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Abstract

This paper deals with the Chinese aviation industry and its current state, and the main goal of this paper is to find out whether China, in terms of
its position, can compete with the current Airbus-Boeing duopoly in the coming years on the large civil aircraft market, while it also aims to set
possible scenarios of the development of the large civil aircraft market. The paper approaches the matter through the historical development and
the current state of the large civil aircraft market to find out whether there is any perspective and chance for a new competitor to succeed, and the
Chinese aviation industry, which allows a better understanding of the problems that China faces in the production of large civil aircraft. In the third
chapter, a comparative method is used and its result is the determination of the competitiveness of large civil aircraft produced by China in
comparison with those produced by European and American manufacturers, while it also points out their strengths, weaknesses and potential
customers. In the last chapter of the paper, the “Compound Annual Growth Rate” method is used along with findings gained from pervious chapters
in order to determine possible development scenarios of the large civil aircraft market regarding the position of China. While determining the
scenarios, the current and possible future geopolitical situation, political relations of China and the resulting factors with the potential of affecting
the Chinese aviation industry were taken into account. This paper also points out China’s biggest problem, due to which, despite the enormous
effort, it has not yet entered the market of large civil aircraft, with the problem being the dependence on foreign aviation technologies caused by
the lack of expertise and experience stemming mainly from the historical development of the Chinese aviation industry. The paper also points out
that, despite the slow development of the Chinese aviation industry, the entrance of China to the large civil aircraft market is only a matter of time.

The results of paper about diploma thesis can be used to help to decide what threat China does pose to the Airbus-Boeing duopoly.
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1. INTRODUCTION

The global market of large civil aircraft is currently duopolistic
and the only two competitive manufacturers are American
company Boeing and European company Airbus. However, this
market has historically not always been duopolistic and has
gradually evolved into its current form. The development of the
global market of large civil aircraft began in the late 1950s. Right
after the Second World War, new technologies were used in the
field of civil aviation industry too, which led to the development
of the first civil jet airliner De Havilland DH-106 Comet by the
United Kingdom [1]. This aircraft, however, had shortcomings,
from which the manufacturers in the USA learned, and American
company Boeing developed the first American civil jet aircraft
Boeing B707, which completed its maiden flight in 1957 making
it the world’s first large civil aircraft, followed by Douglas DC-8
with its maiden flight in 1958 [1]. These two aircraft marked the
beginning of a new era in civil aviation, the era of large civil
aircraft.

At its beginnings, large civil aircraft market was dominated by
American manufacturers McDonnell Douglas (created by
merging McDonnell Aircraft and Douglas Aircraft in 1967),
Lockheed Aircraft and mainly Boeing [1], [2]. European
manufacturers were unable to compete with American ones
mostly due to the competition among themselves in politically
fragmented Europe, due to their decimated aviation industries
and economies as a result of the Second World War. World War
Il also helped to kick up the aircraft production capacity of the
US, which the US could use in the civil aviation industry. Author

Burns [3] also came to this conclusion. Due to the inability of
European civil aircraft manufacturers to compete with the US
ones, some European governments decided to cooperate in
order to produce a large civil aircraft capable of competing with
Boeing and ensuring the survival of their own aircraft
manufacturing industry, which led to the establishment of
Airbus in 1970 [3]. The foundation of European manufacturer
Airbus, which composed of several aircraft manufacturers with
experience and was subsidized by governments, gradually led
to changes in the competition on the large civil aircraft market.
The market share of Airbus began to increase in 1980s and was
driven by an increase in demand for air transport services in
these years, to which American manufacturers were unable to
respond promptly, and in combination with another innovations
implemented by Airbus, like fly-by-wire and glass cockpit and
the introduction of Airbus A320, American large civil aircraft
manufacturers began to experience problems, which led to
Lockheed leaving the large civil aircraft market in 1986, as it was
not competitive enough [1-4]. McDonnell Douglas, however,
could not design a competitive aircraft anymore and kept losing
its market share too [5]. Therefore, in order to get better
competing position of American manufacturers against Airbus,
a merger of Boeing and McDonnell Douglas happened and took
place in 1997, which meant the beginning of the Airbus-Boeing
duopoly [1]. This merger, however, did not come into fruition as
expected since Boeing was unable to integrate McDonnell
Douglas effectively at first, which led to dissatisfaction of their
customers [3], [11]. In combination with airlines and aircraft
leasing companies not wanting a monopoly this represented
another chance for Airbus to increase its market share and so it
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has come to pass in 2003 [5] regarding the number of deliveries.
After that, in 2004, the US government accused European Union
of breaking the 1992 EU-US Large Civil Aircraft Agreement
through illegal subsidies provided to Airbus. European Union
reacted respectfully and made the same accusation, which led
to Airbus-Boeing dispute [4], [7]. This dispute lasted for 17 years
and was settled in 2021 due to the threat of a new emerging
competitor — Chinese COMAC, and CRAIC in cooperation with
Russian Federation (Chinese COMAC and Russian UAC) [7].

This new competitor possesses all factors that are behind the
Airbus’ success — government subsidies, drive, and experience
with aircraft production. Therefore, Chinese COMAC, and CRAIC
also, could succeed in a similar way Airbus did, since according
to market forecasts published by Airbus, Boeing and COMAC,
there will be high demand for new large civil aircraft in the next
18 years, especially in China with the need of more than 8000
new aircraft [8-10]. This means a good perspective and a chance
for a new competitor to succeed.

2. HISTORICAL DEVELOPMENT OF THE CHINESE AVIATION
INDUSTRY

In order to be able to determine the extent to which China can
compete with the current Airbus-Boeing duopoly, and to
identify the problems Chinese aviation industry faces along with
their causes, it was necessary to look at the historical
development of the Chinese aviation industry. We approached
the historical development of the Chinese aviation industry from
two perspectives the first perspective in terms of
organizational development and the second perspective in
terms of the development and production of Chinese domestic
aircraft. All the conclusions and findings were based on the
literature used to create the timeline in figure 1 and literature
used in this chapter.

In the organizational development approach, based on the most
important milestones we have identified, we have divided the
development of the Chinese aviation industry into 3 stages,
which are shown in the figure 1 above the timeline.

We consider year 1918 as the beginning of the Chinese aviation
industry from the organizational point of view since it was the
year when the “Office to make preparations for matters
concerning aviation” was established. However, this is a
different opinion from Jin et al. [14] who consider the year 1920
as the beginning of the Chinese aviation industry because of the
first commercial flight between Beijing and Tianjin, with which
we can’t agree since it has nothing to do with the organizational
development, nor the aircraft development and production.
According to the small number of milestones in this first stage,
we consider the development of the Chinese civil aviation
industry slow in this period of time, which is also the opinion of
Zhao and Wan [27]. The second stage lasted from 1949 until
1980 and the focus was given to Chinese military aviation, while
the development of civil aviation was practically abandoned, for
the aviation industry was wholly controlled by military part of
Chinese government and later by combination of military and
civil part of the government. We set the end of this stage to the
year of 1980 because the CAAC came fully under the control of
the civil part of Chinese government meaning the beginning of
aviation deregulation in China, which also agrees with the
opinion of Zhang and Round [15]. On the other hand, we do not
agree with the opinion of Wang et. al [28] and Jin et al. [14], who

consider year 1978 as the end of the strict regulation period and
the beginning of the deregulation, since in 1978 economic
reforms started in China, but we consider it to be only the cause
of the aviation deregulation in China. However, we came to a
conclusion that the civil aviation industry development was slow
in this stage mostly because of China’s focus on military aviation,
which also agrees with opinions of all the authors mentioned
above. The year 1980, in our opinion, marked the beginning of
the Chinese aviation industry deregulation, which led to more
effective and stronger Chinese aviation industry. Wang et al.
[16] say the deregulation was partially successful, and they
connect it with a fast growth of the demand for air transport,
while they also say the deregulation wasn’t effective enough to
stop the dominance of “The Big Three”. We agree, that the
deregulation helped the demand for air transport in China,
however, even though we describe Chinese aviation industry as
partially deregulated as the CAAC (Civil Aviation Administration
of China) retained control over the development of airports,
airlines and controls the entry of airlines on certain flight routes,
we can’t say the deregulation wasn’t effective enough to stop
the dominance of “The Big Three” [29]. We think it was effective
as Chinese government intended and that the consolidation
helped ”“The Big Three” to keep their dominance, just like
Chinese government intended.

In the approach in terms of the development and production of
Chinese domestic aircraft, we have divided the development of
the Chinese aviation industry into 4 stages based on the most
important milestones. These stages and milestones are also
shown in the figure 1 but below the timeline. Each of these
stages has its own features but overall, we characterize Chinese
aviation industry in terms of the development and production
of Chinese domestic aircraft as slow and dependent. Slow
because it always took China a long time to develop its own
aircraft, besides the second stage where it had help from Soviet
Union, and dependent because China has needed foreign help
and has been dependent on foreign technology during every
single stage of their aviation industry development.

In this approach, we consider year 1913 as the beginning of the
development of the Chinese aviation industry in the aircraft
development and production, and we also consider it as the
beginning of the first stage we named “Stage of low production
and import”, which lasted until 1949. Niosi and Zhao [30]
described Chinese aviation industry in terms of aircraft
development and production basically as non-existing, since
according to their findings China had no capabilities of
designing, developing or producing any aircraft whatsoever and,
therefore, had to import them. Author Fai [31] came to the same
conclusion as she said that before 1949 China could not produce
its own aircraft. However, that is not certainly true, since
according to findings of Andersson (2008) [20], China was able
to produce a small amount of aircraft and had to import the rest,
and these aircraft were mostly for military purposes of warlords.
The next stage started in 1949 when People’s Republic of China
and CAAC have been founded. We named this stage as a “Stage
of Soviet technology”, since the Soviet Union was the main ally
of China with more sophisticated technology, which was being
transferred to China thanks to this cooperation. China made
many leaps in this stage, which lasted up to Sino-Soviet split in
1966, which led to the withdrawal of Soviet scientists from China
and to the cessation of cooperation between China and the
Soviet Union. According to aircraft China produced at this time
[22] and according to the findings about how the Chinese
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aviation industry was controlled at this time, we concluded that
domestic aircraft development and production was focused
mainly on military aircraft. However, China made many great
leaps during this stage, even though practically all its designs
were based on Soviet designs and technology. Niosi and Zhao
[30] and Crane et al. [23] concluded the same regarding Soviet
technology dependency and the focus on military aircraft. Even
though this cooperation helped the Chinese aviation industry, it
also marked its continuous downfall. The combination of Sino-
soviet split in 1966, The Great Leap Forward and the Cultural
Revolution slowed down the development of the Chinese
aviation industry in terms of the development and production
of aircraft, since they meant stoppage of technology transfer,
decimation of China’s economy and loss in the intellectual
potential of China. The third stage we defined was “Stage of
Reverse engineering and western technology”, which lasted
from 1966 up to 2002.

At the beginning of this stage, China led isolationistic policy and
had no foreign technology feed, nor it had its own because of

Ist STAGE OF DEVELOPMENT
1

2nd STAGE OF DEVELOPMENT
918-1949 1949-1980

negative factors which affected its aviation industry and the low
level of aviation industry before the World War II. Therefore,
China had to turn to reverse engineering and in spite of all the
negative factors named above, China tried to develop civil jet
aircraft Shanghai Y-10. However, as China didn’t have enough
experience, expertise and technology, this project failed and
was cancelled in 1983 because China could not make it work.
Because reverse engineering did not bring the required result
and Sino-Soviet relations were bad, China decided to cooperate
with west in order to gain technology, expertise and experience
needed to develop their own civil jet aircraft. This was also the
goal of a “Three-Step Plan” China made in 1983, which was
supposed to make China independent on foreign aviation
technology and help, so it could develop domestic civil jet
aircraft on its own by 2010. However, China did not manage to
reach this goal set by the “Three-step plan”, which can be seen
in COMAC ARJ21 and C919 component suppliers. Therefore, we
agree with the opinion of Fai (2013) [31] who said that the
technology transfer wasn’t as big as China expected it to be.
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Fig. 1. The timeline of the development of the Chinese aviation industry. (Compiled by author, based on [5-12], [14], [21-24], [27], [30], [31], [33]. Full
resolution may be provided by author on request.)

According to Wood et al. [24] the long-lasting problem of
Chinese aviation industry, which is present even today, is the
inability of developing its own aviation jet engine for civil
aircraft. Despite the fact that China is still dependent on foreign
technology, the plan led to the extension of cooperation
between China and foreign countries in the field of aviation
industry and aircraft production, thanks to which China
managed to transfer technology and gain experience, which it

subsequently began to use in the development of its own civil
jet aircraft since 2002 when China started the development of
the ARJ21. This is the last stage of the development of the
Chinese aviation industry so far, which is still ongoing and its
main domain is the development of the C919 aircraft and the
CR929 aircraft. Already mentioned author Fai (2013) [31] also
said, nine years ago, that Chinese aviation industry had enough
experience to be successful thanks to the cooperation with
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foreign firms. However, we can’t agree with her opinion, since it
is already 2022 and China can’t build the whole large civil aircraft
with all its components on its own, nor it does have its own
aviation jet engine for this type of aircraft.

3. COMPARISON OF LARGE CIVIL AIRCRAFT PRODUCED BY
THE USA, THE EU AND CHINA

China tried to enter the large civil aircraft market as early as
1970, when it launched the development of the Shanghai Y-10
civil jet aircraft. However, this project was unsuccessful and was
cancelled in 1983. After that, China realized that it was unable
to develop a competitive civil jet aircraft on its own and,
therefore, it began to cooperate and to expand cooperation
with foreign countries. Throughout this cooperation China
gained experience in the assembly of aircraft, the aircraft
production and the production of aircraft components, but
thanks to this cooperation the foreign technology transfer to
China took place too. The goal of China was to learn, gain the
necessary experience, expertise and technology in order to be
able to develop its own large civil aircraft. These experience and
technologies are currently being applied in the development of
Chinese large civil aircraft C919 and CR929, which are to get
China to the large civil aircraft market. However, in order for
these aircraft to enter the market successfully, not only good
market perspective, gained technologies and experience, and
state subsidies of the manufacturer are needed, but these
aircraft must also be competitive with the products of the
established Airbus-Boeing duopoly on the large civil aircraft
market.

In order to determine the competitiveness of large civil aircraft
produced by China (COMAC C919 and CRAIC CR929), this
chapter uses comparative method and focuses on the technical,
performance and economic attributes of aircraft, but also takes
into account the dependence on component suppliers.

3.1. Comparison of COMAC €919, Airbus A320 and Boeing
B737 aircraft

It is known that the aircraft C919 is supposed to compete with
Airbus A320 and Boeing B737. The problem, however, is that
these aircraft have been on the market for a longer period of
time and entire families of these aircraft have been created,
which, nowadays, include both older and newer types.
However, the older types are gradually being replaced by newer
ones. Therefore, in order for the comparison to be the least
biased, we compared the C919 with the latest aircraft of these
large families — the A320neo family and the B737 MAX family.
As there are no extended and shortened version of the C919 yet,
the comparison was made with the base aircraft of these
families — the Airbus A320neo and the Boeing B787 MAX 8. The
first among compared were technical specifications, which are
listed in table 1.

TABLE|. TECHNICAL SPECIFICATIONS OF €919, C919(ER), A320NEO
AND B737 MAX 8. (COMPILED BY AUTHOR [32-44])
€919 B737
919 A320neo
(ER) MAX 8
Length [m] 38,9 38,9 37,57 39,52

Wingspan [t] 35,8 35,8 35,80 35,9
MTOW [t] 72,5 77,3 79 82,19
Payload [t] 20,4 20,4 20 20,88
Range [km] 4075 5555 6300 6570
Cruising speed
834 834 828 839
[km/h]
Ceiling [m] 12100 12100 12100 12500
Take-off runway
2000 2200 1951 2500
length [m]
Max. seating
. 190 190 194 210
capacity
2-class seating 158- 158-
X 150-180 162-178
capacity 168 168
Cabin width [m] 3,96 3,96 3,70 3,53
Cabin height [m] 2,25 2,25 2,24 2,19

According to the main technical specifications listed in table 1,
all three compared aircraft are quite similar. However, the C919
aircraft has a slight advantage thanks to its cabin width, thanks
to which it can provide higher seating comfort for passengers.
There are, however, more disadvantages to this aircraft than
advantages according to specifications. One of the main
disadvantages is lower seating capacity, in both maximum
seating configuration and 2-class seating configuration.
Nonetheless, more severe disadvantage because of which C919
lags behind is its significantly shorter flight range compared to
A320neo and B737 MAX 8, even in the C919(ER) extended range
version. The competitive position of C919 and C919(ER) version
is better described by the figure 2. We also used older aircraft of
the A320 and B737 families to better illustrate C919’s
competitiveness. As the figure 2 shows, the C919 aircraft in its
basic version does not compete even with older A320 and B737
aircraft regarding the range. The version with extended range
C919(ER), even though it is competitive with older types
regarding the range, it still lags behind the current competition,
the A320neo and the B737 MAX 8 families.
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Fig. 2. The position of C919 and C919(ER) aircraft against the
competition in terms of maximum capacity and range. (Compiled by
author [32, 37, 44, 56-58]

However, this major disadvantage in the form of the C919's
short flight range should be compensated by its economic
advantage, which should be lower acquisition costs. The C919
aircraft should cost around $50 million and should be up to
55.3% cheaper than the A320neo aircraft and up to 60.8%
cheaper than the B737 MAX 8 aircraft. An overview of aircraft
prices is given in the table 2.
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TABLE Il.  THE PRICE OF C919 AIRCRAFT, A320NEO AND B737 MAX
AIRCRAFT FAMILIES (NOT INCLUDING B737 MAX 7). (COMPILED BY
AUTHOR [45-47])

Aircraft Price [mil. $]
A319neo 101,5
A320neo 110,6
A321neo 129,5

B737 MAX 8 121,6

B737 MAX 9 128,9

B737 MAX 10 134,9

C919 +50

The last compared attribute was the dependence of the aircraft
on foreign technology. This is one of the biggest drawbacks of
C919, since it is heavily dependent on foreign technology —
mostly American. Even though B737 MAX and A320neo aircraft
make use of components from all around the globe, suppliers of
major components such as aircraft jet engines are from
domestic countries of Airbus and Boeing [69]. China, on the
other hand, can’t provide COMAC with domestic suppliers of
more complex aviation technologies, especially jet engines for
civil aircraft, since China has problems developing them. The
dependency of COMAC’s C919 aircraft on foreign technology is
shown in the figure 3.

Made in China, with US and European help

Selected suppliers for Comac's C919 passenger jet

Tail
Avic

‘Communication and
navigation systems
Rockwell Collins BES

Aluminium components
for fuselage
Arconic B

Flight data Wheels/brakes

recorders Honeywell B= Wings Engines
GEEE T Avic Bl CFM International
Landing gear system (Joint venture between
Liebherr Aerospace NN GE and Safran)
=11
Fig. 3. C919’s main component suppliers [48].

3.2. Comparison of CRAIC CR929, Airbus A350 and Boeing
B787 aircraft

Another aircraft that China wants to finish developing and to
produce is CRAIC CR929, which China develops in cooperation
with Russia. Aircraft CR929 is a wide-body aircraft being
developed by Russian company UAC and Chinese company
COMAC in a joint venture CRAIC. According to the UAC president
Yury Slyusar, CR929 is set to compete with Airbus A350 and
Boeing B787 aircraft [66]. Several variants were produced from
the Airbus A350 family and Boeing B787 family, but for the
purpose of the comparison, we used those aircraft of these two
families, that are closest to the basic version of the CR929 (also
named CR929-600) regarding technical characteristics. Chosen
aircraft were the Airbus A350-900 and the Boeing B787-9.

In comparison, we proceeded in the same way as with the C919
aircraft, and the first compared attributes were technical
characteristics.

TABLE Ill. TECHNICAL SPECIFICATIONS OF CR929-600, A350-900 AND
B787-9. (COMPILED BY AUTHOR [49-55])
CR929-600 A350-900 B787-9
Length [m] 63,3 66,8 63

Wingspan [t] 63,9 64,75 60
MTOW [t] 245 280 254
Payload [t] 50,4 53,3 52
Range [km] 12000 15000 14010
Cruising speed 908 903 903
[km/h]
Ceiling[m] | - 13100 13100
Max. seating

- 440 440 420
capacity
3-class seating

] 280 300-350 280
capacity
Cabin width [m] 5,61 5,61 5,49

As the table 3 shows, CR929 lags behind its competition too. The
CR929 has lower MTOW and a little bit lower payload, and even
though the cruising speed of it is a tiny bit higher, the CR929’s
hour productivity is lower than the hour productivity of its
competitors, which is one of the CR929’s disadvantages. The
hour productivity of CR929 reaches 45763.2 tonne-kilometres
per hour, while A350-900 reaches 48129.9 tonne-kilometres per
hour and B787-9 reaches 46956 tonne-kilometres per hour.
Another and much more significant drawback of the CR929
aircraft is its short flight range, just like in the case of C919. Its
lower seating capacity in 3-class seating compared to A350-900
is also a slight disadvantage, however, even B787-9 has just 280
seating capacity in this configuration and is successful on the
large civil aircraft market. The competitive position of the CR929
aircraft compared to the potential wide-body aircraft
competition is shown in the figure 4.
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Fig. 4. The position of CR929 aircraft against the competition in
terms of maximum capacity and range. (Compiled by author [49-55],

[591)

In contrast with these disadvantages, mainly the disadvantage
regarding shorter flight range, the CR929 aircraft provides
interesting advantages too. These advantages are of economic
nature, just like in the case of C919. The first advantage is
predicted 15% lower operating costs compared to A350 and
B787 [66], which could be rather interesting for every airline.
And the second advantage is lower acquisition costs. The price
of CR929 is yet to be set, but it is expected to cost $113.5-117.8
million, while B787-9 costs $292.5 million and A350-900 costs
$317.4 million [46], [47], [65]. This makes CR929 59.7-61.2%
cheaper compared to B787-9 and 62.9-64.2% cheaper than
A350-900.
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The last compared attribute is the dependency on foreign
technology suppliers. While COMAC (€919 was dependent
mostly on American and European technology, CR929 is
different. Although CR929 is still dependent on foreign
technology, it is not dependent on American and European
technology suppliers as much as C919 is, and that is only thanks
to the cooperation with Russia. However, there are still some
western technologies used and one of them are jet engines,
which are, in this case, most important since nor China, nor
Russia have engines for this type of aircraft at their disposal yet.
Therefore, the first aircraft are to be fitted with American
General Electric GEnx-1B76 engines or British Rolls-Royce Trent
1000 engines. These engines should be replaced by Russian PD-
35 engine, which is currently under certification process, or by
Chinese engine CJ-2000, which is expected to enter into service
around the year 2030 [64]. Up until the moment of successful
certification and entry into service of Russian or Chinese engine,
the CR929 aircraft will stay heavily dependent on foreign
technology. According to Airframer [69], Airbus A350 and
Boeing B787 aircraft are more “international” products, since
they have a lot of suppliers. Nevertheless, compared to the
CR929 aircraft, they are less dependent because the main
component suppliers of Airbus and Boeing are from domestic
countries of these manufacturers or from politically friendly
countries, while engine suppliers of CR929 are from countries
Russia and China have bad relations with.

1§ Lewntrie Compony
TESTOVACIT YYRAYENIF
-

Fig. 5. Main component suppliers of the CR929 aircraft. (Compiled

by author [60-64])

To sum it up, C919 and CR929 are rather interesting aircraft,
which may become serious competition for Airbus and Boeing
despite their main disadvantage — shorter flight range. There is
also another disadvantage, the dependency on foreign
technology, mostly American and European. This second
disadvantage may cause lower competitiveness of these two
aircraft and lower rate of production because of possible
aviation technology tightening rules that may be applied in
relation with bad and worsening political relation between
Russia, China and USA, EU. If China will overcome problems
regarding the dependency on western technology, the chances
of its large civil aircraft will be much higher. However, even then
COMAC and CRAIC will have to deal with another problems —
certification (according to foreign countries’ standards too),
maintenance organization network and training organization
network. If COMAC and CRAIC will be able to overcome these
problems, thanks to the low price of C919 and CR929 compared
to its competitors, it may succeed mostly on developing aviation
markets where many new airlines will emerge, or in
economically developing countries where possible customers
are more price sensitive and will welcome a cheaper alternative
to Airbus and Boeing aircraft. Another potential customers are

low-cost airlines such as Ryanair or easylet, which operate their
flights mostly on shorter routes and, therefore, would not mind
the shorter flight range.

4. SETTING MARKET TRENDS AND POSSIBLE DEVELOPMENT
SCENARIOS OF THE GLOBAL MARKET OF LARGE CIVIL

AIRCRAFT IN TERMS OF THE POSITION OF CHINA

In the last part of this paper, we focused on possible
development scenarios of the global market of large civil aircraft
considering current China’s position and the current state of its
aviation industry. In the previous parts of this paper, we have
identified several factors that may significantly affect the
development of this market and the China’s large civil aircraft
production capacity. In particular, these factors are the
dependence of the Chinese aviation industry on foreign
technology, since China is unable to develop more complex
technologies e.g. civil aviation jet engines due to lack of
experience and expertise, another factor is the settlement of
Airbus-Boeing dispute in order to eliminate potential threat of a
new competitor entering the market of large civil aircraft, China-
US and China-EU political relations, China’s commitment to
enter this market and the fact that Chinese government owns
majority share of Chinese largest airlines.

In setting possible development scenarios, we focused mainly
on the Chinese domestic market of large civil aircraft for three
reasons:

e Because we consider it a lucrative market, since according
to Airbus, Boeing and COMAC market forecasts China will
become the largest air transport market by 2040 and up to
this year, it will need the largest number of new large civil
aircraft with the estimation of 8230 units.

e The second reason is that the largest increase in air traffic
volume and the largest increase on the global market of
large civil aircraft is expected in China and Southeast Asia.
This would mean the emergence of many new airlines for
which cheaper Chinese aircraft could be a great substitute
product for Airbus and Boeing aircraft in these developing
countries. Therefore, we assume that the development of
the world market, because of its growth predictions, will
follow the development of the Chinese domestic market.

e The last reason is that the success of large civil aircraft
produced by China on the global market will depend on their
success on the Chinese domestic market, and whether these
aircraft will meet the certification standards of other
countries.

We set several possible scenarios of the development of the
large civil aircraft market in China and we anticipate that the
development of the global market of large civil aircraft will
follow the same or very similar trend, mainly due to the fact that
the largest increase in air traffic and on the market of large civil
aircraft up to year 2040 is expected to take place in China and in
Southeast Asia, where more cost-effective substitute to Airbus
and Boeing could succeed. In setting these scenarios, we
focused on the market share that China could gain and the
volume of its large civil aircraft production, which China would
have to meet in order to achieve the desired market share, while
we also took into account various factors that could affect this.
As a basic value of market share China plans to achieve, we used
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10% of market share its joint venture CRAIC plans to achieve by
year 2040 [66] and we applied It to large civil aircraft as a whole.
To set the needed production volume, we used CAGR method
and every single scenario is based on the assumption that China
will have managed to certify and deliver the first three planned
units of its C919 aircraft by the end of 2022.

The first scenario we set is based on China’s goal of achieving at
least a 10% market share on its own market of large civil aircraft
by 2040. Based on this premise and by the use of the CAGR
method, we determined what production of large civil aircraft
China would have to meet in order to achieve this 10% share of
its domestic market. This scenario is neutral, influenced only by
factors currently affecting Chinese aviation industry, and is
illustrated in figure 6. In order to achieve 10% market share on
its domestic market, China would have to ramp up its large civil
aircraft production capacity 25.025% each year reaching the
annual production of 167 aircraft in 2040. This way, China would
produce 823 units of large civil aircraft by 2040, which
represents 10% of 8230 units this market will need.
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Fig. 6. The neutral scenario of the development of chinese large

civil aircraft production.

Even though neutral scenario is possible, there are various
factors that can affect every aviation industry in a positive or
negative way and can have an effect on subjects competing on
the large civil aircraft market. Only two giants Airbus and Boeing
has been competing on this market since 1997 and their market
share was roughly equal for a longer period of time until two
Boeing B737 MAX accidents in 2018 and 2019. As a consequence
of these accidents, Boeing’s number of deliveries decreased by
52.85% between 2018 and 2019. Since then, there has been a
big distrust towards Boeing’s technology especially in China,
where another Boeing aircraft B737-800 crashed in march 2022.
When negative events like these happen, it damages the name
of the manufacturer and it may provide room for another
competitor to get his own market share. Therefore, our first
positive scenario is based on one of the most serious factors that
may affect large civil aircraft market share in the future and may
positively affect the market share of aircraft produced by China,
which is these negative events represented by accidents of
competing aircraft. Our first positive scenario is based on the
assumption that such tragic events may happen in the future
and on the finding that Boeing’s annual deliveries have dropped
by 52.85% [68] as a result of the B737 MAX accidents, and we
therefore assume that aircraft from China’s production could
reach a 52.85% higher market share than in the neutral scenario
and thus 15.29%. Using the CAGR method, we found out that to
achieve this market share, China would have to increase its

production capacity by 28.744% year-on-year, which would lead
to reaching annual production of 283 aircraft in 2040 and the
total number of aircraft produced in 2022-2040 would be 1258
units.
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Fig. 7. The positive scenario no. 1 of the development of chinese

large civil aircraft production.

The second positive scenario is based on a combination of
various factors. The first of the factors is the assumption that
China will manage to get its own aircraft into service as soon as
possible — C919 in 2022 and CR929 in 2025. That would give
China more time until 2040 to tune its supply chain and,
therefore, reach higher rate of production. The second factor is
the reduction of the dependency on foreign technology, mainly
western one, since even now there are aviation technology
export rules from US to China due to which China could not
certify C919 in 2021 because it lacked spare parts [67].
Therefore, if China managed to find alternative suppliers or
develop its own technology (mainly engines), China would
reduce the foreign technology dependency and increase the
production of its own large civil aircraft. The other possibility is
an improvement of China-US and China-EU political relations.
The other factors that could cause a more positive development
on market for Chinese produced large civil aircraft are higher
demand for domestic aircraft caused by national pride in terms
of preference of domestically produced aircraft by passengers,
which would force Chinese airlines to buy these aircraft,
possible government pressure on airlines to buy domestic
aircraft, and an effective use of experience gained from the
production of regional jet ARJ21 and from participating in Airbus
and Boeing aircraft production. We expect that this way China
could reach 17%-20% share on domestic market. However, in
order to achieve this, China would have to increase the domestic
large civil aircraft production rate by 29.675% every year to
reach 17% market share) or by 31.103% each year to reach 20%
market share, and produce at least 1399 or 1646 aircraft
respectfully by 2040. Reaching this high scale of production
depends on whether China can reduce its dependency on
foreign technology suppliers and optimise its supply chain and
production process.
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Fig. 8. The positive scenario no. 2 of the development of chinese
large civil aircraft production needed to achieve 20% market share.

However, negative scenarios are possible too and they
represent lower volume of Chinese domestic large civil aircraft
production and thus lower share on the Chinese domestic
market and subsequently on the global market of large civil
aircraft. The negative scenarios we set are based on the Chinese
aviation industry dependency on foreign technology, settlement
of Airbus versus Boeing case between US and EU so they could
better face the challenge represented by COMAC and CRAIC,
and the scenarios are also based on China-US and China EU
political relations. We did set three negative and one
catastrophic scenarios, which are based on number of factors
that could lead to lower production capacity of Chinese large
civil aircraft and to lower market share than 10%. Since China
does not possess own jet engine for large civil aircraft and is
dependent on foreign technologies, especially American, we
deem these negative scenarios more likely to happen than
positive ones. In any case, we expect a larger increase in
production of Chinese large civil aircraft around 2030, because
Chinese CJ-1000 engine should have been completed by then.

The first and the least serious negative scenario we set assumes
that there will be no reduction in Chinese domestic aircraft
production by further restricting aviation technology exports to
China, but nevertheless China will achieve only 8% market share
delivering a total of 658 aircraft by 2040. In order to achieve this
number of deliveries, China would have to increase production
capacity by 23.07% year-on-year. This negative scenario is based
on US-EU common approach to a new potentially strong
competitor represented by China, which is also the main reason
why the Airbus versus Boeing dispute was settled so that this
duopoly would not lose its market share to COMAC and possibly
CRAIC. A prerequisite for this scenario is an adjustment of the
bilateral agreement between the US Government and EU
concerning the trade in large civil aircraft in order to allow
greater government subsidies in order to reduce the prices of
Airbus and Boeing aircraft, which would lead to a reduction of
the competitiveness of large civil aircraft produced in China, but
even then we do not expect them to match prices of Chinese
aircraft. However, we also considered the possibility that
Chinese aircraft will not have as sophisticated technical
equipment as Airbus and Boeing, while also being less cost-
effective. In this case, China could gain 8% market share thanks
to still lower acquisition costs of their aircraft making them more
suitable for start-up airlines, and possible Chinese government
pressure on airlines to buy domestic aircraft, even if the
government itself would prefer foreign aircraft more for reasons
of operational efficiency.

NUMBER OF AIRCRAFT PRODUCED

Fig. 9. The negative scenario no. 1 of the development of chinese

large civil aircraft production.

The second negative scenario, in which China would be able to
achieve only a 5% share of the domestic market of large civil
aircraft is based on the assumption that measures on aviation
technology export to China will be tightened, leading to a
slowdown in the production rate growth and consequently
lower market share of Chinese large civil aircraft on the
domestic market, as well as on the global market later on. It’s
because Chinese large civil aircraft are dependent on foreign
technology and China does not have any substitute for some of
them, such as engines. Tightening aviation technology exports
to China may be one of the measures the United States and the
European Union may take in order to slow down the production
of China’s domestic large civil aircraft, thereby reducing China’s
competitiveness. If China would not be able to find suitable
alternative suppliers and would have to develop its own
technologies, a more significant increase in production could
occur around 2030, when Chinese engines for large civil aircraft
are expected to have been developed. In this case, China would
have to produce a total of 412 aircraft during the 2022-2040
period to achieve 5% market share. The year-on-year increase in
production China would have to achieve is 18.94%.
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Fig. 10.  The negative scenario no. 2 of the development of chinese

large civil aircraft production.

The third negative development scenario for China’s large civil
aircraft, which we set, assumes that China will be significantly
unsuccessful and will reach only 3.33% of its market by 2040,
which would mean that out of the target number of 823 aircraft
produced, China would achieve only the number of 274
domestic large civil aircraft produced. This negative scenario is
based on the Chinese aviation industry’s dependence on foreign
technologies, but also on political relations and possible
geopolitical situations that would affect China’s production
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capacity of large civil aircraft. China’s relation with the West are
strained, especially with the United States, and if they’ll strain
even more, which could be caused by the war between China
and Taiwan, the United States and even European Union could
react in a similar way they reacted to the conflict between Russia
and Ukraine and completely cease to supply aviation
technologies to China. In this case, the production of Chinese
large civil aircraft would be severely limited and China would be
forced to look for alternative suppliers or develop the
technology itself. Initially, China could still use components and
systems that had already been supplied or apply some military
technology in the civil aviation. However, provided China could
not find suppliers, especially suppliers of engines, the
production of large civil aircraft would practically start after
China developed its own engines and that should be around
2030. One of the options for China would be Russian engines
and technologies, but given the current situation, Russian
suppliers will more likely supply their domestic Irkut MS-21
aircraft, and therefore we expect that if this scenario was to
occur, China could achieve only 3.33% share of its domestic
market by 2040, and that would mean that during 2022-2040
period China would supply only 274 aircraft. In average, China
would have to increase its production by 15.32% each year to
reach 3.33% on its own market. The possibility of a ban on US
and EU aircraft imports to China could be a counter-argument
to this scenario, but it’s needed to take into account a fact that
due to the lucrativeness of Chinese aviation market such option
would not be in the interest of any of the manufacturers, nor
China, since China would not be able to achieve sufficient
production capacity of its own large civil aircraft to meet the
rapidly growing air transport market and the resulting demand
for aircraft. The rapid growth could be slowed down by the
conflict, but not stopped.
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Fig. 11.  The negative scenario no. 3 of the development of chinese

large civil aircraft production.

The last scenario we considered would be catastrophic. This
scenario is based on the possibility of absolute failure of large
civil aircraft produced by China due to technical problems and
tragic accidents of Chinese aircraft. In this case, the worst
possible influence on the development on the market would be
caused by C919 aircraft accidents shortly after their introduction
into operation, as this would lead into a wave of mistrust and
criticism towards a new manufacturer to the large civil aircraft
market, whose name would be heavily damaged from his
beginnings. Should such a development occur, we also expect
only a little interest in the CR929 aircraft and thus, practically
speaking, zero share on the Chia’s domestic and global market
of large civil aircraft.
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Fig. 12.  Graphic comparison of all scenarios mentioned. Grey line —
neutral scenario; Light green — the first positive scenario; Dark green —
the second positive scenario; Yellow — The first negative scenario;
Orange - the second negative scenario; Red — the third negative
scenario.

5. CONCLUSION

All of the scenarios we set are possible, however, we consider
The Neutral Scenario and The First Negative scenario as the
most probable, since we do not expect that the US or EU would
like to impose more restriction on supplying China with aviation
technology in order to protect their own aviation component
manufacturers. We also expect that large civil aircraft produced
in China will not be as effective as those from the production of
the US or EU, which could lower the prices of their aircraft
through commonly agreed government subsidies provided to
their manufacturers of large civil aircraft. The second positive
scenario is really unlikely, since it takes China a long time to
develop something in the area of aviation and that is why we do
not expect it to develop engines before 2030. We don’t even
expect China-US and China-EU relations to get any better in the
near future so we do not expect any ease of export measures
imposed on aviation technology from US to China. The only
possible alternative for engines and technology, if China-US and
China-EU relations got worse, is Russia, which is most likely to
supply its own domestic aircraft Irkut MS-21 because of its
current geopolitical situation.

Nevertheless, the success of Chinese large civil aircraft on the
global market will depend on their success on the domestic
market. If these aircraft will be safe to fly, cost-effective and
China will manage to certify them according to foreign
countries’ standards, they will definitely pose a threat to Airbus
and Boeing. However, China will have to overcome problems
regarding the dependency on western technology if it wants to
reach full scale production as soon as possible, since this
dependency in combination with political relations represent
the greatest danger for reaching large-scale production of
Chinese large civil aircraft. Besides, China will also have to build
maintenance and training organization network.

We do not expect China to pose a big threat to Airbus-Boeing
duopoly in the near future, but nor Airbus, nor Boeing can
overlook China and its efforts to enter the large civil aircraft
market through COMAC and joint venture CRAIC in the long
term. Even though China will not be a significant competitor in
the coming years with high probability, if its aircraft will be safe,
effective and China will manage to overcome barriers in terms
of the foreign technology dependency, the certification
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according to foreign countries’ standards and the creation of
maintenance and training organizations network, the large civil
aircraft market will no longer be duopolistic but “triopolistic.”
However, everything depends on whether Chinese aircraft will
prove themselves in operations and on the production capacity
China will be able to achieve. In any case, Chinese ability to
penetrate markets can’t be underestimated.
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