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Abstract

The article analyzes the technological and innovative changes taking place in civil aviation in the
post-industrial era. It is noted that the transition from an industrial society to a knowledge and service
economy has led to the digitalization, automation and transformation of the aviation sector into a
high-tech system. Innovations such as artificial intelligence, big data, digital twin technology,
biometric identification and smart airports increase safety, operational efficiency and passenger
comfort in aviation. The article also examines the environmental problems and decarbonization
directions of the aviation industry. SAF fuels, electric and hydrogen-powered aircraft, the use of
lightweight materials and route optimization are indicated as the main solutions for reducing carbon
emissions. Considering that in the post-industrial era, aviation has become not just a mode of
transport, but also a high-tech and digital management system, one of the most important changes
here is the widespread application of artificial intelligence and automation. Through these
technologies, flight planning, early detection of technical malfunctions and air traffic control are
carried out more effectively.

At the same time, problems such as the high financial cost of these technologies and the lack of
infrastructure are also highlighted. At the same time, it is concluded that the aviation of the future is
formed on three main principles: digitalization, sustainable development and human-technology
integration. The author emphasizes that in the future, competitive advantage will be achieved by
airlines and airports that adapt more flexibly to innovative technologies.

Keywords: Post-industrial, civil aviation, artificial intelligence, digital transformation, smart
airports, innovation, decarbonization, etc.
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Xiilasa

Moqalads postindustrial dovrdo miilki aviasiyada bas veran texnoloji vo innovativ dayisikliklor tohlil
olunur. Qeyd edilir ki, sonaye comiyyotindon bilik vo xidmot iqtisadiyyatina kecid aviasiya
sektorunun da rogomsallagmasina, avtomatlagdirilmasina vo yiiksok texnologiyali sistemo
cevrilmasina sobab olmusdur. Siini intellekt, boyiik verilonlor, rogomsal okiz texnologiyasi, biometrik
identifikasiya vo agilli hava limanlar1 kimi innovasiyalar aviasiyada tohliikosizliyi, omoliyyat
somaraliliyini vo sornigin rahathigimi artirir. Moqgalods homginin aviasiya sonayesinin ekoloji
problemlori vo dekarbonizasiya istiqamotlori arasdirilir. SAF yanacaqlari, elektrik vo hidrogen
miihorrikli toyyarolor, yiingiil materiallardan istifado vo marsrutlarin optimallagdirilmas: karbon
emissiyalarinin azaldilmasi tiglin asas hall yollar1 kimi gostorilir. Bununla yanasi, bu texnologiyalarin
yiiksok maliyys doyori vo infrastruktur catismazligi kimi problemlor do vurgulanir. Post-sonaye
dovriindo aviasiyanin yalniz bir noagliyyat novii deyil, hom do yiiksok texnologiyali vo rogomsal
idaroetma sistemina ¢evrildiyini nozars alsaq, burada an vacib doyisikliklordon biri siini intellekt vo
avtomatlasdirmanin genis totbiqidir. Bu texnologiyalar vasitosilo uguslarin planlasdirilmasi, texniki
nasazliglarin erkon askarlanmasi vo hava harokotinin idars olunmasi daha effektiv sokilds hoyata
kegirilir.

Eyni zamanda, golocayin aviasiyasinin {i¢ asas prinsip lizorindo formalasdigi naticosine golinir:
rogomsallagma, dayaniqli inkisaf vo insan—texnologiya inteqrasiyasi. Miiallif vurgulayir ki, golocokds
rogabat iistiinlilyli innovativ texnologiyalara daha ¢evik uygunlasan aviagirkotlor vo hava limanlar
torafindon olds olunacag.

Acgar sozlor: Postindustrial, miilki aviasiya, siini intellekt, raqgomsal transformasiya, agilli hava
limanlari, innovasiya, dekarbonizasiya va s.
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AHHOTaIUA

B crarbe aHanM3MpyOTCS TEXHOJIOTMYECKHWE U WHHOBAIIMOHHBIE M3MEHEHUS, MPOUCXOISIIUE B
IpaXJAaHCKOM aBMallMM B MOCTUHAYCTpUANbHYIO »3moxy. OTMmedaercs, YTO Mepexof] OT
WHAYCTPUAIIBHOTO OO0IIecTBAa K OJKOHOMHKE 3HAHHH H yCIOyr MpHUBel K IUPPOBU3AIMH,
aBTOMAaTH3allMd U TpaHC(HOpPMALMU aBUALIMOHHOTO CEKTOpa B BBICOKOTEXHOJIOTHYHYIO CHCTEMY.
VHHOBanMy, Takue KaK MCKYCCTBEHHBIN WHTEIUICKT, OOJbIINME JaHHBIC, TEXHOJOTHS HU(POBBIX
JIBOWHUKOB, OMOMeTpuYecKas UACHTUDUKAIMS U «yMHBIE» a3pOINOPThI, NOBBIMAIOT 0€30M1aCHOCTb,
3QQEKTUBHOCTh JKCIUTyaTallud ¥ KOM(QOPT TMAacCa)KUpOB B aBUAIlMM. B cratbe TaKke
paccMaTpuBarOTCS 3KOJOTHMYECKHE IpOOJeMbl W HaNpaBIEHUS JeKapOOHU3alMKM aBHALMOHHOU
oTpaciii. B kauecTBe OCHOBHBIX PELLIEHUH 110 COKpAILEHUIO BEIOPOCOB YITIEPO/ia YKa3aHbl TOIINBO
SAF, camoneTsl Ha 3I€KTPUYECKOM U BOIOPOJHOM TOIUIMBE, UCIOJIb30BAHUE JIETKUX MaTepUaJIOB U
ONITUMH3AIHS MAPIIPYTOB. Y UUTHIBASL, YTO B IIOCTHH/IYCTPHAIBLHYIO SMIOXY aBUAIIHS CTaja He TIPOCTO
BUJIOM TPAHCIOPTA, HO U BBICOKOTEXHOJOIMYHON U IMU(POBOI cHUCTEMON YIpaBiIeHUS, OIHUM U3
BOKHEHIINX W3MEHEHUU 3]1eCh SIBISICTCS IIMPOKOE NMPUMEHEHHWE HCKYCCTBEHHOTO WHTEIUICKTA U
aBTOMaTH3alMu. braromapss 3TUM TEXHOJIOTHSM IIJIAHWPOBAHHE IOJIETOB, PAHHEE BBISBICHUE
TEXHUYECKUX HEHCIPABHOCTEH W YIpaBJeHHE BO3AYIIHBIM JBHKCHHEM OCYIIECTBIISIIOTCS Ooiee
spdexTruBHO. OJHOBPEMEHHO C ATHM OCBELIAIOTCS TakHe MpoOJIeMbl, KaK BbICOKas (UHaHCOBas
CTOMMOCTh JITHX TEXHOJOTUH W HeIoCTaToK MHMpacTpyKTypbl. IIpm 3TOM nemaercss BHIBOA, YTO
aBuanus Oyayuiero (opMHpyeTcss Ha OCHOBE TpeX OCHOBHBIX TNPHUHIMIIOB: NH(poBHU3aLus,
YCTOWMYMBOE pa3BUTHE W MHTETPAIHSI YETIOBEKA M TEXHOJIOTHIA. ABTOP MOJYEPKHUBACT, UTO B OyayIIeM
KOHKYPEHTHOE ITPEUMYILECTBO OYy/IeT JOCTUTHYTO aBUAKOMITAHUSIMH U a3pONOPTaMu, KOTOpbIe Oosee
THOKO aIaNTHPYIOTCS K MHHOBAIIMOHHBIM TEXHOJIOTHSIM.

Knrwouesvie cnosa: nocmunoycmpuans, 2paircOanckas asuayus, UCKYCCMBEHHbIU UHMENIeKm,
yughposas mpancghopmayus, ymMHvle a3poOnopmel, UHHOBAYUU, OeKAPOOHU3AYUSL U Op.
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INTRODUCTION

The concept of post-industrial society represents one of the main stages of modern economic and
social development. At this stage, industrial production partially loses its former dominant position
and gives way to the service sector, knowledge economy, information technologies and innovative
solutions. These changes, like other sectors, have a serious impact on civil aviation. The aviation
sector, which previously performed mainly transport and logistics functions, has today become a
multi-faceted and high-tech system as a result of the application of digitalization, automation and
artificial intelligence technologies.

In the modern post-industrial era, the development of civil aviation is not limited only to the increase
in passenger and cargo transportation. Innovative technologies such as “smart airports”, digital
management platforms, biometric identification and big data analysis are widely used in this field.
As a result, aviation services are becoming safer, more flexible and user-oriented. In parallel,
environmental sustainability issues have also become one of the priority directions. Steps taken to
reduce carbon emissions, introduce alternative energy sources and increase energy efficiency are
closely related to the concept of sustainable development, which is one of the main principles of a
post-industrial society.

Fast and reliable air transport plays a vital role in expanding international economic relations and this
system operates through thousands of airports around the world. Industry representatives consider
civil aviation an integral part of global business and emphasize its important role in promoting
economic growth, especially in developing countries. At the same time, the impact of the aviation
industry on climate change is also widely recognized (Hasanov and Mirzayev, 2025).

Technological challenges in civil aviation in the post-industrial era

The transformation taking place in civil aviation also has a direct impact on the development of global
economic relations. The expansion of international trade, the growth of tourism and the strengthening
of global integration have made aviation a strategically important sector. In these conditions, the
application of innovative technologies not only increases operational efficiency, but also becomes
one of the main indicators of competitive advantage. As a result, airlines and airports face difficulties
in maintaining their positions in the market without adapting to technological innovations.

The study and research of new technological and innovative trends of the post-industrial era in air
transport is associated with several important factors. First of all, digital transformation and
technological innovations are rapidly spreading globally, and this process leads to the formation of
new management models in the aviation sector. Artificial intelligence technologies are reshaping
various operational areas in the aviation industry by enhancing automation, efficiency and innovation.
This includes air traffic management, predictive maintenance, improving the passenger experience
and ensuring sustainability, etc (Communications Earth & Environment, 2023).

As in all fields, the rapid development of artificial intelligence is seriously affecting the aviation
industry and bringing fundamental changes to its structure. Technologies such as machine learning,
natural language processing and computer vision are already widely used at various stages, from
flight planning to technical maintenance.
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Figure 1. Artificial intelligence ecosystem of the “Al for Airports” Platform
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Source: https://www.safran-group.com/pressroom/safran-forefront-aviation-decarbonization-pas-bourget-2023-2023-
06-152utm_

These technologies, in addition to increasing safety and efficiency, also create new challenges for
aviation education and personnel training. It is considered essential for modern aviation specialists to
acquire new knowledge and skills in order to operate in an Al-integrated work environment. At the
same time, there are still cautious approaches to fully automated decision-making systems, especially
the replacement of pilots and the full management of routes by Al. This indicates that human control
still plays an important role in aviation. Taking into account the above, based on analysis and research,
we can see that the aviation of the future is formed on three main principles:

> Digitalization - data-based management and automation;
> Sustainability - reducing carbon emissions and green technologies;
> Human-technology integration - preserving human control despite the development of

artificial intelligence.

These principles, in fact, also reflect the main development directions of air transport in the post-

industrial era. Thus, the implementation of the above principles generally creates certain tasks for the

system, which can be schematically described as follows (Lohmann, 2022; WIPO, 2025):
Post-industrial Aviation

— Digital transformation
— Artificial intelligence
—— Big Data

— Digital twin

—— Smart airports

— Sustainable development
—— SAF fuels

— Electric aircraft

—— Hydrogen technology
—— Emission reduction
—— Human capital

— New aviation education
— Al skills

115


https://www.safran-group.com/pressroom/safran-forefront-aviation-decarbonization-pas-bourget-2023-2023-06-15?utm_
https://www.safran-group.com/pressroom/safran-forefront-aviation-decarbonization-pas-bourget-2023-2023-06-15?utm_

AZORBAYCANDA iQTIiSADI iISLAHATLARIN HOYATA KECIRILMOSi XUSUSIYYOTLORI VO PROBLEMLORI
ELMIi 9SORLOR TOPLUSU XXVI BURAXILIS, 2026

L Technological competencies

The scheme clearly expresses which principle implementation gives rise to which tasks and
challenges. Considering that in the post-industrial era, aviation has become not just a mode of
transport, but also a high-tech and digital management system, one of the most important changes
here is the widespread application of artificial intelligence and automation. Through these
technologies, flight planning, early detection of technical malfunctions and air traffic control are
carried out more effectively. As a result, both safety and operating costs are increased. In this regard,
another important direction is the concept of “smart airports”. Biometric identification, digital
registration and contactless services minimize the loss of time of passengers, which is why the
application of these technologies has accelerated, especially after the COVID-19 pandemic. The
pandemic has made the need for digitalization in the aviation sector more clear.

The application of artificial intelligence as the key to major technological innovations
in civil aviation

Studies show that passengers accept that artificial intelligence creates significant advantages in terms
of more effective airspace management, timely detection of technical malfunctions and increasing
flight safety. At the same time, the application of Al in areas such as providing personalized services,
reducing fuel consumption and minimizing carbon emissions is positively assessed. Surveys
conducted by various airlines also show that participants have a positive attitude towards the use of
artificial intelligence to optimize flight operations and reduce delays. However, there is some
skepticism regarding the issues of fully independent decision-making and pilot replacement. It is
observed that young and frequent travelers in particular trust AI more, while older passengers are
more cautious about automation.

Formation of highly qualified personnel potential is of particular importance for the successful
application of artificial intelligence in the aviation sector. In this regard, the transformation of aviation
education in line with the Al-oriented future is one of the pressing issues. The industry already
requires graduates from universities with competencies in new technologies. For this reason, it is
considered important to include components related to artificial intelligence and digital technologies
in educational programs. Updating aviation curricula, taking into account labor market requirements,
and applying best practices can make a significant contribution to the training of aviation specialists
of the future (Igor Kabashkin and etg., 2023).

In the post-pandemic period, the importance of innovative approaches for the recovery and
sustainable development of the aviation sector has increased even more. The COVID-19 pandemic
has caused one of the largest crises in the history of civil aviation, and global passenger traffic has
sharply decreased as a result of the closure of international borders. Thousands of aircraft have been
taken out of service, and airlines have faced serious financial difficulties. At the same time, as a result
of the increase in demand for cargo transportation, some passenger aircraft have been converted to
cargo aircraft. The pandemic has also accelerated the introduction of technologies such as biometric
identification, digital health passports, and contactless services. Although the aviation sector
recovered rapidly after the lifting of restrictions, it has faced problems such as labor shortages and
rising fuel prices. However, since 2024, global air traffic has recovered to pre-pandemic levels and
exceeded them in some indicators (ICAO, 2023; IATA, 2023, OAG, 2023).

One of the main problems facing the aviation industry in modern times is environmental challenges.
Although the sector makes a significant contribution to global economic development and the
expansion of international relations, it also has a serious impact on the increase in carbon emissions.
The volume of emissions generated by aviation has increased significantly in recent years, and it is
predicted that the demand for flights will increase even more in the future. For this reason, the
application of sustainable aviation technologies is considered necessary.
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Figure 2. Current and future decarbonization landscape in aviation
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Source: https://www.safran-group.com/pressroom/safran-forefront-aviation-decarbonization-pas-bourget-2023-2023-
06-152utm_

As can be seen from the diagram presented by Safran Group, one of the main technological challenges
is the ecological transformation of aviation. International organizations and states are accelerating the
transition to green technologies to reduce carbon emissions. Sustainable aviation fuels (SAF), electric
and hydrogen-powered aircraft are considered the main directions of the future. SAF fuels are
considered one of the most realistic solutions for decarbonization in the near future. These fuels,
obtained from renewable sources, can significantly reduce carbon emissions compared to traditional
fuels. In addition, aircraft powered by hydrogen and electric engines, hybrid-electric systems, new
aerodynamic designs and lightweight composite materials are considered promising directions in
terms of reducing the environmental impact of aviation. At the same time, the high cost of these
technologies and the lack of infrastructure currently prevent their widespread application (Aliyev and
Guliyeva, 2025; Safran Group, 2025).

Optimization of flight routes, more efficient airspace management and improvement of ground
operations also contribute to reducing fuel consumption and emissions. In addition, zero-emission
targets set by ICAO, the European Union and other countries are aimed at accelerating the green
transformation in aviation. Artificial intelligence and digital twin technologies play an important role
in optimizing aviation systems. Digital twin technology provides real-time monitoring and
optimization capabilities by creating virtual models of physical systems. These technologies are
important in terms of reducing fuel consumption, minimizing emissions and improving decision-
making processes (ICAO, 2023).
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Figure 3. Illustration of lighter aircraft being used to reduce carbon emissions
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As can be seen, the use of lighter aircraft is recommended to reduce carbon emissions. In fact, the use
of green technologies is perceived as a necessity arising from serious economic and technological
challenges. The persistent high cost of aviation fuels, the fact that new technologies are still in the
early stages of development and infrastructure deficiencies, and the calls for decarbonization
encourage the widespread use of light aircraft. In addition, the diversity and severity of environmental
issues, the existence of different regulatory mechanisms in different regions increase the need for
global coordination.

Key technological trends in aviation transport in the post-industrial era

Although the decarbonization of civil aviation transport is a complex and long-term process, it is
possible to achieve significant progress in this direction through scientific research, technological
innovations and international policy initiatives. The application of cleaner technologies, advanced
materials and digital solutions can create conditions for aviation to become both an efficient and
environmentally responsible transport system. In general, we can classify the main technological
trends or innovative directions of the post-industrial era in aviation transport as follows (Hasanov and
Mirzayev, 2025; John and etg., 2011):
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Table 1. Key technological trends in aviation transport in the post-industrial era

Technological direction Application area Main advantages Current problems
Artificial intelligence .thht P lan‘?‘ng’ Increased safety and Low confidence in full
maintenance, air traffic . .
(AD efficiency, reduced delays automation
control
Big Data Passenger. an.alypcs, route Acceleration pf decision- Cybersecurity risks
optimization making
Biometric identification Alrport .check-m and Contactles§ and fast Privacy and data protection
security checks service
Digital twin technology Airplane and airport Real-time optimization High cost
systems monitoring
. Automated terminal Passenger comfort and Expensive infra-structure
Smart airports ‘ o .
management operational flexibility invest-ments
SAF.(S'ustamable Decarbonization policy Reducthn f)f carbon High cost of fuel
aviation fuel) emissions
Electricity apd hydrogen Green aviation Reduced‘enwron—mental Technology in early
engines impact development stage

Source: Compiled by the author based on research.

Thus, research shows that in the post-industrial era, the aviation sector is facing a number of
technological challenges. In particular, digital and ecological transformation has become an inevitable
necessity. Artificial intelligence, automation and green technologies determine the future
development directions of aviation. In addition, in parallel with technological modernization, issues
of personnel training, legal regulation and international coordination are also of strategic importance.
For this reason, in the future, competitive advantage will be achieved mainly by airlines and airports
that adapt to innovations faster and can easily and flexibly implement technological changes.

Conclusions and recommendations
Studies show that in the post-industrial era, the civil aviation sector has become one of the fastest
transforming sectors. Digitalization, artificial intelligence, big data, digital twin technology and
automation systems play an important role in improving operational efficiency, safety and service
quality in aviation. At the same time, biometric identification and the concept of smart airports allow
for more flexible and convenient organization of passenger services.
As mentioned in the article, the future development directions of civil aviation are mainly formed on
three principles: digitalization, sustainable development and human-technology integration. Although
the application of artificial intelligence creates significant advantages in flight planning, maintenance
and air traffic management, cautious approaches to the issue of complete replacement of human
control still remain. This indicates that the human factor retains its strategic importance in aviation.
Studies also show that one of the main problems facing the aviation industry is environmental
challenges. In order to reduce carbon emissions, SAF fuels, electric and hydrogen-powered aircratft,
lightweight composite materials and optimized routing systems are considered the main technological
directions of the future. In addition, high costs, technological limitations and lack of infrastructure
are among the main factors preventing the widespread application of these innovations. In general, in
the future, competitive advantage will be achieved by airlines and airports that adapt to innovative
technologies faster and apply the principles of sustainable development. To this end, it would be
advisable to take into account the following:

» Strengthening public-private sector cooperation may be effective in expanding the application
of artificial intelligence and digital technologies in the aviation sector;

» It is necessary to accelerate the application of smart management systems, biometric
identification and contactless service technologies at airports;
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» It would be advisable to include new subjects on artificial intelligence, Big Data,
cybersecurity and digital management in aviation education programs;

» Itis necessary to promote the use of SAF fuels and increase investments in green technologies
in order to reduce carbon emissions;

» Creating an appropriate infrastructure and technical base for the application of electric and
hydrogen-powered aircraft is an environmental challenge;

» Expanding cooperation with international aviation organizations is considered advantageous
in terms of applying global practices in decarbonization and digital transformation;
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