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Abstract. The aviation industry is one of the economy’s most knowledge-intensive and
innovative sectors. For thisreason, the main civil aviation manufacturers have a full production
cycle for creating aircraft. A limited number of countries represent them. These are the USA,
France, Germany, Great Britain and Spain, as well as Russia, Brazil, Canada, and China.
Boeing and Airbus are the undisputed leaders in the international civil aviation market.
Companies from the USA (General Electric, Pratt & Whitney) and Europe (Rolls-Royce,
Safran) are also leading in the aircraft engine market. After a protracted recession, the aircraft
industry in Russia began to integrate into the global aviation industry successfully. But, the
restrictions imposed in the spring of 2022 against Russian civil aviation have impacted the
possibilities of its development within international production value chains, significantly
changing plans for individual projects and the Russian aviation industry as a whole. The
goal of the article is to determine the place and prospects of Russia in the world market
of aircraft engines; identify the possibilities of domestic enterprises to quickly implement
measures to transfer all aircraft systems and units to domestic analogues. The article gives
a general description of the global civil aircraft industry, including the production of aircraft
engines. Leading companies in the global aircraft manufacturing market are represented.
The study results made it possible to determine the main trends in this market; identify
factors and conditions that influence their formation. In this context, the role of import
substitution in this area of activity, the problems of the Russian aviation industry and its
ability to provide the domestic market with civilian airliners in the foreseeable future are
analyzed.
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Poccuiickas @edepayus, 117198, Mockea, yn. Mukiyxo-Maxnaas, 0. 6

B pinchuk_vn@pfur.ru

AHHOTanMsl. ABHANMOHHAS TPOMBIIUICHHOCTD SIBIICTCS OIHOM M3 HamOoJee HAYKOSMKHX
1 MHHOBALIMOHHBIX OTpaciiei SKOHOMUKU. [0 3TON NpUYMHE OCHOBHBIE NPOU3BOAUTENN I'PAXK-
JAHCKOM aBMalMu, KOTOpbIE O0NAJar0T MOJHBIM MPOU3BOIACTBEHHBIM LIMKJIOM IO CO3JAaHHIO ca-
MOJIETOB, IIPECTaBIEHbl OTPAHUYEHHBIM KoiuuecTBoM crpaH. Oto CIIA, dpanuus, I'epmanus,
Benukobpuranusa u Mcnanus, a taxke Poccus, bpasunus, Kanana, Kurait. Ha mexxaynaponnom
PBIHKE TPaXXKTAHCKOW aBHAIMM OE3yCIOBHBIMHU JIMJCPAMU BBICTYIIAIOT NMPOU3BOAMTENH Boeing
u Airbus. Ha peiHKe aBHAIIMOHHBIX IBUTareneil Takxke auaupyior kommanun u3 CHIA (General
Electric, Pratt & Whitney) u EBpomnsr (Rolls-Royce, Safran). ABuactpoenue B Poccun mocie 3a-
TSHKHOTO CIIaJla Hauyaslo YCIEHO MHTEIPUPOBATHCS B MUPOBYIO aBUALIMOHHYIO TPOMBILIJIEHHOCTb.
Ho orpanuuenusi, BBezieHHble BecHOM 2022 I IPOTUB POCCUICKOM I'pa)IaHCKOM aBHALlUU, OKa-
3aJld BIMAHUE HAa BO3MOXKHOCTH €€ Pa3BUTHs B paMKaX MEXIyHapOAHBIX IPOU3BOJICTBEHHBIX Lie-
IIOYEK CTOMMOCTH, CYIIECTBEHHO U3MEHWIN IUIaHbl KaK 110 OTJEJIBHBIM IIPOEKTaM, TaK U B LIEJIOM
0 poccuiickoii aBuaoTpaciu. B padore mocrapieHa 1eiab — ONPENeIUTh MECTO U MEPCIIEKTUBBI
Poccun Ha MEPOBOM pBIHKE aBHABHTATEINICH; BBISBUTH BO3MOXXHOCTH OTEUECTBCHHBIX MPEAIIPHU-
SITUH, B YCKOPEHHOM TIOPSIZIKE PEaIn30BbIBATh MEPONPUATHS MO IEPEBOAY BCEX CaMOJIETHBIX CH-
CTEM U arperaroB Ha OTCYECTBCHHBIC aHAIOTH. JlaeTcs o0Imas XxapakTepucTHKa MUPOBOTO TPaXkK-
JAHCKOI'0 CaMOJIETOCTPOCHUS, BKIIIOYas IPOU3BOJACTBO aBuaBurareneil. [IpencrasineHsl Beqyiue
KOMIIaHMM Ha MHUPOBOM pPBIHKE aBHACTpOoeHU:. Pe3ynbraTbl MccieqoBaHUS IO3BOJIMIM OIpele-
JUTH OCHOBHBIC TPEH/BI Ha 3TOM PBIHKE; BEISIBUTH (DAKTOPHI M YCIOBHS, OKA3bIBAIOIIUC BIUSHIC
Ha uX (opmupoBaHHE. B 3TOM KOHTEKCTE aHAIM3UPYIOTCS MPOOIEMBI POCCHHCKOTO aBHAIIPOMA,
€ro BO3MOJKHOCTH O0ECIICUUTh T'PaKJAHCKUMH JAifHEpaMH BHYTPCHHHUI PBIHOK B 0003pPHMOM
[IEPCIIEKTUBE.

KiroueBbie cjioBa: MHpOBOﬁ PBIHOK Fpa)KZ[aHCKOfI aBUallU, I'paXJaHCKOC aBUACTPOCHUEC, aBUa-
JABUTIaTCIIn, POCCI/IH, MHPOBOC MPOU3BOACTBO aBUaJBUTaTEIICH

HcTopusi cTaThbu: moctynuia B pepakiuio 16 anpens 2023 1.; mposepena 16 mas 2023 r.; npunsTa
K Imyonukaruu 5 uroHs 2023 1.

BaaropaprocTn: Mccnenosanue BeIMONHEHO Mpu (pruHaHcoBOi nopaep:kke PY/IH B pamkax Ha-
yuHoro npoekTta Ne 060123-0-000 «DopmupoBaHrEe HOBOW apXUTEKTYPhl MEXIYHAPOAHBIX KO-
HOMHUYECKUX OTHOIICHWH: BBI30BBI U BO3MOXHOCTH AJISI CTPaH C (POPMUPYIOIIUMHUCS PBIHKAMM»
(ITporpamma cTparermueckoro akajemmudeckoro auaepcrsa PYJIH).
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Introduction

In order to create an (airliner) aircraft, it is necessary to have the appropriate
potential: scientific, technological, and financial. That is why such a limited number
of manufacturers operate in the world market in this area. American Boeing and
European Airbus are leaders in the production of aircraft, followed by such companies
as the Brazilian Embraer and the Canadian Bombardier (Table 1).

Deliveries of leading manufacturers of civil aircraftin 2013-2022 (PCs.) e
ma':':;‘ii:‘ug’rers 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
Airbus 626 629 635 688 718 800 863 566 611 661
Boeing 648 723 762 748 763 806 380 157 340 453
Embraer 90 92 101 108 101 90 89 130 141 52
Bombardier 26 59 44 53 43 33 33 - -

Source: developed on the basis of based on official websites of Boeing, Airbus, Bombardier, and Embraer.
Retrieved May 10, 2023, from https://www.boeing.com/, https://www.airbus.com/en, https://bombardier.com/
en, https://www.embraer.com

About 90 % of all deliveries to the international market are made by Boeing and
Airbus. These companies, in turn, compete with each other in the segment of large
civil aircraft. Even though each company has its own structural features, design school
and view of the needs of the civil aviation market, they generally produce aircraft
of similar characteristics in the same market niches.

The sharp decline in Boeing deliveries since 2019 was caused by the suspension
of deliveries following two Boeing 737 MAX crashes: one on March 10, 2018,
in Ethiopia, killing 157 people, and the second — on October 29, 2018, in Indonesia,
189 people became victims of the disaster.

By now, deliveries have resumed. David Calhoun, CEO of The Boeing Company,
stated, «We are focused on getting the Boeing 737 M AX back into service and restoring
long-term passenger confidence in the Boeing brandy.!

' Boeing's new CEO faces tough tasks beyond 737 Max rescue in 2020. The national. 2019.
Retrieved April 10, 2023, from https://www.thenationalnews.com/business/aviation/boeing-s-new-ceo-
faces-tough-tasks-beyond-737-max-rescue-in-2020-1.955535
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The Brazilian company Embraer and the Canadian company Bombardier
occupy an essential niche in the segment of regional passenger aircraft. It should
be noted that in 2020, Bombardier sold its share of Airbus in the commercial
airliner program and focused exclusively on the business jet market, where
already in 2022, it strengthened its leading position in the world, ahead of its
main competitor in this segment, Gulfstream Aerospace Corp.

In 2021 Embraer delivered 48 commercial and 93 executive class aircraft
to the international market, then in 2022, deliveries dropped sharply.? (Concepts —
Embraer Commercial Aviation Sustainability, 2023) and the company is trying
not to lower this level this year (2023).

The position in the market may change with the growing importance of the
Chinese aviation industry. Commercial Aircraft Corporation of China, Ltd.
(COMAQC) is a leading Chinese company developing aircraft from regional jets
to larger wide-body aircraft.

Despite pandemic restrictions, the company produced 35 aircraft of the
“Chinese super jet” ARJ-21 in 2019. For the first time in 7 years of operation,
one aircraft was delivered for export — the ARJ-21 aircraft went to Indonesia.
An alternative to the market-dominating A320 and Boeing 737 narrow-body
aircraft could be China’s COMAC C919 narrow-body aircraft.’

The plane was certified to comply with Chinese airworthiness regulations.
COMAC plans to increase the annual production of C919 aircraft to 150 units
in five years (from, 2022). The first flight with passengers is expected at the end
of February 2023%.

Thus, despite modern challenges, the civil aircraft market is developing
dynamically as the need for airliners for passenger transportation is growing.
In addition, the infrastructure necessary for air transportation is improving
qualitatively, and the legislation of countries and international legislation on air
transportation is improving.

Boeing predicts that the global market is recovering, demand for domestic
air travel is growing in several regions, and international travel is picking
up as restrictions are eased due to the impact of the COVID-19 pandemic.
By 2024, the market should return to pre-pandemic levels. By 2040, the global
aviation fleet may increase by 80 % compared to 2019. The world fleet’s fuel
efficiency and environmental friendliness are predicted to grow>.

2 Concepts — Embraer Commercial Aviation Sustainability. Retrieved April 10, 2023, from
https://embraercommercialaviationsustainability.com/concepts/

* The Chinese competitor has significantly overtaken the Superjet 100 in terms of
deliveries. Aeroo — aviation news portal. (In Russ.). Retrieved April 10, 2023, from https://
aeroo.ru/32029-kitaiyskiiy-konkurent-sushestvenno-obognal-superjet-100-po-postavkam.html.

* A mainline jetliner developed by the People’s Republic of China has appeared on the Chinese
market for the first time. TASS. 2022. (In Russ.). Retrieved April 10, 2023, from https://tass.ru/novo-
sti-partnerov/16570567.

5 Commercial Market Outlook 2023-2042. Boeing. Retrieved April 10, 2023, from https://
www.boeing.com/commercial/market/commercial-market-outlook/index.page.
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Materials and methods

The article used a set of general scientific research methods: statistical analogies,
grouping, generalization of information, as well as the method of expert assessments.
These helped identify factors and trends, as well as determine their relationships. The
scientific literature on civil aircraft engineering is quite extensive. The most important
works on civil aircraft engineering belong to scientists and experts from the USA
and the EU (Vasigh, Tacker, Fleming, 2018), in the monograph «Introduction to Air
Transport Economics. From Theory to Applications 3rd Edition» paid attention
to the theoretical foundations and practical approaches to the study of the economics
of air transport. D. Roberts (Roberts, 2017), in his work “Entering the Civil Aircraft
Industry: Business Realities at the Technological Frontier” considered the features
of the civil aircraft industry, the importance of introducing the latest technologies
into the aircraft industry. N. Clark (Clark, 2019) in his work «Airbus: The First 50
Years: The Story of a World-Leading Aviation Innovator» analyzed the history of the
creation and rise of Airbus as the world’s leading innovator in the field of aviation. Rick
Kennedy (Kennedy, 2019). In the research «GE1 “Building Block” Engine: Greatest
GE Jet Engine Ever?» considered the production potential and prospects of the world’s
largest manufacturer of aircraft engines GE Aviation. The article of Charles Alcock,
(Alcock, 2022) is dedicated to the same company «New GE Aerospace Unit Laser-
focused on Airline Recovery».

The state of the Russian civil aviation industry (Bazikova, 2018; Bogdanova,
Prikhodchenko, 2017), the market of civil aircraft products, the competitiveness
of the industry (Kuzmin, 2019), problems and prospects were considered in the
works (Elentsova, 2009), of 1V. Bazikova, M.V. Bogdanova, M.K. Prikhodchenko,
L.V. Kuzmin, M.A. Elentsova, F.A. Kuznetsova (Kuznetsova, 2021).

The problems associated with the departure of foreign partners, the role of import
substitution of the most important components, including aircraft engines; the
possibilities of their solution are reflected in the articles Borisov Yu. (Borisov, 2022),
Ivashov N. (Ivashov, 2023).

Results

The post-pandemic recovery in passenger air travel, the growing demand for
civil airliner deliveries, and the continued demand for aircraft replacements (due
to their advanced age and the need to move to more fuel-efficient models with better
and more cost-effective technical characteristics) create favorable prospects and for the
production of aircraft engines.

CFM International (about 44 %) and General Electric (about 22 %) are the
leaders in the aircraft engine market for the entire fleet of passenger aircraft (mainline
narrow-body, mainline wide-body, regional) in operation. In the segment of engines
for mainline narrow-body aircraft, CFM International (about 71 %, CFM56 turbofan
family) and International Aero Engines (~ 19 %, V2500 turbofan family) companies.
In the segment of engines for regional aircraft, General Electric (about 72 %, turbofan
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CF34 family) and Rolls-Royce (about 17 %, TFE AE3007 family), and the segment
of engines for long-haul wide-body aircraft, General Electric (about 51 %, families
CF6, GE90 and GEnx turbofans) and Rolls-Royce (about 28 %, RB211 and Trent
families) (Palkin, 2019).

The range of aircraft engines produced and developed by the above-listed
manufacturers is wide. These companies can supply engines for major commercial
and military aviation programs.

In 2020 and 2021, the aircraft engine market, like the entire aviation industry,
experienced a downturn caused by the COVID-19 pandemic. In this regard,
GE representatives state that the company «laser-focused” on helping its airline
customers recover from the post-Covid shockwaves of poor fleet reliability and rising
costs. That means improving production rates for aircraft engines and parts and making
aftermarket support more responsive» (Alcock, 2022). In 2021 the global aircraft engine
market was valued at 96,72 billion doll. The global aircraft engine market is projected
to have a CAGR of over 4 % during the forecast period 2022-2027°.

Market growth is also driven by demand for next-generation, low-emission, lighter
engines that improve aircraft fuel efficiency. Due to this trend, engine manufacturers
are collaborating with aircraft manufacturers, investing in research and developing
new engine models using the latest technology.

For example, Airbus signed a 50/50 partnership with CFM International
in February 2022 to develop a hydrogen-powered aircraft engine to introduce zero-
emission aircraft by 2035. Such plans are expected to contribute to the market’s
growth. Airbus and CFM International will be pioneers in hydrogen combustion
technology. As Sabina Klauke, Airbus CTO, said, “This international partnership
sends a clear signal that the industry is committed to making zero-emission flying
a reality.”” Thus, companies are currently focusing on improving the fuel efficiency
of passenger aircraft while increasing their range as airlines seek to acquire such
aircraft for their fleets.

And what about the Russian aviation industry? Currently, the aviation
industry of the Russian Federation is characterized by an acute dependence both
on foreign aircraft, on which flights are predominantly carried out, and on foreign
components used in the production of Russian aircraft. However, the situation
in this industry was not always like this — during the Soviet era, the domestic civil
aviation industry was advanced and occupied a leading position in the world. The
USSR was one of the few states (only 5—-6 countries) with an entire cycle (macro
technology) for creating aviation equipment, including the high technologies
necessary for this. The Soviet Union accounted for about 40 per cent of the world’s
fleet, and all air transportation was carried out on domestically produced aircraft

¢ Mordor Intelligence. Aircraft Engine Market Report. Size, share, growth and trends (2022-2027)
(mordorintelligence.com) Retrieved April 10, 2023, from https://www.mordorintelligence.com/en/
industry-reports/aircraft-engines-market

7 Airbus and CFM International to pioneer hydrogen combustion technology. Airbus. 2022.
Retrieved April 10, 2023, from https://www.airbus.com/en/newsroom/press-releases/2022-02-airbus-
and-cfm-international-to-pioneer-hydrogen-combustion
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consisting of domestic parts and components. Aircraft were exported to many
countries of the world and also made in some of them under license. The peak
of the development of the Soviet aviation industry was the 1970-1980s. At the
end of the 1980s, preparations began and mastering the serial production of a new
generation of passenger aircraft with high fuel efficiency: 11-96-300, Tu-204 and
Tu-214 for main air routes and I1-114 for domestic flights. After the collapse of the
USSR (1991), the civil aviation industry was left without state support. There has
been a rapid outflow of highly qualified personnel from the industry abroad. In the
future, Russia, unable to adapt to a new scheme for creating aircraft, became
increasingly dependent on foreign suppliers.

It should be noted that international experience in this field of activity shows that
the fragmentation of value chains is generally typical for this industry. However, in the
context of a strict sanctions policy, component suppliers have entirely severed relations
with the Russian aviation industry. This was a massive problem for the Sukhoi Superjet
100 regional aircraft and the MC-21 medium-haul aircraft, which were preparing for
serial production, which mainly consisted of foreign-made parts, including the engine
for the Sukhoi Superjet 100 — Russian-French production, and for the MS-21 — the
American engine of Pratt & Whitney PW1400G.

To this, we must add that the fleet of Russian air carriers has 1287 aircraft.
Of these, 67 % are imported. At the same time, 97 % of the total passenger traffic
belongs to foreign aircraft.

Under these conditions, it became necessary to quickly implement measures
to transfer all aircraft systems and assemblies to domestic counterparts.

So, for example, the SSJ-New aircraft is being prepared to replace the “import-
dependent” Superjet-100 (SSJ-100) (the project of which was developed in, 2019),
which is planned to significantly increase the number of Russian parts, units and
assemblies (up to 97 %), including the Russian PD-8 engine. The aircraft is scheduled
to be certified in 2024.

The head of Roscosmos, Yu. Borisov, said that dependence on the import
of the Superjet 100 aircraft should be eliminated by the end of 2023. From 2024, the
production of these machines should be at least 20 production aircraft per year. This
is approximately the market demand for an aircraft that will soon be inside the country.
A purely domestic aircraft will be called Superjet — New (Borisov, 2022).

The most important for air transportation are medium-haul narrow-body aircraft,
such as the Airbus A320 and Boeing 737. In the Russian Federation, these aircraft
should be replaced by the MS-21.

An all-Russian MS-21 with a Russian PD-14 engine is said to take to the skies
in the spring of 2024. The first six aircraft will be handed over to Aeroflot. Then their
annual release will double until it reaches 72 liners. In total, 270 MS-21s will be put
into operation in 2030.

Aviation industry enterprises are currently forced to revise their production
programs in the face of geopolitical and sanctions pressure on the development
of the Russian economy in the direction of reducing the supply of MC-21 and SSJ-
NEW aircraft in the short term (taking into account the need for accelerated import
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substitution), as well as the deployment of programs to increase production of aircraft
Tu-214, 11-114, “Baikal” (LMS-901) and TVRS-44 “Ladoga”.?

It should be noted that the Russian government has allocated more than 237 billion
rubles to implement projects in the aircraft industry. During 20242025, another 32
billion rubles will be given for these purposes (Soyustov, 2020).

At an accelerated pace, the government developed and approved the
Comprehensive Program for the Development of the Aviation Industry of the Russian
Federation until 2030. According to the plan for the implementation of this program for
2022-2030, it is planned to supply 1036 aircraft for the needs of civil aviation, of which
142 units are SSJ-NEW, 270 units are MS-21-310, 70 units are I1-114-300, 70 units are
Tu-214, 12 11-96-300 units, 140 units.’ In this regard, the planned indicators for the
production of engines for the presented range of civil aviation aircraft are indicated
(Table 2).

Table 2
Plan for the production of aircraft engines until 2030

Engine’s type 2023 2024 2025 2026 2027 2028 2029 2030 Total

PD-8 6 a4 a4 a4 44 a4 a4 44 314
PD-14 — 14 26 52 80 108 152 152 584
PS-90 6 14 20 20 20 20 20 20 140

Source: Production schedules of domestic components by year. Government of Russia. Retrieved April 10, 2023,
from http://government.ru/docs/all/141773/?page=6

As you can see, the load on aircraft manufacturing companies is increasing
dramatically, including on the UEC, one of the leading enterprises in the country,
which specializes in developing, serial production and maintenance of aircraft engines
for civil and defense needs.

Conclusion

According to the latest research, the size of the global aircraft engine market
looks promising and tends to grow in the next five years. The world’s leading aircraft
manufacturers are focusing on improving the fuel efficiency of passenger aircraft
while increasing their range as airlines seek to acquire such aircraft for their fleets.
The imposition of sanctions against Russia, aimed at reducing the fleet of aircraft
by banning the operation of foreign airliners (their share is about 70 %), has

8 Order of the Government of the Russian Federation No. 1693-r dated 25.06.2022. Government
of Russia. (In Russ.). Retrieved April 10, 2023, from http://government.ru/docs/all/141773/?page=2.

° Order of the Government of the Russian Federation No. 1693-r dated 25.06.2022. Government
of Russia. (In Russ.). Retrieved April 10, 2023, from http://government.ru/docs/all/141773/?page=2.
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threatened the very possibility of air travel and, with it, the transport connectivity
of such a large country. The restrictions imposed in the spring of 2022 against
Russian civil aviation have significantly changed plans for individual projects and
the aviation industry. The cessation of supplies of foreign components, including
engines, accelerated work on their import substitution. This is a severe challenge.
But, it provides an opportunity for Russian industry, engineering, and research
centres to use their modern technologies and products to fill the niches that have
arisen after the departure of foreign suppliers. This is an opportunity for Russian
companies to increase their presence in the domestic market significantly and lay the
groundwork for entering foreign markets in the future.
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