320neo family for the Boeing NMA. In addition, it is the variant which
is more used for MoM routes. As can be seen, almost 60% of the routes flown by this model are less
than 1000 nm in length. The rest is distributed in the range between 1000 and 3000 nm, in such a way
that as the distance increases, the number of routes is reduced. As of a length of 3000nm, there are

no routes flown by the A321neo, although its maximum range corresponds to around 3600 nm.
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Figure 13.10. A321Neo routes market share

13.2.2.5 Is there an MMA market gap?

The MoM s certainly under discussion. Boeing claims that there is a clear gap of about 100 seats
between the B737 and B787 that will be feed by the new Boeing 797; while Airbus argues that any
MMA gap is covered by the A321neo and A330-900, and no new aircraft is needed, as the A321LR
covers the market up to 240 seats and flies 4,000 nm and the A330-800 starts at 250 seats and flies
more than 7,000 nm[5].

Then, which manufacturer is right? Is there an MMA gap or not? Is there a difference in how Airbus’
and Boeing's product line-ups cover the market? Could the gap be that the present largest single-
aisle, 737 MAX 9, stops at 220 seats and the next model, 787-8, starts at 240 seats? On the other hand,
is the gap that the MAX 9 only flies 3,500nm and the 787 flies north of 7,300nm?

Figure 13.11 shows the Airbus and Boeing present product lines. Both cover the market with well-
positioned aircraft, be it single-aisle or wide-body. Apparently overlapping coverage in seat capacity
is reassuring.
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Figure 13.11. Boeing and Airbus line-up picture. Source: Airbus.

However, this simple and direct comparison is misleading, like comparing apples and oranges. The
single-aisle aircraft are sold with domestic two-class cabins (180 seats for MAX 9 and 194 seats for
A321neo) or even high-density cabins (220 seats for the MAX 9 and 240 seats for the A321LR). Wide-
bodies are sold with long range two-class cabins, where business seats take up to three times the
space of the equivalent single-aisle seat and weigh four times more. The different configurations are
not directly comparable. Additionally, the range presented for each narrow or wide-body aircraft does
not take into account the presented seat differences.

It is necessary to compare equivalent typical configurations, i.e. at an equivalent level of comfort, to
really see the gap in the seat counts between narrow-body and wide-body. Only if all compared
aircraft are equipped with the same seat standard, the true seat gaps surface. If a single-aisle aircraft
is operated in long-range destinations, then a wide-body equivalent configuration should be
considered for comparisons. A defined normalized long-range two-class configuration should keep:

e the same relationship between business class seats and economy class, of around 15%
business of all seats;

e the same between business class seats and economy seats, around 15% business of all seats,
so that all passengers, be it narrow-body or wide-body, can get their second meal before
reaching the long-range destination; and

e the same number of passengers per lavatory.

With this normalized long-range two-class configuration the A330-800 and 787-8 hold around 240
seats, the A321LR can only hold 153 passengers instead of the 194 from the standard two-class and
the B737 MAX 9 would house 142 seats.

Considering now a normalised single-aisle short-range high-density configuration, this case is the
opposite extreme of the previous one. While it is true that in a bragging single-aisle high-density
configuration Airbus boasts it can transport 240 people in an A321LR, this will be at the expense of a
28-inch pitch with slim line seat, and the 240 passengers sharing only three lavatories (i.e. 80
passengers per lavatory while the normal is 40). Applying the same level of comfort standard when
packing an A330-800 or 787-8, would allow for much more passengers, up to 380 in the A330-800,

\'
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and 420 in the 787-8. However, at these densities, none of the aircraft flies their advertised range. The
A321LR stops at 3,300nm and the 787-8 at 6,000nm.

When comparing planes with the same comfort standards, is where the actual seat capacity gap in
the market of around 100 seats can be really appreciated for both manufacturers’ line-ups, give or
take 10 seats. This gap doesn’t change much if we measure with long-range, domestic or high-density
rules. (See Figure 13.12)

Airbus Future Boeing

——

A380

M- 777
n - -8X
W A350-1000 \

. . 787-10
A350-900 A
S S 767-9
. S | ——
p—— A330-200 787-8
.

\ - A321neo 737 o
\ - A320neo S e 737 MAX 8
x‘~~ - A319neo k% - 737 MAX 7

Figure 13.12. Products line-ups vs competition. Source: Boeing
Not only the definition but the size of the market is in dispute:

e Boeing says the market is between 2,000 and 4,000 aircraft over 20 years [6].
e Pratt & Whitney, Rolls-Royce and Leeham Co. estimate the market at between 2,000 to 2,500.
e Airbus sees the demand at about 2,000 airplanes, not enough to justify a new airplane [7].
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The competition between Airbus and Boeing has been characterized as a duopoly in the large jet
airliner market since the 1990s. The world aircraft industry today is increasingly controlled by Airbus
and Boeing. The prize of this competition is the dominant position on a market in continuous growth.
A total backlog of 14816 aircraft [8] is currently distributed mainly between the “Two Big” (Figure
13.13).

B Embraer
OATR
M Comac

B Other

B Boeing
Airbus

[

4%

| 2%

o,
3%_/ 2%
Figure 13.13. Commercial aircraft order backlog by the manufacturer.[8]

Large commercial jets are now about 60% of total industry output by value, not just at the final delivery
level but through most of the component and structures supply chain, too. The reasons for this
duopoly are multiple:

e Airbus and Boeing absorb a greater share of the industry. In 2018, Airbus acquired
Bombardier's C Series with a new line of 110/130-seat jets, provisionally known as the A220-
200 and A220-300. Boeing is creating a joint venture with Embraer covering Embraer’s E-Jet
series, spanning 75-120 seats.

e Extremely high entry barriers.

e Extreme concentration at the top of the market in terms of major revenue-producers.
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History in jetliner competition is characterised by certain significant examples of competition between
these two companies. Since the early ‘80s, every move of one competitor was mirrored by the other.
As can be observed in Figure 13.14, nearly each of the airplane types in the portfolio of Boeing had,
has and probably will have a counterpart in Airbus. Even if it does not show at present, A220 will not
be alone on the graph, E-Jet will join.
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Figure 13.14. Boeing and Airbus payload-range diagram.[9]

A review of the Boeing and Airbus competition can bring hindsight of what was relevant for the
dominance of the market in the past and might be also in the future. The most significant cases are
outlined hereafter.

13.2.3.1 Analysis of the past Airbus/Boeing competition in the single-aisle market

Today's competition in the single-aisle segment is represented by Boeing’s 737 and Airbus’s A320
families. Some consultants estimate that the segment “generates a vast majority of the profits” for
each of the airframes; as they represent the bulk of the historic volumes delivered (around 10,500 for
Boeing and 8,500 for Airbus) and of the existing orders (4,763 for Boeing and 6,536 for Airbus),
according to the data provided by manufacturers [10][11]. However, as shown by the data in Table
13.3, the order rush seems to have decelerated in 2018.
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Deliveries Net orders Backlog
Model 2018 201872017 2018 2018/2017 | 2018
A220 20 n/a 135 n/a 480
A320ceo 240 63.7% 10 7.8% 165
A320neo 386 213.3% 537 57.3% 5,981
irbus Total 646 676 6536
737NG 324 n/a 24 n/a 88
737 Max 256 56.3% 699 53.3% 4675
BoeingToml 580 675 4763

Table 13.3. Airbus and Boeing 2018 orders. [10][11] [12]

Both companies still keep a BB ratio (book-to-bill ratio, the ratio of orders received to the amount
billed for a specific year) at a value higher than 1, which is characteristic of a boom period. In addition,
the table shows that B737 and A320 families, with their latest versions, are the models with a higher
backlog, illustrating the success of the single-aisle segment.

Historically, Boeing's 737 first entered service in 1968. A variety of derivative aircraft based on the
initial design, with different ranges and seating capacities, have been produced over the years. Airbus,
after being successful with A300 series, planned its narrow-body family starting in 1978 as jet 1 and
jet 2, a project targeted to compete with B737 and DC-9, the uncontested leaders of the market at
the time [9]. The engineering capacity freed by the completion of the first project (A300) was put to
work for the second.

The consortium introduced its A320 family into service in 1988. It was the first airliner conceived with
fly-by-wire controls. The aircraft's fuselage has been stretched and shrunken to fill different market
niches with the introduction of the A321, A319, and A318. A variety of engines have been used on the
Airbus airplanes allowing for incremental improvements in fuel efficiency. As an answer, Boeing
launched the members of the Next Generation 737 family in the late 1990s and early 2000s with
updated engines, cabin interiors, and flight deck avionics as well as winglets and changes to the
airframe.

Categorically, within the vintage generation, the Boeing 737-600 competes directly with the A318; the
Boeing 737-700 competes directly with the A319; the Boeing 737-800 competes directly with the
A320, and the Boeing 737-900 competes directly with the A321. The battle between both companies
continued with the introduction of the Airbus Neo generation and the Boeing MAX generation. On
the one hand, the 737 MAX series is offered in four lengths, typically configured for 138 to 230 seats
and a 5954 to 7,084 km range (it does not mean that one type’s version is able to transport the
maximum number of passengers to the maximum range, on the contrary). The 737 MAX 7, MAX 8 and
MAX 9 replace, respectively, the 737-700, -800 and -900. Additional length is offered with the further
stretched 737 MAX 10 (scheduled to be delivered from 2020). On the other hand, Airbus Neo series
is offered in three variants, which are based on the previous A319, A320 and A321. The passenger
capacity varies between 140 to 244 seats and a range of up to 7,400 km (Table 13.4).
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Model No of seats MTOW (t) Range (nm) L(I:/:J ;;;)e
A220-100 116 60.80 2,950 79.5
A220-300 141 67.60 3,200 89.5

737 MAX 7 138 80.30 3,850 96.0
A319neo 140 75.50 3,700 101.5
737 MAX 8 162 82.19 3,550 117.1
A320neo 165 79.00 3,400 110.6
737 MAX 9 178 88.31 3,550 120.2
737 MAX 10 188 92.00 3,300 129.9
A321neo 206 97.00 4,000 129.5

Table 13.4. Narrow-body current market

The list prices for two competing models belonging to rival families are comparable and the discount
policies of both companies are similar (sometimes even 50-60% discount on the list price [13]).

In today's aerospace market, the MAX and the Neo are the best-selling products for both
manufacturers. These models are more fuel-efficient, longer-ranged, enhanced passenger interior and
enhanced passenger comfort than previous B737/A320 families, both of which have sold very well
since their introductions. A comparison of the evolution of the order backlogs for each of the
competing families as per September 2018 is shown in Figure 13.15.
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Figure 13.15. Evolution of order backlogs. [14]

From this representation, it can be easily understood that the attraction of the new generations (3rd
for Boeing and 2nd for Airbus) was causing the slow extinction of the previous one and that Airbus
managed to absorb a larger proportion of the market demand growth. Comparing both families in
terms of total orders, Airbus rules the market of re-engined single-aisle, with 60% of the market. It is
certainly possible that Airbus will maintain the 60-40 advantage in the following years, but this
scenario may change in the upcoming years.
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13.2.3.2 Analysis of the past Airbus/Boeing competition in the wide-body market

A wide-body aircraft is a jet airliner characterised by the following features: two passenger aisles, a
fuselage diameter of 5 to 6 m and a total capacity, which can vary between 200 to 850 passengers.
Wide-body commercial aircraft manufacturers have experienced fierce oligopolistic competition due
to the small number of market participants and their high durability, high start-up costs, and long
production runs. Four major aircraft manufacturers (Boeing, Airbus, McDonnell-Douglas and
Lockheed) competed for the market in 1970-80s without any new entrants. Lockheed exited the
market after experiencing economic problems and a big drop in sales in 1984. The demand for the
type was discouraged by the price superior to the competition’s, while its costs were too high to
promise a pertinent profit, and the losses incurred by the late completion of RB 211 engine
development by Rolls-Royce could hardly be recovered [23]. Consequently, Lockheed decided to stick
to the military market on which they had and still have a dominant position. After McDonell-Douglas
merged with Boeing in 1997, the wide-body aircraft market became a duopoly between Boeing and
Airbus.

The wide-body age began in 1970 with the entry into service of the first wide-body airliner, the four-
engined, partial double-deck Boeing 747. New wide-body aircraft soon followed, including Lockheed
L-1011 TriStar entered in service after important delays also in 1970 and the McDonnell Douglas DC-
10 entering service in 1971. All three types had either 3 or 4 engines, a must for transoceanic flights
in an era when ETPOS was not yet permitted by the power plants reliability levels. Then, the first wide-
body twinjet, the Airbus A300, entered service in 1974.

After the success of the early wide-body aircraft, several subsequent twin designs came to market
over the next two decades, including the Boeing 767 and 777, the Airbus A330 and A340, and the
McDonnell-Douglas MD-11. In the “jumbo” category, the capacity of the Boeing 747 was not
surpassed until the A380 appearance, both of them having four engines. This category seems to have
become out of fashion, due mainly to lower economics compared with big twins. Consequently, B747-
8 proved to be a commercial failure, while A380 followed suite, ending with its production
discontinued (announced on February 14th, 2019 [15]), much earlier than the sales volumes could
approach the break-even point.

In the mid-2000s, rising oil costs caused airlines to look towards newer and more fuel-efficient aircraft.
Two such examples are the Boeing 787 Dreamliner and Airbus A350 XWB, both featuring a largely
(about 50%) composite structure and modernised, low consumption, power plants. The current offer
on this market is shown in Table 13.5.

Model No of seats MTOW (t) Range (nm) I'(':;J Sr;:)e
787-8 242 227.95 7,355 239
A330-800 257 251 8,150 259.9
A330-900 287 251 7,200 296.4
787-9 290 254 7,635 281.6
A350-900 325 280 8,100 3174
787-10 330 254 6,430 325.8
777X-8 365 3515 8,690 394.9
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316 8,400
414 351.5 7,525 425.8
410 447.7 8,000 402.9
575 575 8,000 445.6

Table 13.5. Wide-body current market

The same remark can be made as in the case of the single-aisle airliners: large discounts are arranged
with special customers. The total backlog for wide bodies (as per August 2018) was 2318 airplanes,
with the market shares of each type shown in Figure 13.16.

= Airbus A350

= Boeing 787

= Boeing 777X

m Airbus A330neo
= Boeing 777

= Airbus A380

= Boeing 767

= Airbus A330ceo

= Boeing 747

Figure 13.16. Wide bodies order backlog market share.[14]

The most recent backlog/deliveries evolution for each competitor on this market is shown in Table
13.6.

2018/2017 2018/2017

46 68.7% 9 60.0% 60

3 n/a 18 300.0% 235
93 119.2% 40 111.1% 659
12 80.0% 4 -200.0% 87
154 71 1041
6 8.1% 18 2.6% 24
27 192.9% 40 -2000.0% 111
48 480.0% 51 340.0% 105
0 n/a 0 n/a 326
145 n/a 109 116.0% 622
226 218 1188

Table 13.6. 2018 backlog/deliveries
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The BB ratio (book-to-bill ratio) is less than 0.5 for Airbus while for Boeing is a little better, close but
still under 1. A BB less than one might signal a certain reluctance of the airlines to commit to higher
capacities.

Today, the market for large wide-body aircraft is split between Boeing and Airbus, each with 60-40%
of the market, depending on the year. This market duopoly means that Boeing and Airbus are
constantly fighting to gain an advantage over the other in terms of aircraft sales. Before a new
contender (for example, the CR929) would come with a tempting offer, this situation will persist many
years from now.

13.2.3.3 Analysis of the past Airbus/Boeing competition in the MoM

As was discussed in Section 13.2.2, the Middle of the Market segment definition is not clear and may
be different depending on the manufacturer. Generally, it is defined as a mid-size segment, located
between the narrow-body and the wide-body market, and which encompasses aircraft carrying 200
to 270 passengers and a range that can vary from 3,000 nm to 5,000 nm, as defined by Boeing
executives [16]. Due to the poor definition of this market, some aircraft that are found in the limit can
be considered or not a part of this market, such as the A321neo or some variants of the 737 family.
However, the main aircraft that have represented the competition within this market until the date is
the B757/B767 from Boeing and the A330 from Airbus, taking into account their different variants.

On the one hand, the 757 was a twin jet airliner that was produced by Boeing from 1982 to 2005[17].
It was a narrow-body airliner with the normal configuration being three seats on either side of a single-
aisle. Boeing designed the 757 alongside and slightly behind the Boeing 767. The 767, which is a wide-
body airliner, and the 757 share many of the same design features in airframe as well as internal
systems. In late 2003, Boeing decided to end 757 productions because the increased capabilities of
the newest 737s and the new 787 fulfilled market's needs, however, some airlines keep these aircraft
on operation but most of them are being replaced. According to Flight Fleet Analyser database, as
per July 2018, a number of 667 units of B757 (611 units of -200 and 56 of -300) are still in service with
airline operators[14]. The 767 is still in production but the number of deliveries has been reduced in
recent years and, as per February 2019, the 120 units of backlog consists only of freighter (UPS and
FedEx customers) and military (tanker) versions[18]. In addition, due to its’ old design, most of these
aircraft have a high average age, surpassing twenty years in some cases. For this reason, one of the
main objectives of the new Boeing MoM aircraft is serving as a replacement for the 757/767 fleet.

On the other hand, the main competitor of the 757/767 is the Airbus A330. The Airbus A330 is a large-
capacity, wide-body, twin-engine, medium to long-range commercial passenger airliner, which was
conceived in the late 80s (first flight in 1997). Versions of the A330 have a range of 4000 to 7,250 nm
and can accommodate up to 345 to 400 passengers in a two-class layout. The A330 was developed in
parallel with the four-engine A340, which shared many common airframe components but differed in
the number of engines. Since its launch, the A330 has allowed Airbus to expand market share in wide-
body airliners, competing with Boeing aircraft such as the 767, 777 and even the 787. Because it is
also an old design, Airbus offers a replacement of the current A330 (referred to as the A330ceo) with
the A330neo, which includes new engines and other improvements.

Due to its performance improvements and flexibility, the A330neo is considered as a strong candidate
for replacing the ageing fleet of Boeing 757/767's. However, as per November 2018, the backlog for
A330neo was of only 224 units, all of them for -900 neo, none for the proposed longer-range
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800neo[18]. In the meanwhile, Boeing does not have a clear candidate to replace the 757/767 fleet,
which may lead in the coming years to drop-in orders in favour of Airbus. It is possible that the new
Boeing MoM aircraft change this scenario if its introduction to the market is not delayed and it offers
performance advantages versus its competitors. A good promise is the capability of A321neolLR to
cover the MoM segment. It still enjoys a good growing potential (the composite wing in A321neo-
plus exercise). Its demonstrated current range is over 4000nm and its maximum capacity has still
potential to be increased from the existing 206 seats to perhaps 250. B737Max lacks this stretch
potential.

A clean-sheet design of the MoM would be a premiere at Boeing for the last 2 decades. Their
commercial aircraft subsidiary seems to have preferred upgrading older models, a conservative
strategy. A state-of-the-art solution for MoM is supposed to contain composite wing and fuselage, a
hybrid cross-section and next-generation engines [16], everything promising a low $/seat/nm index.
If all this can be achieved at a reasonable list price, it can be a winner in its market.

The size of the market is estimated by different analysts between 2000 units and 4000 units[19], but
the window of opportunity is not extended beyond 2030, in view of the need of the airlines to replace
the existing MoM fleet.

13.2.3.4 Summary of relevant competition factors in the past that might be also in the
future

The continuing Boeing-Airbus rivalry has been in place during decades, since Boeing began, in the
late 80s and early 90s, to take seriously the challenge of the small outsider just established in 1970.
The only notable competitor at that moment for Boeing on the commercial airliner market was
McDonnell Douglas, manufacturer of both narrow bodies and wide bodies. But McDonnel was
strongly affected by the recession in the early 90s and was to be merged into Boeing in 1997.
Therefore, instead of Boeing becoming a monopoly on that market, it was irritated by the appearance
of the unexpected European competitor. Some analysts even consider that the Airbus presence on
the market accelerated the decline of McDonnel and its absorption by Boeing[20]. For a better
understanding of the development circumstances of the duopoly, a short review of the conditions in
the industry is provided.

The significant achievements in aerospace industry (and here the airliners production is relevant) are
based on three ingredients:

1. Strong financials: it is well beyond the possibilities of a normal size company to spend the multi-
billion dollars necessary to develop a new type of airliner. Producing such machines is an act of
large-scale economics, so it needs to be supported, more or less explicitly, by governments. This
happens mainly because the private capital is reluctant to approach very large investment with a
rather long recovery horizon (they prefer early repayment profiles)[20]. The capital markets are
also less inclined to take the risk of failed projects and assume its painful consequences.

2. Powerful science and engineering resources: resources that need to be based on an existing
wide base of STEM (Science, Technology, Engineering, Mathematics) education output, on a
systematic experience accumulated in any of the contributing fields, as well as on a good capability
of invention and innovation.

3. Efficient industrial organisation: developing a product means also proper industrialisation.
Reaching appropriate production volumes at competitive costs and quality levels to satisfy the
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market demand is probably the most difficult task. It requires a rather rich experience, a strong
discipline, a quality approach well implemented, a science of managing a large supply chain. Every
such component of the industrial system needs to be built and maintained using a careful design
and proof process.

The absence of any single one of these three ingredients in the minimum necessary amount is spoiling
any chance of contemplating the entrance on this market. This means that high entry barrier prevents
outsiders to threat the incumbents’ positions.

After the end of WW?2, the complete package of the three ingredients listed above was present (at the
then necessary levels) in a small and select group of countries: the UK, the US, France, USSR,
Netherland. During the ensuing decade, they developed airliners based on the acquired expertise in
large bombers or military transports but being able to incorporate new revolutionary technologies as
the turbine propulsion. However, in time, probably starting in the mid-50s, larger projects (B 707 and
DC8 jets and Tu 114 turboprop) began to require huge sums, which hardly could be available to
smaller players compared to the US and the USSR. UK tried to stay in competition with Vickers VC10
but soon abandoned, limiting the effort to smaller sized BAC111[9]. France also kept a modest
ambition with Caravelle while Netherland (with German contribution) launched Fokker family. Besides
UK, France and Netherland, other European countries like Italy, Spain, Germany enjoyed valuable
engineering and industrial resources (ingredients 2 and 3 above) but, obviously, lacked the finance
potential necessary to grand aviation projects.

One decade later, in the mid-60s, Europe began to resent the advance US and USSR were gradually
acquiring in the aeronautical industry. The European leaders understood that, as an aggregate, Europe
had plenty of engineering brains and industrial expertise, so the lack of individual national financing
potential was the only obstacle to proceed to large projects. The solution was an alliance of European
nations to establish an entity able to compete on the large aircraft market. Appropriately recorded as
“Groupement d'Interet Economique” (GIE), Airbus consortium was set up in December 1970 by France
(Aerospatiale), Germany (MBB and VFW Fokker), UK (British Aerospace), Spain (CASA) and Netherland
(Fokker VFW). Financing was provided by loans from French, German, Dutch and Spanish
governments, from a consortium of French and German banks and from private BAe funds [9]. At that
time, the partners had already started work for the first twin-engine wide-body airliner, A300, featuring
some new technologies like composite structural elements. Entering service in 1974, it proved to be a
success, competing in the so-called "wide-bodies war” against the three contemporary US machines,
B757, DC-10 and L-1011.

At present, as it was mentioned before, the market is dominated by the two rival giants. Any tentative
to steal a fraction of the market from the Big Two by an outsider not strong enough in all three
ingredients is doomed (as the case of Bombardier, despite the active support of the Canadian
government). Interesting evolutions to follow during the next decade would be the technical and
commercial success of the Chinese narrow-body C919 and of China-Russia wide-body project CR929.
The last one seems to have all the ingredients provided by the project partners, but it will have to
struggle against the power of established brands.

Considering the MoM business case, from the point of view of the three ingredients, Boeing's decision
is very difficult and presents the following obstacles:
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e Boeing can definitely procure the $10-15bn financing representing the estimated cost of the
development. However, the size of the market is great uncertainty, so is the return on investment,
depending on the total volumes sold. Reaching 4,000 units produced during the life cycle of the
model seems rather optimistic that the current wide-body fleets do not record any model
numbering over 2,000.

e The industrial capacity is another uncertainty for Boeing, although at a smaller scale than the other
two Ingredients. At this moment, their production capacity is quite stretched by their huge efforts
to ramp-up production for the existing types and to introduce the new 777X [14][18], approaching
completion of the development phase. A need to extend the production capacity to accommodate
MoM aircraft might occur after 5-6 years when the production levels are, hopefully, stabilised.

e Probably critical in the decision is engineering capacity. For the moment, huge Boeing resources
are involved in 777X. They will not be available for other jobs before 2020, which might jeopardise
the chances of the MoM aircraft to catch the window of opportunity mentioned before. This is
why hope for the project’s eventual go-ahead is seen in the Embraer merger which might bring
new engineering resources (besides a new market extension).

Consequently, the MoM decision, expected for 2019 was explicitly postponed for 2020 by Boeing
executives, an announcement made this January [21].

Finally, it is worth to mention that in the recent history of the industry there are several relevant factors
and lessons learned that can be extracted and that should be considered in the future in order to
maintain competitiveness in the market. Here are some examples:

Competition between the two producers. A duopoly is a market situation in which only two
producers exist. The decisions and actions of one producer affect and are affected by the decisions
and actions of the other producer. An example of this situation is reflected in the Airbus/Boeing
duopoly, in which both companies have maintained an aggressive competition over time. As a result,
manufacturers must pay close attention to the actions and reactions of its competitor as well as to
respond to each other’'s moves to prevent an inferior aircraft in a market segment from losing market
share and profit potential. This scenario generally fosters relatively high innovation, high production
and low prices in order to maintain an advantage in the market. However, there is also the risk that
both producers may collude explicitly or tacitly or reach an agreement in order to reduce their risks
for investment and new product development.

Price competition. Due to the intense competition within the sector, it is quite usual that companies
such as Airbus and Boeing apply price discounts in their products to gain more market share. This is
especially applied for the commercial launch of a new airplane in order to get more orders from
airlines. In fact, both companies have accused each other several times of carrying out this type of
practices. However, price war hurts the profits of all the companies in a well-established industry and,
for that reason, companies should avoid it.

Innovation. Innovation is a key factor that has been used by Boeing and Airbus in their strategies to
achieve success, which has enabled both companies to develop products that attract very high
demand in the market. Innovation normally implies the use of advanced technologies to develop new
products with the objective of seeking performance advantages in their products. Developing modern
technologies is a very positive factor that helps to advance the industry, allowing to obtain more
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modern and efficient aircraft. As an example, the Boeing 787 Dreamliner was the first large airliner to
use composites for most of its construction.

Commitment to deliveries. In the industry, there have been cases in which manufacturers have been
unable to comply with promises made regarding aircraft deliveries. An example is the Airbus A380
case, a superjumbo jet which has received to date 331 firm orders. This aircraft had several delivery
delays that caused dismay from its buyers as well as a drop in the earnings expected. In addition,
Airbus had to negotiate compensation with its customers for postponing deliveries. Therefore, to be
able to fulfil delivery commitments is an important factor as, in case of not achieving it, it would lead
to disappointment and distrust of the company.

Customer-oriented strategies to reach success. Both Boeing and Airbus carefully research customer
needs and strive to satisfy these needs since they represent a competitive and successful factor for a
company. In addition, the airplane purchasing decision criteria of airlines includes not only load and
range factors and operating costs but also passenger comfort. Airbus has been quite competitive and
successful in recent years as a result of developing a clear empathy with its customers, encouraging a
two-way flow of views, ideas and technical feedback on its aircraft in service around the world.

At present, Boeing and Airbus appear equally competitive. Both companies must understand their
customer’s needs and buying behaviour, anticipate how customers’ needs will evolve over time, keep
a close eye on the competition, be innovative in creating customer value, and strive to deliver total
customer satisfaction. The company that can consistently and efficiently do all of these will be the
winner at the end.

In this chapter, an insight over the main scheduled air routes in 2018 is provided, focusing on those
on the range from 2500 nm to 4500 nm, which are the objective routes of the Middle of the Market
aircraft. The data-set used for this analysis has been extracted from the open-source OpenFlights.org
[22] database, which recovers data from airlines, airports, aircraft and scheduled air routes from
commercial carriers with:

e Over 33,000 international and domestic air routes updated up to December 2018.
e Around 5,800 air carriers.

e Over 10,000 airports.

e More than 130 commercial aircraft models.
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Figure 13.17. Open Flights routes over the world’s map. [22]

Although the database does not provide traffic volumes (RPKs), the analysis of this data gives valuable
information about the busiest flows between regions, represented by the number of routes
connecting a certain pair of countries. If two regions hold a big number of routes between their cities,
it means that there is an important passenger flow between those two regions and, consequently, a
big number of flights and required aircraft to connect these areas. The same argument can be used
to discuss the aircraft share of the market. If an aircraft holds a big number of air routes, it can be
translated to a big market share percentage of that aircraft, within the considered market segment.

In this chapter, firstly, a summary of the most transited routes within the Middle of the Market will be
presented, in order to identify the regions of the world with the highest share of this market and the
most important flows within the considered range. Secondly, an analysis of the most used aircraft and
the average stage length of each model is presented in section 13.2.4.2, in order to identify how
passenger airlines, operate each aircraft. Finally, a market share estimation based on the analysed data
is presented in the last section, showing the percentage of routes covered by every aircraft model in
the analysed range, by segments of 500 nm.

13.2.4.1 Passenger flows in the Middle of the Market

This section will provide insight over the routes that are flown by the Middle of the Market aircraft,
described in Section 13.2.2. First, the methodology of how PARE has segmented the air routes
according to its distance is presented, highlighting the main differences between different airlines or
organizations. After it, the results of the data analysis will be presented.

Medium-haul routes definition

There are plenty of different opinions regarding flight length and air routes categorization. Depending
on the operator, organization or aircraft manufacturer, air routes can be divided into short-haul,
medium-haul or long-haul according to flight distance, although the boundaries between each of
them are not very clear.
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In Europe, Eurocontrol [23] defines short-haul routes as those shorter than 1,500 km (930 mi; 810 nm),
medium-haul between 1,500 and 4,000 km (810 and 2,160 nm) and long-haul routes as longer than
4,000km (2,200 nm). On the other hand, Air France [24], defines short-haul as domestic, medium-haul
as within Europe/North Africa and long haul as the rest of the world.

American Airlines [25] define short-/medium-haul flights as being less than 3,000 mi (2,600 nm) and
long-haul as either being more than 3,000 mi (2,600 nm) or being the New York-Los Angeles and
New York-San Francisco routes.

The definition of the route depends a lot on the business model of the airline, the operations and the
region where it is placed. Nevertheless, for the purpose of this study case, it is necessary to focus on
a different categorization, taking into account aircraft capabilities. For this purpose, PARE will adopt
its own categorization in order to distinguish the Middle of the Market potential routes from the
others, according to the proposed range of the new concept B797. Thus, the following categorization
will be used:

e Short haul: Routes no longer than 2,500 nm, which represent nowadays the biggest part of
the worldwide air traffic. These are the routes mainly flown by regional jets (such as Embraer
ERJ-family or Bombardier CSeries), and medium-sized single-aisles such as Boeing 737 and
Airbus A320.

¢ Medium haul: Routes between 2,500 and 4,500 nm. That is the objective mission of the new
proposed Boeing 797. This market is nowadays mainly operated by long-range and medium
to large size wide-body aircraft such as the A330, the Boeing 777 or the Boeing 787, as well as
the two current MoM Boeing aircraft, the 757 and the 767. The lower bound of this sector is
also operated by single-aisle shorter airplanes like the B737 or the A320.

¢ Long-haul: Those routes longer than 4,500 nm, operated mainly by bigger wide-body aircraft
such as the A350, Boeing 777, Boeing 787 or the A380.

The medium-haul traffic is the target of the future Middle of the Market aircraft production, since it
represents about a 20% of the total worldwide traffic, and a big number of the aircraft to be produced
will be used to operate in this market.

Middle of the market flows

In the 1980s, the air transport was mostly extended over Europe and North America, with North
America dominating the aircraft production market and with big jets such as the Boeing 747 crossing
the Atlantic. A big percentage of the routes that nowadays can be considered as ‘MoM’ were
connecting Europe to North America. The concept of the Middle of the Market started then, and
Boeing introduced a new concept of aircraft optimized for these transatlantic routes: The Boeing 757
and the 767, motivated by these connections between Europe and the US. The Middle of the Market
was almost exclusive of transatlantic flights and until the entry into service of the 767 and the 757 it
had been operated mostly by 4-engined jumbos and other big wide-body aircraft. The air transport
has changed since then, and more routes are being opened constantly, connecting a wide number of
city pairs all over the world.
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The average distance of a flight from the capitals of the Western Europe countries of Europe (i.e. Paris,
London, Madrid, Berlin or Rome) to NY is between 3000-3500 nm, and to China (i.e. Shanghai or Pekin)
rounds 4500 nm, which are the most important pairs between EU and the US, and it is inside the range
used to describe the MoM. To get an idea of which places can be reached within this sector, both
circles of 2500 and 4500 nm centred in Brussels (Belgium) have been drawn in the following figure.

Figure 13.18. Mid-haul routes scope from Brussels (Belgium)

Nowadays, the biggest number of scheduled mid-haul flights still corresponds to pairs between North
American and European cities, but in addition to that, there is a big number of routes within China
and the US, and within Europe and South/Central America, with Spain as the hub of these connections.
Additionally, an important market exists in the air routes crossing the Pacific Ocean and connecting
countries like Japan and the US.

The OpenFlights database accounts for more than 2000 routes in the Middle of the Market segment.
As said, the main routes connect European cities with the US and Canada, followed by routes within
Europe and Latin America. After these, China-Europe, Africa-Europe and China-Oceania pairs stand as
very important MoM routes sources, with over 60 routes in the database each. These are followed by
connections through the Asia-Pacific region such as Southeast Asia-Oceania, and between Asia and
North America.

Figure 13.19 provides a visual representation of the main flows between regions. On the left side of
the graph, the origins of the routes are represented, and on the right side, the destination, or sinks.
Since the routes on the database are bidirectional, these connections can be also understood as the
opposite way so, for example, the flow Europe-North America is the same as North America-Europe.
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Figure 13.19. Middle of the Market main flows representation in 2018.

In Figure 13.20, a bar chart with the most important flows of the routes database is represented. As
described, the main mid-haul connections are made between Europe and North/Central America with
over a 30% of the volume of routes in total, followed by China and Europe with a 6% of the routes.
The rest of the flows are very varied as shown in the chart and each of them represents less than 5%
of the total number of routes.
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Figure 13.20. Mid-haul scheduled flights between regions
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13.2.4.2 Analysis of used aircraft

In aircraft designing, a new model is built and optimized for a specific mission, that is, a specific flight
distance. Nevertheless, operators have limitations on aircraft numbers and always try to have the
maximum flexibility on the fleet. Apart from this, many other factors can affect the election of a specific
aircraft model different from the optimum. In congested airports, for example, it is normal to use
bigger aircraft such as wide body in order to maximize the number of passengers in every flight, since
the cost of getting a slot is very high. This can happen as a basis, or seasonally depending on the
region and the connection demand. Another example could be the crew training. Sometimes
operators use wide-body aircraft in short-haul routes in order to provide specific training to the crew.
This is why, normally aircraft fly routes which are, sometimes, out of their main goal.

There can be seen, for example, big jumbos such as the Boeing 747 flying domestic routes in Japan,
as the infrastructure and demand require to transport a bigger number of passengers per flight. Or,
another example is the use of mid-sized single aisles like the A320 or the 737 families in regional
routes, where a regional jet such as the Bombardier CS100 or the Embraer 170 normally operate and
are optimized for it.

The OpenfFlights database provides relevant information about the equipment (aircraft) used in every
route, as well as the airline and the codeshare. In this section, an analysis of the MoM aircraft
competitors and its average stage length will be done, in order to understand how air carriers, use
every aircraft model and which the most common flown distance is.

Single-aisle average stage length

The most common passenger aircraft in the world is the Boeing 737 and the Airbus A320 families,
formed by 3 different sized aircraft each. The typical range of these models rounds 3000-3500 nm and
can carry from 120 to 200 passengers depending on the model. These features have made of these
aircraft families a very versatile option for airlines since they can be used for multiple routes and
markets with very competitive economics (low-cost per seat). For a more detailed description of these
aircraft and their features see Annex 1, located at the end of the document.

The following figure shows the most sold A320 family models (A320 and A321, including both CEO
and NEQ' series) the number of routes by distance. It can be seen that both models are normally used
for shorter flights, with a flight distance shorter than 1000 nm, these are domestic flights or flights
within countries from the same continent. Flights of less than 1000 nm represent 74% of the A320
operations and 67.6% of the A321’s. Flights between 1000 and 2000 nm represent 28.5% for the A321
and 24% for the A320. Longer flights, in the range of 2000-3000 nm are 3.5% of the total for the A321
and 2% for the A320. Additionally, the extended range of the A321 allows it to operate in routes of
over 3000 nm, with 0.4% of the total. Regarding, the average distance flew, it is 820 nm for the A320,
whereas for the A321 is a bit higher, 988 nm.

1 CEO: Current Engine Option; NEO: New Engine Option
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Figure 13.21. A320 and A321 routes by distance

The Boeing 737-800 has similar statistics than its Airbus competitors. In Figure 13.22, the percentage
of each segment is represented, with a 71% for routes shorter than 1000 nm, 26% for routes between

1000-2000 nm and 2% for routes longer than 2000 nm up to 3000 nm.

Boeing 737-800 stage length

<1000 @1000-2000 @2000-3000

Figure 13.22. Boeing 737-800 routes by distance

Wide-body aircraft stage length

Most common wide-body aircraft that compete in the Middle of the Market is the 787-800 and -900,
and the Airbus A330-200 and -300 which are expected to be replaced by the neo series -800 and -
900 after 2019. Besides these, the new and bigger Airbus A350 competes also in this segment,
covering the upper layer of the segment, mostly flying distances longer than 3500 nm. The routes
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database shows that the utilization of these aircraft is very varied, operating in both, short-haul and
long-haul routes.

Figure 13.23 shows the Airbus A300-200 and -300 routes. According to the data, 28% of the routes
are shorter than 1000 nm, which shows that the A330 models are widely used for regional and
domestic flights. Nevertheless, more than a third of the total number of routes are considered mid-
haul (from 2500 to 4500 nm), and around 23% of the routes belonging to the long-haul classification.

A330 -200, -300 STAGE LENGTH

>5000 nm
15%

<1000 nm
28%

4000-5000 nm
16%

1000-2000 nm
6%

3000-4000 nm
16%

2000-3000 nm
19%

Figure 13.23. Airbus A330-200 and -300 stage length

The Boeing 787 Dreamliner is also a strong competitor in the Middle of the Market, with around 38%
of its routes in the mid-haul segment, similar to the A330, in both the upper and the lower layer of
the market by equal. Nevertheless, the 787 is mostly used for longer flights, since only 22% of its
routes are shorter than 2000 nm. It is also a widely used ultra-long-haul aircraft, with around 20% of
its routes being longer than 5000 nm. The following figure shows these statistics.
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BOEING 787-800, 900 STAGE LENGTH
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Figure 13.24. Boeing 787-800 and -900 stage length

The last analysed aircraft is the Airbus A350, which has been in service since 2015 and it is an aircraft
which has been optimized for the long-haul segment. The graph presented in the following figure
shows that the aircraft mostly operates in routes longer than 3000 nm, representing these flights 78%
of the total. It can also be seen that the upper layer of the MoM (routes from 3500 to 4500 nm)
represents 18% of the total routes, and the whole MoM around 43%. Besides, there is a small
percentage of shorter routes, 7% for routes shorter than 1000 nm and 7% as well for routes between
1000 and 2000 nm.
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AIRBUS A350 -900, -1000 STAGE LENGTH
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Figure 13.25. Airbus A350-900 and -1000 stage length

Boeing 757 and 767 stage length

The Boeing 757 and 767 models are the previous generations of the Middle of the Market models
and they were introduced in 1983 and 1982 respectively, mainly because of airlines’ necessity of
smaller and more efficient airliners to cover transatlantic routes. The 757-200 was launched as a large
single-aisle aircraft carrying up to 200 passengers and with 3900 nm of range. Two years later, a
stretched version, the 757-300, with a capacity of 243 in a double class configuration was launched.
The 767, on the other side, was designed as a wide-body, seven-abreast airplane able to carry from
190 to 340 people, and with a range from 3900 to 6400 nm, depending on the variant. The similar
cockpit design of these models allowed pilots to get a single license and piloting both of them. For a
more detailed description of these aircraft, see Annex 1.

From the 1049 B757 delivered, there are still 708 in service (May 2019), according to Norris and Flottau
[26], around 15% of the fleet (106 aircraft) were parked and unused in 2015. The fleet of B767 in 2019
is formed by 807 active aircraft (May 2019) out of 1196 produced. The analysis of the OpenFlights
routes dataset has provided the statistics shown hereafter.
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Boeing 757 -200, -300 stage distance
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Figure 13.26. Boeing 757 stage length.

In the figure above, the distance distribution of the Boeing 757 routes is shown. Half of the routes are
in the range 1000 — 2000 nm and about 16% of the total are mid-haul. The routes over the world's
map are shown in the following figure.

Figure 13.27. Boeing 757 routes

From the statistics and the graph, it can be seen that this model is mainly used for longer domestic
routes within the US since most of the operators are US-based airlines such as Delta or American
Airlines. There is also a big number of routes of this airplane connecting Central Asia with Europe and
the UK with the Canary Islands (all these routes are within the 2000-3000 nm range), as well as flights
connecting China with Central Asia.
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The distribution for the Boeing 767 is more focused on the mid-haul sector, with around 38% of the
total number of routes in this segment. Nevertheless, the B767 is also widely used in short-haul
domestic crowded routes shorter than 1000 nm, with about a 27% of the total, and longer domestic
routes (18% of routes within 1000-2000 nm). The following figure compiles all this data.

Boeing 767 -300, -400 stage distance

= <1000 = 1000-2000 = 2000-3000 = 3000-4000 = 4000-5000 = >5000

Figure 13.28. Boeing 767 stage length.

The routes over the world’s map are shown in Figure 13.29. It can be seen that there’s a big utilization
of this model over transatlantic routes, and it represents its main operation frame. Additionally, there

are many flights connecting the West and the East of the US and flights between South America and
Europe.
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Figure 13.29. Boeing 767 routes

Finally, a comparison of the two models is presented in Figure 13.30, compiling the statistics previously
shown in Figure 13.27 and Figure 13.29. As stated in the graph, the Boeing 767 has a small number of
routes more than the Boeing 757, and regarding the Middle of the Market, it dominates against the
single-aisle models. The 38% of the B767 routes correspond to the mid-haul against 16% of the B757.

Routes flown by Boeing Mid-sized aircrafts

4000-500

Figure 13.30. Boeing 767 and 757 operations comparison.
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13.2.4.3 MoM market share

The purpose of this section is providing a general overview of the Middle of the Market sector, by
assessing the aircraft that operate in this segment. Figure 13.31 shows the market share of medium-
haul routes by aircraft model. This figure has been obtained through the routes data analysis
performed in the previous sections and it has allowed to determining exactly the aircraft that are
currently operating within the MoM market and, specifically, for medium-haul routes, which is the
target range considered for the study.

Others )
B747 2% A320/B737 family

4%

B787
18%

A330
32%

B777
20%

A380 4%

B757/B767 39

10%
Figure 13.31: Market share in medium-haul routes

Several relevant aspects can be extracted from Figure 13.31. First, it shows that almost all aircraft with
market share for the MoM segment belongs to Airbus and Boeing models. Only 2% of the total MoM
market share belongs to other manufacturers, which clearly demonstrates that both companies
dominate this market.

The A320 and B737 families, which represent the single-aisle segment, absorb together 4% of the
market share. It is a small proportion, but it is necessary to take into account that, according to the
data, some models used for these routes are previous versions such as the B737 Next Generation and
A320ceo families, whose range is lower compared to the most modern versions. It is very likely that
this percentage will increase when the new variants such as the A321neolLR and B737 MAX 8 remain
several years in the market and fly a higher number of routes.
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On the other hand, the figure shows that wide-body aircraft such as the A330, B787, B777 possess a
significant market share, reaching between the three families a market share of 70%. This value
indicates that the MoM market is dominated by these aircraft, which is an interesting data taking into
account that their range is quite higher than the target range chosen. According to the routes data,
several models used for these routes are old versions which have been in the market for a long time.
This is the case of the A330, which absorbs 32% of the market share, belonging this value to the A330-
200/300 variants. With the introduction of the new versions, the A330neo, it is expected that this
scenario will change in the future as these models are retired from the market.

With the B777 occurs a similar situation. The 20% of the market share belongs to the variants B777-
200/200ER and B777-300/300ER, old models whose replacement is expected with the new variant
known as B777X, which is planned to enter in service around 2020. The B787 is a more recent aircraft
with still several years of operational life. Therefore, it is expected that this percentage will remain in
the following years, although it is very likely that the new models will absorb part of it.

Other aircraft even larger, such as the A350, A340, B747 or A380 are also used for these routes,
although in a much smaller proportion. It is expected that their market share will be absorbed by the
A350, a more recent aircraft with similar range and capacity capabilities and less fuel consumption.

Finally, the B757/B767 fleet represents 10% of the market share. However, these models are no longer
in production and they are expected to be retired in the upcoming years. The main objective of the
new Boeing airplane is to replace this fleet and to absorb part of its market.

Therefore, several of the models, which are currently operating in the MoM segment, will be, replaced
in the next years, as demonstrated in Figure 13.32. This figure shows the backlog of these aircraft,
indicating that old models such as the A330-200/300 and the B777-200/300 do not have hardly
backlog and new orders belong to their new versions, the A330neo and B777X. It also shows that
models like the B737 MAX 8 and A321LR, which have just entered the market, are very successful
programs with more than 2000 aircraft of the backlog. For this reason, it is very likely that these models
will absorb part of the market share of the Middle of the Market, although they are designed for the
single-aisle segment.
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Figure 13.32. MoM aircraft backlog (data as of December 2018)

Forecasting the number of airplanes demanded by airlines and passengers in the future is a complex
problem affected by important uncertainties. Although a number of approaches and methodologies
have been developed by the academia and the industry, the accuracy of any fleet demand forecast
relays very much on a deep knowledge of the industry and on reliable data about the evolution of the
various markets and segments. The general process and methodology for developing such prognosis
studies are detailed in the Annexes.

A selected group of companies, including manufacturers, consultancies and governmental agencies,
produce regular updates of short, medium and long-term forecast that are considered a reference for
any market study in aviation. The aim of this study is not to build an additional forecast, but to
integrate the best publicly available long-term forecasts, as well as hypotheses and trends highlighted
by reference reports about credible expected evolution of airplane fleets demand, production,
retirement and delivery. All these inputs about the expected long-term evolution of the global world
fleet market will be used to dimension the possible size of the Middle of the Market fleet demand
that concerns this study. In that way, the current study will benefit from the best knowledge in the
market and will integrate the most optimist and also conservative approaches and hypotheses about
the global commercial aircraft market. This will allow us to estimate a range of values for the expected
long-term passengers and fleet demand in the Middle of the Market segment.
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In this chapter, we manage five worldwide studies covering a forecast period of 20 years and global
passenger fleet:

i) Boeing Commercial Market Outlook 2018-2037 Co;

i) Airbus Global Market Forecast 2018-2037;

iii) JADC Worldwide Market Forecast 2018-2017,

iv) United Aircraft Corporation (UAC) Market Outlook 2017-2036, and

V) The Airline Monitor Commercial Aircraft Market Forecast 2017 — 2040.

Boeing and Airbus both release each year a twenty-five-year market forecast for aircraft demand
which provides some insight into the qualitative nature of the market demand and how the two major
producers expect demand to evolve over the coming two decades. As it has been discussed in Section
13.2.2, each of the manufacturers makes their own segmentation of the market, with blurred
boundaries between types of planes.

The JADC (Japan Aircraft Development Corporation) continuously collect and analyse data relating to
the world commercial aircraft market, being its “Worldwide Market Forecast” the long term forecast
for air passenger and air cargo demand, as well as airplanes, demand for turboprops, passenger jets,
jet freighters and aero engines over the 20-year period covering 2018-to 2037.

The UAC issue of Market Outlook 2017-2036 reflects the vision of United Aircraft Corporation, in
modern Russia, on the air transportation development prospects and the formation of demand for
new commercial aircraft, and it considers significant market factors in the modernization of Russia’s
aviation infrastructure.

The Airline Monitor is a leading source of data and forecasts for world’s airlines and commercial
aircraft, which are published six times a year, bi-monthly from February to December, and they are
available in both printed and electronic form.

All previous prospects are analysed hereafter and complemented with information about forecast
from other reliable sources including the own project knowledge and projections.

Although the overall methodology in all these studies is similar, the main differences among them will
be highlighted, and alternative hypotheses and differences in values will be used to build up a set of
scenarios, including reference and extreme (optimist and pessimist) value forecast. We do not pretend
to qualify one forecast against others but to use them all to predict the most acceptable range of
values.

13.2.5.1 Airbus Global Market Forecast 2018-2037

Every year, Airbus [27] delivers its market prospects for the following 25 years. In this market forecast,
the company estimates the evolution of air traffic over the next years using an econometric model
based on the GDP growth, wealth and middle-class share growth estimations.

The main driver for the air transport demand is the wealth effect, that is if people own more money
their predisposition to travel will increase, and so it will do the air transport demand. The evolution of
the middle classes is an excellent proxy for this relationship. In 2002, about a quarter of the world's
population could be described as “middle class”, today it is considered to be around 40% and by 2037,
Airbus forecasts it to be around 57%.
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Business models are an important part of the evolution of air transport. Airlines evolve over time to
meet the requirements of the passengers to take advantage of the opportunity and to respond to the
competition. The low-cost model has helped to deliver additional growth, through the provision of
low fares and new city pairs largely. In recent years, the low-cost model has evolved including ultra-
low-cost modalities as well as starting offering seats in the long-haul segment. This fact has made air
transport more accessible to the middle class.

ASIAN TRAFAC SET TO GROW
STRONGLY

Seurce: Alrbus GMF 2018

Figure 13.33. Airbus’ air traffic growth forecast. Source: Airbus GMF 2018. [27]

The figure above shows the estimations of air traffic growth in the following 20 years made by Airbus.
It can be seen that Asia-Pacific, Middle East and Africa will be the regions with the biggest growth
percentage by average. Traffic from these emerging countries will rise at a rate of 6.2% per year
according to Airbus’ report. Passengers travelling between emerging countries is forecast to grow at
6.2% per annum and will represent a growing share of air traffic, from 29% of world traffic in 2017 up
to 40% by 2037. China will also experiment a big growth, especially in domestic traffic. According to
Airbus, Chinese domestic traffic will multiply by a factor of 3.5 over the next 20 years. Indian
subcontinent and domestic flights inside India will carry 5.9 times more passengers than in 2017. It is
also remarkable from this report that India will experiment with the fastest growth at a rate of 5.4%
per year.

According to fleet forecast, Airbus remarks the increase of the single-aisle fleet, which has evolved
much faster than the wide-body fleet over the last ten years. This is due to a higher number of seats
in this family of planes and longer-range capabilities that opened new routes. The average distance
flown by single-aisle aircraft was 422 nm with 140 seats on average back in 1999 and 586 nm with
169 seats on average. Airbus forecasts 36,563 new deliveries on the following 20 years, composing a
global fleet of 45,265 aircraft, comparing to the 2018 global fleet of around 19,000 aircraft. This refers
to 100+ seats aircraft and does not include Russian models.
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Figure 13.34. World fleet evolution 2017-2037 according to Airbus GMF 2017-2037.

The figure above shows the fleet evolution regionally over the next twenty years. It is clearly seen that
Airbus forecasts the Asia-Pacific countries as the main drivers of the aerospace sector, with more than
15,643 deliveries representing a growth of almost two times the actual fleet, and around the 40% of
the world fleet. The Middle East will multiply its fleet by a factor of 2,7 and other developing regions
such as South America, Africa or the Commonwealth of Independent States will duplicate its air fleet.
On the other hand, North America, the region that had boosted air transport on its early beginnings
will no longer dominate the market, and its fleet growing perspectives are around 50% of the current
fleet, according to this Airbus report.

According to Airbus, small aircraft such as the Airbus A320 or the Boeing 737 will dominate the market,
representing 76% of the deliveries worldwide, and 54% of the value.

13.2.5.2 Boeing Market outlook 2018-2037

Like its European competitor, Boeing also delivers its own market forecasts yearly. In this commercial
aviation outlook, the US manufacturer points out the three macro-environment dimensions that drive
airplane demand.[28]

e On the one hand, there is the underlying demand for air travel, which is lead fundamentally by
economic and income growth. The growth of the world GDP is mainly composed of the
changes in the large emerging countries like China or India. This growth causes bigger support
for air travel due to higher consumer spending. Economies like China are transitioning to a
more service-based economy due to higher automation relative to manufacturing worldwide,
which will support air travel in the future. The higher incomes will lead to more predisposition
to travel, as tourism becomes a growing part of consumer spending. Tourism worldwide is
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expected to grow at a rate of 4% yearly over the next 10 years. Apart from the intrinsic
consequences of a bigger economy with higher spends, airline business models will play an
important role in air travel demand. Low fares business models, such as the ultra-low-cost
carriers will expand the number of passengers as the accessibility to air travel eases.

e Air travel demand is followed by the regulatory, infrastructure and technology environment.
The increasingly liberalized markets have been an important asset to the commercial airline
industry. Open Skies recent agreements have promoted strong competence between air
carriers and encouraged more traffic by removing constraints to air transport. The expectations
are that this trend will continue and bring lower prices for air travel. Another key driver for the
future demand will be the airport infrastructure and congestion. In recent years, airports have
experienced problems with operational capacity due to high passenger growth. Operational
efficiency of airports and airlines is a main priority over the last few years, and Boeing expects
this dynamic to continue and challenge air travel demand.

e Besides, economy and infrastructure, the products and strategies followed by the airlines are
also the main drivers of the sector. Low fares boost demand with strategies like fleet
standardization (single aisle), lower yield and higher load factor, ancillary revenues... etc. New
trends like ULCCs (ultra-low-cost carriers) are expected to arise in the future, and also the entry
of LCC into long-haul routes. Network airlines such as IAG will also be important in the future,
with products spanning in the low-cost, long-haul sector, like LEVEL.

With these three environments identified as the main boosters of the demand, Boeing forecasts a
4,7% average annual passenger traffic growth in the next 20 years. Asia-Pacific region will be the one
contributing the most to passenger growth, with an average rate of 5,7%. An insight made by Boeing
into this region shows that China is on its way to becoming one of the world's largest aviation markets,
accounting nearly 20% percent of the global traffic by 2037, followed by Southern-Asian developing
countries such as India, that will quadruple its fleet. Africa, on the other hand, is the region with the
highest growth rate of the world, with 6% per annum by average. The US company forecasts African
connectivity will be improved over the next 20 years resulting in a great increase in the transport.
Nevertheless, it will continue being the region with the least developed aviation sector. The following
map shows the growth rate of every region listed by Boeing in its Commercial Market Outlook.
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Figure 13.35. Boeing’s traffic growth forecast by region

Unlike Airbus, Boeing considers a wider range of aircraft for its Commercial Market Outlook. The US
company also considers the regional jet fleet, which sums up a global fleet of 24,000 at the beginning
of 2018, a bigger size than the 21,000 aircraft considered by Airbus in its forecast. Boeing forecasts
the global fleet to double to nearly 48,000 by 2037, with more than 42,700 new deliveries. Most of
these deliveries will account to single-aisle aircraft, alongside more than 9,000 new wide-body aircraft.
Asia-Pacific region will receive more than 40% of these new aircraft, as well as an additional 40% to
be delivered to Europe and North America. The remaining 20% will satisfy the demand of Russia and
Central Asia Regions, Middle East, Latin America and Africa.

By 2017, Boeing’s data shows that single-aisle airplanes composed 69% of the global fleet, whereas
in 2037 it will account for around 74%. Boeing states that the long-haul market will be dominated by
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smaller wide-body airplanes due to the
clients’ preferences. The irruption of the
single-aisle aircraft into transatlantic
routes will also make a turn into the
market since the aircraft average size will
become significantly smaller.

The following figure shows the global fleet
by end 2017 and the forecast of the
distribution of the fleet around different
regions of the world in 2037. Developing
regions such as Asia-Pacific, Latin America,
Middle East and Africa will more than
double their current fleet, whereas, for
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Europe and North America, the number of aircraft will increase at a lower rate.
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Figure 13.36. Boeing's global fleet forecasts.

13.2.5.3 JADC Worldwide Market Forecast 2018-2017

Japan Aircraft Development Corporation is a consortium of Japanese Aircraft Industries for the
development of commercial airplanes through studies, research and other appropriate means so that
it will promote a competitive Japanese aircraft industry. Every year, the consortium releases a
worldwide forecast of commercial aviation, in order to identify future trends and possible gaps in the
market for the Japanese industry.

On its latest version (2018-2037), JADC makes a forecast of air transport passengers and aircraft fleet
and deliveries over the next 20 years. The Japanese consortium identifies several aspects that will be
directly influential for the demand for air transport and, consequently aircraft production. Those
market drivers are described hereafter. [29]

e World Economy, quantified by the GDP growth trends, is the main driver of air transport
according to JADC. The global GDP is forecast to grow at 2.9% per annum by average from
2018 to 2037, with emerging economies like India, China or the Middle East leading this
growth. The Asia-Pacific region will account around 40% of the global GDP by 2037, half of it
belonging to the Chinese economy.

e Crude Oil Prices. Changing oil prices have a direct impact on airline profits. From 2014 airlines
have benefited from relatively low oil prices. The rapid development of emerging countries
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occasioned in the past a very high rise on the oil prices, and it was countered around 2014
with the opening of new supply points in North America, Brazil, Russia and West Africa. The
forecasts on crude oil prices account for a drop in the short term due to oversupply and the
economic standstill. In the long term, it is expected that the oversupply will be resolved due
to the rising demand for energy accompanying economic development in emerging countries
and that crude oil prices will rise again, although the proliferation of energy saving technology,
as well as the transition to alternative energy sources, will reduce demand for crude oil.

¢ World Population. Middle-class income has been growing rapidly, especially in emerging
countries like those in Asia. The population with annual incomes between $5,000 and $35,000
will rise from 2.1 billion in 2010 to 3.1 billion in 2020. According to population estimations, the
United Nations forecasts the global population to be over 9 billion people in 2037 up from
7.55 billion in 2017. The number of urban habitants will increase by 7% in 2037 lead by
emerging countries.

¢ Demand for Travel. International tourism is one of the main drivers of the air travel demand
since over 50% of the international tourists move by air. In 2016, the number of international
tourists reached 1.2 billion and future forecasts point to be 1.8 billion by 2030.

The Japanese consortium forecasts a growth rate of 4.5% yearly from 2017 to 2037, and RPKs will
multiply by a factor of 2.4, reaching 18.6 trillion. For the forecast period, it is predicted that the real
yield will fall 0.6% per year due to the increment of competition between airlines.

(trillion RPKs) World Air Passenger Traffic Forecast
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16
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2.4 times
/ 45%pa.
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Figure 13.37. World Air Traffic forecast. Source: JADC

JADC forecasts point Asia-Pacific region as the one with the highest rate of growth in terms of RPKs
over the next 20 years. This region will represent 38% of the total traffic worldwide, up from 32%
nowadays. Developed regions such as Europe and North America will lose their leadership in terms of
RPKs from 47% of the total traffic in 2017 to 40% in 2037. This is due to the rapid development of
regions such as Asia, the Middle East or Latin America.
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World Air Passenger Traffic Share by Region (RPK)
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Figure 13.38. Traffic share by region. Source: JADC

Regarding aircraft forecast, JADC made its estimations based on a total fleet of 22,337 jet airplanes in
2017, which includes regional, narrow-body and wide-body western and Japanese-built jets. As
commented above, JADC forecasts a 4.5% growth per year of the world air traffic. Although its
downward trend, the world fleet will increase 1.78 times to satisfy the necessary ASK, reaching 39,867
airplanes in 2037. There will be some factors suppressing the increase of required airplanes, including
rising load factors, more seats available per aircraft, and an extension of the annual flight hours due
to the improved maintenance. Among these, 16,000 airplanes will replace current airplanes,
accounting for 48% of total new deliveries. The remaining 17,530 airplanes will be due to new demand
in response to growing air passenger demand.
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Fleet Developments of Passenger Jet
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Figure 13.39. Aircraft world fleet 2037. Source: JADC

The JADC makes special emphasis on regional jet production due to the importance for Japan aircraft
industry of the MRJ90. After the 11S attacks, the increment on the CASK due to the high oil prices
headed airlines to hastily replace the regional jets with fewer than 50 seats to bigger size models like
the CRJ900, ERJ175 or the MRJ900, with around 90 seats mono class that can be reduced up to 76
seats with the introduction of a first-class. This type of jets will account the majority of regional jets
by 2037, of a total fleet of 3,410 airplanes. By that time, the share of regional jets of the total fleet will
be reduced due to the replacement of some of them with single-aisle aircraft.

Single-aisle fleet will increase their share of the world fleet, representing 65% of the deliveries in the
2018-2037 period. Larger narrow-body airplanes are being used rather than smaller versions such as
the A319/B737-700, from the point of view of soaring fuel prices and airport congestion, which leads
airlines to increase the number of seats available per flight. JADC believes that the demand for bigger
planes that can fly longer is likely to increase in the future, which includes big narrow-body airplanes
with better cost-performance. Nevertheless, these airplanes seem to be reaching their limits regarding
seat capacity, which could lead to their replacement by wide-body jets. Nonetheless, regarding
airplane numbers, the narrow-body types will still account the majority of the demand.

The number of wide-body jets with 230 or more seats will increase from 4,252 at the end of 2017 to
9,989 in 2037, with the share increasing from 19.0% to 25.1%. 3,191 jets will be retired, and 8,928 new
jets will be delivered to airlines between 2018 and 2037. The share of new deliveries will be 26.6%.
The following figure shows the share of the fleet and new deliveries for the three types of aircraft
discussed.
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Fleet and New Deliveries
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Figure 13.40. Fleet and new deliveries share 2017-2037. Source: JADC

13.2.5.4 United Aircraft Corporation (UAC) Market Outlook 2017-2036

United Aircraft Corporation is a consortium created by the Russian government with the aim of
strengthening and unite the Russian aerospace companies in order to consolidate the aircraft industry
in the country. In 2017, the corporation released a market outlook for the period 2017-2036. The
significant aspects of this release are discussed hereafter. [30]

UAC remarks on the growth of emerging regions like Asia-Pacific and the structural changes in the
market due to the loss of leadership in traffic volume share of Europe and North America. During the
forecast period, China will demonstrate the highest dynamics of the passenger air transportation
market. UAC forecasts the Chinese volume will equal the European one by 2036. In terms of passenger
turnover growth, the Middle East and Latin America are likely to be significantly ahead of North
America and Europe; however, a relatively small population (referring to the Middle East) and much
more modest aggregated GDP will help the regional leaders to keep a significant distance.
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Figure 13.41. UAC's passenger air traffic forecast. [30]

The graph above shows the passenger traffic evolution in terms of RPK in different regions of the
world. The data presented by UAC places China as the fastest-growing region in the world, reaching
more than 3,000 billion RPK by 2036. Nonetheless, according to UAC, Europe will prevail by being the
region with more traffic in the world, followed by the Asia-Pacific region (excluding China), that will
reach nearly 3,500 RPK in 2036. Regions like Latin America and the Middle East will also account high
growth rates, especially during the 2017-2026 period.

UAC also analyses fleet evolution over the period 2017-2036 in the different regions of the world. The
graph below shows a summary of the information included in this report, with data about fleet divided
into three different segments: turboprops and regional jets, narrow-body aircraft and wide-body
aircraft. The first graph shows the fleet by end 2016 and the second the forecast demand for the
period 2017-2036.

Figure 13.42 shows the market forecast made by UAC for the period 2016-2036. On it, it can be seen
that narrow-body airplanes will continue leading the market, especially in Europe and North America,
with more than 6,800 deliveries in each region, according to UAC forecasts. Regarding the wide-body
market, Middle East is the only region where this market overtakes the narrow-body due to the larger
distances travelled by air transport consumers. Fast-growing China will receive over the forecast
period more than 6,150 single-aisle airplanes, stating very high growing perspectives compared with
its 2,500 current fleet.
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Figure 13.42. UAC aircraft demand forecast.?

13.2.5.5 The Airline Monitor Commercial Aircraft Market Forecast 2017 - 2040

The Airline Monitor (AM) is a leading source of information regarding airline performance, air traffic
and aircraft production. It delivers twice in a year, in January and July, several reports that cover many
different branches of commercial air transport such as aircraft production forecast (including
forecasting by aircraft model), engine production forecast and prognosis regarding air traffic capacity
and demand. Alongside the market forecast reports, AM offers an updated database that includes
historical orders and deliveries data and airline performance by region (utilization time, mean speed,
load factor...).

AM market forecast is divided into two different approaches. First, a macro-level approach of the
aircraft fleet is calculated based on the air traffic prognosis by region. Using the airline performance
data and projections, the world fleet is estimated using an average-sized aircraft. This average-sized
aircraft number of seats is based on the mean of the actual world fleet's number of seats, which rounds
190. Thus, the forecast yields the number of aircraft that will be necessary to cover the demand of air
transport in the following years, attending to a continuously improved airline performance over the
time: this is, higher load factors and better aircraft utilization (higher block times and speeds).

The Airline Monitor traffic forecast considers six major regions on the world: Europe, CIS, Africa,
Middle East, Asia-Pacific, North America and Latin America. The main macro-level driver considered

2 RJ: Regional Jet; TP: Turboprop; NB: Narrow-body; WB: Wide-body
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for this forecast is the GDP growth rate, which is directly proportional to the traffic growth rate per
year. In order to get the traffic forecast formula, the GDP growth rate per year is multiplied by a factor
that rounds 1.5 for the regions where aviation is a more extended mean of transport, and 2.5 for
regions with higher growth perspectives such as Asia and the Middle East. The air traffic prognosis is
presented in Figure 13.43. Emerging regions like Asia-Pacific or Latin America will almost quadruple
its air trafficc with high growth rates rounding 6% per year. Regions where air transport has
experimented a bigger development over the last two decades, like Europe or North America, are the
ones with the lowest growth rates. Despite all these differences between regions, the Airline Monitor
forecasts the world traffic to almost triplicate by 2040, with an average yearly growth of 5.1%.

THE AIRLINE MONITOR

TRAFFIC FORECAST
h 0} 2017-2040

h p.a.

WORLD TOTAL GROWTH: 5.1% p.a.
TRAFFIC WILL INCREASE BY 2.9 TIMES

Figure 13.43. The Airline Monitor traffic forecast.

Using this traffic forecast, the Airline Monitor calculates the necessary world fleet (based on an
average-sized, imaginary aircraft) to cover the demand for air transport. The fleet size estimations
made are presented hereafter, in Figure 13.48.
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Figure 13.44. The Airline Monitor World Fleet Forecast. Source: The Airline Monitor

The fleet forecast shows a smaller growth rate in the number of airplanes than in passengers’ turnover
(RPKs). For example, for the Asia-Pacific region, the growth rate specified by the AM in terms of RPKs
is about 6.1% per annum, whereas the fleet size is expected to grow at a yearly rate of 5.3% per year.
This is due to the better performance of airlines regarding aircraft utilization and load factor. The
airline monitor forecasts the load factor values to increase from 81.7% in 2018 to reach 84.0% in 2040.
This improved utilization is due to better management of air routes and airport slots so that airlines
can do better planning of their fleet. Airline performance data has been used as a baseline for PARE's
Middle of the Market forecast and it is presented in the Annexes alongside the forecast methodology.

13.2.5.6 Comparative analysis of forecast hypothesis and results

In this section, the main hypotheses and results of every of the market forecasts discussed above are
represented in a chart form, in order to highlight the main differences and assumptions that will serve
to PARE's approach on Middle of the Market prognosis. The following chart lists the main hypotheses
used, aircraft deliveries and retirements forecast by region by the kind of segmentation used, and air
traffic average yearly growth rate by region.

A summary of the main conclusions extracted from each report is shown in Table 13.7, with the number
of aircraft that will account the worldwide passenger aircraft fleet forecast by each of the publishers.
Since the aircraft considered for the forecast and the hypotheses used differ one from another, it is
necessary to take these discrepancies into account in order to integrate them into PARE's MoM
forecast.

The fleet considered for the forecast differs from each author. For example, Airbus considers only
western-built aircraft, with a total fleet of 19,800 airplanes by beginning 2018. The rest of the authors,
on the other hand, use different fleet considerations that are not specified on their reports. In order
to make proper comparisons between results, nominal values are used between brackets.
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Regarding the hypotheses used, Boeing highlights the existence of increasingly airport congestion in
the future, which will constrain airlines to improve fleet efficiency and to manage a better use of
airport slots. From the published data, it can be concluded that Boeing believes in an increase of the
average aircraft size in the future. This assumption is presented on the forecast’s results since, despite
predicting more optimistically the air traffic growth per year (4.7%) than Airbus (4.5%), the future fleet
is forecast to be 1.9 times the actual one, as opposed to the 2.3 times multiplier of Airbus’ forecast.
This shows that Airbus believes in a dominance of the single-aisle segment as it has been occurring
the previous years, representing more than half of the deliveries worldwide. On the other hand, Boeing
believes in an increase of the wide-body aircraft demand, motivated by the infrastructural constraints
and airport saturation.

When a new MoM aircraft enters this market, after 2025, the market would not be the same as today.
The market will have grown by 100 million passengers in Asia alone and current aircraft will not be
large enough to handle this growth. In addition, there is a large replacement market. Up to 40% of
the market value is destined to the replacement of existing aircraft in this category, which is less suited
for the job.

Aircraft are chosen by airlines to cover the routes they want to fly. Nevertheless, the opposite situation
happens too. Over the last few years, aircraft with new capabilities opened some 400 new routes that
existing aircraft did not be able to do because they did not have the economics. This will create a new
fragmentation of the market. A good example of new routes opened thanks to new aircraft
introduction is the new generation of long-range aircraft such as the Boeing 787 and the Airbus A350,
which were able to open the longest routes ever seen in the market.

This chapter revises the main key driving forces influencing the evolution of air traffic, airplane
production and evolution of the Middle of the market segment.

13.2.6.1 Fleet obsolescence and retirement

Large civil aircraft are typically used for 25 years or more before being sold to cargo fleets, non-
scheduled carriers, or to foreign airlines that lack the resources to buy newer equipment. Some
narrow-body passenger aircraft, including the DC-9, have flown in U.S. airline fleets for up to 40 years.
The first Boeing 737s (the 100 and 200 series) was delivered in December 1967, 43 years ago. Because
of the longevity of commercial aircraft, manufacturers must consider the entire life cycle of the plane
in order to cover its development costs.

Historical data shows that more than 15,000 commercial aircraft have been retired worldwide in the
past 35 years, with an annual retirement growth rate of more than 4% (Figure 13.45), a consequence
of the growing global fleet. In recent years, about 700 aircraft are retired annually, with an average
age of around 27 years. Currently, there are more than 27,000 commercial aircraft in service globally
and the average airframe age is about 13 years, with more than 20% older than 20 years. It is estimated
that 12,000 aircraft will be retired in the next two decades[31].
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Table 13.7. Forecasts’ results and hypothesis summary

3 Value not specified in UAC’s report. Estimated value using the UAC’s assumptions on fleet remaining [30].
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Figure 13.45. Historical aircraft retirements (1980-2017)

The distribution of aircraft retirement age from 1980 to 2017 is shown in Figure 13.46, indicating that
the median retirement age for commercial aircraft over the last 36 years is 25 years, with more than
half of the aircraft retired between the age of 20 and 30 years. On the other hand, Figure 13.47 shows
the percentage of the retired fleet by ages. It can be seen that about 10% of aircraft were retired
before the age of 17 years and about the same percentage were retired after 35 years of age. However,
it is important to note that the first group consists mainly of small aircraft, while the latter is largely
made up of freighters.
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Figure 13.46. Aircraft retirement age distribution (1980-2017)[31]
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Figure 13.47. Percentage of the retired fleet by age (1980-2017).[31]

The historical data also shows different trends for narrow-body and wide-body jets. The average age
of retirement for passenger aircraft is 28 years for the single-aisle segment and 25 years for the wide-
bodies (Figure 13.48), which indicates that the most common retirement age yields between 20 to 30
years for both segments. It also shows that there are significant differences between passenger aircraft
and freighters regarding retirement behaviours. Generally, freighters tend to be retired later than
passenger aircraft, 38 years for single-aisle cargos and 31 for wide-body aircraft according to the
figure.
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Figure 13.48. Wide-body and narrow-body trends in retirement. [32]

It is worth mentioning that conversion of passenger aircraft into freighters can extend the operating
life of these aircraft. On average, this conversion takes place when the aircraft is about 18 years old,

\&
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an age that coincides with a major structural aircraft heavy check. Typically, aircraft can gain 10 to 20
years of extra life by conversion. The incentive behind freighter conversions can be linked to the much
lower utilization of freighters compared to passenger aircraft. Due to this utilization profile, freighter
operators achieve a lower operational cost by extending the aircraft life cycle. In recent years, there
has been an increasing trend to freighter conversions and a corresponding increase in the average
conversion age.

Over the past decades, the world fleet of aircraft has slowly increased to more than 27,000 commercial
aircraft operating worldwide, with an average age of about 13 years. As a result of the growing world
fleet and lower average age, there will be an increasing number of aircraft removed from service and
subsequently decommissioned in the upcoming years.

This is an essential factor to be considered for the MoM market, as several models of aircraft which
operate this segment are aged and, as a consequence, many retirements are expected in the following
years. Therefore, fleet obsolescence must be taken into account in this study, especially the case of
the B757/B767 fleet. This fleet is no longer in production and there are few units in service nowadays.
For this reason, the main objective of the new Boeing 797 is replacing this fleet and it is expected to
be specially designed for flying the routes currently dominated by the B757 and B767 in a more
efficient way, in terms of fuel consumption and operating costs.

13.2.6.2 Doubling the traditional 7 years’ jetliner growth cycle

Jetliner market is today so strong that its cyclicality is often questioned. Since the beginning of the jet
era, the market has followed a cyclic pattern: a growing period of roughly seven years followed by a
dropping period of approximately three years with deliveries falling by 30-40%, or more in the bad
period.

As can be seen in Figure 13.49, industry experiences a continuous growth since 2004, only slow down
during 2016-2017 parenthesis (single-aisle deliveries pause before A320neo and 737MAX deliveries
ramp-up). The expectations call for continued growth through 2020, at least [33]. Long-term demand
drivers include a strong passenger traffic growth trend projected over the next two decades but a
slowdown in market demand for new aircraft by carriers; industry OEMs (original equipment
manufacturers) and industry value chain ramping up production to deliver on the huge accumulated
order backlog. The 12,000 jetliners on the backlog at Airbus and Boeing alone is estimated to be worth
over 7-8 years of production. The A320 family is on course for 60 planes per month, with the 737
headed for 57 per month. Boeing plans to raise 787 output from 12 to 14 per month in 2019. Airbus
and Boeing both go to 70 single-aisles per month by 2023[34]. Considering these figures, for the very
first time, the jetliner market will have a 16-year growth cycle, and possibly longer, over twice as long
as the usual seven-year boom.
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The 100+ Seat Commercial Jetliner Market
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Figure 13.49. Airbus and Boeing jetliner deliveries history and planning.

13.2.6.3 The replacement of B757

The Boeing 757 is the largest single-aisle aircraft in the world, and it gives many advantages compared
to bigger models. It is lighter, which allows flying longer distances without carrying too much fuel. Its
capacity is good for ensuring a high load factor in scheduled flights. In addition, its take-off distance
is very short, which allows it to operate in smaller, secondary airports. It is profitable in both short-
and long-haul routes. Its only problem is that it is an old design, and current technologies can offer
many more advantages. Both airlines and manufacturers have been discussing many options among
the current line-up. For a more detailed description of the models discussed hereafter, the reader is
referred to in Annex 1. Hereafter we briefly discuss substitution alternatives.

)

Boeing 737: According to Boeing's chief officer, the new Boeing 737 MAX 9 covers 95% of the
routes flown by the 757. Nevertheless, that fact is not sufficient to support that the 737 would
be an adequate substitution. At first, Boeing was trying to stretch at maximum the potential
of the single-aisle model in order to satisfy all the requirements. However, there is something
where the 737 falls short: runway performance. The 757 can take-off at a speed of 140 knots
using 4000 ft. of the runway, whereas the 737 needs about 160 knots and uses much more
runway. In addition, the 737 requires a climbing procedure that burns much more fuel. The
757, instead, can comfortably climb to its cruising altitude. The plane is designed for another
kind of mission, regional and short-haul routes.

Boeing 787-800: Another potential substitute of the 757 can be the 787. Nevertheless, this
aircraft is intended to operate in long-haul routes, so that operating it for the similar design
mission as the 757 would be inefficient in terms of fuel burning.

Boeing NMA: The new MMA should offer diverse advantages compared to the current Boeing
757, conserving its principal features. Short runway usage, about 220-280 passengers, 30-40%
improvement in fuel efficiency with a maximum range of about 5000 nm.

Airbus A321LR: The extended-range version of the longer narrow-body Airbus aircraft has a
more conservative design, which leads to reduced risk. The main advantage of this option is
that it is almost available now and it offers very good economics for medium-haul flights due
to its single-aisle configuration. On the other hand, this configuration offers less comfortability
to passengers due to the lower pitch between seats.

Airbus A330-800neo: The new Airbus entrant in the Middle of the Market is the improved,
re-engined version of the A330. Although it is designed for covering long-haul routes, it covers
the upper layer of the Middle of the Market requirements.
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In Section 13.2.4.2 "Boeing 757 and 767 stage length”, analysis over the routes operated by the Boeing
757 was presented, showing the results of the average stage length flown by this model in 2018. The
results showed that the aircraft is mainly used for transatlantic flights of distance less than 3000 nm,
connecting mostly Europe and North America, mainly operated by Delta and American Airlines, the
principal operators of this model.

Flow Average distance | A321LR | B737 MAX 9

Africa--North America 2950 100% 100%
Africa--South America 1484 100% 100%
Central Asia & Russia--China 1562 100% 100%
Central Asia & Russia--Europe 2144 100% 100%
Central Asia & Russia--Northeast Asia 2443 100% 100%
Central Asia & Russia--Southeast Asia 2763 100% 100%
Europe--Africa 2216 100% 100%
Europe--Central Asia & Russia 1677 100% 100%
Europe--Europe 1255 100% 100%
Europe--Middle East 1795 100% 100%
Europe--North America 2716 100% 73%
North America--Central America 1647 100% 100%
North America--North America 2082 100% 100%
North America--South America 2588 100% 71%
Central Asia & Russia--Central Asia & Russia 255 100% 100%
Central Asia & Russia--South Asia 893 100% 100%
Central Asia & Russia--Middle East 1184 100% 100%
Average 1922 100% 89%

Table 13.8. Boeing 757 single-aisle replacement options

The table above shows the regions connected by the Boeing 757 and the average distance of these
routes. Additionally, the ‘flyability’ of these routes by the single-aisle replacement options is
presented, showing the percentage of routes that the two models (A321neo LR and the Boeing 737
MAX9) are able to cover. The analysis shows that the A321neo LR is able to fly the 100% of the routes
covered by the B757 due to its extended 4100 nm range. Nevertheless, the drawback of the A321 LR
is that carries 206 passengers (on a 2-class configuration and with 30 inches of pitch between seats),
versus the 240 passengers that the stretched Boeing 757-300 can carry. The Boeing 737 MAX 9, on its
side, is able to fly the 89% of the routes, carrying 192 passengers, 10 less than the Boeing 757-200.

There are many other factors apart from the range and capacity that have to be analysed in order to
decide the appropriate substitution solution. Desai et al. [35] studied the profitability of every option
presented above simulating several operation scenarios. The simulation evaluated the total profit
obtained from the operation of the aircraft for different ranges and demands, varying from 2000 to
8000 passengers per week, and distances from 500 to 4000 nm. The results showed that the Boeing
737 MAX 9 was competitive in shorter routes with lower demands where airlines have to adapt their
yield carefully. For longer routes and higher passenger volumes, the A321LR is a better option,
whereas for passenger volumes higher than 7000 nm the best replacement options are wide-body
aircraft such as the B787 and the A330-900, where the smaller single-aisle options cannot satisfy the
demand. Additionally, there is a niche for shorter routes and passenger volumes between 6000-7000
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passengers where the Boeing 757 is still the best option, and the new MoM aircraft is preferred for

these scenarios.

4000 Pax 5000 Pax 6000 Pax 7000 Pax 8000 Pax 9000 Pax
" 500nm | B737-000MAX BT737-900MAX MoM MoM  B787-900 A330-900 |
| 1000nm | B737-900MAX BT37-900MAX MoM MoM  B787-900 A330-900 |
- 1500mm [ B737-900MAX B737-900MAX Tzl:mﬁ MoM  B787-900 A330-900 |
2000nm | B737-900MAX B737-900MAX  A321neocLR MoM B787-900  A330-900
2500nm ‘ B737-900MAX B737-900MAX A32lneoLR MoM B787-900 A330-900 l
3000nm | B737-900MAX B737-900MAX  A321necLR MoM B787-900  A330-900
3500nm I B737-900MAX B737-900MAX A32lneoLR B787-900 BT787-900 A330-900 l
4000nm | B737-800MAX  A32lneoLR  A321necLR B787-900 B787-900  A330-900
- 4500nm | MoM B787-800 B787-800 B787-900 B787-900 A330-9200 |
| 4500mm | MoM B787-800) B787-800  B787-900 BT787-900  A330-900 |

Table 13.9. Boeing 757 replacement options. Source: [35].

The routes analysis and the profitability evaluation made by Desai in [35] provides a useful set of
information regarding Boeing 757 replacement options. The analysed options correspond to both
narrow and wide-body aircraft families, which, depending on the mission, one or the other will be a
better choice. This information is compiled and summarized in Table 13.10, showing the advantages
and disadvantages of each of the options presented.

OPTION FOR REPLACEMENT

ADVANTAGES

DISADVANTAGES

BOEING 737 MAX -9, -10

BOEING 787-800

BOEING NMA

AIRBUS A321NEO LR

AIRBUS A330-800NEO

Good economics for shorter
routes and lower passenger
volumes

A better solution for stable
demand and low frequencies

It can cover the niche
between the narrow and
wide-body aircraft offering
better profitability

Fits the requirements on
passenger seating and range
in most of the cases

A good option for higher
passenger volumes on longer
routes

Maximum seating of 192, lower
than the B757's

Not a good option for instable
low demand on shorter routes

The gap could be very small in
many situations

Maximum seat capacity offers
less comfortability and could
be not appropriate for longer
flights

Not a good option for instable
low demand on shorter routes

Table 13.10. Summary of replacement options for the Boeing 757.

13.2.6.4 The replacement of the B767

The Boeing 767 was designed as a smaller option than the 747 and it was introduced into service in
1981. Lately, a bigger version of the 767 was designed by Boeing resulting in the 777, the biggest twin
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jetin the world. The 767 can be considered as a medium-size wide-body jet and operates in the upper
layer of the Middle of the Market, above the Boeing 757. By May 2018, around 302 Boeing 767s were
operated by commercial airlines, as well as 382 in the freighter fleet. The average age of the Boeing
767 is 24 years worldwide, according to AirFleets [36]. The following graph shows the major operators
of this model as well as the average fleet age by May 2018.

Boeing 767 operators fleet and average age
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Figure 13.50. Boeing 767 major operators and fleet age.

The largest current operators of these mid-sized aircraft are the three US majors American, Delta and
United, followed by the two largest Japanese airlines (All Nippon Airways and Japan Airlines) and the
Canadians Air Canada and Air Canada Rouge, all of them with an average fleet age over 15 years.

Many discussions about the replacement options for this aircraft have arisen now that the end of the
aircraft’s life is reaching its end, with airlines like Delta studying the possibility of ordering more than
200 aircraft to replace both the 757 and 767 fleets, according to SimpleFlying newspaper [37], focusing
on Boeing’'s NMA. American has committed to order more 787-8s to replace its remaining 767 fleet,
and it will likely have replaced all 757s by the mid-2020s as well. Delta, thus, appears to be a key
potential customer for a potentially new MoM aircraft, just as United, since it has not ordered a direct
replacement for its 767 fleet yet, and it is considering the Airbus’ A330neo option, as well as the
Boeing 787-9 since these two are the only options available at the moment.

It seems clear that airlines are focusing onto three different alternatives for a direct replacement of
the Boeing 767. On the one hand, the newest Airbus A330neo, and its Boeing's competitor, the Boeing
787-9 Dreamliner. On the other hand, Boeing's proposal of a clean-sheet design for a new mid-size
aircraft.

The following table summarizes the advantages and disadvantages of the airlines’ options for
replacement.
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OPTION FOR REPLACEMENT ADVANTAGES DISADVANTAGES

BOEING 787-900 Newer technology with less fuel Designed and optimized for
burn than the 767. longer routes.

BOEING NMA Optimized for the mission of Not announced and still
the B767. uncertain.

AIRBUS A330-900NEO Flexibility in the design, with Excess of a range that results in
lower MTOW and more thrust.  a higher weight. Oversized for

most of the 767 mission.

Table 13.11. Boeing 767 options for replacement.

13.2.6.5 Interactions in the Markets for Narrow and Wide-body Commercial Aircraft.

Both companies, Airbus and Boeing, have completed product lines that span all 100+ seat market
segments. Decisions within one market segment are constrained by the state of products in other
market segments. In the past, limited capital and engineering resources have prevented
manufacturers from undertaking more than one major aircraft design program at any one time.

Conventional studies have neglected this complexity by assuming that manufacturers make a decision
regarding the single-aisle market without constraints imposed by decisions regarding the twin-aisle
market [38]. The competitive structure of the market for wide-body commercial passenger aircraft has
been extensively explored by the literature because the market features several interesting analytic
properties such as learning-by-doing, differentiated products, and active trade policy. Fewer studies
have tackled the narrow-body market, much more complex and with much more actors [39].

Only a few authors have made some attempts to try to understand the dynamics and interaction
between both markets, the narrow and wide-body commercial passenger aircraft markets, by
investigating the competition between firms that produce only in the narrow-body market, and firms
that produce in both the narrow and wide-body markets [40]. Additionally, there is evidence that
suggests there may be cost linkages between developing small and large plane programs.

The analysis of the Middle of the Market segment extends the state of the art of competitive analysis
because it implies the analysis of a segment that can be covered by models of each configuration.
Boeing strategic proposal includes the adaptation of twin-aisle aircraft to serve the core part of the
segment together with the enhanced configuration of the low range single-aisle models (737 MAX)
as well as adaptations of upper range twin-aisle models (787-800). At the same time, Airbus considers
that the MoM sector might be properly covered by the extensions of the upper narrow-body and the
lower wide-body models.

For a proper analysis of the MoM, it could be necessary to consider multimarket oligopoly models. A
simple approach can be taken from Bulow et al. [41]. When considering the purchase of an airplane,
airlines can choose to either buy a single, large plane to fly fewer routes or buy multiple small planes
which will run more frequently. This decision suggests that wide and narrow-body planes have strong
interrelated demands. If a firm operates in two markets, a change in one market can affect the
outcomes of the other market by changing competitors’ strategic choices and by changing the firm's
own marginal costs. Therefore, to understand better the commercial aircraft industry as a whole, it is
necessary to explicitly study the wide and narrow-body markets together.
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To account for the linkages between the narrow and wide-body markets, narrow and wide-body
planes are normally considered substitutes for each other. This assumption deserves a little attention,
though. When considering an aircraft for a route, the airline faces a choice of flying more passengers
on fewer trips with a larger plane or few passengers on more frequent trips using a smaller plane. If
there is sufficient traffic flow, then typically the former choice is more cost-effective from an operating
standpoint. However, for airlines that have routes that are both long and short or have different
volumes along with them, then it may be that the airline will purchase narrow and wide-body planes
as complements. In the literature, only the substitution scenario seems to be relevant, though, so that
this is the assumption made here.

13.2.6.6. Fuel prices evolution

The issues of reducing the cost of air travels and increasing the fuel-efficiency of existing aircraft and
engines are among the priorities for commercial airlines. World leaders of air service work in close
cooperation with companies that manufacture and upgrade engines and aircraft to achieve the
highest fuel efficiency indicators.
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Figure 13.51. Change in fuel prices, 1998-2018 [42]

The fuel price statistics over the last 20 years shows a relatively stable upward trend in prices since
December 2001, with a peak in July 2008 (244% increase between July 2004 and July 2008). Thus, in
December 2001, the price of 1 gallon was 52 cents, while in July 2008, 1 gallon cost was already 3
dollars and 89 cents, which is the highest price in the last 20 years. Over the next few months, fuel
cost fell significantly, almost equal to the price level in December 2004, but by April 2011 the cost
rose again to 3 dollars 27 cents per gallon, and over the next 4 years the fuel price was relatively stable
with minor price fluctuations, till it fell to the level of 1 dollar 50 cents per gallon in January 2015. A
further fall in prices continued until January 2016, but from February 2016 to the present day a steady
increase in prices has been observed from 0,97 cents per gallon to 1 dollar 95 cents in November
2018. Thus, we have observed significant fluctuations in fuel prices that make air carriers dependent
on oil production and the work of oil refineries.

Jet fuel prices are directly linked with crude oil prices. During the last 20 years, the price of the crude
has been fluctuating from 20 $ a barrel as the lowest in beginning 2000, to 142$ per barrel as peak
value in 2008, when the financial crisis took place, as it can be seen in Figure 13.52. The graph also
shows that since 2015 the prices move steadily around 65-75$ per barrel but making oil price
perspectives is a very difficult task due to the high number of factors involved. Geo-political decisions
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directly influence oil prices, that, inevitably, manifest on jet fuel prices and so it does in airlines’
operating costs. The following graph shows the crude barrel prices evolution from 1999 to nowadays.
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Figure 13.52. Oil barrel price evolution 1998-2018. [43]

According to IATA statistics, the share of aviation fuel costs ranges from 22.2% in 2005 to 35.6% in
2008 of the total costs. In 2008, the airlines’ fuel expenses represented around 35% of the total
operating cost, whereas in 2018, due to the reduction of the oil prices, it rounds 20%. Since 2012, a
gradual decrease in the percentage of fuel costs has been observed from 33.2% in 2012 to 18.8% at
the end of 2017. Fuel consumption by commercial airlines will grow annually to 2025 from 19% to
26%. For low-cost carriers, the percentage is even higher due to the cost reduction in the other areas.
Between 2016 and 2017, Ryanair reported fuel costs of around 37-40% of its total expenses.

With peak oil theory predicting continued volatility and increasing costs of fossil fuels while new
environmentally driven charges expecting to further add to fuel costs, the expectative of the industry
are put in the improvements of fuel efficiency [44].

13.2.6.7 Fuel efficiency evolution

In the short and medium-term, increases in fuel costs translate into the higher operating cost. This
can only be compensated in the long term by improving fleet fuel efficiency. The continuous increase
of fuel efficiency of the aircraft currently in service and plan for entry into service is provided mainly
by the development of the aircraft industry and the introduction of new technologies. Aircraft in
service, as well as just designed aircraft, can be upgraded. It should be noted that aircraft in service
will not always have a high rate of innovation, taking into account the fact that some of the
improvements can be made only at the design stage.
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Analysis evidenced that new jet aircraft have decreased their fuel burn by 70% between 1960 and
1997. According to some studies including Lee et al. (2001) and Peeters et al. (2005), the reduction in
fuel consumption was about 64% and 55%[45], [46].

Other authors have quantified jet aircraft fuel efficiency historical improvement at a rate of 1.2-2.2%
per year on a seat/km basis. However, fuel efficiency improvements have not been sufficient to
counter increased emissions due to rising demand for air transport[46].

About 40% of the improvement has come from engine efficiency improvements and 30% from
airframe efficiency improvements. Successive generations of engine technologies have led to
reductions in specific fuel consumption, as shown in Figure 13.53.
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Figure 13.53. Reduction in fuel consumption and CO2 emissions by Engine Technology Source

The age of production line directly affects to the fuel efficiency: introduction of new technologies
allows improving the parts manufacturing process, reducing fits and clearances, and, therefore,
getting a gain in the final fuel saving. The ICC (International Council on Clear Transportation) 2008
study calculated the relationship between the age of the production lines of the engine section and
the aircraft section (see Figure 13.54). The average age of the production lines of major global aircraft
manufacturers (Airbus, Boeing, Bombardier, and Embraer) has tripled between 1990 and 2008. Since
over the long-term most of the aggregate efficiency improvements for new equipment are expected
to come from the commercialization of new, more efficient aircraft and engines, this trend helps to
explain the falling rate of improvement over time. It should be noted that an average production line
age of engines is slightly higher than that of aircraft. By the early 1970s, the difference in the age
between production lines of engines and aircraft was only 2 to 3 years, while as of 2008, the gap was
more than 10 years.
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Figure 13.54. Diagram of the age of production line of aircraft versus engines, 1990 — 2008 [47]

The updated 2014 study of ICCT estimates higher average nominal fuel burn values, while maintaining
the overall trend, as illustrated in Figure 13.55, where the fuel consumption value for the 1960s is
taken as the baseline.
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Figure 13.55. Diagram of the fuel-burn evolution, 1990-2015[48]

However, reductions in average aircraft fuel consumption slowed noticeably after 1990 and largely
halted around 2000. After 2010, average fuel efficiency began to accelerate and has returned to the
long-term average improvement of 1.1% per year. Acceleration in improvement rate began due to
the introduction of new, more efficient aircraft designs such as the A320neo, 737 MAX, and 777X.

ICAO estimates the improvement potential in fuel efficiency in the order of 40% for new single-aisle
and small twin-aisle aircraft in 2020 compared with 2000. Other more conservative researchers state
that the average aircraft fuel efficiency has improved by only ~50% since the first jets, while efficiency
gains have slowed to 0.0% since 2000, as shown in the figure. Analysis correlation between fuel cost
and fuel efficiency by these same authors conclude that fuel cost has not been sufficient to stimulate
increase aircraft efficiency.

As per today situation, Figure 13.56 compares the average fuel efficiency for each aircraft type,
simulated using Piano 5 and FlightGlobal database. The Airbus A330 family of aircraft was the most
widely used on transatlantic routes, accounting for 25% of all flights. Its fuel efficiency was
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approximately 1 pax-km/L better than the industry average. The Airbus A350-900 and Boeing 787
Dreamliner were more fuel-efficient with average fuel efficiencies at or above 40 pax-km/L. When the
aircraft take-off mass increases, fuel efficiency declines. Aircraft with four engines are less fuel-efficient
than those with two.
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Figure 13.56. Diagram of fuel efficiency vs. maximum take-off mass of aircraft on transatlantic routes

13.2.6.8 Technologies to improve fuel efficiency, others than engines.

Reducing fuel consumption on modern aircraft can be achieved by investigation and implementation
of new technologies into production. The range of research being conducted is quite wide. All aircraft
systems are subject to improvements. Engineers and scientists are continuously struggling to reduce
the weight of the structure, increasing the wing lift, while reducing the final weight of each aircraft
system as well as maintaining its fail-operational capability and reliability. This concerns not only the
systems providing aircraft operation, take-off or landing, but also the systems providing passenger
comfort and commercial attraction of the flight as a whole.

In addition, ecologists are concerned about the increase in the share of emissions from commercial
aircraft; this is another incentive for the development of fuel-saving technologies. Furthermore, new
ICAO standards for permitted noise levels of the aircraft, whose take-off weight exceeds 55 tons, came
into operation on December 31, 2017. This is an additional incentive for aircraft manufacturers,
pushing them to introduce and develop technologies that reduce fuel consumption by aircraft engines
since the level of noise produced directly depends on the amount of fuel consumed[49].

ICAO’s CO: emission standard rewards technologies that reduce fuel burn. ICAO has estimated that
achieving the targets for CO2 emission reduction requires an annual fuel efficiency improvement by
2%. Assuming that the metric value reduction persists, it can be concluded that industry is lagging
behind both the 2020 and 2030 ICAO goals by approximately 12 years. Given this trend, it appears
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unlikely that ICAO CO; targets can be achieved without additional support from governments. Any
CO; emission standard should ensure additional emission reductions by taking into account the
baseline level of industry improvement; also, it is necessary to avoid setting a standard that would be
overtaken by “natural” improvement. Even if the adopted standard is stringent enough to
incrementally improve fuel efficiency beyond the usual level, a supporting measure may be needed
to promote structural efficiency, including the use of lightweight materials and the increase in aircraft
design efficiency. Differentiated handling fees based on the fuel efficiency of in-service aircraft is one
potential incentive[48].

At the moment, the aviation industry needs new technological solutions and materials that can reduce
the weight of an empty aircraft while providing the necessary strength standards. The most promising
ones are discussed here after.

Integrated configuration

One of the promising areas of aircraft development is the introduction of an integrated configuration
of the airframe. This will reduce the fuel consumption of production aircraft by increasing wing
efficiency. It is also expected to reduce noise due to the concealment of the power unit by airframe.

However, along with the advantages, there is a number of unsolved problems. The first one is the
instability and poor control of this type of aircraft due to the absence of empennage. This problem is
partially solved by the fly-by-wire control system, which is already widely used on aircraft of classical
aerodynamic configuration. Aircraft with an integrated configuration is widely used in the military
sphere. The main advantage of this airframe design for the military is the reduction of its radar
visibility. Moreover, power plants with thrust vector control have already been worked out and tested
on such aircraft, which partially helps to solve the problem with aircraft controllability. In addition, it
is important to note that increased requirements for reliability and flight safety are set for passenger
flights. In any case, the transition to the integrated configuration will not be instantaneous. According
to the IATA technology roadmap, the gradual introduction of this technology will begin after 2020,
followed by subsequent introduction after 2028.

The expected decrease in fuel consumption from the introduction of an integrated configuration will
be about 10-15%.

Winglets

Drag reduction is one of the most important tasks for scientists and engineers. Drag is the
aerodynamic force that opposes the forward motion of the aircraft. Drag is created not only by the
frontal part of the aircraft but also by the fuselage as a whole. Efforts are taken to design the aircraft
in such a way as to minimize the drag, but modern aircraft are huge, flying at high speeds, and
therefore drag reduction is still one of the most important factors taken into account when designing
modern aircraft [50].

The main method of drag controlling is to provide aerodynamic shape to all streamlined parts of the
aircraft. This is done to prevent flow breakdown at the trailing edge of the wing and the fuselage in
order to ensure more smooth airflow along with them. The wing is still the most important component
of almost all aircraft, it is not surprising that research to improve its efficiency is still in progress. In
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addition to reducing the total weight of the wing, its efficiency can be increased by reducing the wing
tip spill over.

This is achieved by the installation of special devices: winglets. The essence of their work is that when
air flows around the wing of the aircraft, vortices appear on its tips, and their formation is caused by
mixing of the air flowing over the wing with the air flowing under the wing, which provokes a decrease
in lift and efficiency of the wing as a whole. Increase of final weight of the wing is a negative factor in
the process of winglets installation. It is also necessary to consider the wingspan because hangars at
airports and service platforms are often designed for the final wingspan of a particular aircraft and
winglet installation will require solving this problem. The tips operate not in all power ratings and the
entire duration of the flight; the most effective solution is to use them during long-haul flights. In
addition, the winglets are an additional vertical plane, which will increase the influence of the
crosswind when landing.

The overall gain in fuel saving from the installation of winglets is about 1-6%.

Auxiliary power units (APU)

Another important direction in the development of fuel saving is the installation of auxiliary (additional
power) units. As a rule, an auxiliary power unit is a low-power engine, which provides the generator
operation for supplying power to airborne systems when the main engines are not operating. In
addition, some airports provide direct power supply to the aircraft, which also contributes to a
decrease in fuel consumption and CO, emissions. Manufacturers of auxiliary power units are
constantly working to improve their efficiency.

Since 1960, the power generated per kilogram of power unit weight has almost doubled, with a
decrease in fuel consumption for more than 40%. In the near future, manufacturers will continue to
improve the APU, more and more lightweight composite materials will be introduced into their design,
leading to even greater weight loss and increase in power generated per kilogram. Also, the APU will
be integrated with other aircraft systems, which will lead to an increase in their efficiency, as a result.

The overall gain in fuel economy from improving the APU is from 1 to 3%[50].

Fuel cells

In the long term, manufacturers are considering the option of replacing the APU with high-efficient
fuel cells. This fact will allow eliminating completely the APU and supplying power to airborne systems
from the fuel cell. In general, any fuel cell has 2 electrodes, anode and cathode, between which the
reaction takes place, producing an electric current. Hydrogen is used as a fuel, but fuel cells also
require oxygen for the reaction to proceed. However, cells can also work from an external source of
chemical energy (hydrogen and oxygen), while they are not exhausted as lithium batteries and with
sufficient supply of chemical elements can function almost infinitely. In the course of a chemical
reaction, combustion does not occur. The oxidation of hydrogen is a very efficient electrolytic process.
During the reaction, the hydrogen atoms interact with the oxygen atoms, the electrons are released
and flow through the external circuit as electric current, the result is a harmless product, ordinary
water.
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Fuel cells are quite diverse; among them, there are small devices that produce only a few watts of
electricity, and large units capable of producing megawatts of electricity. The principle of operation
of all fuel cells is based on the current flow between two electrodes, separated by a solid or liquid
electrolyte, which carries electrically charged particles between them. Catalysts are commonly used to
accelerate the reaction. Fuel cells are classified according to the nature of the electrolyte used.
Different types of cells require different materials and different types of fuels used in each specific
situation.

Fuel efficiency improvement makes up 1-3%.
Composite materials

Another important element of the aircraft, requiring weight reduction, is the fuselage. It is the aircraft
construction base, which bears the weight of all flight support systems, payload, fuel load, etc. Being
the most massive part of the aircraft, it has the greatest potential for weight reduction with a constant
strength. Another important factor is a weight reduction of aircraft systems, for example, lighter
carbon brakes, which replace the steel brakes, can save up to 250 kilograms. Options for all-electric
brakes are also considered, as they are lighter, their condition is easier to control, and also hydraulic
or pneumatic power supply is not required.

According to the report of Alan Miller, director of technology integration for the Boeing 787 program,
the percentage of composite materials used in the Boeing 787 reaches 50%. The main elements such
as fuselage, engine nacelle and controls are made of composites. At the same time, some critical parts
remain metal: engine attachments, leading edges of the wing and empennage.

A few days before the Dreamliner’s first flight, Boeing published a document for airlines. Its essence
was that the take-off weight of the aircraft exceeded the design weight by 9.25 tons in comparison
with the stated two years earlier. Airlines ordered 840 aircraft, based on Boeing's forecasts for speed,
range, payload and fuel saving; all these indicators were decreased by the additional weight. Mike
Delaney, the chief engineer of the 787 project, assured that the Dreamliner will still achieve its planned
performance and, according to initial forecasts, will become more efficient by 20% in comparison to
previous Boeing models. The problem of weight reduction was intensified on the 787 model when
Boeing engineers discovered a structural defect in the attachment of the wing to the fuselage and
had to strengthen these components with titanium fittings. The only detail that Boeing does not
disclose is the empty weight of an aircraft. This situation is quite common.

The last 25 years of the development of aviation industry show that aircraft will also become lighter
due to weight reduction in aircraft interior. The intensity of aircraft utilization enables to make
modifications only at the stage of scheduled maintenance, especially with regard to components of
large aircraft subsystems, such as lighting, fuel and electrical systems. Regular maintenance allows
identifying and correcting minor defects, such as scratches, chipped paint, which ultimately leads to a
fuel saving of about 0.5%.

Soon, new types of paints will become available, their weight is expected to be 10-20% lower
compared to the currently available analogues. New coatings that will be more resistant to scratches
and fractures are also under development. Some companies have begun to use a new method of
painting the aircraft, which eliminates the need to cover the aircraft with a 3mm layer of paint, which
saved about 136 kg of paint and reduced the final weight of the aircraft.
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Figure 13.57. The percentage of composites used in Boeing 787 design
Optimizing the route network

The optimization of the traffic logistics also contributes to fuel saving. Air carriers strive to optimize
their rout workload to the full extent to increase the efficient use of fuel. The workload of various
routes is a function of many factors, seasonal factors playing a decisive role: vacations, holidays,
specific events of global scale like the Olympic Games or the World Football Championship. More
flexible use of the aircraft fleet allows air carriers to adjust to specific tasks, and to optimize long and
mid-range flights. New route optimization methods can also contribute to the increase in passenger
number per flight, and thus reduce the amount of fuel per passenger. In addition, pilots receive more
information about the wind velocity and direction, so they can adjust to present flight conditions. The
aircraft centre of gravity plays an important role; the distribution of a slightly heavier load towards the
back of the aircraft provides a significant gain in fuel saving (up to 0.5% per flight).

According to specialists, 8% of the fuel is lost due to inefficient flight routing by air carriers. With the
intensification of passenger air traffic, the problem will have global effects[50].

Preparing for take-off

The development of precision navigation systems helping to reduce route deviations is another
method for increasing fuel efficiency. Emphasis is put on the optimization of work of air navigation
service providers (ANSPs) and the design of new take-off, cruise and landing procedures and routings
which take into account fuel saving factors. A number of airports and airlines are implementing the
so-called ‘green departures’, allowing pilots to take-off and climb to the optimal cruising altitude in
one smooth, continuous ascent. This resonates with existing methods of climbing to the cruising
altitude in several steps. By using these new take-off and landing procedures at one airport alone,
10,000 tonnes of fuel were saved, and CO; emissions into the atmosphere were reduced by 32,000
tonnes in one year. Using satellite-based precision navigation systems such as “Area Navigation”
allows re-designed aircraft to fly with the highest fuel efficiency between airports in the world. The
optimization of the take-off and landing system has reduced departure delays of more than 2.5
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minutes. Annual fuel savings are estimated at $34 million, with cumulative savings of $105 million
from 2006 through 2008[50].

Smooth ride technology

Turbulence area, the lateral wind not only cause discomfort but also rise fuel consumption because
of deviations from the course and excessive sinks. “Smooth Ride Technology” is designed to
countermeasure those effects. The systems use a wide number of sensors and calculating units, which
primary function is to monitor flight conditions and provide pilots with correct information on the
current state of aircraft and the flight stage, as well as to maintain a stable course and altitude of the
flight. Sensors around the aircraft measure changes in angular velocity and pressure distribution. Wind
gusts that cause yaw, pitch or roll, for example, are detected and recorded by gyroscopic sensors.
Similarly, vertical and horizontal forces on the craft are measured by accelerometers. At the same time,
pressure sensors detect pressure distribution changes around the skin of the airplane through a
selected (but unspecified) number of static air intake ports. Sensor data is then sent to a central
processing unit that delivers electric signals comes via a fly-by-wire system to actuator devices. Special
features of the Boeing technology are that the signal processing chain occurs, and the control action
is generated before inertial forces set into action.

If, for example, a strong horizontal wind gust hits the aircraft, the system calculates the pressure
differential across the vertical fin of the aircraft, then moves the rudder to counteract that gust. All of
this happens before the aircraft’s inertial response. The operation of this system, however, directly
depends upon the data processing speed of the on-board computer and any slight delay causing a
dramatic decrease in efficiency in the system. Using an improved fly-by-wire system will allow to
gaining a fuel saving of between 1 and 3 %[51].

13.2.6.9 Environment regulations

The aviation industry has always been almost exempted from policies that force the use of a specific
technology. Aircraft are made using technology that strictly satisfies safety requirements and due to
that, most of the times the technology used is a step behind the available ones at the moment.
Nevertheless, in a near future and due to the high growth expectations of the air traffic, it is possible
that some regulations related to aircraft emissions and noise will be defined, and this will impact on
the technology used by aircraft.

It is recognised that the contribution of aviation activities to climate change, noise and air quality
impacts is increasing, thereby affecting the health and quality of life of citizens. These impacts are
currently forecast to increase. Therefore, the ability of the aviation sector to grow is directly linked to
how effectively it responds to the major environmental challenges ahead. Significant resources are
being invested at the states level, as well as by industry, to address this environmental challenge.
While improvements are being made across various measures (technology, operations, airports,
market-based measures), their combined effect has not kept pace with the strong growth in the
demand for air travel, thereby leading to an overall increase in the environmental impact.

Recent certification data demonstrates that advanced technologies continue to be integrated into
new designs :
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e New aircraft noise standard became applicable on 1 January 2018, and new aeroplane carbon
dioxide (CO;) and engine particulate matter (PM) standards will become applicable on 1
January 2020.

e The average noise level of the twin-aisle aircraft category in the European fleet has significantly
reduced since 2008 due to the introduction of the Airbus A350 and Boeing 787.

¢ New technologies (e.g. supersonic and urban mobility aircraft) need to be carefully integrated
into the aviation system to avoid undermining progress in mitigating environmental impacts.

Policies regarding Global Greenhouse Gases (GHG) and emissions

In 2016, aviation was accountable for 3.6% of the total EU28 greenhouse gas emissions and for 13.4%
of the emissions from transport, making aviation the second most important source of transport GHG
emissions after road traffic[52]. Emissions from aviation are therefore subject to the EU’'s domestic
greenhouse gas emission reduction targets of 20% and 40% for 2020 and 2030 respectively, and they
are thereby part of the EU’s contribution to meeting the Paris Agreement objectives. Greenhouse gas
emissions from aviation in the EU have more than doubled since 1990 when it accounted for 1,4% of
total emissions. As emissions from non-transport sources decline, emissions from aviation become
increasingly significant [53]. European aviation represented 20% of global aviation’s CO, emissions in
2015.

Aviation is also an important source of air pollutants, especially of nitrogen oxides (NOx) and
particulate matter (PM). In 2015, it accounted for 14% of all EU transport NOx emissions, and for 7%
of the total EU NOx emissions. In absolute terms, NOx emissions from aviation have doubled since
1990, and their relative share has quadrupled, as other economic sectors have achieved significant
reductions. The carbon monoxide (CO) and oxides of sulphur (SOx) emissions from aviation have also
gone up since 1990, while these emissions from most other transport modes have fallen [53], [54].

According to the data reported by the Members States to the United Nations Framework Convention
on Climate Change (UNFCCC), the CO; emissions of all flights departing from EU28 and EFTA increased
from 88 to 171 million tonnes (+95%) between 1990 and 2016 (Figure 13.58). In comparison, CO;
emissions estimated with the IMPACT model reached 163 million tonnes (Mt) in 2017, which is 16%
more than in 2005 and 10% more than in 2014. Over the same period, the average fuel burn per
passenger kilometre flown for passenger aircraft, excluding business aviation, went down by 24%. This
has been reduced at an average rate of 2.8% per annum between 2014 and 2017.

However, this efficiency gain was not sufficient to counterbalance the increase in CO, emitted due to
the growth in the number of flights, aircraft size and flown distance. Future CO, emissions under the
base traffic forecast and advanced technology scenario are expected to increase by a further 21% to
reach 198 Mt in 2040. The annual purchase of allowances by aircraft operators under the EU Emissions
Trading System (ETS) since 2013 resulted in a reduction of 27 Mt of net CO, emissions in 2017, which
should rise to about 32 Mt by 2020.
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NOx emissions have followed a steeper upward trend than CO; in recent years (Figure 13.59). They
increased from 313 to 700 thousand tonnes between 1990 and 2016 according to the Convention on
Long-Range Transboundary Air Pollution (CLRTAP) data from the UN Economic Commission for
Europe, and by 25% between 2005 and 2017 according to estimates from the IMPACT model. Unlike
the CO; trend, current predictions indicate that the advanced engine NOx technology scenario could
lead to a downward trend after 2030. However, NOx emissions would still reach around 1 million
tonnes in 2040 under the base traffic forecast (+45% compared to 2005).
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Figure 13.59. NOx emissions will increase further, but advanced engine combustor technology could help curb their
growth after 2030

In 2010, EU and European Free Trade Association (EFTA) States agreed to work through the
International Civil Aviation Organization (ICAO) to achieve a global annual average fuel efficiency
improvement of 2% and to cap the global net carbon emissions of international aviation at 2020 levels.
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During 2012, Member States submitted Action Plans to the ICAO for the first time, outlining their
respective policies and actions to limit or reduce the impact of aviation on the global climate. Updated
and extended State action plans were subsequently provided in 2015 and 2018. The latest global
environmental standards were adopted by ICAO in 2017. These covers both aeroplane CO, emissions
and aircraft engine non-volatile Particulate Matter (nvPM) mass concentration. EASA has subsequently
supported the process to integrate these standards into European legislation [55] and will implement
them as of the applicability date of 1 January 2020.

The CO; standard provides an additional requirement into the design process that increases the
priority of fuel efficiency in the overall aeroplane design. It is an important step forward to address
the growing CO. emissions from the aviation sector and will contribute to the climate change
mitigation objectives of the UNFCCC Paris Agreement [56]. The nvPM mass concentration standard is
expected to ultimately replace the existing Smoke Number requirement. ICAO is also working on
future standards for both nvPM mass and nvPM number, which are based on the emissions that occur
during landing and take-off operations. These proposed standards will be discussed at the CAEP/11
meeting in 2019. If agreed, it is expected that they will be implemented too into the European
legislative framework.

EU air pollution legislation follows a twin-track approach of implementing both local air quality
standards[57], [58] and source-based mitigation controls (e.g. engine emissions and fuel quality
standards). Binding national limits for emissions of the most important pollutants have also been
established in the EU, but not all aviation activities are included[59].

Noise regulations

The EU Environmental Noise Directive [60] requires noise action plans to be drawn up by the Member
States addressing the main sources of noise, including aviation, with the aim of reducing the impact
of noise upon populations. The first action plans were developed in 2008 and thereafter again in 2013
and 2018. Member States have identified a range of specific measures in their action plans to address
noise from aviation-related sources. These include operational measures which reduce noise from
aircraft operations (e.g. optimised flight procedures, airport night-time flight restrictions, charges for
noisier aircraft), and measures focused on reducing noise at the receiver (e.g. sound insulation of
houses). Out of the 85 major airports in the EU (airports with more than 50,000 movements in 2011),
approximately two-thirds had adopted an action plan at the end of 2018.

The EU and EFTA have aircraft and engine environmental certification standards [61] which refer
directly to the equivalent International Civil Aviation Organization (ICAO) standards [62]-[64]. ICAO's
Committee on Aviation Environmental Protection (CAEP) is responsible for maintaining these
standards.

Jet and heavy propeller-driven aircraft must comply with noise certification requirements and the
associated noise limits referred to as Chapters 13.2.1, 13.2.2 and 13.2.11 [62]. These Chapters represent
the increasingly stringent standards that have been agreed over time.

Figure 13.60 illustrates the differences between the noise certification standards with noise contours
for four hypothetical 75-tonne jet aircraft that just meet the various Chapter limits. The contours
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represent areas that are exposed to noise levels greater than 80 dB during one landing and take-off
and can be seen to reduce overtime from the first Chapter 13.2.1 “Objectives” standard applicable
before 1977 to the latest Chapter 13.2.11 standard applicable in 2018.

- ———= > > .

0 10 20km
L 1 | 1 ]

Chapter 2 (before 1977, contour area 208 km-)

Chapter 3 (1977, contour area 63 km?)

—— (Chapter 4 (2006, contour area 35 km?)
Chapter 14 (2018, contour area 24 km')

Figure 13.60. Single landing and take-off 80 dB noise contours for four hypothetical aircraft that just meet the noise
limits of the various[62]

Figure 13.61 presents an overview of the improvement in aircraft noise technology design
performance over time in terms of the cumulative 6 margin to the Chapter 12.2.1 "Scope” limits [64].
While recognising that aircraft are often sold in various configurations, the figure only contains data
for the heaviest weights and maximum engine thrust ratings. As the associated noise limits are higher
for larger, heavier aircraft, this figure permits a comparison between the relative performance across
a range of different aircraft types. The data has been reviewed, and new aircraft noise levels that have
been certified by EASA during the 2016 to 2018 period have been added. Although these latest
additions have a similar margin to aircraft from the period 2010 to 2015, they are still well below the
applicable limit.

A view on future development goals that illustrate which technology could be potentially achieved in
2020 and 2030, along with uncertainty bands, has been maintained in Figure 13.61. These are based
on a review of noise technology by independent experts (IE) for the ICAO Committee on Aviation
Environmental Protection that was performed between 2010 and 2013 [65]. The four categories cover
most current jet aircraft families, except for the A380, which is added for information. An estimate is
also provided for a small/medium-range aircraft powered by two Counter-Rotating Open Rotor
(CROR) engines, which are expected to be able to just meet Chapter 13.2.11.

Figure 13.62 represents the average noise margin to the Chapter 13.2.1 “Scope” limit for all aircraft
built in a given year that has been registered in the EU or EFTA after 2000. In order to illustrate the
trend of technology purchased over time, the data is plotted by build year and displayed in five
categories. Figure 13.62 shows that the margin to the Chapter 13.2.1 "Scope” limit actually decreases
for regional jets, despite the general trend of improved aircraft type certification noise levels. This
decrease in margin is primarily due to the market purchasing larger models and heavier weight
variants (e.g. shifting from ERJ-145 to EMB-175 regional jets). The introduction of the Bombardier
CS100 and CS300 aircraft in 2016, subsequently renamed the Airbus A220-100 and-300, appears to
be responsible for the improved margin in that year. While the single-aisle trend has been relatively
flat, the recent introduction of the re-engined Airbus A320neo and Boeing 737 MAX aircraft is
expected to lead to future improvements in the margin. With respect to the twin-aisle category, the
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improvement in noise margin from 2008 is primarily associated with the introduction of the Boeing
787 and Airbus A350 aircraft types.
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Figure 13.61. Improvement in aircraft noise performance has occurred over time
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Figure 13.62. Average cumulative noise margin to Section 13.2.1 “Scope” for aircraft built in a given year and
registered in EU28+EFTA after 2000.

13.2.6.10 Manufacturer Subsidies

Plane manufacturers have been benefiting from governmental subsidies since the beginning due to
the economic importance of the aircraft market and the high development costs that it involves.
Regarding competence, subsidies effect in terms of reducing development costs, and so it affects
pricing, which impacts on rival performance. The World Trade Organization set up some rules for the
commercial aviation market back in 1992. This agreement states the following:

e On the one hand, it puts a ceiling on the amount of direct government support (33% of the
total development costs) for new aircraft programmes. It establishes that such support
(granted in the form of launch investments, which are repayable royalty-based loans) will be
repaid at an interest rate no less than the government cost of borrowing and within no more
than 17 years. Basically, this discipline applies to the form of government support mainly in
use in Europe.

¢ On the other hand, the agreement establishes that indirect support (e.g. benefits provided for
aeronautical applications of NASA or military programmes) should be limited to 3% of the
nation's LCA industry turnover. This discipline is primarily targeted at the support system in
use in the US. In contrast to the European system of repayable launch investment, there is no
requirement for indirect support to be reimbursed and the generous ceiling of 3% is calculated
on the larger basis of the turnover of the LCA industry and applies per individual year.

Both Airbus and Boeing have accused each other several times of using illegal subsidies for their
developing programs in both direct and indirect forms. In 2017, Boeing claimed Airbus $21 billion in
illegal subsidies in form of launch aids for its programs A300, A340, A380 and A350. On the other
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hand, Airbus claims that illegal subsidies provided to Boeing have caused the loss of 300 aircraft sales
valued in $15-20 billion.

13.2.6.11 China market evolution.

China is one of the most rapidly growing economies in the world, with an expected GDP growth of
4.8% per year. Chinese GDP is estimated to represent the 19% percent of the global GDP by 2037
(according to Boeing Commercial Outlook). This economical growing will also have effects in the
aviation market. Today, Chinese airlines account for 14 percent of the global traffic, and the
perspectives on the future are growing to over 20% of the global traffic in 2037.

Today, china'’s aircraft fleet represents 15% of the global fleet, with more than 3500 aircraft on service.
Boeing forecasts this number to grow and reach 8600 aircraft on service by 2037, representing 18%
share of the world's fleet. Boeing has also forecast a decrement of the single-aisle fleet: In 2017, 79
percent of the aircraft on service in China were narrow-body aircraft, whereas in 2037 single-aisle
models will represent around 71 percent. According to this forecast, bigger wide-body aircraft, due to
the higher demand and/or limited capacity, will operate several routes now operated by single-aisle
aircraft.

China is undoubtedly an important target for plane manufacturers, due to the high economic potential
that it has, with a market value of more than $1100 billion. Historically, air fleet of Chinese airlines has
been mostly composed by Boeing aircraft. Nevertheless, last data from August 2018 showed Airbus
dominancy in the rapidly growing Chinese market. Despite all of this, the country is showing off a lot
of effort to develop its own aerospace industry. The Chinese manufacturer COMAC aims to
manufacture the first Chinese single-aisle jet to compete with B737 and A320 western models.

The Chinese market is very singular since every contract signed by an airline with an airplane
manufacturer has to be previously approved by the Civil Aviation Administration of China (CAAC). This
put serious limits on the free trade of jets in the country. For example, if China decided to favour
orders to either supplier, as a form of legislation against the U.S. or Europe, that could remove around
25% of single-aisle sales from the other manufacturer.

13.2.6.12 Low-cost operation in the Middle of the Market

Airline business models evolve over time to meet the needs of customers, to take advantage of the
opportunity and to respond to their competition. There is no doubt that whilst not new, the low-cost
model has helped to deliver additional growth, through the provision of low fares and new city pairs
largely, but not exclusively, to the leisure market. Businesses are also benefiting from the new routings
and additional connectivity that the model delivers. In recent years, the low-cost model itself has
evolved with ultra-low-cost and mid-haul low-cost variants growing the number of seats they offer.

Low-cost business models would not have flourished without the relaxation of government-regulated
airline ticket pricing and the removal of regulatory barriers to new market entrants. Recent strong
growth of low-cost carriers (LCCs) in the ASEAN area of Southeast Asia illustrates the high impact of
the market liberalization. New entrants in this market have reduced airfares and added vast numbers
of new routes particularly within the region. The expectation is that the trend toward more liberal air
travel markets continues, as consumers have come to expect increased choice and lower prices for
airline travel. It is certainly crucial for the continued health of air travel that such liberalization
continues around the world.
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Asia/Pacific region leads the low-cost long-haul expansion, offering around 40% of the share of seats
offered in 2017, in low-cost operations above 2500 nm. The number of seats has been growing
exponentially during the last decade, as shown in Figure 13.63. Mid-haul low-cost connections
between Europe and North America appeared in 2013 by LCCs such as Level or Norwegian and have
been rapidly growing during the last 4 years till reaching 30% of the volume of seats. Another
important passenger flow covered by LCCs is Asia/Pacific-Middle East, which represented 11% of the
total number of seats offered.
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Figure 13.63. Low-cost Carriers seats offered in operations above 2500 nm (Millions).[27]

The number of connections made by LCCs is continuously increasing, especially due to the extended
use of secondary airports as airline HUBs, due to the lower fares. In the Middle of the Market (i.e. for
mid-haul flights), the number of routes offered by the LCCs is around 11% of the total market. Figure
13.64 shows the number of mid-haul connections made by LCCs in 2018. Europe and North America
are the regions more connected by this type of carriers, followed by Asia-Pacific countries. Also,
Europe and Latin America are starting to be connected by LCCs as the liberalization of the Spanish-
Latin American air travel begins. The airlines considered for this analysis can be found at [66], and the
routes from the OpenFlights.org [22] database.
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LCCs routes in the Middle of the Market
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Figure 13.64. Low-cost Carriers number of routes in the Middle of the Market

Considering the totality of operations, the share of LCCs against traditional carriers rounded 30% in
2017 [67] just in Europe, whereas for 2019 has increased to 42% and even 62% for Southeast Asia.
Other regions, like Russia and Central Asia, have not developed this business model like in the rest of
the world, with only 5% of LCCs operations [68]. The global average in 2018 for short-haul operations
(<3000 nm) was 33%. The big presence of LCCs in short-haul flights is mainly due to the regional
liberalization of the market between neighbouring countries. While this tendency spreads worldwide,
the share of the LCCs in the Middle of the Market is also expected to reach around 30-35% in the
following years.

13.2.6.13 Increase in airport congestion

After nine straight years of above-trend passenger growth, many airports are experiencing pressure
on operational capacity. This is particularly acute in high-growth regions such as Southeast Asia, China,
India and in Western airports where airport expansion is artificially restricted, such as in many parts of
Europe.

Adding airports is the most direct means of increasing capacity in the system. Between 2012 and 2018,
the world added a net of 176 airports. Most of these (165) were in the Asia-Pacific region. While many
airports were newly built, some recommenced commercial service or were converted from military
use. Growth through improving existing facilities is more prevalent in well-established aviation
markets, with most of the new airports being built in emerging markets. The Asia-Pacific region leads
this investment boom with 17 new airports and 17 additional runways planned to open by 2030.
Secondary airport growth has also been strong in many regions, absorbing passenger growth from a
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nearby primary, or hub, airport. Low-cost carriers have grown rapidly at secondary airports because
here they avoid the expense, delays and congestion of many primary airports.

In 2018, PARE examined European airport network efficiency through analysing operations and
measures that have been taken in the past and to be taken in the following years to improve capacity.
In the 2018 YR1 report PARE concluded that major airports are already congested, and traffic flows
are harder and harder to cope with. In 2010, five major European airport hubs were at saturation, that
is, operating at full capacity: Disseldorf, Frankfurt, London Gatwick, London Heathrow, and Milan
Linate [69]. Key findings in this study were summarized as in [70]:

e Over a European network of more than 2100 airports, 528 airports account for just 25% of
airports, but 98% of the departures. Also, the 25 largest airports in Europe generate 44% of all
flights and 90% of all traffic comes from the largest 250 airports;

e There is a geographical concentration of airports in the region London-Amsterdam- Munich-
Milan, which creates dense air traffic, with large numbers of climbing and descending aircraft,
a significant challenge for the terminal area and en-route capacity;

e The cities closest to Europe’s busiest airports have between 4 and 46 airfields within 100
kilometres (km) from the city centre. For 8 of the 10 cities close to Europe’s biggest airports, a
single airport handles 80% or more of all the departures within 100 km;

e By 2030, it is expected that no fewer than 19 airports will be operating at full capacity eight
hours a day, every day of the year, which means they will be highly congested and 50% of all
flights will be affected by delays upon departure or arrival or both.

During the past years, it has been identified a growing gap between capacity and demand at a number
of busy European Union (EU) hubs, being predictable that Europe will not be in a position to meet a
large part of the expected demand due to a shortage of airport capacity. In concrete terms, in 2050,
it is estimated that 36% of flight demand will not be accommodated at European airports. Table 13.13
shows the airport congestion forecast for 2025 and the capacity assumptions back in 2010.
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In 2009, Givoni and Rietveld [71] explored the implications of the choice of aircraft's size by airlines
into airport congestion, analysing more than 500 routes in the EU, US and Asia and providing
evidences that the choice of aircraft is mainly motivated by route characteristics (e.g. distance, level
of demand and level of competition) and almost not at all by airports’ characteristics (e.g. number of
runways or level of congestion).

Airlines’ choice of aircraft size has a direct effect on congestion at airports that operate close to
capacity. At Chicago, O'Hare congestion prevails during long periods of the day. In 2004, the cost of
congestion imposed on a United Airline’s flight departing at 15:00, when there were 28 aircraft
queuing for take-off, was estimated at $10,035 and on a flight departing at 18:00, when there were
27 aircraft queuing for take-off, at $5,165 [72]. At the current situation, "even a relatively small change
in the number of flights has the effect of reducing delays considerably"

Offering less frequency and bigger aircraft on some flights would help to reduce congestion in airports
that have reached their maximum levels of capacity. The Average number of seats offered by airlines
in 2018 was 191. The Airline Monitor [73] forecasts this number to grow up to 220 by 2040. In this
case study, a scenario where the airport congestion prevails will be examined. In this situation, airlines
will be forced to use bigger aircraft and offer less frequency on some routes. This scenario is described
in Section 13.2.13.

There is a lot of information and different points of view when it comes to commercial aircraft market
forecast. This industry is growing geometrically every year so that its analysis becomes more and more
difficult due to the different factors influencing the trends and the changing nature of its dynamics.
Many companies and authors divide and explore different sublayers of the market, such as
Bombardier in [74], where focuses on the regional jet market. Other authors divide the market
according to aircraft seat capacities, like Airbus [27] or Boeing [28]. Nevertheless, there is no published
forecast related to the Middle of the Market. This segment of the market, of which borders are
uncertain for many analysts, holds more than 20% of the delivered aircraft.

The main objective of this chapter is to obtain a detailed Middle of the Market forecast based upon
the information analysed in 05 about different market forecasts together with additionally open-
source data of routes and types of planes used as a baseline. This market MoM will be useful to better
understand the trends of this particular segment and quantify its size and value.

13.2.7.1 Forecast methodology

In this section, the methodology used for forecasting the MoM aircraft market is presented. First, the
baseline forecast, and the ranges established for the calculations will be discussed, comparing the
results of the general market forecasts showed in 0. After it, the source of data and the way of treating
the information will be discussed.

Baseline forecast and forecasts ranges.

The five market forecasts presented above give a big amount of information regarding aircraft
deliveries expectations and fleet renovations. Each one of the authors has used their own hypotheses
and data from different sources, which leads to significant differences in the results. Moreover,
segmentation of the market differs one from another, especially when it comes to manufacturers, as
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presented in previous sections. Discrepancies between market forecast have been discussed in the
previous section, providing a qualitative comparison of the hypotheses and results. Despite all those
differences, the forecasts presented represent a strong data set and give solid information about the
market and prognosis over time. PARE will integrate the information of these market forecasts in order
to provide the most possibly detailed data about the Middle of the Market sector, establishing a set
of conclusions out of it.

The five market forecasts analysed predict air traffic to grow in the period of 2017-2037 with an
expected yearly rate in the range of 4.5% to 5.1%. The most “optimistic” numbers are the ones from
the Airline Monitor report, which expects the worldwide passenger turnover (RPK) to triplicate over
the forecast period, with an average yearly growth of 5.1%. On the other hand, the most “pessimistic”
ones belong to Airbus’ report, as well as the Japanese JADC. In the middle of this range, there is
Boeing's approach, which estimates a rate of 4.7% yearly growth, alongside the Russian UAC, with an
estimation of 4.6% per year.

PARE's Middle of the Market forecast will be structured around Boeing's traffic prognosis values, using
the results of the open dataset released by the company as a baseline for the calculations. In addition
to this, two alternative scenarios will be analysed: First, an “optimistic” approach based on the highest
numbers on air traffic growth according to the results presented in the Airline Monitor report, and
secondly, a “pessimistic” approach using the lowest numbers of the forecast, i.e., a growth of 4.5% per
annum. This will provide a range of acceptable values based on the experience of the companies that
performed the previous forecasts. Thus, the results will be more consistent and contrastable.

Data sources and steps

The data of the previous general market forecasts presented will be used to predict the MoM sector
size and growth perspectives. Figure 13.65 shows a summarized scheme of the methodology. As
shown in the picture, for the baseline forecast, this consists of two main steps: the traffic forecast and
the fleet forecast. Each step groups data from different sources and different calculations as stated
hereafter:

1. MoM traffic forecast: the MoM traffic size is calculated based on the data provided by the
Boeing Global Market Forecast [28] dataset and the RPKs distribution by distance and region
provided by the UACs market forecast report [30]. Using this data and the annual growth by
region percentage estimated by Boeing (for the baseline forecast) the MoM traffic demand is
projected over the period 2018-2040.

2. MoM fleet forecast: using the traffic prognosis calculated in the previous step, the fleet size
is estimated using airline performance data provided by the Airline Monitor market forecast
report [73]. The fleet is calculated yearly over the projected air traffic demand. An insight over
the calculations in this step is provided in the Annexes. Additionally, the retirements of the
MoM sector are estimated using the Airline Monitor retirements forecast, which details
forecast retirements by model for the period 2018-2050. Integrating this information with the
estimated Middle of the Market share of each model presented in 0, it yields the retirements
forecast by model for the MoM sector specifically. The total fleet in 2040 will be composed of
those aircraft that stay in service from nowadays’ fleet, and new deliveries. Equally, new
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deliveries will be destined to either replace older aircraft from the actual fleet or to expand the

fleet.
Integrate air traffic flows forecasts by region information (Boeing CMO, Airbus
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Figure 13.65. MoM forecast methodology

13.2.7.2 MoM sector forecast results

Following the methodology presented in the previous section, the following results have been
extracted. First, the RPK distribution by distance is extracted from the UACs report and the traffic
forecast results are shown. After it, the results of the fleet forecast are presented both by region and
globally, and the evolution over the forecast period. Finally, the retirements and resultant deliveries
forecast results are discussed.

Passenger turnover distribution by distance

The passenger distribution by distance is calculated by UAC in [30]. Figure 13.66 shows the differences
between regions regarding flight distance tendencies. Regions like China, South America and the
former Soviet Union (CIS), predominantly travelled shorter distances in 2017, whereas in other regions,
like the Middle East, the majority of the air traffic was concentrated in medium- (46%) and long-haul
(22%) flights. In Europe and North America, the distribution is closer to the world's average, which
was 62% for short-haul, 21% for medium-haul, and 15% for long-haul traffic.
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PASSENGER TURNOVER (RPK) DISTRIBUTION BY DISTANCE TRAVELLED
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Figure 13.66. Passenger turnover distribution by distance travelled and region in 2017 and 2037 forecast. [30]

UAC's 2037 forecast predicts this distribution to change regionally, for example by an increment of
the short-haul traffic in China, or an increment of the medium- and long-haul flights in the Middle
East. Nevertheless, there is no change forecast in the overall worldwide distance distribution.

‘Middle of the Market’ traffic forecast

The analysis below showed that the Middle of the Market (or medium haul) traffic 21% of the total
passenger revenue (RPKs) worldwide. The following section will present the traffic forecast of this
segment by region, considering the total distribution presented above. The MoM traffic forecast
results by region are summarized in Table 13.13

12.8%

2628.1

2.6% 1784.5 23.5% 431.6 8124
5.9% 748.3 45.5% 362.2 1407.9
3.5% 2244.0 23.5% 542.9 1021.3
5.4% 413.2 17.2% 74.8 228.7
4.6% 168.7 23.5% 41.6 119.7
3.5% 257.0 24.9% 66.1 138.6
4.5% 7986.8 22.6% 1884.4 4836.5

Table 13.13. MoM traffic forecast values

The following figure shows the traffic forecast in terms of passenger revenue (RPK) by region.
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Figure 13.67. Middle of the Market traffic forecast

Most of the mid-haul traffic is concentrated on the flows Middle East-Europe, EEUU-Europe and
Middle East-Northeast Asia, mainly due to business reasons. Figure 13.67 shows that the traffic in the
medium-haul segment will be incremented by a factor of 2,4 worldwide, with more importance in
some regions like the Middle East, where it will triplicate its demand or the area of Asia-Pacific region.
In general, mid-haul traffic will grow at a slower rate than the general traffic, since the regions holding
the majority of the worldwide passenger revenue are those where the traffic is concentrated mostly
on short-haul flights. Moreover, the traffic forecast is based on UAC's data of passenger revenue by
the segment of the flight, which predicts the Middle of the Market traffic to slightly decrease by 0.3%
in 2037.

Fleet forecast

The traffic forecast presented in the previous section shows that the Middle of the Market represents
about a 21% of the total air traffic in the world, and UAC estimates that it will maintain its contribution
over the next 20 years. In every region, the evolution will be different, as estimated in the analysed
market forecasts of the previous section. In this section, the Middle of the Market fleet forecast will
be presented, focusing on the division of the market by regions and estimating aircraft retirements
and deliveries in the segment over the period 2018-2040.

The forecast uses a methodology focused on the capacity of the sector needed to satisfy a determined
air traffic demand. With the air traffic volumes forecast in the previous section, the required fleet to
serve this demand is calculated based on a standard aircraft seat configuration, as well as several
aircraft performance indicators (such as utilization time or block speed). For an insight over the details
in this calculation see the Annexes located at the end of the document.
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The standard aircraft seat-configuration assumed for this analysis has been determined from the
analysis of route trends in the Middle of the Market regionally, and it varies significantly between
regions.

Region Average seats  Av. Load Factor  Utilization (h/day) Block speed (km/h)
APR (inc. China) 277 82% 8.9 594
North America 267 84% 8.5 665
Middle East 295 78% 9.9 695
Europe 276 84% 9.8 623
Latin America 249 82% 8.9 594
Africa 272 71% 5.5 637
CIS (inc. Russia) 216 81% 8.8 623
World 273 80% 8.9 666

Table 13.14 shows the average capacity offered by each region for routes on the mid-haul segment
during the year 2018. There are significant differences between regions of the world, with Asian and
Middle Eastern airlines offering higher capacity for MoM routes than in the rest of the world. This is a
reason why the market is differently weighted in each region.

Region Average seats  Av. Load Factor  Utilization (h/day) Block speed (km/h)
APR (inc. China) 277 82% 8.9 594
North America 267 84% 8.5 665
Middle East 295 78% 9.9 695
Europe 276 84% 9.8 623
Latin America 249 82% 8.9 594
Africa 272 71% 5.5 637
CIS (inc. Russia) 216 81% 8.8 623
World 273 80% 8.9 666

Table 13.14. Average capacity offered in mid-haul routes. Data

Using this standard configuration and the air traffic volume data from the previous section, the
estimated fleet for the forecast period was calculated. Geometric growth of the 4.7% [28] per year
on the traffic has been assumed, which results in a growth of 4.2% annually on the global MoM fleet.
Additionally, airline performance parameters have been assumed to improve over time. These
indicators are an important factor when calculating the fleet based on the traffic volumes, meaning
that a higher airline performance will result in smaller fleet growth. These parameters’ values in 2018
are shown in

Region Average seats  Av. Load Factor  Utilization (h/day) Block speed (km/h)
APR (inc. China) 277 82% 8.9 594
North America 267 84% 8.5 665
Middle East 295 78% 9.9 695
Europe 276 84% 9.8 623
Latin America 249 82% 8.9 594
Africa 272 71% 5.5 637
CIS (inc. Russia) 216 81% 8.8 623
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Table 13.14, and their improvement over time is as follows:

- Average load factor, which in 2018 had been 82%, and has been assumed to grow at 0.5%
annually.

- Aircraft utilization was, on average, of 8.9 hours per day in 2018, being higher in regions like
Europe (9.8) or Middle East (9.9), and it is assumed to grow till 9.1 hours per day by 2040.

- Block speed was 656.1 km/h on average in 2018, and it is assumed to reach 666.1 km/h by
2040.

At the same time that the fleet is growing due to the demand for more aircraft to cover the demand,
the actual fleet gets older and eventually needs to be replaced. Thus, some of the newly delivered
aircraft will be accountable to replace the older fleet, whereas some of these aircraft will remain active.

'MoM' fleet forecast by region
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2018 993
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Figure 13.68. MoM fleet forecast by region
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Table 13.15. Fleet, retirements and deliveries by region

Forecast values show that global MoM fleet will be 2.5 times bigger in 2040 than what it was in 2018.
Some regions will experience a bigger growth in terms of the fleet within this market, which can be
translated into Middle of the Market main business focuses. Asian airlines (which include those from
Middle-East and Asia-Pacific regions) will account around the 50% of the total mid-haul fleet, whereas
Europe and North America will decrease their share of the total fleet from the 50% in 2018 to 37% in
2040, as a result of the accelerated growth from the emerging countries. These results are illustrated
in Figure 13.68.

More than 2500 aircraft belonging to the MoM sector will be retired worldwide, and the global market
will account more than 8400 deliveries in the forecast period. The results of the forecast are presented
in Figure 13.69, differentiated by region. The Asia-Pacific region together with the Middle East will
account more than 60% of the deliveries within this market, whereas Europe and North America will
receive a third of the total new-built aircraft. A total of 588 aircraft will be retired in Europe within the
MoM and 520 in North America, which means 59% of the 2018 fleet, will have to be replaced in both
cases. Asia-Pacific and the Middle East have different tendencies, with most of the deliveries
accounting to the growth of the fleet, but also they will experience a big renovation of the fleet. Nearly
80% of the 2018 MoM fleet will be replaced by 2040 in Asia-Pacific, and about 90% in the Middle East.
73% and 76% of the deliveries will expand the fleet of the Asia-Pacific and Middle Eastern airlines,
respectively. In Europe and North America, these fractions are of 60% and 57% respectively. A
summary of the retained, replaced and new aircraft is illustrated in Figure 13.69.

'Middle of the Market’ fleet evolution
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Figure 13.69. Middle of the Market fleet evolution.

The results of the MoM forecast here presented can be contrasted and verified with the aircraft market
forecasts from different authors that include the totality of the aircraft market and were exposed in 0.
The forecasts made by Boeing or Airbus can be taken as reference for the comparison. For example,
Boeing estimated around 42,000 deliveries in the period 2018-2037 in all segments. The value of 8470
MoM deliveries of this forecast represents 20% of the 42,000 aircraft forecast by Boeing. This value
can be considered as reasonable since the mid-haul traffic represents about 25% of the global air
traffic, according to 0.
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Forecast ranges

The MoM forecast determines the evolution over the time of the mid-haul traffic and the estimated
fleet that will compose this segment over the period 2018-2040. The values previously presented are
based on the air traffic growth forecast by Boeing in [28], and constitute the baseline forecast. Other
air traffic forecasts were analysed in the previous section, providing a range of acceptable values from
either a more pessimistic or optimistic point of view regarding air traffic growth. Thus, in [73] the
Airline Monitor, more optimistically, forecasts annual growth of 5.1%, whereas Airbus is more
conservative in [27] and forecasts a 4.5% annual growth. The Middle of the Market traffic growth, fleet
and deliveries were calculated using the different approaches, as shown in Table 13.16.

Values Low demand Baseline High demand
MoM Traffic 2040 [bill. RPK] 4836.5 5067.5 5302.2
MoM Fleet [units] 8945 9497 9907.8
Deliveries [units] 8091 8655 9073

Table 13.16. Forecast ranges

The variation over the baseline forecast is shown in Figure 13.70, rounding values of 6% for deliveries
and 5% for the fleet forecast respect to the baseline scenario. Replacements have been assumed
unaffected by the different scenarios since the dynamics of fleet renovations remains the same
independently of how the air traffic evolves. A more precise approach would be to consider certain
resilience of the fleet retirements to the demand since airlines are more eager to expand the life of an
aircraft due to the lower demand.

I Deliveries
I MoM Fleet
| MoM Traffic bill. (2040)
-8% -6% -4% -2% 0% 2% 4% 6%
OLow High

Figure 13.70. Forecast range of variation.

In this chapter, an aircraft program cost model is developed in order to estimate the payoffs for the
manufacturer’s strategies under different scenarios and varying market conditions. These payoffs will
be the outcome of the games that will allow determining the best manufacturers’ strategies to be
applied under different scenarios proposed in the study.
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However, it is important to note that there will be uncertainty in the model’s input parameters since
companies’ financial data are not public in order to protect competitive interests. For that reason, the
purpose of this study is to determine the rank ordering of manufacturers’ strategy payoffs with the
aim of using them in game theory analysis.

The payoffs will be calculated taking into account the aircraft total life-cycle cost (LCC), which include
typically four phases: design development, production, operation and retirement. Figure 13.71 shows
the different life cycle costs of a product, indicating that most of the costs are incurred in the
operational phase, and this is even more significant in the case of aircraft, which have very long-life
spans. For this reason, airlines decisions of purchasing an aircraft are very influenced by operating
costs, which makes manufacturers search efficient and profitable ways to reduce these costs since it
could allow them to gain significant market share.

The figure also shows that it is on the early phases of the product design that most of the LCC are
defined (at the end of the design process, around 80% of the costs are already defined, regardless of
almost everything that comes afterwards). This shows how important it is to design the right aircraft
since very little margin exists for the airline to reduce its operational costs.
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Figure 13.71. Evolution of Life Cycle Costs (committed and incurred). Source: Task Group SAS-054, Methods and
Models for Life Cycle Costing.

The model proposed in the study will estimate the costs of the following phases of the aircraft life
cycle: development, production and operation for the study period, which is framed between 2020-
2040. Figure 13.72 shows the methodology followed in order to calculate all the costs necessary to
develop the model, which comprises several steps. The final aim is to calculate the Net Present Value
(NPV), which is the output metric chosen to calculate the payoffs. The NPV metric is based upon the
existence and accuracy of a discount rate or factor, which is used to discount all forecast cash flows
to reflect the opportunity cost of capital, and NPV is computed as the sum of all the discounted cash
flows of a project. While the appropriate discount factor is often difficult to rigorously calculate and
confirm, the NPV method is consistent across different projects and provides a good baseline for value
measurement.
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In order to estimate NPV values for manufacturers, the methodology followed comprises several
stages, which are shown in Figure 13.72. Each of these phases will be described in detail in subsequent
sections, although in this point it is explained an overview of the process.

Nonrecurring
Investment
- Fuel price
Recurring c.ost of | Learning forecast
production curve
NPV . l
Quantity of Total Market Demand . 3
aircraftsold | size ) forecast __| Aircraft ife cycle
cost analysis
| Share of the Differentiate
market factors . Other.
—{ Discount factor —— differentiate
Production Expansion cost ‘ factors
capacity Airlines
Fixed cost ‘ preferences

Aircraft sale .
. [4——  Discounts
price

Figure 13.72. Model program cost methodology

In the first place, non-recurring and recurring costs will be calculated, which correspond with
development and manufacturing phases, respectively. Nonrecurring investments involve Research,
Development, Testing and Evaluation (RDT&E) costs of the aircraft, which will be estimated based on
parametric models generally called Cost Estimating Relationships (CERs). The DAPCA IV[75],
developed by RAND Corporation, is the model chosen to calculate development costs, by using
performance parameters of the aircraft such as the empty weight or maximum speed.

On the other hand, recurring costs of production are assumed to be subject to a learning curve. This
process is characterized in aircraft production by a significant decrease in unit cost as additional
aircraft are built, eventually reaching a unit cost approximately constant. The learning curve depends
on a parameter known as “slope”, which describes the magnitude of the learning curve effect.

Once the recurring and non-recurring costs have been calculated, an essential phase is calculating the
operating costs of the aircraft considered in the study for the 2020-2040 period. The estimation of
these costs is divided into several items of which cost is necessary to calculate, such as maintenance,
crew or fuel. These costs vary considerably depending on the type of aircraft considered, that is, the
fuel consumption of wide-bodies is greater than narrow-bodies due to their bigger structure and
flight time, which is reflected in the cost, being significantly higher.

For the operation costs calculation, the TU Berlin DOC Method has been chosen, due to its simplicity
as it allows to estimate Direct Operating Costs of an aircraft based on data which are public. Indirect
Operating Costs (I0C), which forms together with the Direct Operation Costs (DOC) the Total
Operating Costs (TOC) of a particular airline or aircraft, are not calculated in this model as they are
related to the management strategies and level of service of the airline. Therefore, with this model, it
will be only calculated the Direct Operating Costs, which are the most relevant for the study since they
are highly dependent on the design of the aircraft. The operation costs obtained for each aircraft will
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be determinant to obtain the market share based on differentiating factors like fuel efficiency, or
payload capacity. Additionally, it will be required to consider airlines preferences to calculate the
market share, as some airlines will never choose to switch to competitor's manufacturer although it
produces more efficient aircraft, due to fidelity, training and spare parts issues.

The market share model developed together with the demand forecast performed in 0 will allow
obtaining the quantity of aircraft that are expected to be sold for the Middle of the Market. It will be
also necessary to consider in the calculation the production capacity of manufacturers, which is limited
and in which it could be required to invest in case of expecting an increase in the number of units
produced by year.

Once all the previous costs have been calculated, it is important to consider the aircraft sale price.
Generally, an aircraft is set with the objective of recovering gradually the development investment
with every unit sold, so that the money spent on this phase must be divided by a given number of
aircraft, according to the manufacturer expected sales. The production costs must then be summed
to that value. This will yield the cost of the aircraft, which will finally lead to the aircraft-selling price
so that the price established will affect manufacturers’ benefits. If this price is very slow, it could lead
to a manufacturer’s losses while if it is very high it could impact airlines’ interest, resulting in a lower
number of units sold. For this reason, the acquisition price is a critical factor to be considered that can
significantly affect airlines purchasing decisions. The sales price data have been obtained from Airbus
and Boeing web pages.

Finally, with all the previous stages calculated, the Net Present Value (NPV) is calculated with the
following equation:

mp; = Ejt

Z(5t [Pitqic @) — it Qic @) — Lie] — Lio)
t=1

This equation will provide the payoffs of manufacturers that will be used as outcomes for gaming
analysis in 0.

13.2.8.1 Development and production costs

The first phase of the aircraft life cycle, the development costs, refers to the Research, Development,
Testing and Evaluation (RDT&E) costs. Generally, this phase includes the technology research, design
engineering, development support, prototype fabrication, flight and ground testing and evaluations
for operational suitability. It also includes the certification costs of the civil aircraft. RDT&E costs are
essentially fixed, denominated as non-recurring costs, which means they are incurred just once and
are independent of the number of aircraft produced.

The production costs are, on the other hand, recurring costs, since they are based upon the number
of aircraft produced, considering that the cost per aircraft is reduced as more aircraft are produced.
That is, the more aircraft produced, the more the manufacturer learns and the cheaper the next aircraft
can be produced. This is known as the “learning curve” effect. Aircraft production typically follows a
75-85% learning curve. Due to the learning curve effect, it has no sense to compare between a new
aircraft which has just entered production and an old aircraft which has already been produced in
hundreds or thousands. Production costs cover the labour and material costs to manufacture the
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aircraft, including airframe, engines and avionics. It also includes production’s tooling costs and quality
control costs.

Most of the available development and production cost estimating methods in the literature are based
on parametric models. These models are simply mathematical equations which use a few performance
parameters of the aircraft that are somewhat related to its costs of development and production to
estimate the different cost elements. These relationships, often called Cost Estimating Relationships
(CERs), are obtained from statistical analyses, so, in order to provide statistically meaningful results, a
substantial amount of data is needed. However, they provide a useful method to estimate the costs
of an aircraft program when little detail is known from the aircraft characteristics.

Rand Corporation has published four reports from 1966 to 1987 with parametric methods for
estimating aircraft airframe costs for the development and production phases. These reports, known
as DAPCA (Development and Procurement Costs of Aircraft) models, were developed for use in
planning and evaluation of military aircraft programs by the US Air Force. The DAPCA IV model is the
most recent of them. They use CERs for estimating the cost of the whole program and of each of the
elements into which they divide the program. The relationships are obtained using cost data gathered
from airframe manufacturers and a database consisting of around 30 military aircraft. Since the data
is gathered from military programs, the models are more suitable to calculate the cost of military
aircraft and not so much for commercial ones. The data is then statistically analysed and exponential
regressions are obtained relating a few physical and performance parameters to the costs.

Several authors have used the Rand Corporation models to estimate aircraft costs. On the one hand,
Raymer (1992) [76]used the more recent version of the Rand reports, the DAPCA |V, as a base to
estimate the development (RDT&E) and production costs. Therefore, it is also based on data collected
from military aircraft. The costs elements considered are engineering, tooling, manufacturing and
quality control (calculated in hours); and development support, flight-testing and manufacturing
material (calculated in dollars). In addition, a list of values for a correction factor for the materials used
in the aircraft is presented, since the hours calculated on DAPCA IV were based on aluminium aircraft.
Average 1986 wrap rates, which include not only the direct salaries but also employee benefits,
overhead and administrative costs, are listed for each of the cost elements. Finally, Raymer suggests
multiplying the calculated total costs of the aircraft by an” investment cost factor”, to take into account
the cost of money and the manufacturer profit.

On the other hand, Corke (2002) [77]presents both the DAPCA Il and the DAPCA IV equations. The
cost elements used are the same and are divided by the RTD&E (which includes also the flight testing)
and production phases. Corke makes the conversion of the costs from the reports’ year to the present
using the Consumer Price Index (CPI). Hourly rates (which include salaries, overhead, benefits,
administrative expenses and other direct charges) are converted for each of the cost elements
assuming a linear variation along the years. A 10% profit is assumed for the whole program.

However, one of the most important characteristics of these methods is that they are all very old. This
is a problem when thinking of using them for the aircraft developments of today. Several new
technologies, materials and production techniques have emerged, and those that were new at the
time these methods were developed are now in a much more mature state, which implies that their
costs are lower now. Nevertheless, the fact that the Rand methods have been much more recently
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used in[76] and [77], respectively, indicates that they are at least useful for comparison up to an
acceptable degree of accuracy. The second characteristic of these CERs is the fact that they are
developed for use in military aircraft, which have different cost characteristics, since the nature of the
programs is inherently different (for example, the use of more advanced technology or the higher
costs of specific parts that require high-performance characteristics).

In spite of the limitations of the methods previously mentioned, they will be used in this study to
calculate development costs, due to its simplicity as well as the possibility of using them without
knowing a great detail of aircraft performance characteristics. Corke (2002) is the method chosen as
it is the most recent version available, which is based in turn in the DAPCA model.

Besides, the production costs will be calculated considering a learning curve that allows manufacturers
to reduce costs as more aircraft are produced. It is used the learning curve modelled by Raymer (1992),
considering a slope of 85% which is a value very typically used in the aerospace industry [78].

New aircraft development non-recurring costs

Non-recurring costs refer to the Research, Development, Testing and Evaluation (RDT&E) costs. This
includes the technology research, development, engineering, fabrication and flight testing of
prototype aircraft prior to committing to full production.

RDT&E is broken into multiple elements for which costs are derived. According to Corke (2002), these
elements are:

Airframe engineering
Development Support
Flight test aircraft, which is further broken into
o engine and avionics
o manufacturing labour
o manufacturing materials
o tooling
o quality control
Flight test operations
Profit

As the Corke model takes as reference the DAPCA IV model, the basis for estimating the development
cost is the Cost Estimating Relationships (CERs), using as aircraft performance parameters the
following ones:

e The empty weight, We (units of pounds) and
e The maximum speed, V4, (units of knots)

Besides, these equations use coefficients in order to adjust these characteristics to the cost of existing
aircraft in the data set considered. However, as these coefficients are estimated for 1986 dollars, they
must be converted to present dollars using an appropriate escalation factor. It has been chosen the
Consumer Price Index (CPI), as it is public information and it can be easily found on the internet. The
model estimates the hours required for RDT&E by the engineering, tooling, manufacturing and quality
control groups. There are multiplied by the appropriate hourly rates to yield costs. Development
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support, flight test and manufacturing material costs are directly estimated. Then, each of the phases
is described:

Airframe engineering involves the airframe design and analysis, wind tunnel testing, mock-ups,
test engineering, and evaluation during the acquisition phase. It also includes analysis and
incorporation of modifications material and process specifications and reliability analysis. The
airframe engineering cost is first expressed as the total hours that are associated with this element.
The hours are then converted to a cost based on an hourly rate for engineering.

Development support is defined as the non-recurring manufacturing effort to support engineering
during the RDT&E phase. This involves the labour and material required to produce mock-ups,
test parts, and other items needed for the airframe design and development.

The manufacturing labour costs are based on the number of hours that are needed to fabricate
and assemble the major structural elements of the aircraft. It includes the labour associated with
the installation of off-site or purchased manufactured components and the labour costs of
manufacturing performed by subcontractors. The hours are converted to a cost based on an hourly
rate for manufacturing labour.

The manufacturing materials costs includes the raw materials, hardware, and equipment required
for the fabrication and assembly of the aircraft.

Tooling refers to jigs, fixtures, dies, and other special equipment that is used in the fabrication of
the aircraft. The cost of tooling is first expressed in hours required for tool design, fabrication, and
maintenance. The hours for tooling are converted to a cost based on an hourly rate for tooling
labour.

Quality control is the task of inspecting fabricated and purchased parts and assemblies for defects
and adherence to specifications. The time associated with quality control is related to the total
number of labour costs. Again, the total hours are converted to a cost based on an hourly rate for
quality control.

The flight test costs include all the elements involved in conducting aircraft flight tests. It includes
flight test engineering planning, data analysis, instrumentation, fuel, test pilot salary, facilities, and
insurance. The flight tests are essential for establishing the aircraft operation envelope and flying
characteristics.

The engine and avionics are assumed to be items in which the cost is presumably known from the
manufacturer and they are not included in cost estimation.

Finally, profit is based on a fixed percentage of the total cost of all of the elements in the RDT&E
phase. A typical profit value is 10%, which will be the value used for calculations.

Hourly rates

As mentioned, the hours estimated in some of the CERs are converted to a cost based on an
appropriate hourly rate for the labour. These hourly rates include the total cost made up of salaries,
overhead, benefits, administrative expenses, and miscellaneous direct charges. The following table
shows the hourly rates for airframe engineering, tooling, manufacturing, and quality control for the
year 1986.

Year Engineering Tooling Manufacturing Quality control
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1986 59,10 $/hour 61,70 $/hour 55,40 $/hours 50,10 $/hour

These values must be converted to present dollars, by using an appropriate escalation factor. In this
case, the factor considered is the Consumer Price Index (CPI) which is information provided by the
U.S. Department of Labour Bureau of Labour Statistics[79]. As an example, the conversion from 1986
to 2018 dollars is made as follows:

CPI (1986) = 109.6
CPI (2018) = 251.107

Considering the previous values, the escalation factor obtained for the year 2018 taking as a base the
CPlis:

CPI (1986 — 2018) = 2,29

With this factor, the 1986 hourly rates are converted to 2018 dollars.

Year Engineering Tooling Manufacturing Quality control

2018 135,41 $/hour 141,36 $/hour 126,93 $/hours 114,79 $/hour

In addition, since CPI values are not available beyond 2018, a linear curve fit has been applied to the
data in order to aid in making projections for future years. In this way, it will be possible to estimate
hourly rates for the year in which the new aircraft program development is expected, which is planning
for the 2025 timeframe according to Boeing.
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Figure 13.73. Hourly rates projection
Based on the previous graphic, the linear relations are:
Cengineering = 24758 * x — 4859,8

Crooting = 2,6823 * x — 5269,5

PERSPECTIVES FOR AERONAUTICAL RESEARCH IN EUROPE 145

\'



Chapter 13

CManufacturing = 2,4145 * x — 47437
CQuality control = 2,1656 * x —4253,9

Where x corresponds to the year. By inserting the year in the formulas, the results obtained are the
hourly rates in dollars per hour for the year introduced. According to this, the hourly rates for the year
2025 are:

Year Engineering Tooling Manufacturing Quality control

2025 153,69 $/hour 162,16 $/hour 145,66 $/hours 131,44 $/hour
Finally, once obtained the hourly rates for the target year, they are used to convert the hour values
associated with their respective elements to the cost in dollars.

Re-engine non-recurring costs

In case that the company’s strategy consists of re-reengining an existing aircraft instead of developing
a new one, the cost may be significantly lower, as much of the work can be taken from the earlier
program and modified rather than generated from scratch. After reviewing several aircraft cost
programs with their modified and improved versions, it has been estimated that the cost of re-
reengining corresponds to the 30% of the cost of developing the same aircraft from the beginning[78].

Recurring Costs of Production

Aircraft manufacturing costs are considered recurring costs, since they are based upon the number of
aircraft produced, and as such, they are assumed to be subject to a learning curve. This phenomenon
is characterized in aircraft production by a significant decrease in unit cost as additional aircraft are
built. The decrease is most noticeable early in the production run and eventually decays to a negligible
level when unit cost remains roughly constant.

The learning curve depends on a parameter known as “slope”, which describes the magnitude of the
learning curve effect mentioned above. A slope of 100% indicates no learning (the initial unit cost
remains constant throughout the production run). As the value decreases, the learning effect grows
stronger. As described by Raymer (1992), the learning curve is modelled as:

Ing

In2

CCIi = a*q

where Cy, is the unit production cost of the ith unit produced, ¢, is the theoretical first unit cost (TFUC),
q; is the number of units produced, and g is the learning curve slope.

Aircraft production typically follows a 75-85% learning curve slope. For this study, it will be used a
value of 85%, since it is a value generally accepted within the aerospace industry[78].

The theoretical first unit cost was estimated using the DAPCA IV model developed by Rand
Corporation. This model allows estimating the total program cost for a production run of 100 units.
The output was used to find an estimate of the unit cost for the 100" aircraft to be built. Then, this
cost is converted to first unit cost, based on the learning curve assumption, in the same way as Markish
(2002)[80].
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The estimated cost of the B787 first unit obtained by this method is illustrated in Figure 13.74 as an
example.

B787-8 LEARNING CURVE
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Figure 13.74. B787-8 production learning curve.

As can be seen from Figure 13.74, the first unit cost of the B787 was around 1,35 billion dollars with
the corresponding conversion to 2019 dollars. It is a reasonable value taking into account that the
production costs of an aircraft like the 787 are very high for the first units. With a learning curve of
85%, the cost for aircraft 100 is around 457 million dollars.

Due to the learning curve effect, it has no sense to compare between a new aircraft which has just
entered production and an old aircraft which has already been produced in hundreds or thousands,
since the cost per unit in both cases will be very different.

13.2.8.2 Aircraft Operation Cost Analysis

Over the course of an aircraft’s operating life, there are several cost issues that represent a key factor
for the airlines purchasing decisions. Typically, the operating costs are divided into Direct Operating
Costs (DOC) and Indirect Operating Costs (I0C). On the one hand, IOC are the costs related to the
management strategies and level of service of the airline and include items such as the costs of sales
and marketing, general and administrative costs, the costs of handling and meals, or the costs of
maintenance and depreciation of the ground equipment and facilities[81]. On the other hand, the
DOC elements are connected to the act of flying an aircraft, such as the fuel spent on a trip, the costs
with crews, or the maintenance associated with the trip flown. The DOC, along with the Indirect
Operating Costs (I0C), form the Total Operating Costs (TOC) of an airline or a particular aircraft. In
this study, it will be only calculated the Direct Operating Costs, since these costs are highly dependent
on the design of the aircraft.
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For the DOC calculation, the TU Berlin DOC Method [82] has been chosen, due to its simplicity as it
allows to estimate Direct Operating Costs of an aircraft based on data which are public. This model
divides DOC into the following main areas:

e Capital costs, where it is included the costs of depreciation, insurance and interest

e Fuel costs

e Fees, including navigation, landing and ground handling taxes

e Maintenance costs, both for the airframe and engines, which take into account the labour
costs, the costs of materials and the overhead burden costs.

e Crew, which includes cockpit crew and flight attendants

The TU Berlin DOC Method provides the results in 2010 Euro so that it will be necessary to transform
them to 2010 US$ using the average exchange rate of that year and then from 2010 to 2018 dollars
using the Consumer Price Index which is available at the US Bureau of Labour Statistics website.

In the following points, the methodology followed to calculate each component of the Direct
Operating Cost is described. Subsequently, these costs are calculated for two aircraft as a comparative
example.

Capital costs

The Capital costs are related to the depreciation, insurance and interest costs, which are dependent
in turn on the aircraft price. Therefore, the cost of acquisition of the aircraft is used to compute the
previous costs.

Two relevant parameters to be considered to calculate depreciation cost are the useful life of the
aircraft and its residual value. On the one hand, the most common values for useful aircraft life are in
the interval 15 to 20 years. In this study, it will be considered the 20-year mark. On the other hand,
the residual value is the amount that an airline expects to receive for the aircraft after the assumed
useful life, not accounting for inflation. It is a value which depends on the conditions of the specified
aircraft, the second-hand market as well as maintenance conditions. The residual values mostly used
are in the range of 0-10% for passenger aircraft. In this study, it will be used thus the 10% value.
Besides, the insurance rate used in the model is 0,5% and it is considered an annual interest rate of
5%.

Fuel Costs

Today, fuel costs represent a significant part of the operating costs of an aircraft. In fact, the aircraft
fuel efficiency is, along with range and seat capacity, one of the most important factors on determining
how much is an airline willing to pay for an aircraft. That is, an aircraft spending less fuel for the same
number of passengers carried and miles flown than another one is expected to bring more value to
the airline company.

The calculation of the fuel costs follows a methodology relatively simple, which consists in multiplying
the fuel price by fuel consumption. In order to obtain the total amount of fuel burned per year, annual
utilization must be calculated. TU Berlin DOC method calculates the yearly utilization based on the
average flight time of each trip, an additional time that accounts for turnaround times, and the
downtime due to maintenance checks and night curfew. However, the utilization values per each
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aircraft model used in this study have been obtained from the Airline Monitor reports available on its
web page. Within these reports, it is included data about the utilization (in block hours per day) per
aircraft model as well as the fuel consumption (in gallons per block hour). With this data, it is possible
to calculate the total amount of fuel burned per year, which is multiplied then by the fuel price.

The main problem of this method lies in the estimation of the fuel price in the long run, as it is very
volatile, and it can change drastically from year to year depending on the multitude factors. However,
as the purpose of this study is to perform a long-term forecast in order to analyse the impact of a new
mid-size aircraft in the aerospace market, it is essential to dispose of forecast data to contemplate
different fuel price scenarios as they are a relevant component of the DOC. These projections have
been obtained from the U.S Energy Information Administration (EIA) web page [83], where it is
included projections until 2050 considering both optimistic and pessimistic scenarios as well as a base
reference scenario.

Jet Fuel Forecast
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Figure 13.75. Jet fuel price forecast under different scenarios.
Fees costs

The fees calculation is divided into navigation, ground handling and landing taxes:

e Landing fees are charges paid by the airlines to the airports for each landing that an aircraft
performs at that airport. Its calculation depends essentially on the aircraft maximum take-off
weight and the number of flight cycles in one year, which are estimated based on aircraft utilization
in block hours and the average flight time of each trip in hours. Then, these values are multiplied
by the landing fee rate, which corresponds with 0,01 €/kg according to the model.

e The navigation fees are charged by air traffic authorities of each country to pay for the costs of
providing air navigation services, including costs of maintenance, operation, management and
administration of that service. In the TU Berlin method, navigation fees calculation depends on the
maximum take-off weight and the distance flown and, additionally, applies different rates
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depending on the area the aircraft is flying (domestic European flights, transatlantic flights or far
east flights).

e Finally, ground handling fees calculation depends on the payload carried in terms of kilograms,
which is calculated considering a load factor of 80% and an average weight per passenger of 100
Kg. This value is multiplied by the number of flight cycles in one year and the ground handling fee
rate, which corresponds with 0,1 €/kg according to the model.

Maintenance costs

The maintenance of an aircraft is made through various checks, which usually depend on the number
of hours flown or on the flight cycles, with different levels of complexity and with different time
schedules. They can go from simple transit checks after every flight, which last around 15 minutes to
half an hour, to major maintenance processes where the aircraft has to be completely taken apart for
a thorough inspection of all of its parts, and these can last as much as 2 or 3 months. In addition, the
maintenance schedules can vary from one airline to another, and from one aircraft model to another.
Therefore, the maintenance process is complex, not always predictable and not homogeneous over
time.

The costs involved in this component are, in a simplified way, the labour, material and burden costs
for both the airframe and the engines maintenances. Burden costs are associated with overhead costs,
administration costs or holding of spare parts, among others. TU Berlin method estimates a burden
cost of two times the labour costs, both for the airframe maintenance and engine maintenance.

The estimation of the airframe maintenance costs is based on the operating empty weight and the
number of flight cycles. Regarding the engines maintenance costs calculation, the Sea Level Static
Thrust (SLST) and the number of engines on the aircraft are the parameters used.

Crew costs

The last component to be considered in the TU Berlin method is the crew costs, which are divided into
cockpit crew and flight attendants cost. The model assumes standard salaries per year, which are
different depending on the case. In addition, the number of flight attendants per flight is calculated
based on the aircraft seat count. These values are multiplied by a crew complement, which considers
the number of crews per aircraft.

Operating costs distribution

The DOC method proposed is useful to give an estimation of the total operating costs of a determined
aircraft within specific operation conditions. Moreover, only a few input parameters are required:
Aircraft physical data such as the MTOW?, OEW?>, engine weight, SLST, and financial parameters such
as the fuel price and the depreciation rate, which can be obtained from the wide range of statistical
data available in the literature.

For calculating the costs, an average stage length is assumed. This is the mean distance the aircraft is
supposed to fly within a year and the number of flight cycles that are expected to perform. This

4 Maximun Take-off Weight
5 Operating Empty Weight
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parameter is directly related to the utilization since a supplement of block time is assumed for every
flight stage.

Figure 13.76 shows the distribution of the operating costs for four different aircraft models: the 20-
year Boeing 767 wide-body aircraft, the last generation wide-body Airbus A350 and the newest
update the US and EU single-aisle airplanes, the Airbus A321neo LR (long-range), and the Boeing 737
MAX-8.

B767-300ER A321NEO LR

W DOCfuel

W DOCfees

m DOCmain

tenance

B DOCcrew

W DOCcapit
al costs

A350-900 BOEING 737-MAXS8

Figure 13.76. Operating costs distribution for four different aircraft models

As can be seen in the figure, cost distribution is very similar for every model, and only slight variations
are appreciated. The total yearly maintenance costs around 10% of the global costs, the crew is
between 6-10% of the total costs, usually lower for wide-body aircraft, due to the higher rate of
passengers-crew members. The fuel costs are more or less similar in every type of aircraft, representing
about 25% of the total. Another important part of an aircraft (about the 30%) operating costs is the
fees, including airport fees, ground handling and navigation fees. This part of the costs is usually
dependent on the size and the weight of the aircraft, although, in nominal terms, it represents a similar
percentage for every aircraft model. Lastly, the greatest part of the costs is usually represented by the
capital costs, which are normally heavier for wide-body aircraft, rounding 25-30%.
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The yearly direct operating costs of an aircraft are between 20-25 M€ for single-aisle aircraft and
between 45-60 M€ for wide-body airplanes. The use of absolute numbers does not allow a good
comparison between models since the size and weight of the aircraft determine both the costs and
the number of passengers carried. For this reason, the Cost per Available Seat Mile (CASM) is used.
This can be calculated as:

DocC DocC

CASM = = ,
ASM ~ SL - ngpqrs - FC

where SL is the average stage length, ng.,:s the number of available seats and FC the number of flight
cycles per year. The CASM represents the cost of carrying a passenger over a nautical mile. Therefore,
it represents a useful way to compare different-sized aircraft costs for different flight lengths.

The following table shows the results of the direct operating costs estimated using the TU Berlin DOC
method for different flight lengths. For representing the CASM, a standard two-class configuration
has been assumed for single-aisle aircraft (8757, A321...) and a standard three-class configuration for
big wide-body airplanes (B777, A350...).

Aircraft DOC (1000 nm) CASM (1000 nm) DOC (3000 nm)  CASM (1000 nm)
[M$] [$ cents] [M$] [$ cents]

B757-200 28.1 8.56 2.34E+01 7.1
B767-300ER 39.6 8.87 3.25E+01 7.3
A321LR 24.8 7.70 2.06E+01 6.4
B737 MAX 8 22.0 8.00 1.83E+01 6.7
A330-200 545 10.07 4 40E+01 8.1
A330-300 58.3 9.61 472E+01 7.8
A330-900N 584 9.29 4.68E+01 7.5
B787-8 544 9.67 437E+01 7.8
B787-9 59.7 8.85 4 74E+01 7.0
A350 - 900 59.6 9.24 4.79E+01 74
B777-200ER 65.4 9.57 5.26E+01 7.7
B777-300ER 71.7 9.25 5.77E+01 74

Table 13.17. Yearly direct operating costs for different aircraft in two flight length cases

As it is visible from the table, the CASM is very similar from one model to another, and no big
differences are appreciated. The next generation aircraft such as the A330 neo or the B787 have lower
operating costs due to the improvements made in efficiency, achieving almost a 15% savings
regarding the last generation. Nevertheless, as shown in Figure 13.76, fuel costs only represent about
20% of the total costs. Thus, fuel efficiency improvements are not sufficient reason by itself for airlines
to decide to change their fleet.

13.2.8.3 Market share model

The analysis of the routes flown by aircraft within the Middle of the Market performed in Section has
allowed estimating the market share of this segment in 2018. According to the data obtained, Boeing
is currently dominating the Middle of the Market segment, considering medium-haul routes (Figure
13.77).
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Models: Models:
B737family/B747/ A320family/A330/
B757/B767/B777/ A340/A350/A380

B787

M Airbus M Boeing

Figure 13.77. Boeing/Airbus market share in the Middle of the Market (2018)

Taking as a base this market share obtained through routes analysis, the market share model for the
2020-2040 period has been developed. The methodology of this model is based on the use of tables
in which it is included the market share percentage of the aircraft that will compete in the Middle of
the Market for the period considered. These aircraft are placed in the first line of the table while the
aircraft that are currently operating in the MoM segment is placed in the first column of the table. The
percentages of the table represent the market share that each aircraft (first line) absorb from the
current aircraft (first column). The procedure followed takes into account that, except for the cases of
the A350 and B787, the rest of the current models are expected to be replaced in the following years
as discussed in section 13.2.2.4.

Combining these percentages with the current market share that these aircraft possess gives as a final
result the market share for each aircraft considered as a potential competitor in the Middle of the
Market for the 2020-2040 period. This process is made for a range between 2500-4500 nm divided
into segments of 500 nm (i.e. 2500-3000 nm, 3000-3500 nm...) since the market share estimated with
routes analysis has been obtained in a similar way, providing for this method more accuracy.
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Distance: A330- | A350- | B737- | B777-X | B787- | A321 | Boeing
2500-3000 nm 900NEO | 900 MAX 900 neo NMA
LR

A320 family 0% 0% 0% 0% 0% 100% 0%
A330-200 15% 5% 40% 0% 0% 40% 0%
A330-300 15% 5% 40% 0% 0% 40% 0%
A340 12% 8% 40% 0% 0% 40% 0%
A350 0% 20% 40% 0% 0% 40% 0%
A380-800 12% 8% 40% 0% 0% 40% 0%
B737-700/800/900 0% 0% 100% 0% 0% 0% 0%
B747 0% 0% 40% 10% 10% 40% 0%
B757 5% 5% 45% 5% 5% 35% 0%
B767 5% 5% 45% 5% 5% 35% 0%
B777 0% 0% 40% 15% 5% 40% 0%
B787 0% 0% 40% 0% 20% 40% 0%

Table 13.18: MoM aircraft market share (2040) between 2500-3000 nm

The percentages of the table have been assigned based on operating costs values, which have been
calculated following the procedure explained in section 13.2.8.2. This method provides a comparison
of cost efficiency between aircraft, being represented the improvements in green colour. Red cells
represent those cases in which the aircraft is less efficient than its competitor. The table shows that
most of the aircraft considered for the 2020-2040 period will be more efficient in operating costs
compared to current aircraft, which is reasonable as they are more modern and advanced versions.

A350 B787 A321neolR|A330neo |B777X B737MAX 8 |B797
A350-900 0,070 0% 30% 3% 8% 30% 17%
B787-900 0% 0,070 30% 3% 8% 30% 17%
B757 -15% -15% 11% -12% -8% 11% 0%
B767 -11% -11% 16% -8% -4% 16% 5%
A330-200 14% 14% 48% 17% 22% 48% 33%
A330-300 8% 8% 40% 11% 16% 40% 26%
A340 19% 19% 55% 22% 28% 55% 39%
B747 8% 8% 41% 11% 17% 41% 27%
B777-200 2% 3% 33% 5% 10% 34% 20%
B777-300 -3% -3% 26% -1% 4% 26% 13%
A380 9% 9% 42% 12% 17% 42% 28%

Table 13.19. Comparison of operation costs between aircraft

Despite the simplicity of the model used to calculate the operation costs, the results obtained can be
used to estimate the magnitude ordering of efficiency improvements between aircraft. Based on this
table, it can be extracted two main hypotheses:
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e The A321neo LR and B737 MAX 8 are the most efficient aircraft, with significant differences
compared to other aircraft. Therefore, they will absorb a great market share up to a maximum
of 80% both together. If only a single aircraft is more efficient, it would absorb a maximum of
50% of the market share.

e There are no significant differences in operating costs between the A350, B787, A330neo and
B777X. Therefore, the market will be distributed between them equally.

However, in addition to cost efficiency, it is necessary to considerer other relevant aspects for market
share estimation. For example, airlines are generally committed to one’s manufacturer’s product line.
That is, airlines usually prefer a fleet composed of aircraft from the same family to reduce training and
maintenance costs, as well as the cost of spare part inventories. Therefore, it is expected that only
substantial improvements in cost efficiency will be enough to convince airlines to switch. Then, it is
assumed that some airlines will remain loyal to specific manufacturers. Taking this into account, to
distribute the market share of an Airbus aircraft that is expected to be replaced in the near future, like
the A340, it will be assigned more percentage to Airbus models as it is more likely that airlines will
prefer a model of the same product line.

Other hypotheses related to airlines’ loyalty which have been applied in market share distribution is
the case of re-engine aircraft. Some models like the A330neo or B777X are more efficient
modifications of the previous aircraft. In this case, it is likely that airlines, which have old versions
available, for example, the A330-200 or A330-300, will prefer the A330neo, which is the newest version
of the aircraft. As modified versions are very similar to the original aircraft, except for the engines
which are more efficient, airlines can save costs in terms of maintenance and crew training. Fort this
reason, when the market of the previous versions is distributed, it will be assigned more market share
percentage to those aircraft which are re-engine versions.

As it was said before, the market share is assigned by 500 nm range segments beginning with 2500
nm till 4500 nm. As range increases, airlines will be more interested in larger aircraft which have more
range capabilities, according to the market share obtain through routes analysis. For this reason, a
percentage of a 10% will be added for each segment in favour of larger aircraft, taking this percentage
from small aircraft such as the B737 MAX 8 or A321neoLR. That is, as the range of segments analysed
increases, more market share will be taken from narrow-body aircraft and it will be assigned to wide-
body aircraft.

On the other side, as the B787 and A350 are expected to remain in the market for the considered
period, a minimum percentage of 20% will be assigned for those airlines which are not willing to
switch to another model. This percentage will increase a 10% each time the range increases as these
models are optimised for longer distances.

Finally, to distribute the market share, other hypotheses will be considered:

e Itis established a minimum market share percentage of 5%.

e Itis assumed that market share of A320 and B737 families are absorbed completely by their
successors, the A321neolLR and B737 MAX 8 respectively since they are much more efficient.

e B757/B767: as this fleet is expected to be retired in the following years, its market must be
distributed. It will be assigned more percentage to the new Boeing airplane, the B797, as it will
be designed specifically to replace this fleet.
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Table 13.Table 13.20 summarizes all the hypotheses used to develop the market-share model.

Market share hypothesis Percentage assigned
e Two or more aircraft with significant cost improvements A maximum of 80%
e One aircraft with significant cost improvements A maximum of 50%

e The market share of A320 and B737 families are completely absorbed

. . 100%
by their newest versions, the A321neolLR and B737 MAX 8

¢ No significant differences in cost efficiency between aircraft Equally distributed

e To distribute the market share of an aircraft, it will be assigned more

A minimum of 5%
percentage to the same manufacturer models

e ltis stablished a minimum market share percentage 59
(o)

e It will be assigned more percentage to the B797 in the case B757/B767

L . 20%
fleet market share distribution i

e It will be assigned more market share percentage to those aircraft
which are re-engine versions when the market share of previous A minimum of 10%
models is distributed

e A percentage will be added as the range segment increases in favour

O,
of larger aircraft A 10%

e A percentage of loyalty is assigned to the models A350 and B787 A minimum of 20%
Table 13.20: Market share model hypothesis

13.2.8.4 Aircraft sales price landscape

Aircraft sale price is an important factor within aircraft’s lifecycle cost, and it represents a significant
role in the operating costs of a company since the cost incurred in its purchases will directly influence
the capital costs (depreciation, insurance and interests). For this reason, the acquisition price of an
aircraft can significantly affect airlines purchasing decisions.

Generally, the aircraft is set with the objective of recovering gradually the development investment
with every unit sold, so that the money spent on this phase must be divided by a given number of
aircraft, according to the manufacturer expected sales. The production costs must then be summed
to that value. This will yield the cost of the aircraft and adding a profit margin for the manufacturer
company will finally lead to the aircraft selling price.

However, an aircraft sale price also depends on other factors, such as aircraft operational performance.
If an aircraft can provide significant operational savings, it can suppose a differentiating factor to
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convince airlines to switch to the aircraft's competitor. Additionally, if the aircraft performance
improvements are significant, manufacturers could increase price sale proportionally to the
operational reductions expected, as customers will be willing to pay more, and its price will be higher
than of its competitors. Other factors that can affect aircraft price are performance and physical
characteristics, as no single aircraft has exactly the same characteristics as another one. Nevertheless,
aircraft which can be fit into a certain segment usually own similar operational characteristics and, as
a consequence, the selling prices will most likely also be of the same magnitude. For this reason, as
the main competitor of the new Boeing NMA is expected to be the A321neo long- range, it is likely
that their prices may be similar, but this could not be the case if the 797 is finally a twin-aisle model
as it is expected, since this type of aircraft is usually more expensive and manufacturers must recover
the investment, resulting in higher selling price. However, even if the new 797 aircraft is a twin-aisle
model, Boeing will have to consider carefully the price as it may affect to expected sales if it is much
higher than that of the A321LR.

On the other hand, one point that is of great importance to discuss is the discounts that aircraft
manufacturers offer to their customers. It is known that aircraft manufacturers offer discounts that can
vary from a few percentage points to more than 50% of the list prices[84]. Generally, the higher is the
number of aircraft ordered by a client, the higher are discounts got. However, discounts magnitudes
vary from one client to another: those who have a stronger bond to the manufacturer are able to get
higher discounts, while those who have not so much experience in buying aircraft usually have lower
discounts. The discounts also vary from manufacturer to manufacturer and from one aircraft family to
another, it depends on how many aircraft are going to be produced and sold.

However, the main difficulty with discounts is the fact that they are not public, which creates a problem
for estimation. Table 13.21 shows an estimation of the discount applied by both companies in 2017,
taking as a base the order book value published.

Aircraft (usi-lias tmpi::ic:ns) (I:anlr)k:i;ll?;::) Discount
A380 432.6 236.5 45%
B777-300Er 3396 154.8 54%
A350-900 308.1 150 51%
B787-9 264.6 142.8 46%
B787-8 224.6 117.1 48%
A330-300 256.4 109.5 57%
A330-200 2315 86.6 63%
A321 114.9 525 54%
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Table 13.21. Estimation of discounts applied by Airbus and Boeing in 2017[84].

Other companies like Bombardier o Embraer are not able to offer aircraft with such discounts since
the return on investment is divided by a much smaller number of aircraft. Although these companies
offer aircraft more efficient and with lower list prices, most airlines still prefer Airbus and Boeing
aircraft, as they perceive commonality with the rest of their fleet as a sufficiently strong cost- saving
factor. Table 13.22 shows the 2018 list prices of Airbus and Boeing, which is available on their websites.
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Boeing Airbus

Model “millions) Model “millions)
A220-100 81 737-700 89,1
A220-300 91,5 737-800 106,1
A318 77,4 737-900ER 112,6
A319 92,3 737 MAX 7 99,7
A320 101 737 MAX 8 121,6
A321 1183 737 MAX 200 124,8
A319neo 101,5 737 MAX 9 128,9
A320neo 110,6 737 MAX 10 134,9
A321neo 129,5 747-8 4184
A330-200 238,5 747-8 Freighter 419,2

A330-800neo 259,9 767-2C -

A330-200 Freighter 241,7 767-300ER 217,9
A330-300 264,2 767-300 Freighter 220,3
A330-900neo 296,4 777-200ER 306,6
A340-300 - 777-200LR 346,9
A340-500 - 777-300ER 375,5
A340-600 - 777 Freighter 352,3
A350-800 280,6 777-8 410,2
A350-900 317,4 777-9 4422
A350-1000 366,5 787-8 2483
A380 4456 787-9 292,5
787-10 338,4

Table 13.22. Airbus and Boeing 2018 list prices

13.2.8.5 Net Present Value as Aircraft Project Valuation Model

One of the most effective ways to financially evaluate medium- and long-term decisions of aircraft
manufacturers are using the Net Present Value of their investments, after having performed a demand
analysis such as in section 13.2.7.2. Irwin et. al [85] used the Net Present Value as the objective function
that manufacturers use to maximize their mark-ups. Considering the company f, the objective
function of one of its products, i, is given by:

n

Tpy = Z(5t [Pitqic @) — it Qic @) — Lie] — Lio),

t=1

where &, is the discount rate at the period of time t, p; is the price of the product at the period of
time, [;o the initial investment required (i.e. R&D and manufacturing costs), I;; are the fixed costs due
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to capacity, c; is the cost of the product at the period of time t and g, the quantity sold at the period
t, which is the product of the manufacturer’'s market share and the total expected demand.

It is necessary to remark that other authors like Irwin et. al [85] calculate the payoff considering the
uncertainties of the demand and jet fuel prices so that the Net Present Value is calculated as a
statistical distribution with different probabilities for the multiple possible paths. Thus, the value used
for the payoff function is the expected value of the NPV, E[NPV], instead. For this case study, a
simplified calculation form of the function was assumed, neglecting these uncertainties of the demand
and jet fuel prices.

This objective function accounts for two characteristics of the aircraft industry: learning by doing in
production and multi-product firms. First, the existence of learning by doing implies that a firm's
choices today affect the costs of production in the future through-accumulated experience. Firms
likely consider these intertemporal linkages in their profit-maximizing decision. In particular, these
dynamic considerations might make it profitable for a firm to price below marginal cost during the
initial stages of production in order to quickly accumulate the experience and reduce the future cost
of production. Second, aerospace manufacturers such as Airbus and Boeing are multi-product firms
that are selling several products during most time periods. Thus, when Boeing considers lowering the
price of one of its products, this will not only reduce the market share of Airbus’s products but might
also undercut the sales of Boeing's other products. Boeing might then lower its prices by less than in
a situation when it only sells one product. Assuming that aerospace firms are multi-product
companies, the global payoff function of the company f may be considered as the sum of every firm's
product in the market as:

Ty = Z [ (Oe[Pieqic ) — cieqie () — L] — Iip) |,
1

i=1 Lt=

where m is the number of products of the firm.

There are many input factors influencing the payoff as shown in the previous section of this chapter.
The R&D investment, the cost of the first unit or the selling price are some of the variables that affect
the most to the payoff function. These parameters are summarized in Table 13.23, alongside the
reference, low and high values for the evaluation of the Boeing NMA program and it will be used later
for the sensitivity analysis.

Parameter Low Ref High
Learning curve slope 80% 85% 90%
First Unit Cost [mill. US$] 700 800 900
Capacity Fixed Costs [mill. 0 3 5
US$/month]

R&D Investment [mill. US$] 10000 12000 14000
Discount rate 6.8% 8.0% 9.2%
Expansion costs [mill. US$] 10 20 30
Demand [units] 2500 3200 3900
Price [mill. US$] 160.0 180.0 200.0

Table 13.23. Boeing NMA Aircraft valuation model input parameters
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Sensitivity analysis

A sensitivity analysis was performed to determine whether the aircraft program valuation model is
robust, within the high and low range of input parameters listed in Table 13.23. Figure 13.78 shows
that the aircraft program valuation model is more sensitive to the learning curve slope, selling price
and theoretical first unit cost (TFUC) assumptions. In comparison, the development cost and discount
rate assumptions have little impact on the NPV of the new aircraft program.

AVAN (bill. US $)

I Price
] Demand

[} Expansion costs

] Discount rate
U R&D Investment
u Capacity Fixed Costs
[ — First Unit Cost
I — Learning curve slope
-150,00 -100,00 -50,00 0,00 50,00 100,00

H Low HHigh

Figure 13.78. Sensitivity analysis of aircraft program valuation

The reference values of these parameters will be used later for game theory analysis. The model was
tested varying the rank ordering of the parameters slightly around the reference values. The result of
the game was only affected by the extreme change of the input parameters (such as the Learning
curve slope).

Currently available options operated in the Middle of the Market are aircraft designed for another
kind of mission that can operate in this segment as well. Not only the range and number of passengers
are the influencing parameters of a potential NMA, but also its operating cost, configuration and the
expectations of revenue the manufacturer has. Some of the success factors identified by PARE project
are discussed hereafter, including where the other designs fall short and which gaps, if there are, need
to be covered by a new aircraft.

13.2.9.1 Key features of the proposed design

The new proposed aircraft would assimilate the 767 in shape and size but not in capabilities. It should
be more fuel-efficient and offer more comfort and flexibility to customers as well as not being
oversized for its main mission.

Range and performance

Boeing mid-size aircraft tends to be a replacement of the B757 and B767 models. During the last 15
years, both Boeing and Airbus have counted on several stretched versions of their single-aisle short-
range aircraft, the B737 and the A320. These models match the capabilities of the Boeing 757 mid-
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size aircraft respecting to passenger-carrying capabilities and even provide longer range than the
B757. Nevertheless, they have lagged in other areas such as short-runway performance or high
altitude climbing. The A320 and B737 have done very well, but they are two programs of which
potential is reaching limits and there is definitely a gap that needs to be covered.

On the wide-body segment, the planes flying those 5000 nm routes are either undated, like the 767
with a more than 20 years old design, or too heavy or, like the 787 case, designed for flying more than
14 hours. The new MMA should be designed for flying no more than 5000 nm, approximately. Thus,
it will be a lighter option for offering better economics.

Operating cost

The new mid-size aircraft should match the operating costs of a single-aisle with the capacity of a
wide-body aircraft. The operating costs are an important factor for airlines to take into account. This
new mid-size aircraft has to capture some narrow-body demand and to do so, it has to offer similar
economics. The old model Boeing 757-200 offers an average cost per available seat mile (CASM) of
$7.85, against the A321-200 $7.10. On the other hand, the Airbus’ stretched version of the A320 offers
fewer seats than the B757. The new mid-size aircraft should carry 220-280 passengers and offer a
lower CASM than the previous B757.

Better fuel efficiency would result in savings for the operators, but this has to be achieved by newer
technologies that might not arrive on time. An insight over the engines’ technology problems is
performed in the next chapter.

Apart from this, Boeing has been studying the feasibility of adding the necessary technology to the
aircraft to be piloted by just one officer, according to [86]. This would result in great crew savings for
the airline but has the drawback of not being ready until, almost, ten years. Nevertheless, this asset
could make the new Boeing NMA design to stand out among the rest of aircraft in the market.

Single-aisle vs twin-aisle configuration

To capture the gap, the new mid-size aircraft should carry about 220-280 passengers in a typical 2-
class configuration, a bit more than longest versions of short-range narrow-body aircraft. Making it
single-aisle would mean a non-feasible too long fuselage. The solution then would be to offer a wide-
body aircraft. Boeing is studying the possibility of including an elliptical-section fuselage that allows
double aisle configuration and nearly single-aisle economics.

Boeing’s proposal goes to the wide-body configuration due to several reasons. First, because of
passenger comfort. According to Boeing [87], narrow-body aircraft are not feasible for long-haul
routes due to the incommodity of the passengers. This is why the manufacturer aims to develop a
new design that stands out in this factor. Another reason is the boarding time. Wide-body
configuration allows boarding much faster than a narrow-body due to the multiple gates available.

Aftermarket

One of the key factors that directly influence the success of a new aircraft is not only focusing on the
sales but also making money out of it to keep it flying. The initial purchase of a jet represents only
30% of the lifetime cost of operating aircraft. The resting 70% comes from maintenance, fuel costs,
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crew and more. For a manufacturer, the business of selling spare parts along the lifetime of an airplane
is quite important. Therefore, if the aircraft is designed to keep flying for a long time, this aftermarket
will be an important part of the business.

Many parts of a newly manufactured aircraft are coming from external suppliers: engines, APU, landing
gear... etc. Taking some of these spare parts inside will allow a company to win aftermarket share.
Nevertheless, this involves some risk since engineering work and cost have to be assumed by the
manufacturer.

Regarding the NMA, one of the most profiting markets can be the spare parts selling and maintenance
of these aircraft.

13.2.9.2 SWOT analysis for new MoM aircraft

In this section, an analysis of the framework of a potential new mid-size aircraft will be analysed. Using
the environmental data collected in this study, PARE will develop an analysis of the Strengths,
Weaknesses, Opportunities and Threats of Boeing’s NMA. More specifically, the SWOT analysis offers
a foundational assessment model that measures what the organization can or cannot do, and its
potential opportunities and threats. A more detailed definition of the section of the SWOT analysis is
discussed herein:

e Strengths: describe what the Boeing NMA excels and might separate it from the competence.
e Weaknesses: describe what could stop the company from performing at its maximum level.

e Opportunities: external factors that favour the launching of the aircraft.

e Threats: external factors that might harm the new product launch.

Figure 13.79 shows the strengths, weaknesses, opportunities and threats of a new MoM aircraft. The
main opportunity is the medium-sized market, which is also diffuse since other product lines such as
the A321LR or the B737 MAX10 can capture some percentage of the demand.

The main weakness is that it is a new program. New programs imply high development and
engineering work. If engineering and development work is missed, then it means that the design is
obsolete compared to the available technologies. That is, more or less, Boeing's intention with the
new MoM. Using high-tech tools as in the B787 would mean really high development costs of the
program. The demand is not as big as it is in the B787 sector and that risk would be unjustified in the
case of the Middle of the Market.

Taken all these arguments, a SWOT analysis is performed hereafter.
Strengths

1. Experience
1.1.Boeing has been manufacturing airplanes since 1940. The company has passed by
several new program launching and has a wide board of experts within its team.
1.2.Lessons learned. The B787 program launch brought many delays and high program
costs that affected Boeing’s reputation. The lessons learned from this program can be
applied to new aircraft development.
2. Customer-oriented design
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2.1.Boeing has been working together with the potential clients to add the features they
want to the new aircraft.

2.2.After several years in the industry, Boeing has developed a wide vision of the market
needs and knows how to interpret them. The launch of the 787 is an example of this,
an aircraft that helped to open more than 180 new markets for the company.

Opportunities
1. Lack of similar products

1.1.The mid-sized B757 and B767 fleet are getting obsolete. The main aircraft models
covering this segment of the market are no longer in production but still being
operated by a wide range of airlines. When the replacement time comes, this might
lead to an important potential demand.

1.2.The gap between the incumbent models’ line-up. There is no manufacturer offering
a similar product nowadays. The single-aisle models fall short of range and the wide-
body aircraft are oversized for the objective mission of the NMA.

2. Growing demand
2.1.The estimated demand for the MoM sector is around 9000 aircraft for the next
20 years. From those, the NMA could take a big portion if launched on time.
2.2.Low-cost expansion. The liberalization of the medium and long-haul travel provides
to the low-cost carriers the possibility to access new markets, and consequently, the
demand will grow. The NMA design could fit the requirements of the LCCs to operate
in this segment due to the better economics that it will offer.

Weaknesses

1. High development costs. A clean-sheet design is estimated to cost around 10-15 billion US$,
a riskier option than a re-engined version of an incumbent model.

2. Problems with engines’ manufacturers. It is uncertain if the engines manufacturers will
provide with a new design within a reasonable timeframe for the new NMA. If a new engine
model does not arrive or arrives too late could lead to leaving the NMA program launch.

3. The recent loss of trust in the company from the customers. The series of accidents that
involved the Boeing 737 MAX aircraft and took place between October 2018 and March 2019
pushed Boeing under heavy pressure from the authorities and airlines. Many B737 orders were
cancelled, and this could lead to less acceptance of the NMA.

Threats

1. Airbus A321neo. Although it is a very different concept, the Airbus proposal to compete with
the NMA is already in the market. With the new variants, the LR and XLR versions, the A321neo
could take a big portion of the NMA potential demand.

2. Cannibalize the B787. The Boeing 787 Dreamliner is nowadays operating a big number of
the objective routes of the NMA. A misstep from the company could lead the NMA to
cannibalize a big part of the sales of the Dreamliner.
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3. Timeframe. With the old mid-range fleet of B757s and B767s reaching their retirement age,
airlines need to replace these aircraft as soon as possible, and if the NMA option is not yet in
service, they will consequently choose another option.

These conclusions are summarized in Figure 13.79.

(. Experience 1 ( ¢ High development costs h
« Long-history in aircraft ¢ Problems with engines’
manufacturing manufacturers

« Lessons learned for past eRecent loss of airlines’

programs trust in Boeing due to the
* Customer-oriented B737 MAX case
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Figure 13.79. SWOT analysis for the new MoM aircraft

One of the factors that most can impact the timing of the Boeing MMA launch decision is the
availability of a suitable engine [88]. The capacity and willingness of engine makers to produce the
adequate engine in the correct time frame can become the main “pacing factor” in the 797 decision.

The new MMA will need a new next-generation ultra-efficient engine with a thrust of 18.2-22.7 ton-
force (approximately 45,000 Ib) [89].

The 797 selling case is primarily sustained on the basis of reductions in operating cost. Although
Boeing could implement new technologies to reduce operating costs, it will rely heavily on the engine
fuel burn efficiency. This appears to be a key driver in terms of timing, both for program launch and
entry-into-service (EIS).

To meet the challenging 2025 EIS, the engine/s would have to be certified during 2024. That implies
an imminent engine selection that would require Boeing’s confidence in engine technology that exists
today or is at least in an advanced testing stage.
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Three companies: CFM International, a joint venture between General Electric and Safran, Pratt &
Whitney and Rolls-Royce, are specified as applicants for the project to develop a new engine. The
design and delivery capabilities of the engine for the NMA will be considered in this review.

However, engines manufacturers are suffering some reliability problems that bring doubts about
whether engine makers will have the bandwidth to support a new programme with service entry in
the 2025 timeframe. Rolls-Royce is dealing with turbine and fan blade problems on some Trent 1000s
that are one of two engines that power the 787s. Pratt & Whitney's geared turbofan engines have
suffered durability and other issues that have spoiled the service entry of the A320neo. The joint
venture between Safran and General Electric has had several problems with its LEAP engines relate to
the appearance of cracks in the low-pressure turbine section, which forced Boeing to halt test flights
of its 737 MAX jets. Those problems have affected a portion of the fleets and manufacturers are
dedicating substantial resources to solve these issues.

All these recent industrial problems among engine makers could lead Boeing to adopt a rationale
strategic for the dual-source (that is, offering airlines a choice of two engines) in order to mitigate the
risk. However, both suppliers will have to share a market that is not so big, and the business case for
those engines could become very thin unless they could also be mounted on other aircraft. If Airbus
would decide to respond to the 797 with its own new MMA product, then it could use the same
engines, perhaps enhancing the business case for more than one engine option.

Boeing is demanding an engine that burns 25% less fuel for every pound of thrust it produces
compared to the 757's decades-old turbines. Up to now, Boeing has had discussions with 3 providers:
CFM International, Pratt & Whitney, and Rolls-Royce. A call for proposals was launched at the end of
2018.

There is no obvious answer yet because the models available now are either too big or too small. But
for Rolls-Royce in particular, the 797 is the next opportunity to participate in a major aircraft program
that could be the first application for Rolls’ Advance engines. For Pratt & Whitney, the 797 could be
the platform for the next iteration of its geared turbofan (GTF); now powering the A320neo and
Bombardier C Series, and it would be a step ahead of putting a GTF on a true long-haul aircraft.

To answer the key questions about the engines for the new MMA, we have performed 3 technical
assessment covering the following items:

e The roadmap for engines fuel efficiency.
e The current problem of the engine manufacturers.
e Feasibility of a fuel-efficient new engine for the MMA

As the deep technical level of the first two ones exceeds the purpose of this chapter, the whole corpus
of these two analyses is presented in the Annexes at the end of the document.

Additionally, one of the originals research questions of the study was to analyse if the development
of new engines for the MMA could help to revive the A380 to compete with modern long-range twins.
To that aim, we have performed a trade-off analysis of possible engines for the A380. However,
considering the announcement made by Airbus on February 2019 in which it declared to officially end
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the A380 program, this analysis is not part of the core of the study, although it can be consulted as
part of the Annexes.

13.2.10.1 Assessment of the possibility of developing a new engine for the MMA

In this section, we perform a technical analysis of technologies available, the possible directions for
engine improvements and the feasibility of each one of the candidate companies to develop the
product required by the new MMA.

While maintaining the direction of engine improvement in order to increase cycle parameters and the
bypass ratio, it is expected to pay more attention to research of power plants (PP) of non-traditional
layout design: propfan engines (“open rotor”) with bi-rotating propfans (PF); engines of complex
thermodynamic cycles (with intermediate air cooling in the process of compression and heat recovery
in the process of gas expansion in the turbine as well as engines with detonation combustion).

The key role is played by:

e light compact heat exchangers, coolers, etc...

e distributed PP (driving several propulsion fans from one power generator), deeply integrated
with the airframe elements and allowing for bypass ratio increase without increasing the
diameter of the PP

e hybrid PP, driving the fans simultaneously from the turbines and electric motors.

On the one hand, the transition to such layouts can potentially provide a significant improvement in
the engineering and economic characteristics of the aircraft, and, on the other hand, it is associated
with apparent risks due to the limited experience in the creation of such power plants. The transition
to such configurations in practice is a key step and requires significant material costs and time. Taking
into account the expected commissioning date of the aircraft under the NMA program, it can be
affirmed that there will be no significant changes in the engine’s configuration. Current engines will
be taken as a baseline when designing a new engine.

Engine options

The main feature of the requirements for the NMA future engine is a thrust of about 18 tons. Since
the completion of the PW2000 / F117 program and the termination of the Boeing C-17 military
transport aircraft production, this level of thrust has not been included in programs of western engine
manufacturers. This range is higher than the capabilities of new engines, such as the CFM Leap or
Pratt & Whitney PW1000, but lower than the larger turbofan engines such as the Rolls-Royce Trent or
General Electric GEnx. It should also be noted that Boeing must convince engine designers of the NMA
program potential since companies must be interested in winning the competition for making a profit.
Since the aircraft is commercial, it must rely on innovation, and at the same time on well-developed
and proven technical decisions. This suggests that the new engine will be developed on the basis of
current engines.

The most awaited engine options from various manufacturers are:

e GE engine on the basis of GEnx (GE9X);
e CFM International engine on the basis of Leap;
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e P&W engine on the basis of Pure Power PW1100G;
e Rolls Royce engine on the basis of Trent 1000 or Trent XWB.

At this moment, Rolls-Royce has problems with its Trent 1000 program and it is embarking on a major
restructuring; Pratt & Whitney is straining to keep up with Airbus production ramp-ups following the
problematic introduction of its PW1100G on the A320neo [90]. Therefore,