Ministry of Education and Science of Ukraine
Oles Honchar Dnipro National University

Challenges and Issues
of Modern Science

ISSN 3083-5704 (Online)

O 40

Scientific peer-reviewed journal
Publication Frequency: Semiannual ¢ Established: June 2023
https://cims.fti.dp.ualj

Dnipro ° Ukraine

Volume 4 ¢ Issue No. 2 » 2025

Journal Editorial Board

Editor-in-Chief

Dr. Sc., Prof. Anatolii Sanin (Oles Honchar Dnipro National
University: Dnipro, UA).

Deputy Editor-in-Chief / Managing Editor

Cand. Sc., Assoc. Prof. Yurii Tkachov (Oles Honchar Dnipro
National University: Dnipro, UA).

Lead Knowledge Field Editors

Dr. Sc., Prof. Serhii Aleksieienko (Dnipro University of Technology:
Dnipro, UA). Cand. Sc., Assoc. Prof. Olha Ostapenko (Vinnytsia
National Technical University: Vinnytsia, UA). Dr. Sc., Prof.
Volodymyr Mokliak (G. V. Kurdyumov Institute for Metal Physics of
the National Academy of Sciences of Ukraine: Kyiv, UA). Dr. Sc.,
Prof. Tetiana Grynko; Dr. Sc., Prof. Tetiana Rusakova; Dr. Sc., Prof.
Serhii Zirka (Oles Honchar Dnipro National University: Dnipro, UA).

Managing Editor

MSc, Sr. Lect. Yuliia Stasiuk (Oles Honchar Dnipro National
University: Dnipro, UA).

Associate Editors

Cand. Sc., Assoc. Prof. Svitlana Antonenko; Cand. Sc., Assoc. Prof.
Nataly Ashhepkova; Cand. Sc., Assoc. Prof. Liliia Bozhukha; Cand.
Sc., Assoc. Prof. Valerii Bucharskyi; Dr. Sc., Prof. Roman Ivanov;
Cand. Sc., Assoc. Prof. Igor Gomilko; Dr. Sc., Prof. Volodymyr
Habrinets; Dr. Sc., Cand. Sc., Assoc. Prof. Tetiana Hviniashvili;
Prof. Liudmyla Knysh; Dr. Sc., Prof. Nataliya Krasnikova; Cand. Sc.,
Assoc. Prof. Oleksandr Krupskyi; Cand. Sc., Assoc. Prof. Olena
Levytska; Cand. Sc., Assoc. Prof. Volodymyr Lipovskyi; Cand. Sc.,
Assoc. Prof. Dmytro Mozghovyi; Cand. Sc., Assoc. Prof. Olha
Mykhailenko; Dr. Sc., Prof. Hanna Niameshchuk; Cand. Sc., Assoc.
Prof. Roman Pavlov; Dr. Sc., Prof. Olha Zinchenko (Oles Honchar
Dnipro National University: Dnipro, UA). PhD, Assoc. Prof. Samira
Abasova (Institute of Economics of the Ministry of Science and
Education of the Republic of Azerbaijan: Baku, AZ). Dr. Sc., Prof.
Volodymyr Dzhyndzhoian (Private Institution of Higher Education
“Dniprovskii University of the Humanities”: Dnipro, UA). Dr. Sc.,
Prof. Olexandr Shapurov (Zaporizhzhya National University:
Zaporizhzhya, UA). Dr. Sc., Prof. Olena Akymenko (Chernihiv
Polytechnic National University: Chernihiv, UA). Cand. Sc., Assoc.
Prof. Roman Ostapenko (State Biotechnological University:
Kharkiv, UA). Dr. Sc., Prof. Natalia Ryzhykova (State
Biotechnological University: Kharkiv, UA). Cand. Sc., Assoc. Prof.
Maryna Riabokin (Higher Education Institution Kyiv Institute of
Business and Technology LLC: Kyiv, UA). Cand. Sc., Assoc. Prof.
Yuliia Verheliuk (State Tax University: Irpin, UA). Cand. Sc., Assoc.
Prof. Vadym Polishchuk (Lutsk National Technical University: Lutsk,
UA). PhD Cand. Michele Oppioli (University of Turin: Turin, IT).
Cand. Sc., Assoc. Prof. Oksana Shkolenko (State University "Kyiv

Aviation Institute": Kyiv, UA). Cand. Sc., Assoc. Prof. Olena
Lutsenko (State Biotechnological University: Kharkiv, UA). Dr. Sc.,
Prof. Kateryna Razumova (State University "Kyiv Aviation Institute™:
Kyiv, UA). Cand. Sc., Assoc. Prof. Olha Petrenko (State University
of Infrastructure and Technologies: Kyiv, UA). Cand. Sc., Assoc.
Prof. Nataliia Birchenko (State Biotechnological University: Kharkiv,
UA). PhD, Assoc. Prof. Marin Georgiev; PhD, Dr. Sc., Prof. Venelin
Terziev (Black Sea Institute: Bourgas, BG). Dr. Sc., Prof. Olena
Chukurna (State University of Intellectual Technologies and
Communications: Odesa, UA). PhD, Prof. Rohit Bansal (Vaish
College of Engineering: Rohtak, Haryana, IN). PhD Silvia Costa
Pinto (Fernando Pessoa University: Porto, PT). Dr. Sc., Prof. Inna
Khomenko (Chernihiv Polytechnic National University: Chernihiv,
UA). PhD, Assoc. Prof. Radostin Vazov (Sofia University "St.
Kliment Ohridski": Sofia, BG). PhD, Assoc. Prof. Ouail El Imrani
(Abdelmalek Essaadi University: Tétouan, MA). Cand. Sc., Assoc.
Prof. Nataliia Sapotnitska (Khmelnytskyi Cooperative Trade and
Economic Institute: Khmelnytskyi, UA). PhD, Assoc. Prof. Bilal Al-
Ahmad (St. Cloud State University: Saint Cloud, Minnesota, US).
Cand. Sc., Assoc. Prof. Serhii Veretiuk (Polissia National
University: Zhytomyr, UA). Cand. Sc., Assoc. Prof. Vita Kashtan; Dr.
Sc., Prof. Yevgen Kotukh (Dnipro University of Technology: Dnipro,
UA). PhD, Assoc. Prof. Farrukh Dekhkonov (Namangan State
University: Namangan, UZ). Dr. Hab. Inz., Prof. Andrij Milenin (AGH
University of Krakow: Krakow, PL). Dr. Sc., Prof. Ganna Kononenko
(Iron and Steel Institute of Z. I. Nekrasov of National Academy of
Sciences of Ukraine: Dnipro, UA). Cand. Sc., Assoc. Prof. Nataliia
Saienko (National University of Civil Defense of Ukraine: Kharkiv,
UA). PhD, Sr. Researcher Pavio Krot (Wroctaw University of
Science and Technology: Wroclaw, PL). PhD, Prof. Artem
Andrianov (University of Brasilia: Brasilia, Distrito Federal, BR).
PhD, Sr. Researcher Serhii Adzhamskyi (‘Transmag’ Institute of
Transport Systems and Technologies of the National Academy of
Sciences of Ukraine: Dnipro, UA). Cand. Sc., Assoc. Prof. Oleksii
Kulyk (A. M. Makarov National Youth Aerospace Education Center:
Dnipro, UA). Cand. Sc., Sr. Researcher Serhii Dolhopolov (The
Institute of Technical Mechanics of the National Academy of
Sciences of Ukraine and the State Space Agency of Ukraine:
Dnipro, UA). Dr. Techn., App Eng. Dennis Albert (OMICRON
electronics GmbH: Klaus, AT). Dr. Sc., PhD, Head of R&l Stan
Zurek (Megger (United Kingdom): Dover, GB). Cand. Sc., Assoc.
Prof. Mykola Pushkar (National Technical University of Ukraine
“Igor Sikorsky Kyiv Polytechnic Institute”: Kyiv, UA). Cand. Sc.,
Assoc. Prof. Oleksii Babenko (Vinnytsia National Technical
University: Vinnytsia, UA). Cand. Sc., Assoc. Prof. Anna Fedorenko
(Odessa National Maritime University: Odesa, UA). PhD,
Researcher Reagan Jean Jacques Molu (University of Douala:
Douala, CM). Cand. Sc., Assoc. Prof. Natalia Huliieva (Lutsk
National Technical University: Lutsk, UA). Cand. Sc., Assoc. Prof.
Yuliia Kulia (Kharkiv National University of Radio Electronics:
Kharkiv, UA). Cand. Sc., Assoc. Prof. Andrii Voitasyk (Admiral

ISSN 3083-5704
|H| ““ Il
258

9 '773083"570

Signed off for publication on November 26, 2025.
Format: 60%x84/8. Printing: digital. Cond. print
sheets: 14.2. Fonts: Times New Roman, Arial,
Arial Black. Circulation: electronic publication.

All articles in this issue are licensed under a Creative
o Commons Attribution 4.0 International License.


https://portal.issn.org/resource/ISSN/3083-5704
https://creativecommons.org/licenses/by/4.0/
https://cims.fti.dp.ua/j
https://cims.fti.dp.ua/j
https://orcid.org/0000-0002-5614-3882
https://orcid.org/0000-0003-1556-2463
https://orcid.org/0000-0003-0320-989X
https://orcid.org/0000-0001-9682-9419
https://orcid.org/0000-0002-0174-7718
https://orcid.org/0000-0002-7882-4523
https://orcid.org/0000-0001-5526-3578
https://orcid.org/0000-0001-7607-1436
https://orcid.org/0000-0001-6644-8658
https://orcid.org/0000-0001-6611-4543
https://orcid.org/0000-0002-1870-1062
https://orcid.org/0000-0002-1420-1220
https://orcid.org/0000-0002-8245-5652
https://orcid.org/0000-0003-2086-5004
https://orcid.org/0000-0003-3256-9771
https://orcid.org/0000-0002-6115-7162
https://orcid.org/0000-0002-6115-7162
https://orcid.org/0000-0002-7961-2549
https://orcid.org/0000-0003-3525-4804
https://orcid.org/0000-0002-6484-2050
https://orcid.org/0000-0002-1086-9274
https://orcid.org/0000-0002-2598-3651
https://orcid.org/0000-0002-2598-3651
https://orcid.org/0000-0002-7939-7973
https://orcid.org/0000-0003-1632-1565
https://orcid.org/0000-0002-4405-9093
https://orcid.org/0000-0002-4405-9093
https://orcid.org/0000-0003-3199-8988
https://orcid.org/0000-0001-7629-2730
https://orcid.org/0000-0002-5414-7839
https://orcid.org/0000-0001-7059-7664
https://orcid.org/0000-0001-7059-7664
https://orcid.org/0000-0003-0296-4092
https://orcid.org/0000-0002-4381-4886
https://orcid.org/0000-0002-0323-5978
https://orcid.org/0000-0002-5976-5871
https://orcid.org/0000-0002-3019-8172
https://orcid.org/0000-0002-6724-9498
https://orcid.org/0000-0003-1773-6631
https://orcid.org/0000-0001-5479-1221
https://orcid.org/0000-0003-3787-8995
https://orcid.org/0000-0003-2792-1523
https://orcid.org/0000-0002-5621-1152
https://orcid.org/0000-0002-5621-1152
https://orcid.org/0000-0001-6385-2823
https://orcid.org/0000-0002-1869-7999
https://orcid.org/0000-0002-8336-2685
https://orcid.org/0000-0002-4530-6471
https://orcid.org/0000-0003-1115-8877
https://orcid.org/0000-0003-1115-8877
https://orcid.org/0000-0001-9285-7068
https://orcid.org/0000-0001-9285-7068
https://orcid.org/0000-0001-7072-5005
https://orcid.org/0000-0002-0606-8255
https://orcid.org/0000-0002-0606-8255
https://orcid.org/0000-0002-0839-4636
https://orcid.org/0000-0002-0839-4636
https://orcid.org/0000-0003-3322-7060
https://orcid.org/0000-0003-0080-0975
https://orcid.org/0000-0002-9544-0660
https://orcid.org/0000-0002-1267-1026
https://orcid.org/0000-0002-1267-1026
https://orcid.org/0000-0002-7915-9991
https://orcid.org/0000-0002-0395-5895
https://orcid.org/0000-0003-4997-620X
https://orcid.org/0000-0003-4747-8557
https://orcid.org/0000-0002-6266-2881
https://orcid.org/0000-0001-7446-4105
https://orcid.org/0000-0003-4873-5316
https://orcid.org/0000-0003-4873-5316
https://orcid.org/0000-0002-3347-3862
https://orcid.org/0000-0002-3987-6267
https://orcid.org/0000-0002-3987-6267
https://orcid.org/0000-0002-6095-8646
https://orcid.org/0000-0002-2913-4462
https://orcid.org/0000-0002-2913-4462
https://orcid.org/0000-0002-0591-4106
https://orcid.org/0000-0001-8916-851X
https://orcid.org/0000-0002-4128-5490
https://orcid.org/0000-0002-4128-5490
https://orcid.org/0000-0002-9576-6433
https://orcid.org/0000-0003-2773-6571
https://orcid.org/0000-0002-8756-0996
https://orcid.org/0000-0002-5069-3349
https://orcid.org/0000-0001-9282-4880
https://orcid.org/0000-0001-6541-7913
https://orcid.org/0000-0002-9409-6108
https://cims.fti.dp.ua/j

Challenges and Issues of Modern Science
2025, Vol. 4, No. 2

Makarov National University of Shipbuilding: Mykolaiv, UA). PhD,
Assoc. Prof. Oleksii Hrechanyi (Zaporizhzhya National University:
Zaporizhzhia, UA). Dr. Sc., Assoc. Prof. Teodora Petrova (Trakia
University: Stara Zagora, Stara Zagora, BG). Dr. Sc., Prof. Ganna
Kalashnyk (Flight Academy of the National Aviation University:
Kropyvnytskyi, UA). Dr. Sc., Sr. Researcher Olha Medvedieva (M.
S. Poliakov Institute of Geotechnical Mechanics of the National
Academy of Sciences of Ukraine: Dnipro, UA). Cand. Sc., Assoc.
Prof. Oleksandr Berlov (Prydniprovs’ka State Academy of Civil
Engineering and Architecture at the Ukrainian State University of
Science and Technologies: Dnipro, UA). Cand. Sc., Assoc. Prof.
Polina Mashykhina (Ukrainian State University of Science and
Technologies: Dnipro, UA). Dr. Sc., Prof. Mykola Biliaiev (Ukrainian
State University of Science and Technologies: Dnipro, UA). Cand.
Sc., Assoc. Prof. Natalia Tkachuk (T. H. Shevchenko National
University "Chernihiv Colehium": Chernihiv, UA). Dr. Sc., Prof. Liliya
Frolova (Ukrainian State University of Chemical Technology at the

Ukrainian State University of Science and Technologies: Dnipro,
UA). Cand. Sc., Assoc. Prof. Lyudmila Demchuk (Zhytomyr
Polytechnic State University: Zhytomyr, UA).

Assistant Editors

PhD, Sr. Researcher Oleh Bondarenko (Institute of Applied Control
Systems of the NAS of Ukraine: Kyiv, UA). PhD, Sr. Lect. Vladyslav
Proroka; Cand. Sc., Assoc. Prof. Viktor Voloshko (Oles Honchar
Dnipro National University: Dnipro, UA). PhD, Researcher Samir
Vekilov (The Institute of Technical Mechanics of the National
Academy of Sciences of Ukraine and the State Space Agency of
Ukraine: Dnipro, UA).

Language Review Editors

Cand. Sc., Assoc. Prof. Olha Novikova; Cand. Sc., Assoc. Prof.
Irina Suima (Oles Honchar Dnipro National University: Dnipro, UA).

Contributing Reviewers

Dr. Sc., Prof. Igor Sazonetz (Dnipro Humanitarian University:
Dnipro, UA). Dr. Sc., Prof. Olha Zinchenko (Oles Honchar Dnipro
National ~ University: ~ Dnipro, UA). Business  analyst,
Prof. Mohammad Hossein Tahriri Zanegenh (Universitat Pompeu
Fabra: Barcelona, Catalunya, ES). PhD, Assoc. Prof. Svitlana
Ivanova (Oles Honchar Dnipro National University: Dnipro, UA).
Cand. Sc., Assoc. Prof. Nataliya Krasnikova (Oles Honchar Dnipro
National University: Dnipro, UA). Cand. Sc., Assoc. Prof. Olha
Mykhailenko (Oles Honchar Dnipro National University: Dnipro,

UA). Cand. Sc., Assoc. Prof. Oleksandr Ponomarov (Oles Honchar
Dnipro National University: Dnipro, UA). Cand. Sc., Assoc.
Prof., Roman Pavlov (Oles Honchar Dnipro National University:
Dnipro, UA). Cand. Sc., Assoc. Prof. Yurii Tkachov (Oles Honchar
Dnipro National University: Dnipro, UA). MSc, Sr. Lect. Yuliia
Stasiuk (Oles Honchar Dnipro National University: Dnipro, UA).
MSc, PhD Cand. Oleksandr Dobrodomov (Oles Honchar Dnipro
National University: Dnipro, UA).

UDC 004+005+502/504+620+621+628+629+658+681(051+082)

Challenges and Issues of Modern Science is an interdisciplinary academic journal that publishes original research
dedicated to technological advancement and cross-sectoral scientific progress. The journal covers all stages of
the life cycle of new products in mechanical engineering, applied mechanics, materials science, aerospace
engineering, electrical and power engineering, and electronics — from conceptual design and modelling to
realization, operation, and end-of-life strategies. Emphasis is placed on improving manufacturing processes,
ensuring product quality and resilience, and addressing contemporary production challenges, while taking into
account environmental considerations, economic and managerial factors, and market-driven strategies.

The journal serves as a platform for knowledge exchange among scientists and practitioners working at the
intersection of engineering, digital technologies, and systems thinking. Contributions are encouraged that
integrate developments in information technology, cybersecurity, automation, robotics, artificial intelligence,
sustainable development, and — as introduced in this issue — market synergy. Through theoretical and applied
studies, the journal contributes to understanding emerging challenges and shaping progressive responses across
interconnected scientific fields.

This issue is published in accordance with the 2025 Plan of Scientific Publications of Oles Honchar Dnipro
National University, approved by the University Academic Council (Minutes No. 5 dated December 19, 2024).

By Resolution No. 2633 of the National Council on Television and Radio Broadcasting dated August 29, 2024,
the journal Challenges and Issues of Modern Science has been included in the Registry of Online Media as an
electronic periodical academic multilingual publication, scientific journal. Media Identifier: R40-05435.

Legal Address for Editorial Control (Official address for correspondence):

Oles Honchar Dnipro National University

49045, 72 Nauky Ave, Dnipro, Ukraine

Email: cdep@dnu.dp.ua

Website: https://dnu.dp.ua

ROR ID: https://ror.org/00gk1f078

EDRPOU (Ukrainian State Register of Enterprises and Organizations Code): 02066747

Editorial Office Address:

Oles Honchar Dnipro National University
49107, 12 Naukova St, Dnipro, Ukraine
Email: conf@fti.dp.ua

Website: https://cims.fti.dp.ualj


https://orcid.org/0000-0003-0524-4998
https://orcid.org/0000-0003-4672-1332
https://orcid.org/0000-0002-9581-9865
https://orcid.org/0000-0002-9581-9865
https://orcid.org/0000-0001-5575-713X
https://orcid.org/0000-0002-7442-0548
https://orcid.org/0000-0003-3057-9204
https://orcid.org/0000-0002-1531-7882
https://orcid.org/0000-0002-5115-7716
https://orcid.org/0000-0001-7970-2264
https://orcid.org/0000-0001-7970-2264
https://orcid.org/0000-0001-5698-7113
https://orcid.org/0009-0009-3364-8560
https://orcid.org/0000-0001-6884-3934
https://orcid.org/0000-0001-6884-3934
https://orcid.org/0000-0003-1285-9448
https://orcid.org/0000-0001-5736-6300
https://orcid.org/0000-0001-5736-6300
https://orcid.org/0009-0000-6620-782X
https://orcid.org/0009-0008-8246-4533
https://orcid.org/0000-0001-8032-3675
https://orcid.org/0000-0002-5414-7839
https://orcid.org/0000-0002-1430-5943
https://orcid.org/0000-0002-9065-8687
https://orcid.org/0000-0002-9065-8687
https://orcid.org/0000-0002-6484-2050
https://orcid.org/0000-0002-4405-9093
https://orcid.org/0000-0002-4405-9093
https://orcid.org/0000-0002-1032-5074
https://orcid.org/0000-0001-7629-2730
https://orcid.org/0000-0003-1556-2463
https://orcid.org/0000-0001-6644-8658
https://orcid.org/0000-0001-6644-8658
https://orcid.org/0009-0005-9926-6638
https://cims.fti.dp.ua/j/libraryFiles/downloadPublic/4
https://cims.fti.dp.ua/j/libraryFiles/downloadPublic/7
mailto:cdep@dnu.dp.ua
https://dnu.dp.ua/
https://ror.org/00qk1f078
mailto:conf@fti.dp.ua
https://cims.fti.dp.ua/j

Challenges and Issues of Modern Science
2025, Vol. 4, No. 2

Contents

Preliminary Design Evaluation of Solid-Propellant Rocket Engines
Mykola Bondarenko, Volodymyr Habrinets, MyKNGIIO VOIODEI. ................cccuiiiiuiiiiiiiiieit ettt

Laser Micro-Texturing and Al-Driven Optimization for Thermal Management of Photovoltaic Systems
ASWIN KGIKQUGKATLL ...ttt ettt ettt e oo a b et e ettt e oo aae e e e e a bt e e ettt e e eabe e e e eab e e e ettt e e e abe e e e e e e e eaannee s

Managing Innovative Development in International Tourism through Favorable Conditions for Foreign Investment
Volodymyr Dzhyndzhoian, Olha Khodak, Nataliia YakovlieVa-MEINYK ..............cccuiiiiiiiiiiii ettt

From Awareness to Action: Green Practices in the Iberian Peninsula’s Hospitality Sector
Maria NASCIMIENTO CUNMRQ .........ccoiuuiieiiii ettt e ettt oottt e ekttt e o2 b et e e ea b et e 4Rttt e e ah bt e e aa ket e e sb e e e e b bt e e e abb e e e anbeeeeanbeeesanbeeeannnes

Al vs. Humans in U.S. Retail Banking: A Pilot Study on Customer Satisfaction and Service Excellence
N 10 Y = T Lo PP PPRP

Pricing dilemmas in the context of consumer welfare
INGLAIIY@ KFASNIKOVA..........eeeiei ettt ettt e 4ottt a4 4o a bbbttt e e 444 a kbt e et e e e 4 e a ke bt et e e e 24 a b e e et e e e e e e abn b e e e e e e e e nnbe b e e e e e e e nnnneeeeas

International Experience in the Development of Franchising and Its Application in Ukraine [CBiToBuUI AOoCBiA pO3BUTKY
¢hpaHYaN3nHIroBOI AiANLHOCTI Ta MOro 3aCTOCyBaHHA B YKpaiHi]
OINa DON, YEIYZAVELA FIUNZE .........cc..eeeaieiee ettt ettt ettt e e e n et e e m ket e 42 b et e oo m bt e e e ea bt e e ek bt e e e nbb e e e ambe e e e nbeeeeanbeeesnneeaeanneeenn

Green Economy Potential in the Organization of Turkic States: Comparison of Economic Indicators
Gulshen Yuzbashiyeva, Samira Abasova, ISrafil YUZDASHIYEV ............ccouiuii ittt ettt sbe e eneeee s


https://cims.fti.dp.ua/j/article/view/279
https://cims.fti.dp.ua/j/article/view/320
https://cims.fti.dp.ua/j/article/view/292
https://cims.fti.dp.ua/j/article/view/322
https://cims.fti.dp.ua/j/article/view/321
https://cims.fti.dp.ua/j/article/view/318
https://cims.fti.dp.ua/j/article/view/319
https://cims.fti.dp.ua/j/article/view/319
https://cims.fti.dp.ua/j/article/view/315

Challenges and Issues of Modern Science
2025, Vol. 4, No. 2, ID 279

ISSN: 3083-5704

URL: https://cims.fti.dp.ua/j/article/view/279
DOI: https://doi.org/10.15421/cims.4.279

UDC 623.7

Preliminary Design Evaluation of Solid-Propellant
Rocket Engines

Mykola Bondarenko 0, Volodymyr Habrinets ©©, Mykhailo Vorobei

Purpose. This article raises the issue of the necessity to develop methods for automated design evaluation of
solid-propellant rocket engines at the early stages of missile development. Design / Method / Approach. The
study is based on analytical models and empirical data derived from the development of numerous SREs by
design bureaus, particularly Yuzhnoye State Design Office. It uses parametric analysis and optimization
techniques, supported by statistical correction and verification against real-world motor data Findings. The article
identifies critical parameters that influence solid-propellant rocket engines (SRE) efficiency and offers a
computational framework for optimizing these parameters. The methodology significantly reduces the time
required for preliminary assessments and allows for automated exploration of design alternatives. Theoretical
Implications. This study contributes to the theoretical understanding of SRE performance modeling and
optimization during conceptual design. It outlines how analytical dependencies can be constructed and refined
based on engineering theory and empirical calibration. Practical Implications. The developed approach enables
engineers to quickly generate and evaluate multiple engine design scenarios, improving the quality and speed of
early decision-making in missile system development. Originality / Value. The work offers a practical and
validated methodology for automated design evaluation of SREs, filling a gap in the early-stage engineering
workflow. It is valuable to aerospace engineers, defense researchers, and developers of propulsion systems.
Research Limitations / Future Research. The methodology focuses on typical SRE configurations and assumes
statistical consistency across historical data. Future research may expand the models to incorporate novel
materials, 3D-printed components, and adaptive control systems. Article Type. Methodological paper.

Keywords:

solid propellant rocket engines, automated design evaluation, preliminary design stage, parametric optimization,
analytical performance modeling

MeTa. Y Ui cTaTTi NigintMaeTbCcs NMTaHHA HeObXiAHOCTI po3pobkn METOAIB aBTOMATM30BAHOI NMPOEKTHOT OLLIHKK
TBEpAONanMBHUX PaKETHUX OBUIYHIB Ha paHHiX eTtanax po3pobku pakeTHux komnnekcis. OusanH /| Metop /
Mipgxia. JocnimkeHHst 6a3yeTbCs HA aHaNiTMYHNX MOAENAX Ta EMMIPUYHUX OAHWX, OTPUMAHKX Mig Yac po3pobku
YNCMNEHHWX TBEpAONanMBHMUX pakeTHux asuryHis (TPO) koHcTpykTOpchknumu 6ropo, 3okpema Al «Kb «lliBaeHHe».
3acTocoBaHO MEeTOAu MapameTpUyHOro aHamidy Ta OnTuMMi3auii 3 MOoAanbLUO CTAaTUCTUYHOK KOpEKUiew Ta
NMepeBipKOI0 Ha OCHOBI peanbHWX AaHux OBUryHiB. Pe3ynbraTtu. Y CTaTTi BU3HAYEHO KIOYOBI napameTpu, Lo
BMnMBatOTb Ha edpekTuBHicTb TP, Ta 3anponoHoBaHO ob4McnoBanbHy CTPYKTYpY ANng ix onTumisauii. Metogumka
CYTTEBO CKOPOYYE 4Yac, HeoOXigHUM Ons nonepenHbOi OUiHKM, Ta [03BOMSiE aBTOMaTU3yBaTW LOCHIOKEHHS
anbTepHaTMBHUX BapiaHTIB KOHCTPYKUii. TeopeTuyHe 3Ha4yeHHA. Lle pJocnimkeHHs cnpuse po3BUTKY
TEOPETUYHOIO PO3YMIHHS MofentoBaHHA Ta onTuMmisauil xapaktepuctuk TPO Ha koHuenTyanbHOMY eTani.
MokasaHo, siK aHaniTU4YHI 3anexHocTi MoXyTb ByTn nobynoBaHi Ta YTOYHEHi HA OCHOBI iHXeHepHOi Teopii Ta
emnipynyHoro KanibpyeaHHs. TpakTuyHe 3Ha4veHHs. Po3pobnenwit niaxin [03BONSE iHXeHepam  LUBMAOKO
dopmyBaTU Ta OLUiHIOBaTK AeKifnbka BapiaHTiB KOHCTPYKLiT ABUMYHIB, NIOBULLYIOUM SKICTb i LUBUAKICTb NPUAHATTA
pilleHb Ha paHHIX eTanax CTBOPEHHS pakeTHMX cucteM. OpwuriHanbHicTb / LiHHicTL. Pobota nponoHye
NPakTU4Hy Ta BepudikoBaHy METOAMKY aBTOMAaTM30BaHOI OLiHKM NPOEKTHUX piweHb Ana TPL, wo 3anosHioe
nporanuHy B NPOLECi paHHbOro iHXEHEpPHOro MPOEKTyBaHHSA. BoHa € UiHHMM pecypcoM Ans aepoKOCMIYHUX
iHXeHepiB, daxiBLiB 3 0O0OPOHHMX TEXHONOri | pO3POBHNMKIB PyLLINHMX YycTaHOBOK. OBGMexeHHsA aocnigxkeHHs /
ManbyTHi gocnigxeHHs. MeToguka opieHTOBaHa Ha TunoBi KoHdirypauii TPL i 6a3yeTbca Ha NpUnNyLLEeHHi
CTATUCTUYHOT Y3rOMKEHOCTi ICTOPUYHMX AaHux. Y MamnbyTHbOMY [AOCHIIXKEHHS MOXYyTb OyTW po3LMpeHi 3
ypaxyBaHHsIM HOBMX MatepianiB, KOMMOHEHTIB, BUrotoBneHnx Ha 3D-npuHTepax, i aganTMBHUX CUCTEM
ynpaeniHHsa. Tun ctaTTi. MeTogonoriyHa craTTs.
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Solid-propellant rocket engines (SREs) play a fundamental
role in the design and performance of modern missile systems. Their
effectiveness directly impacts the range, payload capacity, stability,
and overall success of the vehicle in achieving mission objectives.
However, the process of designing and evaluating SREs remains
complex and time-consuming, often requiring the involvement of
multiple domain-specific experts in propulsion, thermodynamics,
internal ballistics, structural integrity, and materials engineering.
This challenge becomes particularly acute during the preliminary
design stage, when multiple configuration options must be rapidly
evaluated under time and resource constraints (Glazkov et al.,
2018). To address this problem, an automated methodology has
been developed for the rapid assessment of key performance param-
eters of SREs used in missile systems. This approach enables engi-
neers to conduct computational evaluations of dozens or even hun-
dreds of design options without the need for full-scale calculations
or consultations with specialized departments. The proposed meth-
odology is built upon a combination of analytical models, empirical
correlations, and statistical data obtained from previously developed
SREs. The system is designed for application in a wide range of
missile classes - from tactical and operational-tactical missiles to in-
tercontinental ballistic missiles and space launch vehicles. It allows
the user to determine optimal design parameters such as fuel mass,
motor diameter, chamber pressure, nozzle expansion ratio, and burn
time under given constraints. The methodology significantly accel-
erates the conceptual design process by replacing labor-intensive
manual calculations with instant, software-driven evaluations.

This paper presents the theoretical foundations, structure, and
implementation of the automated evaluation methodology, as well
as its validation through comparisons with real-world designs. It
also explores the applicability of the method to various SRE config-
urations and outlines its practical value for engineers engaged in
carly-stage missile development projects.

Purpose

The purpose of this study is to develop and present an auto-
mated methodology for evaluating the key performance parameters
of SREs during the early stages of missile system design. The work
aims to streamline the process of preliminary assessment by reduc-
ing reliance on manual calculations and minimizing the need for
consultations with multiple domain experts. Through the integration
of analytical models, statistical data, and design experience, the pro-
posed approach enables rapid exploration of multiple SRE configu-
rations under given technical and operational constraints.

This methodology is intended to assist engineers and designers
in selecting optimal motor parameters - such as propellant mass,
chamber pressure, burn time, and nozzle expansion ratio - that max-
imize overall missile efficiency according to ballistic, dimensional,
mass, and reliability criteria. It also supports the identification of
trade-offs and limitations that arise during configuration selection.
The study emphasizes the need for fast and reliable tools that can
support high-quality decision-making at the conceptual stage of
missile development.

Data and Methods

The development of the automated evaluation methodology is
based on a combination of theoretical models, empirical data, and
statistical analysis of previously developed SREs. The primary data
sources include engineering documentation, performance archives,
and statistical datasets from missile development projects carried
out by Yuzhnoye State Design Office and other aerospace institu-
tions (Kirichenko et al., 2016).

The methodology integrates the following key elements:

1. Analytical Modeling. Fundamental equations from inter-
nal ballistics, thermodynamics, structural mechanics, and gas dy-
namics were used to describe the core physical processes within
SREs. These models serve as the backbone for calculating perfor-
mance metrics such as chamber pressure, specific impulse, and
structural loads.

2. Empirical Correlation. Analytical results are refined us-
ing empirical correction factors derived from historical test data
and operational experience. These corrections enhance the relia-
bility of predictions across a wide range of design cases.

3. Effectiveness Assessment. The effectiveness of precision

strikes was assessed by examining the precision, speed, and im-
pact of multiple launch rocket systems in various combat scenar-
ios, using available data and reports on their use in military en-
gagements.

4. Literature Review. A review of open-source publications,
technical documents, and scientific research on the development,
deployment, and operational use of HIMARS and similar systems
in combat (Bondarenko et al., 2024).

5. Data Synthesis. Data gathered from military reports, news
articles, and technical studies were synthesized to draw conclu-
sions about the strategic and operational implications of multiple
launch rocket systems in modern warfare.

Background and Motivation

The design of SREs for missile systems is a highly complex
engineering task. It involves the simultaneous consideration of nu-
merous parameters, including internal ballistics, thermal regimes,
structural integrity, and aerodynamic performance. Traditionally,
this process requires the involvement of a large number of special-
ists across multiple disciplines and consumes considerable time and
resources, especially during the conceptual phase of development.

Atthe early stages of missile design, engineers are often tasked
with evaluating a wide range of possible configurations for SRMs
under tight time constraints. The ability to rapidly assess the perfor-
mance of dozens or even hundreds of variants become critical to the
overall efficiency of the design process. In such cases, traditional
calculation methods become inefficient, and the lack of automation
leads to delays and decision-making bottlenecks.

The need for a fast, reliable, and reasonably accurate solution
prompted the development of an automated methodology capable
of providing preliminary assessments of SRM performance on a
personal computer. This methodology is specifically intended to
support design decisions during the initial project phases, where
rough but informative estimations can significantly influence the di-
rection of further engineering work. By automating the estimation
of key parameters - such as thrust, chamber pressure, burn time, and
motor geometry - this approach allows a single engineer to perform
complex analyses in a fraction of the time required by manual or
segmented workflows. The methodology presented here is based on
practical experience accumulated during the development of numer-
ous SREs by Yuzhnoye State Design Office (Ukraine) and is sup-
ported by verified empirical and statistical data collected over sev-
eral decades (Kirichenko et al., 2014).

Literature Review

As part of the present work, an analysis and systematic review
of recent publications directly and indirectly related to the prelimi-
nary design evaluation and development of solid-propellant rocket
engines was carried out. The review covered both classical and ap-
plied studies of internal ballistics and structural design, as well as
contemporary numerical and experimental investigations — for ex-
ample, studies on internal ballistics and mathematical modelling of
combustion processes (Kositsyna et al., 2021; Tian et al., 2021;
Rashkovskiy & Yakush, 2020), investigations of nozzle insert ero-
sion and behaviour (Cang & Wang, 2024; Almayas et al., 2021), nu-
merical studies of ignition/transient processes and gas dynamics of
combustion products (Wentao et al., 2024; Deyou et al., 2024), and
works on grain regression modelling, mesoscale descriptions of
AP/HTPB combustion, and grain-shape optimization (Rashkovskiy
et al., 2020; Combustion & Flame, 2023; Li et al., 2024). Studies
addressing the energetic characteristics of propellant components
and thermal protection materials were also examined (Wang et al.,
2025; Mochonov et al., 2020).

Despite the availability of modern publications from 2020 —
2025, the review indicates that methodologies are dispersed across
multiple approaches — experiments, numerical simulation, empirical
correlations, and materials science studies — with individual works
typically addressing only specific aspects (e.g., nozzle erosion or
mesoscale combustion) rather than providing a comprehensive so-
lution for the preliminary design evaluation of a propulsion system
as an integrated case (Galletly & Verstraete, 2025; Teng et al., 2025).
The objective of this paper is therefore to raise the issue of creating
a unified algorithm: to collect diverse cases and methods from re-
cent literature, to synthesize empirical relationships and numerical
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approaches, and to combine them into a single, reproducible meth-
odology for the preliminary design evaluation of solid-propellant
rocket engines that closes identified gaps and improves the repro-
ducibility and accuracy of calculations (Chen et al., 2024).

Structure of the Automated Evaluation
Methodology

The proposed methodology is designed to estimate the key pa-
rameters of SREs at the conceptual design stage using a combina-
tion of analytical models, empirical corrections, and optimization
algorithms. Its structure reflects the interconnected nature of rocket
design, where performance, geometry, and manufacturing con-
straints must be considered simultaneously. The methodology com-
prises the following main components.

Input Data and Design Variables

The evaluation begins with the input of baseline design param-
eters, including: motor diameter (D); propellant mass (®); chamber
pressure (Px); nozzle expansion ratio ({); burn time (t,). These pa-
rameters are treated as variable within defined ranges based on the
target missile class. Additionally, constraints related to maximum
diameter, integration volumes, and separation conditions are con-
sidered (Bondarenko & Habrinets, 2023).

Optimization Criteria

The methodology allows optimization according to several
possible criteria, including: external ballistics (e.g., maximizing
range or payload mass); mass efficiency (e.g., minimizing launch
mass); dimensional constraints (e.g., minimizing length or diame-
ter); reliability and safety; economic or manufacturing feasibility;
multiple criteria can be combined using weighting factors or applied
in stages.

Analytical Models and Dependencies

Each SRE parameter is calculated using core equations derived
from the theory of internal ballistics, thermodynamics, structural
mechanics, and empirical design practice. Key performance charac-
teristics include: specific impulse in vacuum (Isp); maximum cham-
ber pressure (Pymax); propellant mass flow rate (rh); nozzle throat
erosion (Ady); total motor length and structural mass. The models
are corrected using statistical data from legacy SRE designs devel-
oped by Yuzhnoye SDO and other aerospace institutions. These cor-
rections ensure applicability across a wide design space and im-
prove prediction reliability (Ushkin, 2016).

Design Constraints and Feasibility Checks

The tool checks whether selected configurations are feasible
given geometric limitations, required performance levels, and pro-
duction capabilities. For example, the method accounts for: con-
straints on the combustion rate and chamber pressure for safe stage
separation; compatibility with available nozzle and casing technol-
ogies; integration requirements with launch platforms.

Output and Interpretation

The methodology produces a full set of output parameters for
each configuration, including: thrust curve and impulse; pressure-
time history; mass breakdown (propellant, structure, nozzle); di-
mensional layout; thermal and structural load estimates. These out-
puts support rapid decision-making and allow comparison across
multiple variants, enabling the identification of optimal configura-
tions.

Parameter Ranges and Application Domains

The automated evaluation methodology has been developed to
support a broad spectrum of SRM configurations used in various
classes of missile systems. These range from tactical and opera-
tional-tactical missiles to intercontinental ballistic missiles (ICBMs)
and space launch vehicles. To ensure versatility and applicability,
the methodology incorporates parameter ranges representative of
real-world engineering practice (Bondarenko et al., 2025).

Tactical and Operational-Tactical Missiles

For short- and medium-range missile systems, the methodol-
ogy supports the following parameter ranges: motor diameter 0.25—
0.9 m; propellant mass 150-4500 kg; chamber pressure 3.9-14.7
MPa; burn time 1050 s; nozzle expansion ratio: 2.5-10.

A typical SRM for such missiles is shown on Fig. 1. Key fea-
tures of this SRM: composite propellant; propellant charge is
bonded to the motor casing; the casing is made of high-strength
steel; fixed nozzle. These motors are typically designed with sta-
tionary nozzles, composite solid propellants, and steel casings.
Their configurations emphasize compactness, reliability, and ease
of integration into mobile launch platforms.

i

- ] |—

5 4 1 3

Figure 1 — SRM design scheme: 1 - motor casing, 2 - structurally-
bonded solid propellant grain, 3 - nozzle assembly, 4 - forward dome,
5 - ignition system (Source: Authors)

Intercontinental Ballistic Missiles and Space Launch
Missiles

For large-scale propulsion systems, the methodology accom-
modates extended ranges of input parameters: motor diameter 0.9—
2.5 m; propellant mass 2100-65000 kg; chamber pressure 3.92—
11.77 MPa; burn time 10-100 s; nozzle expansion ratio: 2—10.

These motors often feature composite or wound plastic casings
(cocoon-type), bonded grain designs, and movable nozzles for
thrust vector control using hydraulic or electric actuators.

Modular Applicability

The structure of the methodology allows it to be adapted to
other classes of SRMs with minimal modification. This includes:
upper stages with lower thrust and longer burn durations; launch
boosters requiring high-thrust, short-duration performance; experi-
mental configurations with novel grain geometries or additive-man-
ufactured components.

The system is thus applicable at multiple stages of the devel-
opment pipeline — from conceptual studies to early-stage trade-off
analysis — and can be customized to match the evolving needs of
missile programs.

Analytical Models and Statistical Calibration

The core of the automated evaluation methodology is built
upon a series of analytical models describing the thermodynamic,
ballistic, and structural behavior of SRMs. These models are aug-
mented with statistical corrections derived from empirical data ob-
tained through the development and testing of multiple SRM con-
figurations, primarily at Yuzhnoye State Design Office (Ushkin et
al., 2016).

Energy Performance Models

The specific impulse in vacuum (I,-vac) is a fundamental met-
ric for evaluating propulsion efficiency. In this methodology, the
ideal thermodynamic impulse is modeled as a function of nozzle
expansion ratio () and chamber pressure (Py), calibrated for various
propellant formulations:

I35 = £ (G, Py). (M

Losses due to nozzle efficiency, flow separation, and erosion
are introduced via empirical correction terms, yielding a realistic
prediction of the effective specific impulse:

I;Sal = Isigeal = Aljosses- 2

Parameters such as aluminum content (gm), throat-to-exit area
ratio, and nozzle contour length are also accounted for, especially
when assessing high-performance composite propellants.
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Internal Ballistic Models

The internal ballistic behavior of SRMs is a key factor in de-
termining pressure stability, thrust generation, and structural load-
ing. In the proposed methodology, chamber pressure is estimated
under nominal and off-nominal conditions using analytical relation-
ships supplemented with statistically derived correction factors.

The baseline chamber pressure Py, is treated as a design input,
reflecting mission-specific requirements. However, due to varia-
tions in geometry, temperature, and burn rate characteristics, the ac-
tual maximum pressure P*** may exceed this nominal value.
max

To estimate P;***, a multi-parameter expression is used:
P = Py - f(AS,v, a;, AT, 65, Au), 3)

where AS — maximum deviation of the burning surface, m?; v — pres-
sure exponent in the burn rate law, dimensionless; o — temperature
sensitivity coefficient, 1/K; AT — operational temperature deviation,
K; &, Au — statistical factors reflecting real-world variability, di-
mensionless. These parameters capture both design-driven and en-
vironmental variations influencing pressure buildup during opera-
tion.

‘When geometric characteristics of the grain are known, the de-
viation AS,, 4, can be approximated as a function of grain elonga-
tion A,. The following empirical formula, based on regression anal-
ysis of design data, is applied:

ASmar = —0.0055-12-0.1387 - A, + 85875.  (4)

This expression reflects typical surface variation behavior in
bonded charge configurations and provides a reliable estimate of the
expected maximum deviation.

When the grain geometry is not yet defined and A, is unavail-
able, a simplified expression can be used to estimate the peak cham-
ber pressure based on material characteristics and environmental
conditions:

0.0044-a;AT+1.1
pyrax = ppom . ST ©)

This formula enables designers to assess pressure risk early in
the conceptual design process using only propellant data and envi-
ronmental temperature deviation.

Erosion and Throat Regression Models

Throat erosion is a critical factor affecting chamber pressure
and burn stability, especially in motors using carbon-carbon throat
inserts. A dedicated empirical model calculates erosion (Ady) as a
function of time, propellant gas aggressiveness, and throat material
density:

PP T

Adt=k1'k2T, (6)

where T — burn time, s; ¢ — oxidizer potential, dimensionless; p -
insert material density, kg - m®; Px— chamber pressure and temper-
ature, Pa. This model helps assess nozzle throat durability and sta-
bility during long-duration burns.

Structural Mass and Component Weight Models

Mass estimation models are tailored to the specific geometric
and structural characteristics of SRM components. While basic for-
mulas rely on volume and material density, correction factors are
introduced for: mounting interfaces (e.g., flanges, bulkhead fit-
tings); launch system integration structures; reinforced sections sub-
ject to high stress. For example, mass estimates for forward hatches
or nozzle mounting rings are adjusted based on empirical deviations
observed during manufacturing (AbdelGawad & Guozhu, 2022).

Statistical Calibration and Validation

All models are calibrated using legacy datasets derived from
the design and testing of real SRMs. The comparison of predicted
versus actual parameters showed deviation ranges of structural mass
from — 1.8% to + 3%; specific impulse from — 0.15% to — 0.3%;
overall motor length from — 1.8% to + 3.2%.

These margins confirm that the analytical models, when
properly calibrated, can provide reliable approximations suitable for
the preliminary design phase.

Algorithmic Implementation and Calculation
Workflow

The proposed methodology has been implemented as a struc-
tured calculation tool that enables rapid evaluation of various SRM
configurations on a standard personal computer. The core objective
of the implementation is to provide engineers with a fast, flexible,
and user-friendly system that facilitates early-stage decision-mak-
ing without compromising accuracy.

Software Platform and Tools

The methodology was originally implemented using Microsoft
Excel combined with custom macros and formula libraries. This en-
vironment was selected for its accessibility, ease of use, and support
for parametric tabulation, graphical analysis, and modular design
logic. The tool can be extended or ported to more advanced plat-
forms (e.g., Python or MATLAB) if integration with external simu-
lation packages is needed.

Input Interface

Users begin by entering or selecting required mission parame-
ters (e.g., payload mass, flight duration); initial geometric con-
straints (motor length, diameter limits); ranges for design variables
(pressure, burn time, expansion ratio); optimization criteria (e.g.,
mass minimization, performance maximization). The interface also
includes default material properties, propellant characteristics, and
empirical correction coefficients, which can be adjusted if custom
data is available.

Calculation Logic and Workflow

The computational core proceeds through the following steps.
(1) Initialization: Set up design space grid based on variable ranges.
(2) Geometry Estimation: Calculate internal motor volume, charge
shape factor, nozzle dimensions. (3) Internal Ballistic Simulation:
Estimate chamber pressure, propellant mass flow rate, burn dura-
tion, and thrust profile. (4) Thermodynamic Analysis: Compute spe-
cific impulse, temperature, and exhaust parameters. (5) Structural
Assessment: Estimate motor casing mass, thermal loads, and stress
factors. (6) Erosion Model: Apply throat regression model to check
nozzle stability. (7) Feasibility Check: Evaluate constraint viola-
tions (e.g., overstress, integration limits). (8) Result Compilation:
Store all outputs for analysis and ranking. Each configuration is pro-
cessed automatically, and results are stored in tabular form for batch
comparison.

Output Visualization

The system includes basic visualization tools to plot thrust vs.
time profiles; compare mass and performance trade-offs across de-
sign variants; highlight constraint-violating configurations; gener-
ate summary charts for engineering reports or presentations.

Performance

On a typical desktop system, the tool can evaluate hundreds of
configurations in minutes. This enables fast iteration and supports
design optimization loops without requiring high-performance
computing resources.

The Mathematical model of an SRM

An SRM mathematical model is an abstract, formally defined
representation suitable for analysis via mathematical methods and
simulation. It replaces the real engine and its behavior with a col-
lection of elementary subprocesses of different physical character.
During design, emphasis is placed on processes that affect flight
conditions, thrust output, propellant consumption, mass and energy
balances, performance efficiency, and related parameters (Senkin &
Syutkina-Doronina, 2019).

To formulate the model mathematically, we adopt a block-
based approach in which each block encapsulates a set of equations
describing an elementary subprocess within the system. The SRM
design model is composed of the following blocks: geometrical
block; mass block; ballistic block; energy block; structural
(strength) block.
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Individual equation groups are assembled into a single system
that constitutes the mathematical description of the SRM (Oglykh
et al., 2010). This mathematical model is then translated into spe-
cialized algorithms for computer simulation of the engine’s opera-
tional processes. The model and associated simulation algorithms
form the basis for methodological and software instruments used in
optimization at early design stages and for determining the SRM’s
principal characteristics. The complete SRM mathematical model,
built according to a block-based methodology, includes the follow-
ing components: block for determining the energy characteristics of
the SRM; block for determining the dimensional (geometrical)
characteristics of the SRM; block for determining the mass charac-
teristics of the SRM. Figure 2 shows a schematic diagram of the
SRM mathematical model.

Sustainer SRM

masses of elements and subsystems, whose calculations are not per-
formed within the algorithm for determining the main characteris-
tics of the SPTM, kg (Sforzini, 1972).

The masses of the transition and tail sections are determined
by the following relations

Mg =T Prg " Lis - 5eqt . (2 "Rex — 6eqt) (11)
Mrs =T Pmg *Lrs Seqt ' (2 "Reyx — 6eqt) (12)

where p,,q — density of the material used for manufacturing the sec-
tions, kg - m3; Ly, Lts — lengths of the transition and tail sections,
respectively, m; R,, — external radius of the cylindrical part of the
SPRM combustion chamber, m; 84 — equivalent thickness of the
nominally smooth shell of the sections, m.

For axial compressive loading, the
equivalent thickness of a nominally smooth
shell produced by chemical etching is deter-
mined by the following relation:

B | faxe

-

Combustion Chamber|
Casing

( Nozzle Block ’

Grain geometry ‘

Thrust and mass flow
characteristics

where K, — stability coefficient under axial
compressive loading, dimensionless. Kg; =

Propellant mass ‘

' }
P

Casing of the "Cocoon” type;
Embedded Components;
End elements;

Thermal protection coating;
Protective and mounting
layer;

aner

Nozzle cone;

Insert;

Suspension system;

Thrust Vector Control system;
Thermal protection coating;
Erosion-resistant material;
Flange

Figure 2 — Schematic diagram of the SRM mathematical model (Source: Authors)

As an illustrative example, this section presents a mathemati-
cal model describing the dimensional and mass characteristics of the
SRM. The dimensional and mass characteristics of the solid-propel-
lant tactical missile (SPTM) encompass the overall dimensions and
mass properties of the motor itself, as well as its principal subsys-
tems and components. These characteristics are determined from
the values of key design parameters, input data, and the SRM’s
structural-layout configuration. The SRM of an operational-tactical
missile must satisfy the optimal requirements for its structural con-
figuration. To achieve the designated performance objectives, the
design must employ lightweight yet durable casing, ensuring a max-
imal structural mass fraction, defined as:

Mstr
a= Mooy’ ™
where M, — structural mass, kg; My, — propellant mass, kg. Ad-
ditionally, the system must incorporate a nozzle block with thrust
vector control components, ensuring the complete execution of the
prescribed flight program. The overall length of the SPTM, Lgpry,
is calculated using the following relation:

Leprm (@, %) = Lwsy + Lsrm (D, %) + Lyms ®)
where p — vector of SPTM parameters to be optimized; X — input
data vector; Ly, s; — length of the warhead section of the SPTM, m;
Lgpry — length of the sustainer SRM, m; Ly, — unaccounted
length of the SPTM, m.

Under constraints on the maximum allowable length and de-
sign parameters of the SPTM, the initial mass m(p, X) can be de-
termined by solving the following transcendental equation:

Lspry (P, X, mp) = Llslg%M > €))
where LEPL,, — limit on the total length of the SPTM, m.

The payload mass, m,, is defined as the total mass of the war-
head section, encompassing the mass properties of all constituent
elements and subsystems. It is assumed that m,,; includes the mass
of the SPTM flight control system instrumentation, as well as the
complete set of countermeasures for missile defense penetration.
Taking these factors into account, the mass of the warhead section,
My, can be determined using the following relation:

my = my — |Mspry (B, X) + mys (P, X) + mps(P, %) + my,] (10)

where m;g, mys — masses of the transition and tail sections, kg;
mgpry — mass of the sustainer SPRM, kg; m,, — unaccounted

0.28 + 0.34; E — Young’s modulus of elas-
ticity, Pa(N'-m™?); 1y — reinforcement effi-
ciency factor, dimensionless; F4, — axial
compressive force, N.

If the shell is manufactured by mechan-
ical milling, the equivalent thickness §¢g; is
determined by the following relation:

B o Faxe
6eqt =1.48 m (14)

The reinforcement efficiency factor y, in the case when the
primary load is axial compression and the shell is manufactured by
chemical etching, is determined by the following relation:

Y =144- (Rex'01)*
' KstE-Faxc

(15)

where g, — ultimate strength of the material used for manufacturing
the sections, Pa(N-m2). If the shell is manufactured by mechanical
milling, the reinforcement efficiency factor 1 is determined by the
following relation:

Y=99- (Rex'00)*

Kst'E-Faxc

(16)

The calculated value of the axial compressive force F4, is de-
termined by the following relation:

Fpxc =v"F a7
where F — operational compressive force acting on the section, N;
y — safety factor, dimensionless. The length of the tail section Lpg
is determined by the following relation

1-7n
Lrs = hgy — Lyp - —2
TS RH NB 1+nfn

- Lrec (1 8)

where hgy —height of the rear dome of the sustainer SRM combus-
tion chamber, m; Lyp — length of the engine nozzle block, m; n —
degree of nozzle block embedding into the combustion chamber, di-
mensionless; 15, —number of folds in the nozzle part not embedded
in the combustion chamber, dimensionless; L, — length of the part
of the rear end component not contacting the combustion chamber
casing, m (Oyedeko & Egwenu, 2021).

Advantages and Limitations

The automated evaluation methodology for SRMs offers sig-
nificant benefits for early-stage missile system design. At the same
time, its application scope is defined by the assumptions, simplifi-
cations, and data sources embedded in the model (Hashish, 2018).
This section outlines both the strengths and constraints of the ap-
proach.

Advantages

1. Rapid Evaluation of Multiple Configurations. The meth-
odology enables engineers to analyze dozens or even hundreds of
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SRM design variants in a matter of minutes. This significantly ac-
celerates trade-off studies and supports agile decision-making
during concept selection.

2. Reduced Dependence on Specialized Experts. By incorpo-
rating essential calculation models and calibrated empirical data,
the system allows a single engineer to conduct comprehensive as-
sessments without relying on multiple domain specialists in bal-
listics, thermodynamics, or structural mechanics.

3. Built-In Optimization and Constraint Handling. The
methodology supports the definition of performance criteria (e.g.,
range, efficiency, structural mass) and geometric or operational
constraints. Infeasible solutions are automatically filtered out, en-
suring the practicality of design options.

4. Adaptability Across Missile Classes. The modular design
of the tool allows its application to various classes of rockets —
from short-range tactical systems to ICBMs and launch vehicles —
by simply adjusting input parameter ranges and performance tar-
gets.

5. Statistically Calibrated Accuracy. Thanks to reliance on
real-world development data, the methodology offers a validated
level of precision sufficient for the early stages of design, where
rough yet trustworthy estimates are more valuable than detailed
simulations.

Calculation Logic and Workflow

1. Not Suitable for Final Design Verification. The tool does
not replace detailed 3D modeling, CFD, or FEA simulations. It is
not intended for final validation of thermal or structural loads or
for generating detailed manufacturing documentation.

2. Limited to Typical SRM Architectures. The methodology
assumes common motor structures, such as bonded charges, sin-
gle-chamber configurations, and standard nozzle geometries. Un-
conventional or experimental designs may fall outside its scope of
validity (Ellis & Keller, 1975).

3. Empirical Dependency on Historical Data. Accuracy is
heavily dependent on statistical data from past development pro-
jects. If new materials or production technologies are introduced
(e.g., additive manufacturing, novel composites), recalibration
may be required.

4. Simplified Modeling of Transient Phenomena. The current
implementation does not account for certain time-dependent ef-
fects such as dynamic pressure spikes, ignition transients, or com-
plex grain burnback patterns, which can be relevant in some mis-
sion scenarios.

Despite these limitations, the methodology fills a critical gap
in the engineering workflow by offering a practical and validated
tool for the early evaluation of SRM concepts — bridging the divide
between idea and high-fidelity simulation (Zosimovych, 2021).

Future Directions

The development of the automated evaluation methodology
represents an important step toward accelerating the preliminary de-
sign of SRMs. However, continued advances in propulsion technol-
ogies, materials, and computational tools offer numerous opportu-
nities for expanding and refining the system’s capabilities. This sec-
tion outlines potential future enhancements and research directions
(Lietal., 2025).

Integration with Modern Design Environments

To improve usability and facilitate design iteration, the meth-
odology can be integrated with: computer-aided design systems for
geometry synchronization; multiphysics solvers for thermal, struc-
tural, and fluid interaction simulations; model-based systems engi-
neering platforms for broader system-level optimization. Such inte-
gration would allow the tool to transition from a standalone calcu-
lator into a component of a complete digital design workflow
(Rohini et al., 2022).

References

Support for Advanced Materials and Manufacturing

Emerging technologies such as additive manufacturing, carbon
composite casings, and new high-energy propellants require up-
dated modeling approaches. Future versions of the methodology
could: include new material property databases; account for hybrid
grain geometries; model manufacturing constraints and tolerances.
This would enable accurate evaluations of cutting-edge SRM de-
signs that go beyond legacy configurations.

Multi-Objective Optimization and Al Integration

Introducing multi-objective optimization algorithms would al-
low designers to balance trade-offs between mass, cost, perfor-
mance, and reliability more effectively (Miller, 1971). Additionally,
incorporating machine learning techniques could assist in: predict-
ing optimal parameter combinations based on historical outcomes;
reducing computation time for high-dimensional design spaces;
identifying non-obvious patterns or failure risks Emerging.

Extension to Multi-Stage Propulsion Systems

While the current methodology is tailored for single-stage
SRMs, it could be extended to evaluate multi-stage propulsion
stacks by modeling stage separation dynamics; optimizing inter-
stage mass distribution; evaluating stage-specific constraints and se-
quencing. Such an upgrade would support full mission analysis and
increase the relevance of the tool for complete missile and launch
vehicle systems (Kamm & Gany, 2008).

Experimental Data Enrichment

To improve accuracy and broaden applicability, future work
may focus on: expanding the empirical database with new test re-
sults; refining calibration models for specific propellant types and
nozzle technologies; validating results across international SRM de-
sign programs for generalization. These directions offer a roadmap
for transforming the current methodology into a comprehensive and
intelligent design assistant, capable of supporting next-generation
propulsion development under both traditional and advanced man-
ufacturing paradigms (Terzic et al., 2011).

Conclusion

This paper raises the issue of developing a structured method-
ology for the automated evaluation of SRMs during the preliminary
design phase. Developed on the basis of analytical models and sta-
tistical calibration using real-world data from Yuzhnoye State De-
sign Office, the methodology enables engineers to quickly and reli-
ably estimate key motor parameters without the need for detailed
simulations or cross-disciplinary coordination.

The system supports a wide range of input parameters and per-
formance criteria, making it applicable to various classes of missile
systems — from tactical to intercontinental (Mishra et al., 2022). It
provides a fast and efficient tool for evaluating thrust performance,
internal ballistics, thermal conditions, and structural characteristics
within a unified framework. Through algorithmic implementation
and optimization logic, it facilitates the comparison of hundreds of
design options in a matter of minutes, significantly accelerating
early-stage decision-making.

Validation against previously developed motors demonstrates
that the methodology delivers accurate predictions within accepta-
ble engineering tolerances. Although not intended for final verifica-
tion or certification, it serves as a powerful screening and optimiza-
tion tool, helping to identify promising design directions early in the
development cycle (Zhang et al., 2025).

By bridging the gap between conceptual ideas and detailed
simulation environments, this methodology fills a critical niche in
the missile design workflow. With future enhancements — such as
support for advanced materials, integration with CAD systems, and
Al-driven optimization — it has the potential to evolve into a com-
prehensive design assistant for modern propulsion development.
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Laser Micro-Texturing and Al-Driven Optimization for
Thermal Management of Photovoltaic Systems

Aswin Karkadakattil

Purpose. Photovoltaic (PV) and other renewable systems suffer efficiency and reliability losses from overheating.
This review emphasizes the need for scalable, integrated thermal management solutions. Design / Method /
Approach. The paper evaluates recent advances in laser-based surface micro-texturing as a promising strategy
for thermal regulation. Controlled micro/nano-scale structures enhance heat dissipation, expand surface area,
and tune wettability. The study also explores the role of artificial intelligence (Al) in predicting, designing, and
optimizing laser-induced textures for simultaneous improvements in thermal, optical, and mechanical durability.
Findings. Laser-processed surfaces provide multifunctional benefits such as enhanced convective cooling, anti-
reflection, and self-cleaning, but most demonstrations remain confined to laboratory scale. Al methods including
neural networks, evolutionary algorithms, and reinforcement learning show strong predictive capability and multi-
objective optimization potential, offering pathways for industrial adoption. Theoretical Implications. The review
establishes links between surface morphology, thermo-fluid dynamics, and optical behavior, and shows how Al-
enabled digital twins can extend these relationships into predictive, generalized models. It also highlights
opportunities for modelling coupled thermo-optical effects and advancing data-driven surface engineering.
Practical Implications. Integrating laser texturing with Al-driven optimization could embed thermal regulation
directly into device structures, reducing reliance on external cooling systems and improving field durability.
Originality / Value. Unlike prior reviews, this work unites laser surface engineering and Al optimization into a
roadmap for renewable energy devices, highlighting digital twins and techno-economic assessment as enablers
for scale-up. Research Limitations / Future Research. Challenges include scalability, durability under harsh
environments, limited Al training datasets, and insufficient lifecycle analyses, requiring cross-disciplinary
collaboration. Article Type. Review Paper.
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laser micro-texturing, renewable energy devices, photovoltaic cooling, thermal management, artificial intelligence,
optimization

MeTta. ®oTtoenekTpuyHi (PV) Ta iHWI BigHOBMNIOBaHI eHepreTnyHi cuctemu BTpavaloTb ePEKTUBHICTb | HAQINHICTb
Yyepes neperpie. ¥ UbOMY OMMsAAI HaronowyeTbC Ha HeobXiAHOCTI po3pobku MacluTaboBaHWX iHTerpoBaHUX
pilweHb Ans Tennosoro kepysaHHsA. OusanH / Metog / Miaxia. Po3rnsHyTO OCTaHHi JOCSArHEHHst NnasepHOro
MiKPOTEKCTYPYBaHHS MOBEPXOHb SK NEPCMNEeKTUBHOIO NiAXody A0 perynioBaHHs Tenna. KoHTporboBaHi Mikpo- Ta
HaHOCTPYKTYpW MiABWLLYIOTb BiABeAEHHS Tenna, 36inbLlyoTb NMoLly NOBEpPXHi Ta BNMBAaKTb Ha 3MOYYBaHICTb.
JocnigXeHo TakoX MOXMMBOCTI WTy4HOro iHTenekty (LUI) ansa nporHosyBaHHS, NPOEKTYBaHHA Ta ONTUMi3auil
nasepHNx TEKCTyp 3 METOK OAHOYACHOrO MOKpaLeHHA TennoBWMX, ONTUYHUX | MEXaHIYHWX BRacTUBOCTEW.
Pe3ynbratu. JlazepHo o6pobneHi noBepxHi 3abe3neyytoTb KOHBEKTUBHE OXOJTOMXKEHHS!, aHTU-BiAOUBaHHA Ta
CaMOOYVLLEHHS, ane MepeBaXkHO [AEeMOHCTPYTbCA Ha nabopatopHomy pieHi. Metogm LI, BkmoyHO 3
HeripoMepexamu, €BOMILIMHAMK ~ anroputMaMn  Ta  NigKpinnioBanbHUM — HaBYaHHAM, edeKkTuBHI - ans
NporHo3dyBaHHA Ta GaraTokpuTepianbHOI ONTUMI3aLii, BiAKPMBAOYN LIMASXM ANS NPOMMWCIOBOrO 3aCTOCYBaHHS.
TeopeTnyHe 3HavyeHHA. OrnsAg BCTAHOBMIOE 3B'A3KM MOPCONOrii NOBEpPXHi 3 Tenno- Ta rigpOANHAMIKO i
OMTMKOI, MOKa3y4m, K LndpoBi ABIMHWKM Ha ocHoBi LI nepeTBopioOTh iX y NPOrHO30BaHi Ta y3aranbHeHi
mMogeni. BugineHo nepcnekTvBu MogentoBaHHA B3aEMOMOB’A3aHNX TEPMOONTUYHMX eEKTIB i PO3BUTKY METOAIB
NMOBEPXHEBOI iHXeHepii Ha OCHOBI AaHux. NMpakTU4yHe 3Ha4YeHHA. |HTerpauis nasepHoOro TEKCTYpyBaHHSA 3
onTumisauieto Ha ocHosi LI gossonse BOyaoyBaTV TepMOperynsuilo B KOHCTPYKLiO MPUCTPOIB, 3MEHLLYHOYM
noTpeby y 30BHILLHBOMY OXONOAXKEHHI Ta NiABULLYI0YM HagiMHICTb. OpuriHanbHicTb / LliHHicTb. PoboTa 06’egHye
nasepHy obpoGKy MOBepxHi Ta onTumisauito 3a gonomorow LI B €avHy AOpPOXHIO KapTy Ans npuCTpoiB
BiHOBMIOBAHOI €HEpPreTukM, BUOKPEMITIOYM LMGPOBI ABINHWMKA Ta TEXHIKO-EKOHOMiYHY OLLiHKY SK KITHOYOBI
dakTopn MacwTabyBaHHs. OOGMexeHHsi AgocnigkeHHA | MawnbyTHi gocnigxeHHA. OCHOBHI CKIagHOLLj
noB’si3aHi 3 MmacuTabyBaHHSAM, JOBrOBIYHICTIO B X)XOPCTKMX YMOBaX, 0OMeXeHiCTIo HaB4anbHUX Habopis gaHnx Ans
LUl Ta HegocTaTHICTIO aHanisy XWTTEBOrO UMKMY, WO BUMarae MixaucuunniHapHoi cnisnpaudi. Tun craTTi.
Orngaposa craTTs.
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The accelerating global shift toward renewable energy has
firmly positioned photovoltaic (PV) technologies as a cornerstone
of sustainable power production. Nevertheless, their operational ef-
ficiency remains highly vulnerable to thermal stress. Elevated mod-
ule temperatures diminish power conversion efficiency, hasten ma-
terial degradation, and reduce service lifetime. It is well established
that each degree Celsius rise beyond the optimal range can lower
PV efficiency by approximately 0.4-0.5% illustrating the pressing
demand for advanced thermal regulation. Comparable issues are ev-
ident in other solar-based devices, such as photovoltaic—thermal
(PV/T) hybrids and solar thermal collectors, where inadequate heat
dissipation significantly restricts performance reliability and overall
energy yield. To overcome these thermal bottlenecks, multiple cool-
ing strategies have been investigated over the past two decades. Pas-
sive approaches including heat sinks, natural convection channels,
and phase change materials (PCMs) are cost-effective and mainte-
nance-friendly but frequently lack scalability and stable perfor-
mance under fluctuating weather conditions. Active cooling meth-
ods, such as forced air or liquid circulation, provide superior thermal
control yet impose additional energy demands, higher costs, and in-
creased system complexity. Hybrid techniques, combining passive
and active measures, have shown promise in boosting efficiency;
however, challenges related to economic feasibility, system integra-
tion, and long-term durability still remain. These constraints under-
score the urgent need for innovative, multifunctional, and econom-
ically viable cooling strategies for next-generation renewable de-
vices.

The novelty of this review lies in its systematic synthesis of
two disruptive frontiers: laser-based micro-texturing and artificial
intelligence (AI). Laser surface texturing has recently attracted at-
tention as a transformative solution. By introducing controlled mi-
cro- and nano-scale patterns, laser texturing improves heat dissipa-
tion through enhanced convective transfer, enlarged surface area,
and engineered wettability. Moreover, such surfaces provide multi-
functional advantages including anti-reflection, self-cleaning, and
dust-repellent properties attributes highly desirable in outdoor en-
ergy harvesting systems. However, the true significance of this ap-
proach extends beyond these individual benefits; it represents a par-
adigm shift from add-on cooling components to integrated, multi-
functional surface engineering. Despite these benefits, practical im-
plementation of laser-engineered textures in PV and solar thermal
devices is still at an early stage, with most evidence limited to la-
boratory-scale trials rather than industrial deployment. This gap
highlights the critical relevance of a complementary innovation: the
integration of artificial intelligence (Al). Traditional trial-and-error
methods of optimizing surface patterns are resource-intensive and
often yield suboptimal outcomes. Al-based models such as artificial
neural networks, genetic algorithms, and reinforcement learning en-
able predictive mapping of the intricate relationships between

texture geometry, heat transfer mechanisms, and device efficiency.
Through multi-objective optimization, Al offers the capacity to sim-
ultaneously maximize thermal performance, mechanical durability,
and optical behaviour, potentially accelerating the industrial adop-
tion of laser-engineered solutions. The interdisciplinarity of this
convergence is a core theme of this review, bridging materials engi-
neering, thermal science, laser physics, and computational intelli-
gence. The present review aims to provide a comprehensive account
of laser-assisted micro-texturing for thermal management in renew-
able energy systems, with particular emphasis on Al-driven design
and optimization strategies. The discussion begins with an overview
of laser—material interactions and mechanisms underlying texture
formation, followed by an assessment of current applications in PV,
PV/T, and solar thermal collectors. Subsequently, the role of Al in
predictive modelling and performance enhancement is critically ex-
amined. The paper concludes with an exploration of existing chal-
lenges, unresolved research questions, and a strategic roadmap to
guide future work. By integrating these perspectives, this review
highlights the transformative potential of laser — Al synergy in en-
abling high-efficiency, durable, and sustainable renewable energy
technologies.

Objectives and Tasks

The objective of this review is to consolidate and critically ex-
amine current research on enhancing the thermal management and
durability of photovoltaic (PV) and renewable energy systems
through laser-based micro-texturing and artificial intelligence (Al)—
driven optimization. To achieve this, the following tasks are ad-
dressed:

1. Summarize the fundamental principles of laser micro-tex-
turing and its influence on heat transfer, wettability, and optical
properties of energy-harvesting surfaces.

2. Compare reported laboratory-scale demonstrations and
modelling studies to highlight correlations between texture mor-
phology, thermal regulation, and device performance.

3. Analyse the role of Al and machine learning in predicting,
optimizing, and designing multifunctional textures for improved
cooling efficiency, optical absorption, and durability.

4. Identify existing limitations, including scalability, envi-
ronmental durability, data scarcity, and integration with commer-
cial PV and hybrid systems.

5. Outline future research directions, emphasizing digital
twins, adaptive Al algorithms, and techno-economic assessments
to enable reliable, scalable, and sustainable deployment of laser
Al-enabled renewable devices.

The limitations of existing cooling strategies are summarized
in Table 1.

Table 1 — Comparison of conventional cooling approaches for photovoltaic (PV) systems (Source: author)

Cooling Typical Techniques
Approach

Reported Efficiency Gain

Cost & Complexity Key Limitations

Passive  Heat sinks, natural convec-

tion channels, fins, phase

2-5% (heat sinks, fins); 4-7%
(PCM-based)

Low to moderate cost; sim- Limited scalability; PCM suffers from leak-
ple design; minimal mainte- age and long-term stability issues; effective-

change materials (PCMs) nance ness declines under fluctuating solar loads
Active Forced air cooling, liquid cir- 5-12% (air/liquid); up to 15% (water Higher cost; requires Reduced net energy gain due to parasitic

culation, water spraying, re- spray, evaporative) pumps/fans; added energy power use; increases system complexity;

frigerant-based loops consumption higher operational and maintenance costs
Hybrid PCM + heat sinks, liquid +  8-12% (PCM + heat sink); 10-15% Moderate to high; requires Integration challenges; increased weight; reli-

PCM, thermoelectric mod-

ules + cooling lectric hybrids in prototypes)

(PCM + liquid); up to 18% (thermoe- integration of multiple

ability and durability concerns; cost-effec-

components tiveness at large scale remains unproven

Fundamentals of Laser Micro-Texturing

Principles of Laser-Material Interaction

Laser micro-texturing relies on the precise interaction of pho-
tons with a solid surface, producing effects such as localized melt-
ing, ablation, or photochemical modification. The process is gov-
erned by laser wavelength, fluence, and pulse duration, along with
the optical-thermal properties of the substrate (Toyserkani & Rasti,
2015; Bonse, Kirner, & Kriiger, 2020).

Nanosecond lasers operate primarily in the thermal regime.
For instance, Liu et al. (2022) reported that ns pulses produced
grooves and dimples on stainless steel, but with heat-affected zones

(HAZ) up to 20 um and frequent microcracking. Their advantage
lies in cost-effectiveness and scalability, but precision is limited.

Picosecond lasers partly suppress electron—phonon coupling,
enabling cleaner ablation. Wang et al. (2019) demonstrated that ps
pulses reduced the HAZ to <1 pm on titanium alloys, yielding
smoother ripple patterns and improved uniformity.

Femtosecond lasers deliver ultrafast, non-thermal energy dep-
osition through multiphoton ionization and Coulomb explosion. Vo-
robyev and Guo (2013) observed ripple periodicities of 400—700 nm
on silicon with negligible collateral damage, while Sugioka and
Cheng (2014) demonstrated defect-free nanochannels in glass. Such
precision makes fs systems especially promising for photovoltaics
(PV), where surface quality directly affects optical absorption and
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long-term durability (Singh & Guo, 2022).

Significance. While ns systems remain attractive for large-
area, low-cost processing, ps and fs lasers offer the precision and
reliability essential for PV and semiconductor devices.

Mechanisms of Micro/Nano-Texture Formation

Different physical pathways contribute to texture develop-
ment.

Laser-induced periodic surface structures (LIPSS). Arise from
interference between incident and scattered light. Bonse et al.
(2020) demonstrated sub-wavelength ripples (~500 nm spacing)
that improve anti-reflective properties of metallic surfaces.

Capillary flow and resolidification. Molten material can re-
flow and freeze into grooves or ridges. Sierra, Edwardson, and
Dearden (2018) generated ~10 pm channels on titanium, improving
surface wettability.

Micro-explosions and plasma expansion. At fluences above ~1
J/em?, rapid vaporization produces craters or pits. Such features en-
hance nucleation sites for boiling and improve heat transfer effi-
ciency (Toyserkani & Rasti, 2015).

Photochemical modification. Particularly relevant in poly-
mers. Obilor et al. (2022) showed that fs-laser texturing alters poly-
mer chemistry, enabling transitions between hydrophilic and hydro-
phobic states for tailored self-cleaning behavior.

Significance. These mechanisms can be selectively activated
through parameter tuning, offering application-specific benefits
such as improved cooling, light trapping, or dust repellence in PV
devices (Andueza et al., 2021).

Key Processing Parameters

Surface features are highly sensitive to laser parameters and
their interplay.

Fluence. Defines whether energy is below the ablation thresh-
old (surface modification) or above (material removal). For silicon,
fs ablation begins at ~0.2 J/cm?, while ns systems require ~1 J/cm?
(Vorobyev & Guo, 2013).

Wavelength. Shorter UV wavelengths penetrate less deeply,
enabling high-resolution structuring of polymers and semiconduc-
tors (Wang & Wang, 2022).

Pulse duration. fs—ps pulses minimize heat diffusion. Sugioka
and Cheng (2014) observed that fs pulses produced nanochannels
free of thermal defects, while ns pulses caused micrometer-scale
HAZ.

Repetition rate. Enhances throughput but risks cumulative
heating. Kalinowski et al. (2023) reported that >500 kHz repetition
rates in ps lasers led to local remelting.

Scan speed and hatch distance. Govern pulse overlap. Joe et
al. (2017) demonstrated tunable micro-patterns in polymers by op-
timizing scanning strategies.

Processing atmosphere. Inert gas environments suppress oxi-
dation and plasma shielding. Yilbas et al. (2018) showed improved
finish on Inconel 718 surfaces when processed in argon compared

to air.

Significance. For PV devices, fs—ps pulses at optimized flu-
ence and repetition rates offer a balance between precision, pro-
cessing speed, and industrial scalability.

Types of Laser-Induced Surface Textures

Laser micro-texturing enables a wide range of functional mor-
phologies:

Grooves and channels. Promote liquid spreading and enhance
convective cooling (Vorobyev & Guo, 2013).

Dimples and pits. Serve as nucleation sites for phase-change
cooling, reducing thermal resistance (Liu et al., 2022).

Hierarchical micro/nanostructures. Replicate lotus-leaf topog-
raphies, achieving hydrophobicity and dust repellence (Guo, Zhang,
& Hu, 2022).

LIPSS. Sub-wavelength ripples that improve light absorption
and reduce reflectance in PV devices (Bonse et al., 2020; Andueza
etal., 2021).

Significance. These multifunctional textures allow surfaces to
simultaneously improve thermal management, optical efficiency,
and durability key requirements for next-generation renewable en-
ergy systems. The different pulse-regime mechanisms are summa-
rized in Figure 1.

Laser Micro-Texturing

Nanosecond

Reduced heat-
affected zone

Picosecond Femtosecond

Nonthermal
ablation

Thermal melting

& @ Pes y

«c g > 4
e i
Grooves Dimples/craters Ripples Hierarchical
(LIPSS) structures

Figure 1 — Schematic of laser micro-texturing across pulse regimes
(Authors own elaboration)

Nanosecond pulses induce melting and resolidification, form-
ing dimples and grooves. Picosecond pulses minimize heat-affected
zones for controlled ablation, while femtosecond pulses enable ul-
trafast non-thermal ablation and LIPSS, creating hierarchical mi-
cro/nano-textures. Surface morphology depends on fluence, wave-
length, pulse duration, and scan speed. As summarized in Table 2,
different material classes require tailored laser parameters to
achieve desired functionalities.

Table 2 — Typical laser parameters used for micro-texturing of different materials (Source: author)

Common Laser
Sources

Material Type
ration

Pulse Du- Wavelength Fluence
Range, nm Range, J/cm?

Representative Surface Fea- Relevant Applications
tures

Metals (Al, Cu, Ti, Fiber (Yb), Nd: YAG, ns—s 355-1064 0.2-5.0 Grooves, dimples, LIPSS, hi- Heat transfer enhancement, anti-

Stainless Steel) Femtosecond Ti: Sap- erarchical micro/nano patterns fouling, biomedical coatings
phire

Semiconductors (Si, Femtosecond Ti: Sap- fs—ps 193-800 0.1-1.0 Nano-ripples, micro holes, su- PV anti-reflection layers, en-

GaAs) phire, Excimer (KrF, per hydrophilic textures hanced light trapping

ArF)
Polymers (PMMA, Excimer, CO., Femto- ns—fs 193-10600 0.05-0.5 Smooth ablation zones, micro- Microfluidics, wettability tuning,
PET, PDMS) second Fiber channels, hierarchical pat- optical films

terns, chemical modifications

Ceramics & Composites Femtosecond Fiber, fs—ns

(ZrO2, Al:0s, SiC) CO2, Nd: YAG

532-10600 0.2-2.0

Nano-porous surfaces, micro- Thermal barrier coatings, struc-
channels, controlled cracks  tural components, optical devices

Applications of Laser Micro-Texturing in
Renewable Energy Devices
Photovoltaic Panels

Photovoltaic (PV) modules are constrained by two persistent
challenges: optical reflection losses, which prevent full utilization

of incident solar radiation, and thermal accumulation, which accel-
erates material degradation and lowers conversion efficiency (Joo
et al., 2023; Khan et al., 2025). Addressing both simultaneously is
essential for long-term, high-efficiency solar power generation.
Laser micro-texturing has emerged as a multifunctional solu-
tion to these problems. By fabricating sub-wavelength ripples and
hierarchical surface patterns, textured layers suppress broadband
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reflection, thereby enhancing light absorption without the need for
external coatings (Bonse, Kirner, & Kriiger, 2020; Andueza et al.,
2021). This optical tailoring translates directly into higher electrical
output under real operating conditions.

Beyond optical control, engineered surface morphologies in-
fluence heat and contamination behavior. Increasing the effective
surface area enhances convective heat transfer, while wettability
modification enables self-cleaning functionalities. For instance, hy-
drophobic and superhydrophobic laser-textured surfaces minimize
dust deposition and facilitate rain-assisted removal, a critical ad-
vantage for large-scale solar farms operating in dusty or humid en-
vironments (Guo, Zhang, & Hu, 2022; Fillion, Riahi, & Edrisy,
2014). Conversely, hydrophilic regions can promote thin water
films that boost evaporative cooling under high irradiation.

Experimental studies validate these benefits. Nizeti¢ et al.
(2021) and Xu et al. (2021) reported 3—7% improvements in power
conversion efficiency when PV modules were integrated with laser-
textured layers, with even greater potential when combined with hy-
brid cooling approaches such as phase-change materials.

As illustrated in Figure 2 (Author’s own elaboration), laser-
textured PV surfaces deliver a triple benefit: reduced optical reflec-
tion, enhanced heat dissipation, and improved self-cleaning. To-
gether, these effects provide an integrated strategy to overcome mul-
tiple bottlenecks that limit the performance and durability of current
PV technologies.

Top Glass Cover

Self-cleaning
Rolling Off

666 e ‘("(‘:("( oo
00" 0.° 0,0 0q 00 g0

Heat-cleaning
Water Disapation
Pathways

Laser-textured Si Surface
Absorber Layer

Figure 2 — Schematic of a laser-textured PV cell showing reduced
reflectance, enhanced cooling, and self-cleaning for improved
performance (Author’s elaboration)

Solar Thermal Collectors

In solar thermal systems, the absorber plate is the primary com-
ponent responsible for harvesting incident radiation and transferring
heat to the working fluid. Conventional flat absorbers, however, of-
ten suffer from low wettability and modest heat transfer coefficients,
particularly under fluctuating thermal loads (Gupta & Tiwari, 2016;
Al-Shamkhee et al., 2022). These limitations reduce overall system
efficiency and contribute to long-term performance degradation.

Laser micro-texturing has emerged as a promising strategy to
overcome these drawbacks. By introducing grooves, dimples, and
hierarchical features, laser-modified surfaces promote stronger
fluid—surface interactions and enlarge the effective heat transfer

area. Such engineered topographies enhance convective heat trans-
fer while simultaneously reducing fouling and scaling tendencies,
thereby improving both efficiency and durability (Toyserkani &
Rasti, 2015; Liu et al., 2022). Experimental studies support these
advantages. For example, nanosecond-laser-fabricated micro-dim-
pled copper absorber plates have shown up to an 18% increase in
heat transfer efficiency compared with untreated surfaces, attributed
to turbulence intensification and improved wettability (Sierra, Ed-
wardson, & Dearden, 2018; Wang & Wang, 2022). Similar enhance-
ments have been reported for micro-grooved and ripple-textured ab-
sorbers, which provide capillary-driven liquid spreading and local-
ized boiling sites (Bonse, Kirner, & Kriiger, 2020). Practical signif-
icance: These improvements directly contribute to higher thermal
yields in both concentrating solar power (CSP) systems and low-
temperature solar heating applications, where durability and sus-
tained performance are critical. As solar thermal collectors continue
to expand into industrial and residential markets, laser texturing of-
fers a scalable pathway to achieve higher energy output with re-
duced maintenance demands.

Hybrid Energy Systems

Hybrid solar technologies, which integrate multiple energy-
harvesting functions into a single platform, are increasingly recog-
nized as a pathway toward higher efficiency and resource utiliza-
tion. Among these, photovoltaic—thermal (PV/T) collectors and so-
lar-assisted desalination units have gained particular attention. Both
stands to benefit substantially from the multifunctional properties
imparted by laser micro-textured surfaces.

In PV/T collectors, laser-structured absorber plates and heat
exchangers facilitate enhanced thermal removal while maintaining
electrical performance by regulating module temperature. Xu et al.
(2021) demonstrated that coupling PV/T systems with advanced
thermal regulation strategies such as phase-change materials can
significantly improve energy conversion. Incorporating micro- and
nano-textures further strengthens this effect by simultaneously
boosting convective heat transfer and reducing surface reflection
losses (Andueza et al., 2021; Bonse, Kirner, & Kriiger, 2020). Pre-
liminary reports suggest that PV/T units with textured absorbers can
achieve 10—15% higher combined efficiency compared to conven-
tional flat-plate designs (Nizeti¢ et al., 2021).

Beyond PV/T systems, solar desalination devices also benefit
from laser-enabled surface engineering. Wettability-controlled mi-
crotextures accelerate evaporation and mitigate salt scaling, two of
the primary bottlenecks in long-term operation (Liang et al., 2023;
Chen et al., 2022). For example, picosecond-laser-textured alumi-
num surfaces have been shown to enhance photothermal water
evaporation while resisting fouling, thereby improving freshwater
yield under continuous use.

Practical significance. By embedding heat-transfer enhance-
ment, optical tuning, and scaling resistance into the device architec-
ture, laser micro-texturing provides hybrid solar systems with sus-
tained performance improvements and reduced maintenance re-
quirements. This multifunctional approach broadens the role of so-
lar technologies beyond electricity generation, enabling reliable co-
production of power, heat, and clean water. Reported improvements
in thermal efficiency based on literature are summarized in Table 3.

Table 3 — Reported improvements in thermal efficiency of renewable energy devices using surface texturing

(Source: author based on literature)

Renewable  Texturing Strategy Reported Thermal Efficiency Im- Additional Functional Benefits Remarks

Device provement

Photovoltaic ~ Micro-dimples, grooves on Si  6—12% reduction in operating tem-  Anti-reflection, hydrophobicity ~ Laboratory-scale demonstrations;
(PV) Panels  surface perature; ~4—7% efficiency gain scalability remains a challenge
Solar Thermal Laser-textured absorber plates 8—15% higher heat transfer coeffi- Enhanced absorptivity, reduced ~ Effective under fluctuating solar
Collectors cient fouling flux conditions

PV/T Hybrid Hierarchical textures on ab- ~ 10-18% improvement in combined Dust repellence, wettability con- Integration complexity and cost
Systems sorber/heat exchanger thermal + electrical output trol factors

Solar Desalina- Textured evaporation surfaces
tion Units

12-20% increase in evaporation rate Enhanced solar absorption, salt-

Promising for off-grid and arid-

crust mitigation region applications

Concentrated Textured metallic receivers

Solar Systems ficiency

5-10% improved heat absorption ef- Improved spectral selectivity

Long-term durability under high
flux must be validated
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Thermal Management Enhancement via Laser-
Induced Surface Structures

Effective thermal regulation is one of the most critical factors
influencing the efficiency and long-term durability of renewable en-
ergy devices. Overheating not only decreases power conversion ef-
ficiency in PV modules but also accelerates material degradation
and failure in hybrid systems (Joo et al., 2023; Khan et al., 2025).
Traditional cooling strategies whether passive or active often re-
quire bulky external components or consume additional energy
(Nizeti¢, Papadopoulos, & Giama, 2017; Alao et al., 2025). In con-
trast, laser-induced surface texturing embeds thermal management
directly into the device architecture by modifying surface geometry,
altering fluid—surface interactions, and enabling tailored wettability
(Bonse, Kirner, & Kriiger, 2020; Liu et al., 2022).

Enhanced Convective Heat Transfer

Laser-generated grooves, dimples, and hierarchical roughness
intensify fluid motion at the surface by disrupting the thermal
boundary layer. This promotes turbulence in both air and liquid en-
vironments, improving convective heat transfer. Studies on textured
silicon surfaces have demonstrated up to a 15% increase in local
heat transfer coefficients relative to untreated substrates (Andueza
et al., 2021; Nizeti¢ et al., 2021). Similar results have been reported
for textured metallic absorbers in hybrid PV/T systems, where
groove-induced turbulence enhances thermal exchange without sac-
rificing electrical performance (Xu et al., 2021).

Significance. Embedding such microtextures into PV modules
reduces surface temperature, directly slowing efficiency losses
linked to heat buildup.

Increased Effective Surface Area

A fundamental advantage of laser texturing is the substantial
increase in surface-to-volume ratio. Nanostructures such as laser-
induced periodic surface structures (LIPSS) and conical features can
nearly double the available heat-dissipating area (Bonse et al.,
2020). Expanded interfaces enhance conduction into the working
fluid and radiation into the ambient environment. For instance, PV
cells coated with laser-fabricated micro-dimples have been shown
to operate 3—5 °C cooler, corresponding to a 3—5% gain in power
conversion efficiency (Andueza et al., 2021; Nizeti¢ et al., 2021).

Significance. Such passive cooling eliminates the need for ex-
ternal fins or fans, reducing maintenance and energy penalties.

Wettability Control and Phase-Change Heat Transfer

Laser structuring also allows precise tuning of wettability. Hy-
drophilic surfaces encourage thin-film spreading of water, enhanc-
ing evaporative and phase-change cooling, while hydrophobic tex-
tures enable droplet roll-off, preventing dust accumulation that often
creates thermal hotspots (Guo, Zhang, & Hu, 2022; Fillion, Riahi,
& Edrisy, 2014).

This dual-mode wettability control is particularly useful in

hybrid devices. For example, in solar desalination systems, hydro-
philic laser-textured absorbers accelerate evaporation while simul-
taneously reducing salt scaling, leading to improved thermal effi-
ciency and freshwater yield (Liang et al., 2023; Chen et al., 2022).

Significance. Wettability engineering provides both cooling
enhancement and contamination resistance, extending operational
lifetime in harsh outdoor conditions.

Case Studies in Renewable Devices

Applications of laser-induced surface structures have been explored
across several renewable energy platforms.

Photovoltaic panels. Micro- and nano-structured silicon layers
lower cell operating temperature by up to 10 °C while simultane-
ously improving light absorption (Andueza et al., 2021).

Solar thermal collectors. Laser-textured copper absorber
plates demonstrate higher heat flux transfer and greater stability un-
der fluctuating solar conditions (Sierra, Edwardson, & Dearden,
2018; Wang & Wang, 2022).

Hybrid PV/T systems. Hierarchical grooves at absorber—ex-
changer interfaces balance thermal removal with electrical stability,
extending device lifespan (Xu et al., 2021).

Cooling fins and heat sinks. Laser-textured metallic fins show
enhanced convection in both natural and forced flow, supporting in-
tegration in compact renewable energy modules (Nizeti¢ et al.,
2021).

As summarized in Figure 3 (Author’s own elaboration), laser
texturing enhances heat dissipation by promoting convective air-
flow or liquid motion, increasing effective surface area, and ena-
bling targeted wettability control.

Pathways of thermal enhancement
through laser-induced texturing
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Figure 3 — Thermal management mechanisms of laser-textured
surfaces: enhanced convection, higher heat dissipation, and
wettability-driven cooling/self-cleaning (Author’s elaboration)

Performance comparison between conventional and laser-tex-
tured thermal management approaches in photovoltaic systems is
shown in Table 4.

Table 4 — Performance comparison between conventional and laser-textured thermal management approaches in photovoltaic systems

(Source: author based on literature)

Cooling Strat-  Surface Condition Typical Tempera- Relative Effi- Key Functional Features Long-Term Stability

egy ture Reduction, °C ciency Gain, %

Passive Natural =~ Smooth absorber sur- 2-3 ~1-2 Relies solely on ambient convection; limited ~ Moderate (degrades with

Cooling face control dust/soiling)

Fin-based Cool- Extruded metal fins 5-7 34 Increased surface area; no wettability control ~ High (mechanically ro-

ing bust, but adds bulk)

Liquid Immer-  Encapsulated with ~ 8-10 4-6 Direct heat extraction via high thermal capac- Moderate (risk of leakage,

sion Cooling coolant fluid ity fluid maintenance needed)

Laser-Textured Micro/nano-grooved 10-15 6-9 Expanded surface-to-volume ratio; induced mi- High (surface stability if

Surface Cooling  Si surface with tai- cro-convection; enhanced evaporative cooling; protected with coating)
lored wettability hydrophobic rolling for self-cleaning

Hybrid Laser-  Textured Si with at-  15-18 8-12 Synergistic enhancement of conduction, con- High (robust under out-

Textured + Fins _tached cooling fins

vection, and evaporation door cycling)

Al-Driven Optimization of Laser Micro-Texturing

The integration of artificial intelligence (AI) with laser surface
engineering is transforming the way micro- and nano-scale textures
are designed for renewable energy applications. Conventional trial-

and-error experimentation is resource-intensive and slow, whereas
Al frameworks enable predictive modelling, multi-objective opti-
mization, and adaptive control, significantly reducing experimental
overhead while accelerating innovation (Sohrabpoor et al., 2019; Ji
etal.,, 2024).
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Role of Al

Different Al paradigms provide complementary strengths.

Artificial neural networks (ANNs). Capture nonlinear relation-
ships between laser parameters (e.g., fluence, pulse duration, scan-
ning speed) and resulting surface features such as groove depth,
roughness, or wettability (Sohrabpoor et al., 2019).

Deep learning architectures (CNNs, RNNs). Extract hidden
correlations from large process datasets, enabling accurate predic-
tion of texture morphology and energy-related performance out-
comes (Sharma et al., 2022).

Evolutionary algorithms (genetic algorithms, particle swarm
optimization). Efficiently explore wide parameter spaces and con-
verge on optimal strategies that balance thermal, optical, and me-
chanical performance (Ji et al., 2024).

Significance. These approaches allow researchers to predict
and refine laser processing outcomes before experimentation, sav-
ing cost and time while uncovering novel texture designs.

Predictive Modelling

Al frameworks are increasingly used for end-to-end prediction
of functional outcomes.

Inputs. Pulse regime, fluence, wavelength, scanning speed,
ambient environment.

Outputs. Heat transfer coefficient enhancement, absorptivity
gain, self-cleaning potential, durability under thermal cycling.

Validation. Predictions are cross-checked with finite element
modelling and experimental techniques such as SEM, AFM, and
profilometry (Sohrabpoor et al., 2019; Ji et al., 2024).

Significance. By integrating modelling and experiments, Al
ensures predictive reliability, enabling faster scale-up for industrial
PV and hybrid systems.

Multi-Objective Optimization

Renewable energy devices demand simultaneous optimization
of thermal, optical, and durability-related functions.

Thermal. Al identifies groove and dimple geometries that max-
imize convective and evaporative cooling (Sharma et al., 2022).

Optical. Models optimize LIPSS periodicity for broadband
anti-reflection and light trapping (Bonse et al., 2020).

Durability. Forecasts surface degradation under UV exposure,
dust deposition, and humidity cycling (Jordan et al., 2019).

Multi-objective optimization platforms often employ Pareto-
front analysis, allowing designers to select parameter sets that
achieve balanced trade-offs tailored to specific device requirements
(Kenfack et al., 2025).

Cross-Domain Case Studies

Lessons from other engineering domains demonstrate the ver-
satility of Al-guided laser texturing.

Tribology. Al-predicted dimple arrays on bearing surfaces re-
duce wear, analogous to optimizing micro-textures for thermal
transport (Sohrabpoor et al., 2019).

Biomedical devices. ANN-guided femtosecond texturing en-
hances wettability and osseointegration; similar strategies can be
used for hydrophilic coatings in evaporative PV cooling (Sharma et
al., 2022).

Aerospace coatings. Deep learning frameworks optimize drag-
reducing ablation patterns, showing parallels to optical absorption
tuning in PV collectors (Ji et al., 2024).

More directly, Al has already penetrated renewable energy op-
timization.

PV/T collectors with nanofluids. ML models improved thermal
prediction accuracy by >10% over traditional regression (Sharma et
al., 2022; Jakhar et al., 2023).

Hybrid ANN-GA approaches. Genetic algorithms tuned neural
networks to optimize channel geometries, lowering PV/T operating
temperatures by 8—12 °C (Kenfack et al., 2025; Zayed et al., 2023).

Reinforcement learning. Adaptive Al controllers regulate PV
output under fluctuating irradiance, reducing parasitic power penal-
ties and improving stability (Xu & Gong, 2023; Kavousi-Fard et al.,
2024).

Significance. Embedding Al within laser-assisted surface tex-
turing frameworks enables dual optimization: (i) precise micro-
scale texture design, and (ii) system-level thermal management un-
der dynamic operating conditions. This synergy positions Al as a
catalyst for scalable, intelligent, and durable renewable energy de-
vices.

Figure 4 illustrates Al-driven loop optimizing laser-textured
surfaces for thermal, optical, and durability performance.

Al-driven Optimization Loop
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FEEDBACK
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Figure 4 — Al-driven loop optimizing laser-textured surfaces for
thermal, optical, and durability performance (Author’s elaboration)

Table 5 — AI methods applied in laser texturing and thermal optimization (Source author)

Al Method Application Scope  Input Dataset Predicted/Optimized Outcome Relevance to Renewable Devices
Artificial Neural Net- Mapping nonlinear ~ Laser fluence, pulse width, Groove depth, surface roughness,  Prediction of cooling efficiency and
works (ANNs) process—response scan speed wettability state optical gain in PV cells
Convolutional Neural Image-based mor- SEM/AFM images of textures Classification of periodic structures Enables autonomous quality assur-
Networks (CNNs) phology recognition (LIPSS, dimples, grooves) ance of textured PV/T absorbers
Genetic Algorithms Multi-objective opti- Parameter ranges + constraints Pareto-optimal solutions for thermal Identifies balanced texturing strate-
(GA) mization vs. optical trade-offs gies for PV/T collectors

Particle Swarm Optimi- Rapid global parame- Continuous parameter space ~ Converges on high-performance set- Suitable for real-time adaptive laser
zation (PSO) ter search tings with fewer iterations control in PV panels
Reinforcement Learn-  Closed-loop adaptive Real-time sensor feedback Dynamic adjustment of laser Maintains optimal texture under var-
ing (RL) process control (temperature, reflectance) power/speed iable solar flux

Hybrid AI-FEM Mod- Data-driven + phys-
els ics-based synergy

FEM simulations + experi-
mental inputs

Predicts heat transfer enhancement
and stress resilience

Ensures durability of laser-textured
absorbers in outdoor cycling

Challenges and Research Gaps

Although laser-based micro-texturing shows strong potential
for improving the thermal management of renewable energy de-
vices, several unresolved challenges continue to limit its translation
from laboratory-scale demonstrations to industrial deployment.

These challenges span technical, environmental, computational,
and economic dimensions, and addressing them is essential to un-
lock scalable applications. Research gaps and future opportunities
for laser-textured renewable energy devices is illustrated in Fig-
ure 5.
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Figure S — Research gaps and future opportunities for laser-textured
renewable energy devices, highlighting scalability, durability, data,
integration, and economic challenges (Author’s elaboration)

Experimental and Scale-Up Limitations

Most studies on laser micro-texturing have been performed on
small laboratory samples under controlled conditions. Scaling these
textures to large-area photovoltaic (PV) modules or solar thermal
collectors introduces significant engineering barriers. Current laser
systems struggle with high processing times, power consumption,
and alignment precision when applied to meter-scale surfaces (Toy-
serkani & Rasti, 2015; Pfleging, 2020). Achieving uniform mi-
cro/nano-features over such areas remains unresolved. Promising
directions include high-throughput techniques, such as multi-beam
splitting, roll-to-roll laser processing, or hybrid lithography—laser
approaches, but these remain at the prototype stage.

Significance. Without breakthroughs in scalability, laser tex-
turing will remain restricted to niche or high-value applications ra-
ther than broad PV deployment.

Durability Under Real Operating Environments

Another critical gap is the long-term durability of textured sur-
faces in harsh outdoor conditions. PV and hybrid systems operate
under UV exposure, thermal cycling, humidity, and abrasion from
airborne dust. While laboratory experiments confirm enhanced wet-
tability or cooling effects, few studies evaluate stability over years
of operation. For example, hydrophilic textures designed for evap-
orative cooling may degrade through fouling or corrosion, while hy-
drophobic textures can lose functionality due to abrasion (Conradi
et al., 2019; Fillion, Riahi, & Edrisy, 2014). Field studies in desert
regions have shown that dust accumulation alone can reduce PV
output by 20-30% annually if unmitigated (Kahoul et al., 2014).
The interaction of such soiling with textured geometries remains
poorly understood.

Significance. Systematic accelerated aging tests and long-term
field trials are urgently needed to quantify durability and guide tex-
ture designs tailored to real-world environments.

Data Scarcity for Al Model Development

Al frameworks hold strong potential to accelerate laser-textur-
ing design; however, their impact is currently constrained by limited
and fragmented datasets. Most reported studies use small, single-
laboratory datasets with narrow parameter variation (Sohrabpoor et

al., 2019; Sharma et al., 2022). The absence of open-access data-
bases combining laser inputs, material properties, and functional
outcomes prevents generalization and cross-validation. Other fields,
such as materials genomics and tribology, have shown that collabo-
rative data-sharing platforms can drive rapid progress (Agostinelli
etal., 2021).

Significance. Without robust shared datasets, Al models risk
overfitting, limiting their ability to reliably guide industrial-scale
texture optimization.

Integration with Existing Renewable Energy Systems

The compatibility of textured surfaces with commercial device
architectures is another underexplored area. In PV modules, laser
processing must avoid damaging encapsulation layers, transparent
conductive oxides, or electrical pathways. In hybrid PV/T systems,
textures must simultaneously enhance both optical absorption and
thermal dissipation without creating trade-offs (Xu et al., 2021; An-
dueza et al., 2021). Achieving this balance requires holistic design
approaches that couple surface engineering with device-level mod-
elling.

Significance. Integration challenges highlight the need for
multidisciplinary collaboration across materials science, device en-
gineering, and renewable system design.

Economic and Lifecycle Assessment Gaps

Even if technical performance is improved, the economic via-
bility of laser texturing remains uncertain. High capital costs for fs—
ps lasers, coupled with slow processing times per unit area, raise
concerns about scalability (Pfleging, 2020). Equally important,
lifecycle assessments (LCAs) that account for energy payback, em-
bodied carbon, and long-term maintenance are scarce (Nizeti¢, Pa-
padopoulos, & Giama, 2017; Hemeida et al., 2022). Without these
assessments, the true sustainability benefits of laser texturing cannot
be quantified.

Significance. Future work must combine techno-economic
analysis with environmental LCA to evaluate whether laser textur-
ing provides net-positive sustainability outcomes at scale.

Future Prospects and Roadmap

The integration of laser-based surface engineering with artifi-
cial intelligence (Al) offers a disruptive roadmap for advancing the
thermal management and durability of renewable energy systems.
However, bridging the gap between laboratory demonstrations and
commercial adoption requires a combination of technological, eco-
nomic, and policy-driven strategies.

Digital Twins for Renewable Devices. The deployment of
digital twin frameworks provides a powerful opportunity to repli-
cate and predict the real-time behavior of laser-textured devices. By
combining high-fidelity simulations with continuous sensor-driven
feedback, digital twins can model degradation pathways, optimize
surface properties dynamically, and extend device lifetimes (Xu &
Gong, 2023; Kavousi-Fard et al., 2024). Such approaches are par-
ticularly relevant for PV and hybrid PV/T systems, where opera-
tional conditions fluctuate across climatic zones.

Self-Adaptive Al for Real-Time Optimization. Current Al
models often depend on static datasets, limiting their applicability
to dynamic field environments. Future progress will depend on re-
inforcement learning and transfer learning frameworks that allow
surface functionalities such as wettability, absorption, and convec-
tive cooling capacity to be tuned in real time (Sharma et al., 2022;
Ji et al., 2024). This adaptability will be essential for ensuring per-
formance stability in regions with high dust loads, humidity, or tem-
perature swings.

Coupling with Nanofluids, PCMs, and Hybrid Cooling. La-
ser texturing alone cannot fully overcome thermal bottlenecks.
Combining micro-grooved or dimpled surfaces with nanofluids
(Mahian et al., 2013; Ghalandari et al., 2020) or phase change ma-
terials (PCMs) (Jo et al., 2022; Xu et al., 2021) offers synergistic
cooling strategies. Hybrid active—passive configurations, integrat-
ing advanced fluids, PCMs, and textured absorbers, could deliver
superior thermal buffering and ensure resilience under peak irradi-
ance.

Industrial Scaling and Cost-Benefit Analysis. Scalability
remains a major challenge. The next generation of high-throughput
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laser systems, leveraging beam-shaping optics and multi-beam ar-
rays, will be necessary to texture large-area PV modules cost-effec-
tively (Pfleging, 2020; Coblas et al., 2015). In parallel, techno-eco-
nomic assessments and lifecycle analyses (Qi et al., 2021; Hemeida
et al., 2022) must quantify return on investment, carbon payback,
and long-term durability to drive industrial acceptance.

Policy and Sustainability Implications. For laser—Al-ena-
bled devices to gain traction globally, research progress must align
with energy policy frameworks. International collaboration is re-
quired to set technical standards and certification protocols (Grillo
et al., 2024; Van de Kaa & Greeven, 2017). Policy incentives, such
as targeted funding for sustainable manufacturing and requirements
for lifecycle assessments, will ensure that deployment is not only

technologically feasible but also environmentally responsible.

Strategic Outlook. Figure 6 presents a staged roadmap:

Short term (1-3 years). Proof-of-concept validation and open-
access dataset development.

Medium term (3—7 years). Industrial pilot systems, techno-eco-
nomic validation, and digital twin integration.

Long term (7—15 years). Large-scale commercialization, pol-
icy harmonization, and global deployment.

Table 6 further outlines research directions with anticipated
technical, economic, and environmental impacts, serving as a refer-
ence point for academia, industry, and policymakers. Figure 6 illus-
trates Strategic roadmap for laser-textured renewable energy de-
vices.

Table 6. Suggested research directions and potential impacts for laser-textured renewable energy devices (Source author)

Research Direction Technical Impact

Economic / Environmental Impact

Digital twin integration for PV and Enables real-time monitoring, predictive degradation
modelling, and adaptive performance optimization.

hybrid systems

Reduces maintenance costs; extends device lifetime; lowers
lifecycle carbon footprint through predictive fault preven-
tion.

Self-adaptive Al (reinforcement and Real-time optimization of surface properties (wettability, Improves energy yield across diverse climates; reduces need

transfer learning)
weather conditions.

absorptivity, heat transfer coefficient) under dynamic

for manual reconfiguration; enhances resilience in extreme
environments.

Hybrid cooling integration (laser
textures + nanofluids/PCMs)

Enhances convective and conductive heat transfer; stabi- Cuts energy losses from overheating; improves levelized
lizes module temperature during peak irradiation.

cost of electricity (LCOE); reduces material wastage by
mitigating thermal fatigue.

High-throughput industrial laser

arrays)

Scales micro/nano-texturing to industrial PV/T module
systems (beam-shaping, multi-beam dimensions; ensures reproducibility and durability.

Reduces per-unit manufacturing cost; accelerates commer-
cialization; enables widespread adoption in utility-scale so-
lar projects.

Lifecycle and techno-economic as- Provides rigorous benchmarks for performance, durabil- Informs investment decisions; ensures compliance with sus-

sessments

ity, and recyclability under real-world conditions.

tainability goals; supports green certification and market
competitiveness.

Integration with energy storage and Optimizes thermal and electrical balance through cou-
pling with PCMs and Al-driven load management.

smart grids

Enhances energy security; supports decentralized renewable
systems; reduces dependence on fossil backup.

Policy-driven standardization and ~ Establishes durability, testing, and performance stand-

incentives ards for textured renewable devices.

Encourages industry adoption; lowers investment risks; ac-
celerates global deployment with equitable access.

Strategic Roadmap for Laser-Textured Renewable Energy Devices

Short-Term
(0-3 years
-'('j- Proof-of-concept High-throughput laser Fuily autonomous,
e digital twins for ’ processing (beam shaping, Al-driven laser texturing

PV/solar thermal modules multi-beam arrays) with digital twins
Al-based surface
pattern recognition &

initial predictive models

Self-adaptive Al
(reinforcement learning,
online training)

Integration with smart
grids and decentralized
energy systems

Lab-scale demonstration
of hybrid cooling
(nanofiuids/PCMs +
laser textures)

Field trials of PV/T
hybrid systems with
real-time optimization

Scalable manufacturing
of multifunctional textures
(thermal + optical +durability)

dp costs iceable reduction in Net
Early data on durability levelized cost of
and recyclability electricity (LCOE)

lifecycle
for textured renewable devices

Global adoption in utility-scale
solar farms

5D ® oM B

Pilot policies for Improved lifecycle
textured PV standards performance metrics

Figure 6 — Strategic roadmap for laser-textured renewable energy
devices, outlining short-, medium-, and long-term milestones in
technology, economics, and sustainability (Author’s elaboration)

Conclusion

This review highlights the emerging paradigm of laser micro-
texturing integrated with artificial intelligence (Al) as a disruptive
strategy for overcoming thermal management challenges in renew-
able energy devices. Laser-induced surface structures provide un-
precedented control over morphology, wettability, and heat transfer
pathways, while Al frameworks enable predictive modelling and
multi-objective optimization that extend beyond conventional trial-
and-error approaches. Together, these domains pave the way toward
scalable, adaptive, and durable cooling solutions capable of enhanc-
ing the performance and operational lifespan of photovoltaic (PV),
solar thermal, and hybrid energy systems.

Beyond their technical value, these innovations represent an
important step in interdisciplinary convergence. Advances in laser—
matter interaction, materials science, and thermal engineering must
be combined with data-driven approaches such as deep learning, ge-
netic algorithms, and reinforcement learning to fully realize the po-
tential of textured renewable devices. This integration not only im-
proves device-level efficiency but also contributes to broader

sustainability goals through reduced lifecycle costs, extended dura-
bility, and minimized environmental impact.

Moving forward, progress will require collaborative engage-
ment across multiple domains. Mechanical engineers, materials sci-
entists, and Al researchers must jointly address scale-up barriers,
generate standardized open-access datasets, and develop robust dig-
ital twins that capture coupled thermal, optical, and environmental
dynamics. Equally critical are industry—academia—policy partner-
ships to ensure that laboratory-scale innovations can be translated
into utility-scale deployment.

In conclusion, laser micro-texturing empowered by Al-driven
optimization offers a transformative roadmap for renewable energy
thermal management. By fostering interdisciplinary collaboration
and aligning with sustainability imperatives, this approach holds the
potential to accelerate the transition toward high-efficiency, resili-
ent, and environmentally responsible energy systems.

Laser Micro-Texturing + Al: A Roandmap for
Renewable Energy Thermal Management

Laser
Micro-Texturing

Problem Future Roadmap

& Impact

& &

Digital twins for
real-time monitoring

Integration
oL
- . -

Ay

PV & solar devices
lose -0.4-0.5%

Controlled grooves,
dimples, LIPSS

Predictive modeling
+ multi-objective

efficiency per ‘Cise enhanced convection, optimization Self-adaptive Al
larger surface area, (thermal + optical for dynamic
Conventional cooling wettability control + durability) optimization
« costly, buiky self-cleaning )
~— mopo* Industrial-scale

« limited scalability —_ laser texturin:
Input Model Prediction e 9

Laser micro-texturing empowered by Al - scalable, adaptive, and sustainable
thermal management for next-generation renewable energy systems

Figure 7 — Graphical summary of laser micro-texturing and Al
integration for renewable energy thermal management, highlighting
challenges, mechanisms, and future roadmaps
(Author’s elaboration)
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Key Takeaways

— Overheating remains a critical barrier to efficiency and
durability in renewable devices, particularly PV systems.

— Al frameworks (ANNSs, genetic algorithms, deep learn-
ing) accelerate the design and optimization of textured morpholo-
gies.

— Cross-sector evidence (tribology, biomedical, aerospace)

— Conventional cooling methods (passive, active, hybrid)
face challenges of cost, durability, and scalability.

— Laser micro-texturing enables controlled surface features
that enhance heat dissipation, wettability, and optical absorption.

— Experimental studies report measurable efficiency im-
provements in PV and solar thermal devices using textured sur-
faces.

demonstrates successful integration of surface engineering and
Al offering transferable lessons.

— Major gaps remain, including scalability, environmental
durability, dataset availability, and lifecycle assessment.

— Future directions: development of digital twins, real-time
adaptive Al, integration with hybrid cooling systems, and policy-
supported industrial adoption.
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Purpose. This study aims to analyze the role of information and communication technologies and innovative
investment in managing the development of international tourism. It focuses on identifying tools and approaches
that enable enterprises to respond effectively to evolving tourist demands and support sustainable growth.
Findings. In the tourism industry, where there is a transition from traditional approaches to providing services to
personalized ones, the implementation of information technologies allows satisfying the requests of any client as
much as possible and with high quality. Design / Method / Approach. The article reveals the problem of the need
to create and regulate foreign investment in order to manage the development of international tourism using
innovations because of scientific and technological progress. Theoretical Implications. The accelerated process
of restoring global indicators of international tourism after the COVID-19 pandemic is studied and the reasons for
the rapid return of the industry to its previous indicators are revealed. Among the reasons, the introduction of
modern information and communication technologies and the use of innovative methods of providing services are
highlighted. Practical Implications. The tools that allow increasing the demand for tourism are analyzed, the
main of which are: contactless payment technology, artificial intelligence, virtual and augmented reality, which
accelerated the recovery processes. Originality / Value. It is proven that in order to transition from the growth
paradigm to the sustainable development paradigm in the long term, only sustainable investments in the tourism
sector, namely in artificial intelligence and machine learning, will allow increasing the number of tourists and their
changing needs. Investments in startups (alternative housing, hotel management and hotel business, artificial
intelligence and analytics, aircraft, etc.) cover various participants in distribution technology. Research
Limitations / Future Research. It is proposed to attract investments for the implementation of innovative projects
in tourist regions, which can become an effective tool for economic growth and a guarantee of the country's
prosperity. Article Type. Analytical.

Keywords:
smart tourism, foreign investment, international tourism, artificial intelligence, sustainable tourism

MeTa. MeToto gocnigXeHHs € aHani3 poni iHhopMaLinHO-KOMYHiKaLiNHMX TEXHOOTIN Ta iIHHOBALLIMHMX iIHBECTULiN
Yy PO3BUTKY MiXKHapogHOro Typmamy. AKLEHT 3pobrneHo Ha BUSIBNEHHI iIHCTPYMEHTIB Ta Nigxoais, Wo OO3BONSATb
nignpuemcTeam egeKkTMBHO pearyBaTv Ha 3MiHIOBaHi noTpebu TypucTiB i 3abesnedyBatu cTanvii poO3BUTOK.
Pe3ynbsratu. B iHOycTpii Typnsmy, Ae cnocrepiraeTbCsl nepexia Big TpaguuinHUX NiaxoAiB y HagaHHi nocnyr o
nepcoHarnisoBaHuX, BNPOBaMXKEHHS iHOPMaLiNHMX TEXHOMOrin 0O3BONAE 3a40BONbHATU 3anuth Byab-AKoro
KnieHTa MakcumanbHO Ta fkicHo. [OumsavH /| Metop / Mipxin. Crtatta poskpuBae npobnemy HeobxigHOCTi
CTBOPEHHSA Ta perynoBaHHS iHO3EMHOro iHBECTYBaHHA 3 METOI0 YrpaBniHHA PO3BUTKOM MiXXHapOAHOro Typusmy
3a paxyHOK BUKOPWCTaHHSA iHHOBALN AK pes3ynbTaTy HayKOBO-TEXHIYHOro nporpecy. TeopeTu4yHe 3Ha4eHHS.
JocnigkeHo NpMCKOpeHMI NPoLEeC BiGHOBIEHHS rnMobanbHMX NOKa3HUKIB MiXKHAPOAHOro TypmuaMy Micns naHgemil
COVID-19 Ta pO3KpUTO MPUYMHU LUBMAKOrO MOBEPHEHHS ranysi Ha KonuwiHi nokasHukn. Cepen npuymH
BUAINAOTLCA  BNPOBAKEHHSI  CyYaCHUX  iHPOPMALINHO-KOMYHIKAUIMHUX  TEXHOMOrn Ta BUKOPUCTaHHS
iHHOBaUiiHUX MeToAiB HagaHHs nocnyr. NMpakTuyHe 3Ha4YeHHA. [1poaHanisaoBaHoO IHCTPYMEHTU, L0 JO3BOMSATb
36inbllyBaT MOMUT Ha TYpU3M, OCHOBHUMW 3 SKUX €. TEXHOMOrisi 6Ee3KOHTAKTHOI onnaTtu, LUTYYHWUIA iHTEneKT,
BipTyanbHa Ta JONOBHEHa pearbHiCTb, SKi MPUCKOPWUNM Mpouecu BigHOBMNeHHs. OpwuriHanbHicTb / LliHHiCTb.
[oBeneHo, WO Ans nepexoay Bif NapagurMu 3poCTaHHA OO0 napagurMy Ctanoro po3BUTKY B AOBFOCTPOKOBIN
nepcnexkTuBI NuLLe CTiViKi iIHBECTULiT B TYPUCTUYHMIA CEKTOP, @ Came B LUTYYHUI iHTENEKT Ta MallMHHE HaB4YaHHS,
[03BOMSATh 30iNbLUMTK KiNbKICTb TYpUCTIB Ta iX NOTPeD, WO 3MiHIOTLCA. [HBECTUUiT B cTapTanu (anstepHaTuBHE
XKWTNO, ynpaeniHHA rOTENsiMM Ta roTenbHUM Gi3HECOM, LUTYYHWI IHTENEKT Ta aHaniTuka, nitakym Ta iHwe)
OXOMJIIOKTb  PI3HUX YYACHWKIB TEXHOMOrii pPO3NOBCIOAKEHHSA. OOMexeHHsi pocnigkeHHA [ ManbyTHiI
[ocnimKeHHA. 3anponoHOBaHO 3anyvYeHHs iHBECTUUIM Ans peanisauil iHHOBAUIMHWUX MPOEKTIB Y TYPUCTUYHI
perioHn, WO MOXe cTaTu eEKTUBHUM iHCTPYMEHTOM EKOHOMIYHOrO 3pOCTaHHS Ta 3anopyKow MpPOLBITaHHS
kpaiHv. Tun ctatTi. AHaniTuyHa.
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In today's dynamic society, it is important to ensure innovation
in all sectors of the economy. In the era of high technology, much
attention is paid to innovation and the construction of an innovative
world. Tourism is one of the most stable and constantly growing
sectors of the global economy, where innovations are a priority for
enterprise development, as they attract customers. Innovations and
new technologies are an integral part of the competitiveness of tour-
ist enterprises and serve as an effective tool to enhance marketing
activities of products and services in the tourism industry.

Tourist enterprises are increasingly involved in the creation of
new technologies and the introduction of innovative products for
profit. Innovations in tourism are aimed at creating a new product,
new approaches to marketing activities, and the use of new manage-
ment methods using IT technologies.

The theoretical basis of the study is the concept of innovation
management, which involves the creation and implementation of
new ideas, products, services and technologies in the field of inter-
national tourism. Particular attention in the theory is paid to the cre-
ation of favorable conditions for foreign investment, which ensures
the expansion of infrastructure capabilities, improving the quality of
tourism services and stimulating economic growth.

Managing the innovative development of international tourism
is now one of the key areas of modern economic policy, as the in-
dustry is characterized by high dynamism and multidisciplinary na-
ture (Biletska & Romanchukevych, 2021; Zaytseva et al., 2024). In-
ternational tourism not only contributes to the development of in-
frastructure and employment, but also serves as a catalyst for tech-
nology transfer and socio-economic innovations (Filiuk, 2022). In-
novative development of tourism enterprises requires the integra-
tion of new business models, digital solutions and a change in the
paradigm of human resource management (Grynko al., 2017; Han,
2024). This transformation is made possible by a combination of
public policy, private initiatives and international cooperation,
which provides a synergistic effect (Sheviakov et al., 2016; Ko-
marynets et al., 2022). The approach based on the interaction of in-
vestment and innovation creates prerequisites for increasing the
competitiveness of tourist destinations in the global environment
(Sardak & Sarkisian, 2018). A special role in the formation of a fa-
vorable innovative environment is played by organizational culture,
which determines the ability of tourism and hotel enterprises to im-
plement new technologies and management models (Krupskyi,
2015).

Foreign direct investment is an important mechanism for
strengthening the innovative potential of the tourism industry, as it
provides access to capital, new technologies and management ex-
perience (Kaur, 2019). Studies show that there is a positive relation-
ship between the inflow of foreign capital and the growth of tourist
flows, which confirms the multiplier effect of investment on the de-
velopment of the sector (Antwi, 2022). The example of Japan has
demonstrated that international tourism has a positive impact on the
total volume of FDI, and not only on the tourism industry, expand-
ing opportunities for technology transfer and regional development
(Tomohara, 2016). Similar trends are observed in ASEAN coun-
tries, where tourism and FDI complement each other, stimulating
economic productivity growth (Rasit et al., 2020). This effect is en-
hanced under conditions of a stable institutional framework and de-
veloped infrastructure, which act as determinants of investment at-
tractiveness (Aida et al., 2023). At the same time, franchising mod-
els play an important role in the expansion of the international tour-
ism business, ensuring rapid scalability of services, standardization
of quality and integration of innovative solutions into global net-
works (Krupskyi et al., 2017).

The digitalization of the tourism sector has become a key fac-
tor in innovative development, creating the prerequisites for the
emergence of “smart” tourist destinations (Sun et al., 2024). Infor-
mation and communication technologies, artificial intelligence, ser-
vice automation and service personalization are radically changing
the interaction between service providers and consumers (Han,
2024). Online booking platforms, integrated hotel business manage-
ment systems and recommendation systems based on big data have
become widespread in global practice (Damnet et al., 2024). These
tools increase the efficiency of operations, reduce transaction costs
and form new channels of communication with customers (Ko-
marynets et al., 2022). In turn, digital transformation strengthens the
role of human capital, requiring the development of digital

competencies of personnel and the implementation of innovative
HR practices (Han, 2024). A favorable institutional environment
and active government policy create a basis for attracting foreign
investment in the tourism sector, as confirmed by the examples of
Morocco (Almeida-Garcia, 2017) and Kazakhstan (Shayakhmetova
et al., 2020). Government support in the form of tax incentives, sim-
plification of permit procedures, as well as the development of pub-
lic-private partnerships contribute to the implementation of large-
scale infrastructure and innovation projects (Taghiyev, 2023). The
formation of tourism clusters and priority development zones en-
sures the integration of local and international resources, strength-
ening the competitiveness of destinations (Biletska, 2024). In addi-
tion, institutional stability and market transparency increase inves-
tor confidence, reducing risks and transaction costs (Arteaga-Alci-
var, 2024). Thus, a comprehensive approach to government regula-
tion and investment support forms the long-term prerequisites for
sustainable growth of the tourism industry (Zaytseva et al., 2024).

Infrastructure investment plays a key role in the development
of international tourism, as it ensures the creation of physical, tech-
nological and service capacities to receive tourists (Zhao et al.,
2025). Research shows that infrastructure investment has a spatial
clustering effect and positively affects the economic growth of tour-
ist regions (Zhou et al., 2016). In Chinese practice, combining in-
frastructure projects with technological innovations promotes the
integration of tourist destinations into global value chains (Zhuang
etal., 2021). Infrastructure investments cover not only transport and
accommodation, but also digital, communication and environmen-
tal infrastructure, which enhances the resilience of the sector (Sun
et al., 2024). Thus, the combination of traditional and “soft” infra-
structure components creates a multiplier effect and forms the basis
for innovative tourism development (Komarynets et al., 2022).

Sustainable and regenerative tourism is becoming a priority for
governments and businesses as it responds to new societal expecta-
tions for environmental responsibility and social inclusion (Khizar
et al., 2023). The concept of regenerative tourism involves not only
minimizing negative impacts, but also actively improving the state
of local ecosystems and communities (Pung et al., 2024). This ap-
proach integrates local knowledge, living systems thinking and in-
tersectoral collaboration, creating multidimensional value for desti-
nations (Komarynets et al., 2022). Sustainable tourism development
is based on the UN Sustainable Development Goals, which orient
the industry towards a balance of economic, social and environmen-
tal interests (Khizar et al., 2023). In the future, this allows for insti-
tutionalizing approaches that ensure sustainable growth and long-
term attractiveness of investments in the tourism sector (Zaytseva et
al., 2024).

Along with the prospects for innovative growth, the tourism
industry faces a number of barriers — political instability, lack of re-
liable insurance mechanisms, terrorist threats and migration risks
(Shayakhmetova et al., 2020). In these conditions, the role of infor-
mation and communication technologies, which allow creating “ar-
tificial proximity” and managing remote or risky tourist sites, be-
comes particularly important (Bystrowska et al., 2017). The use of
digital tools allows for increased transparency of operations, im-
proved coordination between stakeholders and increased control
over the quality of services (Han, 2024). Combined with interna-
tional security standards, this builds investor confidence and mini-
mizes transaction costs (Komarynets et al., 2022). Overcoming such
barriers is a necessary prerequisite for sustainable investment and
the expansion of innovative practices in the tourism sector (Antwi,
2022).

On the other hand, successful management of innovative de-
velopment of international tourism is possible only under conditions
of systemic integration of investment, infrastructure, digital and en-
vironmental strategies (Zaytseva et al., 2024). The multi-level na-
ture of tourism as an economic system implies coordination of ac-
tions between state, private and public institutions (Han, 2024). In
the global context, compliance with international standards of sus-
tainable development is of particular importance, which increase the
reputational attractiveness of destinations and facilitate access to fi-
nancial resources (Khizar et al., 2023). The move towards “smart”
tourist destinations is accompanied by an increased role of data and
analytics, which allows for informed management decisions and in-
creased effectiveness of marketing strategies (Sun et al., 2024). This
approach forms a platform for long-term partnership between
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investors, the state and local communities (Komarynets et al.,
2022).

In summary, it can be argued that international tourism is
evolving into a complex system where innovation, investment and
sustainability are interconnected and mutually reinforcing (Pung et
al., 2024). To achieve sustainable competitiveness, it is necessary to
form an effective institutional framework that combines state regu-
lation, private initiatives and international cooperation (Almeida-
Garcia, 2017). Creating favorable conditions for foreign investment
in tourism is becoming not only a tool for economic growth, but also
a mechanism for improving the quality of life of the population and
building human capital (Zaytseva et al., 2024). In the future, this
will contribute to the emergence of new business models, strength-
ening partnerships and enhancing the role of technology in provid-
ing personalized tourism experiences (Han, 2024). Such a compre-
hensive approach allows integrating innovative development con-
cepts with global challenges and market trends, ensuring the long-
term stability of the tourism sector (Khizar et al., 2023).

According to the concepts of innovative development, effec-
tive innovation management involves the formation of a holistic
system that includes state policy, support for entrepreneurship, the
investment climate, and infrastructure. This system creates incen-
tives for attracting foreign investors to the tourism sector, contrib-
uting to the transfer of modern technologies and the improvement
of service standards. In addition, it is important to apply economic
development theories that emphasize the role of investment in inno-
vation for the long-term growth of the tourism sector. In the context
of international tourism, the concept of globalization is particularly
relevant, as it expands opportunities for foreign investment and in-
teraction between different cultures. Thus, the theoretical basis of
the study focuses on integrating innovation theory with concepts of
investment attractiveness, which allows the substantiation of the
foundations for creating favorable conditions for foreign investment
in international tourism.

Methodology

The article addresses the need to create and regulate foreign
investment to manage the development of international tourism
through innovations driven by scientific and technological progress.
Today, the competitiveness of any enterprise depends on multiple
factors, among which the ability to implement and utilize the latest
information technology developments is particularly important.
This is especially true for the tourism industry, which is undergoing
a transition from traditional approaches to personalized services, al-
lowing for maximum satisfaction of individual client needs with
high quality. The accelerated recovery of global indicators of inter-
national tourism after the COVID-19 pandemic is analyzed, and the
reasons for the rapid return to pre-pandemic levels are identified.
Key factors include the introduction of modern information and
communication technologies and the
use of innovative service and
maintenance methods. Tools that in-
crease tourism demand are exam-
ined, with particular focus on con-
tactless payment technology, artifi-
cial intelligence, virtual and aug-
mented reality. The implementation
of'these technologies during the pan-
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hailing and car-sharing, electric and autonomous vehicles, as well
as aircraft and flight services, involve diverse participants in distri-
bution technology. It is proposed to attract investments for innova-
tive projects in tourist regions, which can serve as an effective tool
for economic growth and a foundation for national prosperity.

The study is based on open sources of information, including
official WTO reports, reports of leading global market research or-
ganizations. In addition, articles from scientific journals are also
used. In particular, the following methods were used: bibliographic
analysis was used to systematize the views of domestic and foreign
scholars and analyze reports of international organizations to deter-
mine the theoretical basis and relevance of the problem; analysis
method - when considering the theoretical foundations of innova-
tive tourism development and investment policy under the influence
of innovative technologies and investments in innovation manage-
ment; economic and statistical method - when studying the quanti-
tative assessment and dynamics of the recovery of international ar-
rivals, analyzing the structure of investments in innovation, as well
as statistical reports to confirm the impact of innovative technolo-
gies on customer loyalty and booking; comparative method - when
comparing data from international organizations on different coun-
tries and regions and the popularity of various tourist applications;
graphic method - in visualizing dynamics through figures and ta-
bles; systemic approach - in interpreting innovations as part of the
state's investment policy and studying tourism as a complex system;
induction and generalization - when combining the conclusions of
the literature review and statistical data on the growing importance
of personalization and digital services based on specific examples
to formulate recommendations for attracting investment and sub-
stantiating the concept of sustainable development in tourism.

Findings

The UN World Tourism Barometer publishes that in 2024,
about 1.4 billion tourists made international travels, that is, the re-
covery of tourism compared to the pre-pandemic period is 99%: 140
million more than international tourist arrivals, or an increase by
11% compared to 2023. The results are caused by increased demand
for tourist services after the pandemic, reliable indicators of leading
tourist companies and constant restoration of destinations in Asia
and the Pacific. Positive dynamics are expected to remain during
2025 due to the high demand for tourism services, which, in turn,
contributes to the socio-economic development of both known and
new areas. This situation determines the huge responsibility of the
tourism sector for accelerating the transformation in accordance
with the CSR (goals of sustainable development) - focusing atten-
tion on people and planet, which undoubtedly determines the rele-
vance and need to study the development of tourism, ways and fac-
tors of its development and further formation (UNWTO, 2025).

In 2024, the increase in international arrivals in most directions

Americas
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\ y T 87.00%

/97.00%

~ )
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Figure 1 - Dynamics of International Tourism Arrivals by Regions: 2023/2024, 2019/2024.
Formed on a basis (UN Tourism, 2025)
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was recorded (Fig. 1). The Middle East of the region, where inter-
national arrival by 32% exceeded the pandemic level in 2024 and
1% higher than 2023, captures 95 million arrivals. Africa - 74 mil-
lion arrivals, which is 7% more than in 2019, and 12% more than in
2023. The world's largest destination - Europe reported for 747 mil-
lion international arrivals in 2024, which is 1% more than in 2019
and 5% compared to 2023. All European subregions have exceeded
the level of pandemics, except for Central and Eastern Europe,
where many directions are still suffering from Russian aggression
against Ukraine.

Two hundred thirteen million international arrivals have been
recorded in the US region, which is 97% of pandemics compared to
2019. The Caribbean and Central America countries have already
exceeded the 2019 level and compared to 2023 the figure increased
by 7%. During 2024, the Asia-Pacific region continued to recover
rapidly, and international arrivals increased by 33% in 2024, or by
78 million compared to 2023.

In 2023, the world income of travel applications reached al-
most $ 1.3 billion, and, according to its forecasts, it will grow stead-
ily over the coming years. Google Maps mobile app, as a traveling
app in 2024, was downloaded the most times (Fig. 2) nearly 127
million downloads on i0S and Google Play. Uber's application has
become the second largest number of almost 120 million down-
loads. On the online tourist agencies (OTA) market, Airbnb has
headed OTA applications with the largest number of downloads
worldwide in 2024, ahead of booking.com.

126,83
119,54

86,25
|7 75,84

W Google Maps

67,55 66,35 65,8

1

B Where is my Train ® Airbnb

47,54 45,71

W Booking.com
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minDrive mWaze mGoogle Earth m Amap

Figure 2 - Market of Appendices of travel agencies online. A total

number of loading applications (million times) for travel around the
world in 2024. Formed on a basis (Research and Markets, 2025)

In 2023, the global online travel market was estimated at $
532.1 billion, expected that by 2033 it would reach $ 1876.5 billion
from CAGR 13.8% during the predicted period from 2024 to 2033

(Fig. 3).
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Figure 3 - Global Online Travel Booking Market: forecast 2024-
2033. Formed by authors based on (Dzhindzhoyan et al., 2024)

One of the main innovative processes of sales is the use of e -
commerce, which can intensively increase the sales of a tourist en-
terprise on the Internet. The main participants in e-commerce are
hotels, airlines, tourist operators and customers. It provides online
tours, including global reservation systems (extends beyond the
country in which the purchase is made), national reservation sys-
tems (within the country) and computer reservation systems (Dzhin-
dzhoyan et al., 2024).

Digital transformation is one of the key priorities of national
tourist strategies, as well as strategic emphasis, conditioned by the
necessary improvement of efficiency, optimization of functioning,
improving productivity, adaptation to the needs of tourists on the
way of improving the decision-making process. According to

studies conducted from 2018 to April 2024 on investing innovative
technologies, artificial intelligence (AI) and machine learning (ML)
made almost two -thirds of all agreements for the period under re-
view. Further, the main investment in technology is the Internet of
things (IOT) and exciting technologies, which account for 13% and
10% of transactions, respectively.

u artificial intelligence (AI) and machine learning (ML) = mtemet of things (IoT)
* immersive tech Blockchain and web 3
= 3D pnnter = Quantum computing
Figure 4 - Distribution of Tech Investment Deals by Travel and
Mobility Corporation Worldwide Between 2018 and 2024, by Area of
Investment. Formed by the authors based on (UN Tourism, 2024)

According to UNWTO, by 2030 it is expected that the total
number of tourist trips will reach 37.4 billion, of which 17.4 billion
will be international and domestic overnight (1.8 billion interna-
tional/15.6 billion domestic). The development contains 2.4 million
new hotel rooms worldwide. In addition, the reports mention that
the hotel sector consists of almost 200,000 hotels with more than 18
million rooms worldwide. Persistent investments in the tourist sec-
tor were directed at «green crossings». The proposal of structures
for the transition from the growth paradigm to the paradigm of sus-
tainable development in the long-term perspective involves the de-
velopment of financial instruments for providing sustainability and
renovation of the tourist sector. Therefore, a significant level of in-
vestment will be required to support the increased number of trav-
elers and meet their changing needs (Table 1).

Table 1 - Activity Frequency of Foreign Investment Direct

Activity Frequency of foreign direct in-
vestment
frequent
hotels and similar +
restaurants and similar +
secondary houses +
passenger transportation +

railway passenger transport services +
passenger air transportation +
services of road passenger transport

water passenger transport services

maintenance of passenger transportation

travel agencies, etc.

cultural service

sports and other recreational services

occasional rare

|+ [+ |+ [+]+

Financial FDI data in tourism shows that more than 55% of
FDIs come into the construction and development of (material) in-
vestments, and about 31% are services and related to platforms (in-
tangible) investments.

Value-added chains in tourism are evolving. From a traditional
perspective, products of the tourism subsector include recreational
services, accommodation, food services, housing, trade, and con-
struction, among others, which create investment opportunities
along the entire value chain. In addition, from a non-traditional per-
spective, other subsector products arise from capital flows directed
toward innovations in travel technology. According to UNWTO in-
vestment research, two main groups of subsectors were identified
based on raised capital. The first group is associated with mobility-
unrelated subsectors, which include alternative housing, hotel man-
agement and hospitality, artificial intelligence and analytics, tours
and events, enterprise management software, payment and commu-
nication solutions, among others (Fig. 5).

In addition, investments in the Travel & Mobility Tech startups
have covered several other sub-seats, such as: alternative housing,
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hotel management and hotel business, artificial intelligence and an-
alytics, tours and events, software for enterprise management, pay-
ment and communications, smart and other vehicles. These sub -

1395

regions expanded the value creation chain, covering different par-
ticipants, distribution technologies (Fig. 6).
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Figure 6 - Sub-sectors tourist technical startups (mobility), million dollars. USA

The results of these two subsector groups are significant in
terms of capital accumulation, amounting to approximately $450
billion. Investment in travel technology in the US is notable, but
these subsectors are also important for innovation and their interac-
tion with the tourism ecosystem. The integration of the tourism eco-
system and its stakeholders, present in both traditional and non-tra-
ditional subsectors, plays a crucial role in enhancing sectoral syn-
ergy. Potentially increased demand and developing markets have
brought these capital flows to new records. According to Morn-
ingStar Equity Research, the booking market is about $ 600 billion.
US with an increase of 35.5 to 39.4% by 2029 (Research department
Statista, 2025).

Discussion

Looking forward, it is important to understand: the demo-
graphic composition of this new market (2030-2040), which will
consist mainly of millennials and generation Z. Both are "digital na-
tives", and by 2040 they will be the largest share of the world's pop-
ulation, 3 billion and 2.6 billion respectively. Depending on their
socio-economic groups, this behavior may vary significantly. How-
ever, the general trend is shifting towards digital and innovative ser-
vices, especially mobile services. At the same time, there is a shift
from traditional to more personalized experiences. In addition,
given the consequences of the Covid-19 pandemic, there is a need
for the transparency of health, safety, data and safety protocols

during travel and final destination. Therefore, a significant level of
investment will be required to support the number of travelers and
changes in consumer behavior and needs. This can open up several
investment opportunities by opening new investment flows from
traditional hard investments, such as housing infrastructure, to soft
infrastructure, such as digital solutions and support services related
to experience and resistance in reality after Covid-19. This new con-
sumer behavior forms tourist markets and is a unique opportunity
for implementing innovative solutions. These digital natives require
technologies such as 5G, basic cloud services or artificial intelli-
gence. All this offers increased speed of access to information,
greater intuition in interaction, the ability to expand tourist experi-
ence before and after travel (Research department Statista, 2025).

The complete restoration of international tourism in 2024 was
also recorded in other sectoral indicators. First, in 2024, tourism rev-
enues amounted to $ 1.6 trillion, which is about 3% more than in
2023, and 4% more than in 2019. Secondly, according to UN Tour-
ism Tracker, international air bandwidths and air traffic have virtu-
ally recovered relatively to pre-pandemic levels by October 2024
(IATA). The global content of the rooms of the accommodation fa-
cilities reached 66% in November. According to preliminary esti-
mates, total exports of tourism (including passenger transportation)
reached a record $ 1.9 trillion in 2024, which is about 3% more than
to the pandemic.

For 2025, trends are designed not only to the positive dynamics
of the recovery of the tourism industry, but also to the important
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tasks: creating a balance between growth and sustainability, intro-
duction of environmental methods of work, meeting the demanding
needs of consumers. Practically, each of these steps is related to
technology and innovation. After 2019, the requirements, ap-
proaches and opportunities for the formation of tourist services have
changed, and in particular technologies and innovations help to
change the tourism industry and reserve the place of priority busi-
ness. Technologies and innovations give customers a lot more op-
portunities and a sense of independence while traveling. For exam-
ple, a mobile app alone allows you to hunt a large number of differ-
ent aspects of travel, which shows how important technological in-
novations in tourism are.

The year of record rates for startups for the tourism industry
was 2024. Skift tracked over 200 startups that raised $ 13.1 billion,
the total amount of more than twice exceeded 2023, despite the fact
that the total number of transactions was approximately the same.
Below is an overview of key involvement, financing trends and
other important events since 2024 (MySmartJourney, 2025).

Lighthouse fundraising was one of several agreements in 2024,
which exceeded all the projects that have been in the tourism indus-
try in recent years. It is a tourist technology company, which rated
more than $ 1 billion in 2024. Lighthouse has concluded with the
largest venture capital of $ 225 million - a startup of Flyr Aviation
Retail. Later, Hostaway raised $ 365 million, which became the
largest agreement on short -term real estate management technolo-
gies.

The latest report of the Tourism Investment Report 2024, pub-
lished by Financial Times in collaboration with UN tourism and
with the support of Diriyah Gate Company fixes that from 2019 to
2023 investment projects for tourism (1943 projects of direct invest-
ment) are collected 259 800 jobs. The European region is a leader
in world tourist FDI projects, which involves 867 projects from
2019 to 2023, which is 44.6% of the total volume of world invest-
ment, which emphasizes its resistance to cautious investment cli-
mate.

Asian-Pacific region: the number of foreign foreign direct in-
vestment projects in the region increased by 59.5% between 2022
and 2023 (from 42 to 67), with capital investments increased by
125.3%. During this period, Latin America and the Caribbean at-
tracted 221 FDI tourist projects. This led to investment worth $ 20.5
billion and the creation of approximately 73,400 jobs. As the region
has already exceeded the level of arrival of international tourists in
2019, it gives positive confidence of investors in the long -term
profitability of the tourist sector of the region.

The Middle East and Africa regions attracted 314 FDI projects
in tourism in the total amount of investment of $ 18.1 billion and
created about 40,700 jobs. The number of tourists FDIs in the region
between 2022 and 2023 increased by 16.1%, from 62 to 72, with
capital investments increased by 12.2% (UN Tourism, 2024).

Conclusions

Innovation in the travel and tourism industries can take many
forms. In fact, there are a lot of ways in which businesses and cor-
porations keep track of how expensive their customers and tourists
are. Obtaining investments for the implementation of innovative
projects in the region in the tourism sector can guarantee economic
growth and prosperity for the region. Through an innovatively ori-
ented tourism policy, it is possible to achieve greater productivity
and stimulate the growth of the economy in the region, achieving
the goals of the development of sustainable and inclusive tourism.
The basis for investing in innovation in the tourist industry is formed
in a complex manner and is the result of the interaction of many
levels of management and economic entities. First of all, the key
role is played by the power, which through legal regulation, tax pol-
icy, investment programs and mechanisms of public-private part-
nership creates a fundamental institutional and financial foundation
for investment activity. Nowadays, outside the authorities (the Min-
istry of Education, the Ministry of Tourism, the Economy, Innova-
tion, Regional Development) are responsible for the implementa-
tion of strategy, distribution of resources, support for start-ups and
control over additional investment guarantees. Tourist regions, es-
pecially in the spirit of decentralization, often initiate local innova-
tive projects, create tourism clusters, hubs, territories of innovative
cooperation and promote Local investor support programs. A sig-
nificant role is played by subjects of the tourism market -

enterprises, associations, start-ups, who are not only recipients of
investments, but also initiators of innovation, who formulate the de-
mand for investments new technologies: automated services, smart
solutions, blockchain, AR/VR, etc. The development of digital tech-
nologies plays a contributing role in stimulating the online market
at an even higher rate. Technologies such as mobile additions, arti-
ficial intelligence and machine learning, reduce the need for cus-
tomized support, more expensive and more portable armor, and
portable technologies. Accessible via smartphones, and with free
access to the Internet, mandrels can be planned and purchased at the
right time for the client. It should be noted that such dynamics vary
across regions and may lead to singing rhymes. Therefore, effective
investment in innovation in tourism is only possible in the minds of
the rich mutual relations of the state, the local government, private
business and the institutions of the commonwealth - the skins of
which plays a structurally identical, but mutually complementary
function. The creation of friendly minds for foreign investment in
the former regions will lead to increased efficiency in managing the
innovative development of international tourism.

The online travel market covers digital platforms and services
that simplify travel bookings, including tickets, hotels, car rental
and vouchers. This market is developing due to the growth of con-
venience, the comparison of prices and settings that offer online
tools. Key players are travel agencies, meta -searching systems and
direct service providers. Technological achievements, such as arti-
ficial intelligence-based recommendations and mobile applications,
improve users' interaction and accessibility. As the world demand
for travel is restored and digital implementation is increasing, the
online travel market is ready for significant growth, changing how
consumers plan and book their travels. Viewing sales distribution in
the world sector of travel and tourism gives a clear idea of a key
role, which is played by an online segment that generates about two-
thirds of the 2023 market income.

Tourism was one of the first sectors of the economy to use in-
formation and communication technologies (ITK) to manage tourist
networks and rationalization of operating processes. Airlines have
introduced ICT to their information systems and booking systems,
launched "global distribution systems", which today allow access to
the most favorable offers and prices, immediate booking. Internet
technologies have opened new distribution and management oppor-
tunities for tourism; it has become one of electronic commerce lead-
ing industry.

Consumers of tourist services can book a flight or hotel, down-
load landing coupons in your own phone, buy tickets to the mu-
seum, view the restaurant menu with QR code and more. Of course,
personal communication and interaction are available to comple-
ment the digital experience. However, if visitors want more inde-
pendence, travel technologies and innovations do it.

NFC technology (close -frequency bond) is a form of wireless
technology that allows two devices to "communicate" with each
other and exchange data. NFC technology is widely used for con-
tactless payments as well as companies to improve operations and
services provided. Like most forms of technology in travel and tour-
ism, NFC technology increases work efficiency and allows to per-
sonalize customer experience. One of the leading ways to use NFC
technology in hotels is a door key: a physical door key or card, re-
places a virtual key that loads clients on their phone and lifts to a
digital door panel - it improves safety and efficiency. Hotels also use
NFC technology to their interests to facilitate visitors instantly ob-
taining the information they need and not expect a concierge an-
swer. For example, the MySmartJourney Platform (MySmartJour-
ney, 2025) helps companies to introduce NFC technology in inno-
vative ways to create interesting and unique impressions: broadcast-
ing text, visual, video and 3D content, creating independent excur-
sions to museums, art galleries, historical seats, parks, resorts, etc.

Arttificial intelligence (Al) is another form of technology used
in the travel and tourism industry. Al is the main way by which tour-
ist businesses accurately and effectively create personalized impres-
sions for their guests. Al can receive and process huge amounts of
data, create reports, and keep in touch 24/7. The personalized ap-
proach not only improves the booking process but also increases
customer loyalty. According to McKinsey, personalization can in-
crease sales by 10-15%, emphasizing the significant potential of
profit for platforms that effectively implement the recommenda-
tions controlled by AI (McKinsey &Company, 2024).
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Virtual reality (VR) is an irreplaceable assistant in the created
and demonstration of cruises and tours, which increases the level of
booking. Inclusion of virtual reality parameters or augmented real-
ity when viewing numbers, directions or excursions enables guests
to see the impressions which they are going to get. During the
Covid-19 pandemic, some companies offered excursions with
guides on wonderful islands and places so people can enjoy them
while staying at home. Digital technologies, including generative

artificial intelligence (AI), supplemented with reality (XR) and
blockchain, radically change the form of tourism and is a powerful
catalyst for innovation in the sector. Travelzoo survey showed that
81% of respondents would be more likely to have a vacation if they
were able to feel it practically. The integration of virtual reality into
the platform of online travel not only improves interaction with us-
ers but also serves as a powerful marketing tool for demonstrating
directions and services (World Tourism Alliance, 2023).
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Purpose. This paper examines the adoption of green practices by food and lodging establishments in the Iberian
Peninsula’s hospitality sector, identifying the extent and character of sustainability integration and revealing
structural and behavioural barriers to implementation. Design / Method / Approach. A mixed-methods design,
emphasising a quantitative survey of employees and customers, was employed, supported by descriptive
statistics, independent-sample t-tests, and one-way ANOVA to compare patterns across establishment types,
years of operation, and workforce size, enabling robust analysis of environmental practices. Findings. Results
show strong institutionalisation of waste management, water conservation and sustainable purchasing, alongside
consistent but low-cost energy efficiency measures; significant differences emerged between hotels and
restaurants, while none appeared by age or size of business; employees displayed high motivation and positive
perceptions but limited formal training, and customers reported favourable attitudes yet inconsistent awareness
and low willingness to pay a premium. Theoretical Implications. The study advances sustainable hospitality
literature by demonstrating how micro- and small-enterprises prioritise pragmatic, behaviourally driven measures
over capital-intensive innovations, contributing to debates on the attitude—behaviour gap and stakeholder
engagement. Practical Implications. Findings provide a roadmap for targeted training programmes,
communication strategies to enhance customer awareness, and policy interventions to support high-cost
investments and sector-specific strategies. Originality / Value. This is among the first studies to combine
employee and customer perspectives with inferential analysis across multiple sustainability domains in the Iberian
Peninsula, producing an empirically grounded picture of green practice adoption at the micro- and small-enterprise
level. Research Limitations / Future Research. The scope and sample limit generalisability; future work should
employ longitudinal designs, develop readiness scales and test interventions to improve customer engagement
and willingness to pay. Article Type. Applied Research.
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MeTa. [locnigXeHO BNpoBafXEeHHS E€KOMOriYHMX MPaKTUK Yy 3aknagax XapyyBaHHS Ta PO3MILLEHHS roTenbHO-
pecTopaHHoro cektopy [lipeHencbkoro niBOCTpOBa 3 METOK BU3HAYEHHs MacwTabiB i xapaktepy iHTerpadii
CTanoro po3BUTKY Ta BUSIBMEHHS CTPYKTYPHMUX i noBediHkoBux 6ap’epis ix peanisadii. [iusanH / Metopn / Miaxia.
BukopncTaHo 3MillaHuin An3anH i3 nmepeBaroto KifbKiCHOro aHKeTyBaHHS MpauiBHWKIB i KMIEHTIB; 3aCTOCOBAHO
OMMCOBY CTaTUCTWKY, t-KpuTepin ana HesanexHux Bubipok i ogHodakTopHnii ANOVA Ans nopiBHAHHS NPaKTUK 3a
TMNOM 3aknagy, pokamu poboTM Ta uYMCenbHICTIO nepcoHany. Pe3ynbratn. BusaBneHo BMCOKUIA piBEHb
iHCTUTYLiOHani3aLjii ynpaBniHHS Bigxoaamu, 36epexeHHs1 Bogu Ta CTanux 3akyniBefnb pa3oM i3 nocnigoBHUMMU,
ane ManoBuTpaTHUMMK 3axodaMn eHeproedeKTUBHOCTI; 3adikcoBaHO CyTTEBI BIAMIHHOCTI MK rotensmu Ta
pectopaHamu, ToAi sik 3a Bikom abo po3mipom 6isHecy BiAMIHHOCTEN He BUABIEHO; NPALiBHUKA OEMOHCTPYIOTh
BMCOKY MOTMBALit0 Ta MNO3MTUBHE CMPUAHATTS 32 0OMexeHOT hopmarnbHOI NiAroTOBKKM, a KMNiEHTU NOBIiAOMNSAOTb
Nnpo MNO3NTUBHE CTaBMEHHS, NPOTe HenocnigoBHY O6I3HAHICTb i HU3bKY TOTOBHICTb CrnavyBaTy 404ATKOBO.
TeopeTuuHe 3HayeHHs. [MokasaHo, WO MiKpo- Ta Mani nignpuemcTsBa BiggaloTb nepesary nparmaTtuyHuM
NMoBefiHKOBMM 3axodaM Hafj KamniTanomiCTKUMW iHHOBaLUisiMu, WO nornubnioe AMCKYCil Mpo po3puB Mk
CTaBrneHHSAM i MOBEAIHKOKW Ta 3anyyeHHs crenkxongepis. lMpakTuyHe 3HaveHHA. OTpumaHi pesynsratu
NPOMOHYIOTb AOPOXHIO KapTy Ans UiNbOBUX Nporpam MigroToBKW nepcoHany, YOOCKOHaneHHs KOMYHiKauinHuX
cTpaTerii 3aans nNigBuLEHHS 00i3HAHOCTI KNIEHTIB i NONITUYHMUX IHTEPBEHLiN AN NIATPUMKM KaniTanomicTkux
iHBECTUUIN y CTaniCTb Ta ceKTopanbHUX cTpaTerin Ansa rotenis i pectopaHis. OpuriHanbHicTb / LliHHiCTb. Lle
ofHe 3 NepLuMx AOChiAXeHb, WO NOEAHYE NepCnekTUBIN NPaLiBHUKIB | KMIEHTIB i3 BUKOPUCTAHHAM CTaTUCTUYHOIO
aHanisy kinbkox cdep cranoro po3suTKy Ha [lipeHelcbkoMy MiBOCTPOBi, CTBOPIOOYM EMMIPUYHO OBI'pYHTOBaHY
KapTWMHY BMNPOBAaKEHHS 3eMeHMX MPakTUK Ha PiBHI Mikpo- Ta manux nignpuemcts. O6mexeHHs /| ManGyTHi
pocnigpkeHHs. Hesenukuii obcsir | BuGipka 0OMEXYOTb y3aranbHEHHS; ManWbyTHi [AOCMIAXEHHS MatoTb
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The global hospitality industry is undergoing a paradigmatic
transformation as both businesses and consumers increasingly rec-
ognise the necessity of embedding sustainability into core opera-
tions to mitigate escalating environmental challenges (Khatter,
2025; Liu et al., 2025). Food and lodging establishments, in partic-
ular, are progressively implementing green practices aimed at re-
ducing their ecological footprint while simultaneously improving
efficiency and competitiveness (Fraisl et al., 2022). Such initiatives
resonate with the broader framework of sustainable development,
which seeks to reconcile economic growth with ecological respon-
sibility (Bangura et al., 2024). Within this context, sustainable hos-
pitality encompasses a wide spectrum of practices, ranging from re-
source conservation, waste reduction, and pollution control to the
institutionalisation of eco-friendly policies that actively engage both
customers and employees (Moise et al., 2021).

Scholarly literature highlights that the sector’s rapid expansion
has significantly contributed to environmental degradation, neces-
sitating urgent shifts towards more sustainable business models
(Ngoc Khuong et al., 2023). Green practices not only reduce opera-
tional costs and environmental damage but also serve as strategic
mechanisms for reputation-building and long-term viability (Cunha
& Krupskyi, 2023). Nevertheless, evidence suggests that the adop-
tion of environmentally friendly technologies and systemic sustain-
ability initiatives remains uneven across regions and market seg-
ments. This disparity is particularly salient in rural hospitality con-
texts, where structural limitations such as financial constraints, lim-
ited human capital, and infrastructural challenges may hinder the
uptake of advanced sustainability practices (Abdou et al., 2020;
Barakagira & Paapa, 2023; Kusa et al., 2023).

The Iberian Peninsula offers a particularly compelling context
for examining these dynamics. Characterised by diverse ecosys-
tems, rich cultural landscapes, and vibrant tourism industries, the
region also faces environmental pressures linked to climate change,
over-tourism, and resource scarcity (Abellan & Garcia Martinez,
2021; Ahmad et al., 2023; S. C. Pascoal & J. E. Pascoal, 2023).
While both Spain and Portugal have committed to ambitious sus-
tainability agendas aligned with the European Green Deal, the prac-
tical implementation of sustainability within the hospitality sector
remains uneven (Feng et al., 2022; Khan et al., 2022).

Rural areas, in particular, often lack the financial and techno-
logical capacity to adopt advanced green practices, despite their re-
liance on natural and cultural assets that are highly sensitive to eco-
logical degradation (Hariadi et al., 2023; Nguyen Thi Huyen et al.,
2025).

Within this landscape, there is a pressing need to evaluate how
food and lodging establishments across the Iberian Peninsula inte-
grate sustainability into their operations. This study addresses this
gap by systematically examining the extent to which these estab-
lishments adopt green practices, assessing their alignment with en-
vironmental objectives, and identifying structural or behavioural
barriers to implementation (Chornobylskyi et al., 2023; Odeyemi et
al., 2024).

By foregrounding the practices and challenges of the hospital-
ity sector in the Iberian Peninsula, this research provides insights of
both regional and international significance. For stakeholders, in-
cluding business owners, policymakers, and local communities, it
offers empirical evidence on how sustainability can be operational-
ised in diverse rural and semi-rural contexts (Anitha Rajathi &
Reshma Parveen, 2024). Furthermore, the findings position the Ibe-
rian Peninsula as a potential model for balancing economic growth
with environmental stewardship, thereby contributing to global dis-
courses on sustainable tourism in ecologically sensitive regions
(Satpathy et al., 2022).

Methodology

This study employed a mixed-methods research design, with
primary emphasis on quantitative, survey-based inquiry, to system-
atically examine the adoption of green practices among food and
lodging establishments in the Iberian Peninsula. Two key respond-
ent groups were purposively targeted:

(a) employees, including managers, supervisors, and frontline
staff, and

(b) customers who regularly patronise these establishments.
Data collection was carried out through structured questionnaires

developed to assess levels of awareness, perceptions, and engage-
ment with sustainability initiatives.

The surveys were administered over two months, from April
to June 2024, using both face-to-face distribution in selected estab-
lishments and digital dissemination via online platforms. This dual
approach was intended to maximise participation, ensure accessibil-
ity, and reduce potential non-response bias (Cunha & Krupskyi,
2023).

For data analysis, descriptive statistics (frequency distributions
and percentages) were employed to profile respondents and estab-
lish baseline levels of awareness and perceptions. To test for signif-
icant differences between independent groups (employees and cus-
tomers), independent-sample t-tests were applied. In addition, one-
way Analysis of Variance (ANOVA) was utilized to compare mean
differences across profile variables with more than two categories
(e.g., years of operation, business size) (Cunha et al., 2024) ANOVA
is a statistical technique that determines whether observed differ-
ences between group means are statistically significant, by analyz-
ing the variance within groups against the variance between groups
(Marroco, 2021; Esa, & Hashim, 2024). This analytical strategy
provided both breadth and depth in identifying patterns of sustaina-
bility practices and offered robust insights into how environmental
initiatives are being integrated within the regional hospitality sector.

Analysis and Interpretation of Results

Characteristics of the Sample Population

Understanding the characteristics of the sample population is
essential to contextualise the findings of this study. By examining
the demographic and organisational attributes of participants, this
section provides insights into the structure of the hospitality sector
in the Iberian Peninsula and highlights factors that may influence
the adoption of sustainable practices. Presenting the composition of
the sample also enhances the transparency and reliability of the re-
search by allowing readers to assess the representativeness of the
data in relation to the broader industry context.

Specifically, this section outlines the distribution of respond-
ents according to type of establishment, years of operation, and
workforce size. These variables are particularly relevant, as the lit-
erature suggests that enterprise type, longevity, and organisational
scale can significantly shape managerial priorities, operational ca-
pacities, and willingness to adopt sustainability initiatives. By situ-
ating the findings within the demographic and operational profile of
the sample, the study ensures a more nuanced interpretation of the
results that follow (Table 1).

Type of Business

The sample consisted of 14 hotels (46.7%) and 16 restaurants
(53.3%), providing a relatively balanced representation of the two
dominant segments of the hospitality sector. This balance is im-
portant because hotels and restaurants may differ in their sustaina-
bility challenges: hotels typically have higher energy and water de-
mands, while restaurants produce greater levels of food-related
waste. The representation of both subsectors ensures that findings
reflect a broader spectrum of hospitality practices within the region
(Table 1).

Years of Operation

Most establishments (66.7%) have been operating for 47
years, indicating a relatively young but stable industry. Only 13.3%
are new entrants (1-3 years), while 20% have been in operation for
over 8 years. This distribution suggests that the sector is still in a
growth and consolidation phase, with many businesses likely adapt-
ing to evolving market trends, including sustainability require-
ments. Younger establishments may be more open to adopting in-
novative green practices, while older ones might face challenges re-
lated to retrofitting infrastructure to meet sustainability standards
(Table 1).

Number of Employees

The vast majority of establishments (93.3%) employ only 46
workers, with just one establishment in each of the 1-3 employees
(3.3%) and 7-10 employees (3.3%) categories. This highlights the
micro-enterprise nature of the hospitality industry in the region. The
predominance of small teams has implications for sustainability:
while limited manpower and resources may restrict the adoption of
capital-intensive initiatives (e.g., solar panels, advanced water treat-
ment), smaller establishments may find it easier to implement low-
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cost, behaviourally driven measures such as waste segregation, en-
ergy conservation, and customer engagement (Table 1).

Table 1 — Frequency and percentage distribution of the profile of the
respondents (Source: created by the author)

Type of Business F %o
Hotel 14 46.70
Restaurant 16 53.30
Total 30 100
Years of Operation

1 —3 years 4 13.30
4 -7 years 20 66.70
Above 8 years 6 20.00
Total 30 100
Number of Employees

1-3 employees 1 3.30
4-6 employees 28 93.30
7-10 employees 1 3.30
Total 30 100

The dataset depicts a hospitality sector that is dominated by
micro- and small-scale enterprises with limited human and financial
resources, but with a relatively balanced distribution between hotels
and restaurants. These structural characteristics suggest that sustain-
ability strategies in the Iberian Peninsula’s hospitality sector are
likely to be pragmatic, cost-effective, and incremental rather than
large-scale or technology-driven. The prevalence of younger estab-
lishments also reflects an evolving industry that may be responsive
to sustainability discourse, particularly if supported by targeted
training, policy incentives, and community engagement initiatives
(Table 2).

can be integrated into daily operations with minimal financial bur-
den. Importantly, guest engagement and staft education (M =4.71)
underscore the role of behavioural change as a central mechanism
for energy efficiency in small-scale establishments.

Moderate-Scoring Practices (Means: 4.25—4.64)

Consistent use of energy-efficient cooking appliances (M =
4.64) and the regular maintenance of energy-efficient appliances (M
= 4.25) reflect an operational-level focus on equipment optimisa-
tion. Natural ventilation strategies (M = 4.25) also illustrate envi-
ronmentally conscious design choices that align with the local cli-
mate and reduce reliance on air conditioning.

Low-Scoring Practices (Means: 3.12-3.17)

By contrast, the adoption of capital-intensive or technologi-
cally advanced practices remains limited. The use of solar energy
(M =3.17) and automated systems such as timers or motion-sensor
lighting (M = 3.12) were reported only “Sometimes.” These results
suggest that while establishments value sustainability, financial and
technical constraints hinder the uptake of higher-cost innovations.
This pattern is consistent with broader literature indicating that
small-scale enterprises often prioritise operationally feasible prac-
tices over long-term technological investments (Table 3).

Table 3 — Water efficiency practices (Source: created by the author)

Water Efficiency Practices Mean DI

The establishment installs low-flow faucets, shower 4.80 Always
heads, and toilets in guest rooms and public areas.

The establishment regularly checks for leaks in pipes,  4.83 Always
faucets, and toilets and repairs them promptly.

The establishment encourages guests to reuse towels  4.33 Always

and linens during their stay to minimise water usage.

The establishment collects and reuses rainwater for non- 4.87 Always
Table 2 — Analysis of Energy Efficiency Practices potable USes, such as landscaping or Cleanmg'
(Source: created by the author) The establishment uses water—efﬁment_cleanmg prac-  4.87 Always
tices and tools, such as mops that require less water.
Energy Efficiency Practices Mean DI Category Mean 4.74  Always
The establishment uses energy-efficient lighting (e.g., 445  Always
LED bulbs) in both guest rooms and dining areas. Interpretation and Implications
The establishment utilises natural ventilation (e.g., open- 4.25  Always The data emphasise that energy efficiency in the Iberian Pen-

ing windows, using ceiling fans) to reduce reliance on air
conditioning in both guest rooms and dining areas.

Solar energy is used for lighting or water heating in the es- 3.17
tablishment's common areas, kitchens, or guest rooms

where feasible.

The establishment reduces energy consumption by using 4.64
energy-efficient cooking appliances (e.g., induction cook-
ers, energy-efficient stoves) in the kitchen and dining area.
Local, sustainable building materials such as bamboo or
wood are used in the construction and renovation of the
establishment to reduce energy consumption.

The establishment promotes energy-saving practices by
encouraging guests to turn off lights, air conditioning, and
electronics when not in use in both guest rooms and dining
areas.

Energy-efficient appliances (e.g., refrigerators, water
pumps, air conditioning units) are regularly maintained to
ensure efficient operation in both lodging and food service
areas.

The establishment limits the use of air conditioning or
electric heaters by optimising natural temperature control
in guest rooms and dining areas.

Energy-saving measures, such as installing timers or sen- 3.12
sors on lights, are implemented in the guest rooms and
dining areas to reduce unnecessary energy use.

The establishment educates both employees and guests
about energy conservation practices and encourages their
participation in minimising energy use.

Category Mean

Some-
times

Always

480 Always

4.80 Always

425  Always

4.85  Always

Some-
times

471  Always

4.67  Always

The findings reveal a strong and consistent commitment to en-
ergy conservation across food and lodging establishments, with an
overall category mean of 4.67 (“Always”). This indicates that en-
ergy-efficient behaviours are widely institutionalised, particularly
those that are low-cost, behavioural, or infrastructural in nature.

High-Scoring Practices (Means: 4.71—4.85)

The highest-rated practices include limiting air conditioning
and heating through natural temperature control (M = 4.85), pro-
moting energy-saving behaviour among guests (M = 4.80), and us-
ing sustainable building materials (M = 4.80). These practices high-
light a preference for practical, non-capital-intensive measures that

insula’s hospitality sector is primarily achieved through behavior-
ally driven and cost-effective strategies rather than through ad-
vanced technological systems. This reliance on pragmatic measures
reflects both the micro-enterprise nature of the establishments (lim-
ited manpower and financial capacity) and the importance of guest
and staff engagement in achieving sustainability outcomes.

For policy and practice, the results point to a need for incentive
schemes, financial support, and training programs to encourage the
adoption of renewable energy and smart technologies. Without such
interventions, sustainability efforts are likely to remain concentrated
in low-cost domains, limiting the sector’s long-term contribution to
regional climate goals.

The results demonstrate a consistently high level of commit-
ment to water conservation across establishments, with an overall
category mean of 4.74 (“Always”). This indicates that water effi-
ciency practices are well institutionalised in the hospitality sector of
the Iberian Peninsula, reflecting both environmental awareness and
operational pragmatism.

High-Scoring Practices (M = 4.83-4.87)

The strongest initiatives include rainwater harvesting and re-
use for non-potable purposes (M = 4.87) and the adoption of water-
efficient cleaning tools (M = 4.87). Regular inspection and prompt
repair of leaks (M = 4.83) further highlight operational discipline
and a preventative approach to water management. These results
suggest that establishments prioritise practices that deliver both en-
vironmental and economic benefits, as reduced water consumption
directly lowers operational costs.

Moderately Strong Practices (M = 4.33—4.80)

The installation of low-flow fixtures (M =4.80) reflects invest-
ment in infrastructural modifications that align with global best
practices in sustainable hospitality. Guest-oriented measures, such
as encouraging towel and linen reuse (M = 4.33), were rated some-
what lower, suggesting variability in guest participation or in the
consistency of establishments’ communication strategies. While in-
frastructural measures are largely embedded, behavioural interven-
tions involving customers appear less reliably enforced, potentially
due to cultural attitudes or concerns about service quality.



40f9

Challenges and Issues of Modern Science
2025, Vol. 4, No. 2, ID 322

Interpretation and Implications

The findings indicate that water conservation is treated as a
core operational priority. Establishments appear to implement prac-
tices that are technically feasible, cost-efficient, and visible, such as
rainwater reuse and low-flow devices, while placing slightly less
emphasis on customer-driven conservation behaviours. This aligns
with existing literature, which suggests that water-saving measures
in hospitality are most effective when combining infrastructural im-
provements with active guest engagement.

Overall, the strong results highlight the proactive role of estab-
lishments in reducing water use, but also reveal untapped potential
in enhancing guest awareness and participation. Policy makers and
industry leaders could strengthen these efforts through training,
signage, and sustainability campaigns that normalise practices like
towel reuse as part of a quality guest experience rather than a cost-
saving compromise (Table 4).

Table 4 — Waste management practices
(Source: created by the author)

Waste Efficiency Practices Mean DI

The establishment implements a comprehensive recycling 5.00  Always
program for paper, plastics, glass, and metals.

The establishment separates organic waste (e.g., food 5.00 Always
scraps) from non-organic waste for composting or dis-

posal.

The establishment uses biodegradable or compostable ma- 4.97  Always
terials for take-out containers and packaging.

The establishment minimises food waste by using portion 4.97  Always
control and repurposing leftovers creatively in the kitchen.

The establishment donates unused, safe food to local char- 3.43  Often
ities instead of throwing it away.

The establishment provides staff with training on waste re- 4.93  Always
duction techniques, such as efficient use of resources and

reducing packaging waste.

The establishment regularly monitors and tracks waste 497  Always
generation and uses findings for reduction and improve-

ment.

The establishment uses bulk purchasing for food and other 4.80  Always
supplies to reduce packaging waste.

The establishment eliminates or reduces single-use plastic 2.78  Some-
items, such as straws, utensils, and bottles, by using alter- times
natives like reusable or paper products.

The establishment encourages guests to participate in 497  Always
waste reduction efforts, such as sorting recyclables or re-

ducing food waste during their stay.

Category Mean 4.90  Always

The data show that waste management is the most consistently
and robustly implemented sustainability dimension, with an overall
category mean of 4.90 (“Always”). This suggests that establish-
ments in the Iberian Peninsula’s hospitality sector have adopted
waste reduction and recycling as central operational priorities, re-
flecting both environmental awareness and regulatory or market-
driven pressures.

High-Scoring Practices (M = 4.93-5.00)

Practices such as comprehensive recycling programs (M =
5.00) and organic waste segregation for composting (M = 5.00)
achieved the maximum rating, indicating near-universal adoption.
Similarly, the use of biodegradable packaging (M = 4.97), portion
control and repurposing of leftovers (M = 4.97), and guest partici-
pation in waste reduction (M = 4.97) highlight a strong operational
and behavioural commitment to minimising waste. These results
suggest that establishments prioritise visible, cost-effective, and cul-
turally acceptable waste strategies, which also align with consumer
expectations of environmentally responsible businesses.

Staff Training and Monitoring (M = 4.93-4.97)

The provision of staff training on waste reduction techniques
(M =4.93) and the systematic monitoring of waste generation (M =
4.97) illustrate institutionalised practices that extend beyond ad-hoc
measures. This reflects a shift towards structured environmental
management systems, where data-driven monitoring informs con-
tinuous improvement.

Moderately Adopted Practices (M = 3.43—4.80)

Bulk purchasing to reduce packaging waste (M = 4.80) is well
integrated, though slightly less universal, likely reflecting differ-
ences in supply chain structures between smaller and larger estab-
lishments. Food donation programs (M = 3.43), however, are less
consistently practised, possibly due to legal restrictions, logistical

challenges, or liability concerns associated with distributing surplus
food.

Low-Scoring Practices (M =2.78)

The weakest area is the reduction of single-use plastics (M =
2.78), which was only “Sometimes” implemented. This result is sig-
nificant given the European Union’s 2021 Single-Use Plastics Di-
rective, which bans or restricts such items. The gap suggests chal-
lenges in transitioning to alternatives, possibly due to cost implica-
tions, supply chain limitations, or resistance from both businesses
and customers accustomed to convenience items.

Interpretation and Implications

Overall, the findings indicate that waste management is a core
strength of sustainable hospitality in the Iberian Peninsula, with
high levels of compliance in recycling, composting, staff training,
and packaging alternatives. However, two critical gaps remain:

(1) underutilization of food donation initiatives, which limits
potential contributions to social sustainability, and

(2) insufficient reduction of single-use plastics, which reveals
a discrepancy between regulatory frameworks and actual industry
practice.

Addressing these gaps requires not only greater enforcement
of environmental regulations but also capacity-building initiatives-
including partnerships with food banks, improved infrastructure for
safe food redistribution, and financial incentives to accelerate the
transition away from plastics. Strengthening these areas would
move establishments beyond cost-driven waste reduction and to-
ward more holistic, socially embedded sustainability practices (Ta-
ble 5).

Table 5 — Sustainable purchasing practices and materials
(Source: created by the author)

Sustainable Purchasing Practices and Materials Mean DI

The establishment prioritises sourcing ingredients and  4.77 Always
products from local suppliers to reduce its carbon foot-

print.

The establishment purchases organic and sustainably ~ 4.63  Always
grown food products whenever possible.

The establishment uses eco-friendly, biodegradable, or 4.80 Always
compostable packaging materials instead of plastic.

The establishment sources seafood and meat products 4.93  Always
from sustainable and ethically responsible suppliers.

The establishment prioritises purchasing cleaning prod- 4.93  Always
ucts that are non-toxic, biodegradable, and environmen-

tally safe.

The establishment reduces single-use plastics by using 4.93  Always
reusable or refillable containers for condiments, toilet-

ries, and beverages.

The establishment buys furniture, fixtures, and décor ~ 2.80 Sometimes
made from recycled, upcycled, or sustainable materials.

The establishment prefers bulk purchasing to minimise 4.20 Often
packaging waste and reduce transportation emissions.

The establishment ensures that paper products (napkins, 4.40 Always
tissue, and menus) are made from recycled or sustaina-

ble sources.

Category Mean 4.69 Always

The results reveal a strong commitment to sustainable procure-
ment, with an overall category mean of 4.69 (“Always”). This indi-
cates that food and lodging establishments in the Iberian Peninsula
are increasingly embedding sustainability into their supply chains,
particularly in areas that directly affect daily operations and cus-
tomer-facing practices.

High-Scoring Practices (M = 4.77—4.93)

The most consistently implemented practices involve sourcing
ethically and sustainably produced inputs. Establishments reported
very high adoption of sustainable seafood and meat sourcing (M =
4.93), the use of non-toxic and eco-friendly cleaning products (M =
4.93), and the reduction of single-use plastics through refillable or
reusable containers (M =4.93). Similarly, reliance on biodegradable
packaging (M = 4.80) and prioritisation of local suppliers (M =
4.77) illustrate strong alignment with both environmental and eco-
nomic sustainability goals. These practices not only minimise eco-
logical impact but also support local economies, thereby reinforcing
community-based sustainability.

Moderately Adopted Practices (M = 4.20—4.63)

The purchase of organic and sustainably grown food (M =
4.63) and bulk procurement to minimise packaging waste (M =
4.20) were rated slightly lower. These results suggest variability in
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market accessibility and cost considerations, as organic and bulk-
purchasing systems often require stronger supplier networks and
upfront investment. Nevertheless, the scores indicate that these
practices are actively pursued, even if not uniformly feasible across
establishments.

Low-Scoring Practices (M = 2.80)

The least adopted practice was the purchase of furniture, fix-
tures, and décor made from recycled or sustainable materials (M =
2.80, “Sometimes”). This gap likely reflects the capital-intensive
nature of sustainable interior investments, where costs are high and
immediate returns are limited. Unlike consumables such as cleaning
products or food, sustainable furnishings require significant long-
term investment, making them less accessible to micro- and small-
scale enterprises that dominate the sector.

Interpretation and Implications

Overall, the findings suggest that establishments prioritise sus-
tainable purchasing where it aligns with operational necessity and
customer visibility, for example, food sourcing, cleaning products,
and packaging. By contrast, sustainability investments in non-core,
high-cost areas (e.g., furniture and infrastructure) remain underde-
veloped. This pattern mirrors broader hospitality trends in which
businesses adopt incremental and low-barrier practices while defer-
ring high-capital expenditures.

The strong results in sourcing and procurement highlight a sec-
tor moving toward responsible supply chain management, yet the
inconsistency in high-cost domains underscores the need for policy
incentives, subsidies, or supplier partnerships to reduce barriers to
adoption. Strengthening sustainable procurement in both consuma-
bles and long-term assets would ensure a more holistic approach,
bridging the gap between everyday operations and long-term envi-
ronmental impact (Table 6).

Table 6 — Awareness level of employees on green practices
(Source: created by the author)

Awareness of employees on Green Practices Mean DI

How familiar are you with green practices imple- 420  Extremely

mented by your establishment? Familiar

How often are you informed about the green initia-  3.87  Very

tives or sustainability practices of the establishment? Familiar

Have you received formal training or information 353 Very

about the green practices of the establishment? Familiar

Category Mean 3.87  Very
Familiar

The results indicate that employees possess a generally strong
awareness of sustainability initiatives within their establishments,
with an overall category mean of 3.87 (“Very Familiar”). This sug-
gests that while employees are knowledgeable about green prac-
tices, there remains scope for strengthening both communication
and formal training mechanisms to deepen engagement.

High Awareness (M = 4.20)

Employees reported being “Extremely Familiar” with the
green practices implemented by their establishments (M = 4.20).
This demonstrates that frontline staff and management are well-in-
formed about operational sustainability measures, likely due to di-
rect involvement in day-to-day implementation (e.g., energy con-
servation, waste segregation, or customer engagement initiatives).

Moderate Awareness and Communication (M = 3.87)

The frequency with which employees are updated on ongoing
initiatives was rated lower (M = 3.87), suggesting that sustainability
communication within organisations is somewhat irregular. While
employees are aware of existing practices, the results indicate a gap
in continuous reinforcement and internal messaging, which may af-
fect motivation and consistency of implementation over time.

Formal Training (M = 3.53)

The lowest score was observed in relation to formal training or
structured information sessions (M = 3.53). This suggests that most
employees acquire knowledge of sustainability informally-through
observation, workplace culture, or ad-hoc instructions-rather than
through systematic capacity-building programs. While sufficient for
general awareness, the absence of structured training limits employ-
ees’ ability to critically engage with or innovate around sustainabil-
ity initiatives.

Interpretation and Implications

Taken together, the data highlight that employee awareness is

broad but shallow: staff know what practices exist but are less fre-
quently engaged in structured learning or systematic communica-
tion about them. This reflects a reliance on practical, experience-
based learning rather than institutionalised sustainability education.

Strengthening formal training programs and ensuring more
consistent communication of sustainability goals could transform
employee awareness into deeper competence and stronger commit-
ment. Literature suggests that when employees are systematically
trained in sustainability, they not only comply more effectively but
also become active contributors to innovation, customer engage-
ment, and the long-term embedding of environmental practices.

The results indicate that customers demonstrate a generally
strong awareness of sustainability measures in hospitality establish-
ments, with an overall mean of 3.93 (“Often”). While awareness is
relatively high, the findings also reveal that visibility and commu-
nication of practices during visits remain inconsistent, limiting the
extent to which customers fully recognise establishments’ sustaina-
bility efforts (Table 7).

Table 7 — Customer Awareness on Green Practices (Source: created
by the author)

Customer Awareness on Green Practices Mean DI
How aware are you of the green practices of the es- 4.23  Extremely
tablishment? Aware

Do you receive information about the green practices 3.77  Often
or sustainability efforts of this establishment during

your visit?

How often do you notice the establishment engaging 3.80  Often
in green practices during your stay?

Category Mean 3.93  Often

High Awareness (M = 4.23)

Customers rated themselves as “Extremely Aware” of green
practices (M = 4.23), suggesting that many enter establishments
with pre-existing knowledge of sustainability principles, likely
shaped by broader societal discourses on climate change and re-
sponsible consumption. This underscores the role of external social
awareness in shaping consumer perceptions even before their direct
experiences with an establishment.

Moderate Awareness Through Communication and Obser-
vation (M = 3.77-3.80)

However, customers reported receiving information about sus-
tainability less frequently (M = 3.77, “Often”) and noticing green
practices during their stay at a similar level (M = 3.80, “Often”).
These results point to a communication gap: while establishments
may be implementing strong sustainability measures, these efforts
are not always visible or effectively communicated to guests. This
could limit the potential of green practices to serve as a differentiat-
ing factor in customer satisfaction, loyalty, and willingness to pay
more—themes widely discussed in sustainable hospitality literature.

Interpretation and Implications

Overall, the data suggest that customers’ awareness is driven
more by general environmental consciousness than by establish-
ments’ communication strategies. This creates a perceptual gap:
practices are in place, but customers are not consistently engaged or
informed about them. This underutilises the opportunity to build
stronger consumer trust and brand differentiation through sustaina-
bility.

To bridge this gap, establishments should adopt proactive com-
munication strategies - such as visible signage, digital campaigns,
and staff-led engagement - to make sustainability efforts more ap-
parent. Research indicates that explicit communication of green
practices not only strengthens customer awareness but also en-
hances satisfaction, loyalty, and willingness to support establish-
ments that are perceived as environmentally responsible (Feng et
al., 2022).

The results reveal an overall category mean of 4.46, indicating
that respondents hold highly positive perceptions of green practices
within their establishments. This suggests that employees and stake-
holders not only recognise the presence of sustainability initiatives
but also perceive them as meaningful, effective, and valuable to
both the environment and the organisation (Table 8).
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Table 8 — Perception of employees on green practices (Source:
created by the author)

Perception of Green Practices Mean DI

How effective do you think the green practices of the 4.53  Extremely
establishment are in reducing its environmental im- Effective
pact?

How important do you think green practices are in im- 4.27  Extremely
proving the reputation and sustainability of the estab- Important
lishment?

How motivated are you to follow the green practices 4.53  Extremely
at work? Motivated
How satisfied are you with the green practices imple- 4.50  Extremely
mented by your establishment? Satisfied

Category Mean 4.46

Perceived Effectiveness and Motivation (M = 4.53)

Respondents rated green practices as “Extremely Effective” in
reducing environmental impact (M = 4.53) and expressed equally
strong motivation to follow these practices at work (M = 4.53). This
dual finding highlights a strong perception—behaviour alignment,
where individuals not only believe in the value of sustainability in-
itiatives but are also personally committed to participating in them.
Such alignment is critical for institutionalising sustainable practices,
as motivation and perceived efficacy are key predictors of long-term
behavioural compliance.

Perceived Importance for Reputation (M =4.27)

The perception that green practices are “Extremely Important”
for enhancing reputation and organisational sustainability (M = 4.27)
reflects a growing recognition of the strategic value of environmental
responsibility. This suggests that respondents view sustainability not
merely as an ecological necessity but also as a reputational asset that
strengthens competitiveness in the hospitality market.

Satisfaction with Practices (M =4.50)

High levels of satisfaction (M = 4.50) suggest that respondents
perceive existing practices as both relevant and adequately imple-
mented. However, satisfaction may also reflect modest expecta-
tions: while establishments are clearly engaging in visible and cost-
effective practices, gaps remain in the adoption of high-capital,
technology-driven solutions (as highlighted in earlier analyses of
energy and purchasing practices).

Interpretation and Implications

Overall, perceptions of green practices are overwhelmingly
positive, suggesting that both employees and stakeholders have in-
ternalised sustainability as a core organisational value. However, the
positivity of perceptions should not obscure structural limitations:
favourable views may coexist with an incomplete or uneven imple-
mentation of advanced practices. These findings underscore the im-
portance of sustaining and expanding organisational communication
and training efforts, as positive perceptions provide a foundation for
deepening engagement. Furthermore, aligning perceived effective-
ness with measurable environmental outcomes will be crucial for
avoiding “greenwashing” risks and ensuring credibility. From a man-
agerial perspective, capitalising on employees’ motivation and satis-
faction offers an opportunity to position them as active ambassadors
of sustainability, enhancing both operational outcomes and customer
perceptions. The results yield an overall category mean of 4.07, re-
flecting a generally positive perception of sustainability initiatives
within hospitality establishments. Customers not only express satis-
faction with green practices but also acknowledge their influence on
loyalty, decision-making, and willingness to pay, albeit with some
limitations (Table 9).

Table 9 — Customers' Perception of Green Practices (Source: created
by the author)

Satisfaction and Experience (M = 4.10—4.37)

Customers reported being “Extremely Satisfied” with environ-
mental practices (M = 4.37) and affirmed that such initiatives en-
hanced their overall experience (M = 4.10). This indicates that sus-
tainability is not viewed as peripheral but rather as a contributor to
service quality and customer value creation. Consistent with service
quality theory (Parasuraman et al., 1988), these findings suggest that
environmental responsibility can be perceived as an integral dimen-
sion of service excellence.

Importance in Decision-Making (M = 4.10)

Customers considered green practices “Very Important” in in-
fluencing their decision to patronise establishments (M =4.10). This
supports the literature on environmentally conscious consumer be-
haviour, which highlights sustainability as an increasingly decisive
factor in hospitality choice (Tennakoon et al., 2024).

Advocacy and Willingness to Pay (M = 3.90)

While customers expressed a “Very Likely” inclination to rec-
ommend establishments based on environmental performance (M =
3.90), their willingness to pay a premium scored the same (M =
3.90), indicating only moderate strength. This reflects a common
challenge in sustainable hospitality: customers value green practices
but may hesitate to bear additional costs, aligning with the well-doc-
umented “attitude—behaviour gap” in sustainable consumption.

Interpretation and Implications

Taken together, customer perceptions reflect a positive but
cautious stance: sustainability enhances satisfaction and influences
loyalty, but financial trade-offs may constrain actual consumer be-
haviour. Establishments may thus find that green practices
strengthen reputation and differentiation, but monetising these ad-
vantages remains challenging unless accompanied by effective
communication strategies that justify the added value.

For practitioners, the findings emphasise the importance of:

1) making green practices visible to strengthen satisfaction and
experience;

2) framing sustainability as added value, not as an optional cost
driver, to overcome resistance to price premiums;

3) leveraging customer advocacy, since positive perceptions
can generate reputational benefits through word-of-mouth and
online reviews.

From a scholarly perspective, the results highlight the need for
further exploration of the value—action gap in sustainable hospitality
and the mechanisms (e.g., transparency, trust-building, certification
schemes) that may encourage customers to translate positive per-
ceptions into stronger financial support.

Type of Business (Hotel vs. Restaurant)

The independent-sample t-test (also known as the two-sample
t-test) is a statistical procedure used to determine whether there is a
significant difference between the means of two independent groups
(Table 10). The test assumes that the two groups are unrelated (in-
dependent) and that each participant or unit belongs to only one of
the groups (Mardco, 2021).

Table 10 — Test of difference on the employees' green practices when
grouped according to profile variables (Source: created by the
author)

Types of Business Mean t-value p-value Decision
Hotel/ Restaurant 2.33 14.21 0.000 Reject Ho
Profile df F P-value  Decision
Year of Operation

Between Groups 2 2.05

Within Group 27

Number of Employees

Between Groups 2 2.58

Customers' Perception of Green Practices Mean DI

How satisfied are you with the environmental prac-  4.37  Extremely
tices implemented by the establishment? Satisfied
How likely are you to recommend the establishment 3.90  Very

to others based on its environmental efforts? Likely
How important are green practices to your decision to 4.10  Very

stay at the establishment? Important
Do you believe that the establishment’s green prac-  4.10  Very Much
tices improve your overall experience during your

visit?

How likely are you to pay more for services at this es- 3.90  Very
tablishment because of its green practices Likely

Category Mean 4.07

For example, in hospitality research, an independent-sample t-
test could be applied to compare whether hotels and restaurants dif-
fer significantly in their adoption of green practices. Here, “type of
establishment” defines the two groups, and the outcome variable
(e.g., mean sustainability score) is compared across them.

The logic of the test is straightforward: it examines the ratio
between the difference in group means and the variability of scores
within each group (Mardco, 2021). If the observed difference be-
tween group means is large relative to the variability, it is unlikely
to have occurred by chance, and the null hypothesis (Ho: there is no
difference between groups) is rejected.
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Formally, the test statistic is expressed as:
X-X;
s2 (n—11+niz)

Where X; and X, are the sample means of the two groups; 1
and n, are the sample sizes; Sg is the pooled variance, representing
the average variability within the two groups (Maroco, 2021).

If the calculated #-value exceeds the critical value at a chosen
level of significance (e.g., p <.05), the result indicates a statistically
significant difference between the two groups.

Assumptions

The independent-sample t-test relies on three key assumptions:

1) independence of observations — the two groups are inde-
pendent.

2) normality — the dependent variable is approximately nor-
mally distributed within each group.

3) homogeneity of variances — the variances of the two groups
are equal (tested using Levene’s Test).

If these assumptions are violated, alternative tests such as
Welch’s t-test or non-parametric methods (e.g., Mann—Whitney U
test) can be used (Mar6co, 2021).

In this study, you used the independent-sample t-test to test
whether hotels and restaurants differed significantly in their sustain-
ability practices. The results showed a significant difference (t =
14.21, p <.001), meaning that business type influences sustainabil-
ity adoption.

The independent-sample t-test revealed a statistically signifi-
cant difference between hotels (M = 2.33) and restaurants, with a t-
value of 14.21 and a p-value 0f 0.000 (p < 0.05). The null hypothesis
(Ho) was therefore rejected. This finding suggests that hotels and
restaurants differ significantly in their adoption of environmentally
friendly practices. Given the higher operational complexity and re-
source consumption of hotels (e.g., greater energy and water use,
more diverse service offerings), it is plausible that hotels exhibit dif-
ferent levels of engagement with sustainability compared to restau-
rants, which may prioritise waste reduction and local sourcing due
to food-focused operations.

Years of Operation

The one-way Analysis of Variance (ANOVA) is a statistical
technique used to determine whether there are significant differ-
ences among the means of three or more independent groups
(Marbéco, 2021). Unlike the independent-sample t-test, which is lim-
ited to two groups, ANOVA extends the comparison to multiple cat-
egories of a single independent variable (or “factor”).

For example, in this study, one-way ANOVA was employed to
test whether sustainability practices varied significantly according
to the years of operation (1-3 years, 4—7 years, and above 8 years)
or the number of employees (1-3, 4-6, 7-10).

The logic of ANOVA is based on partitioning the total variation
in the data into two components:

— between-groups variance — variation explained by differ-
ences in group means (the effect of the independent variable);

— within-groups variance — variation due to random error or
individual differences within each group (Mar6co, 2021).

The test produces an F-ratio, which is the ratio of the variance
between groups to the variance within groups:

__ Mean Square Between Groups

t= (1)

@

If the calculated F-value is sufficiently large, and the associ-
ated p-value is below the chosen level of significance (e.g., p <.05),
the null hypothesis (Ho: all group means are equal) is rejected, indi-
cating that at least one group mean differs from the others.

Assumptions

1. Independence of observations — groups are independent of
one another.

2. Normality — the dependent variable is approximately nor-
mally distributed within each group.

3. Homogeneity of variances — the variances across groups are
equal (commonly assessed with Levene’s Test).

When the assumption of equal variances is violated, a more
robust test such as Welch’s ANOVA may be applied (Mardco,
2021).

In this research, one-way ANOVA was used to test whether
differences in green practices existed across categories of years of

Mean Square Within Groups

operation and number of employees. Results indicated no statisti-
cally significant differences (p = 0.15 for years of operation; p =
0.09 for number of employees). This means that sustainability adop-
tion was not influenced by how long establishments had been in op-
eration or by their workforce size, but rather shaped by other con-
textual or sectoral factors.

A one-way ANOVA was conducted to examine differences in
green practices across establishments grouped by years of operation
(1-3 years, 4-7 years, and above 8 years). Results showed F (2,27)
= 2.05, p = 0.15, indicating no statistically significant differences.
Thus, the null hypothesis was accepted. This suggests that the length
of time an establishment has been in operation does not significantly
influence its adoption of green practices. The result implies that sus-
tainability efforts are being adopted regardless of organisational ma-
turity, possibly due to shared external drivers such as regulatory
frameworks, consumer expectations, or cost-saving imperatives.

Number of Employees

The Analysis of Variance (ANOVA) is a statistical procedure
used to test whether there are significant differences in the means of
two or more independent groups. Whereas a t-test is limited to com-
paring two means, ANOVA allows researchers to assess differences
across multiple groups simultaneously, thereby reducing the risk of
Type I error that would occur if multiple t-tests were run inde-
pendently.

The basic principle of ANOVA is to compare the amount of
variance between groups (caused by the independent variable) with
the amount of variance within groups (caused by random error or
individual differences) (Mardco, 2021). The test produces an F-ra-
tio, calculated as:

__ Variance Between Groups
" variance Within Groups

)

— Alarge F-ratio (with a p-value <.05) indicates that at least
one group mean differs significantly from the others.

— A small F-ratio (with a p-value > .05) suggests that
observed differences are likely due to random variation rather than
a systematic effect.

Assumptions

1. Independence of observations — the groups being compared
are independent.

2. Normality — the dependent variable is normally distributed
within each group.

3. Homogeneity of variances — the variances of the groups are
equal (often tested with Levene’s Test).

If these assumptions are violated, more robust alternatives
such as Welch’s ANOVA or non-parametric tests (e.g., Kruskal—
Wallis test) can be used.

One-Way vs. Other ANOVAs

— A one-way ANOVA tests for differences in means across
categories of a single factor (e.g., years of operation: 1-3, 4-7,
above 8 years).

— More complex designs include two-way ANOVA (testing
for interactions between two factors) or repeated measures
ANOVA (used when the same subjects are measured under
different conditions).

Application in This Study

In this research, a one-way ANOVA was applied to examine
whether sustainability practices differed significantly across groups
based on years of operation and number of employees. The results
indicated that neither factor had a statistically significant effect (p
=.15 and p = .09, respectively). This suggests that sustainability
adoption is not determined by organisational age or workforce size,
but is likely shaped by other factors such as business type, regula-
tory environment, or consumer expectations.

Similarly, the ANOVA results for the number of employees re-
vealed F (2,27) = 2.58, p = 0.09, which is also not statistically sig-
nificant at the 0.05 level. The null hypothesis was accepted. This
finding indicates that establishment size, as measured by workforce,
does not significantly differentiate levels of sustainability adoption.
The predominance of micro- and small-enterprises in the sample
may explain this outcome, as most establishments have similar staff
sizes (typically 4-6 employees), limiting variability between
groups.

Interpretation and Implications

The inferential analysis demonstrates that the type of business
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is the only factor that significantly differentiates sustainability prac-
tices. Hotels and restaurants appear to engage in green practices dif-
ferently, likely reflecting sector-specific demands and operational
structures. By contrast, years of operation and workforce size do not
significantly affect adoption, suggesting that sustainability is not
merely a function of experience or scale, but instead is shaped by
broader contextual factors.

From a managerial perspective, these findings suggest that sec-
tor-specific interventions may be more effective than generalised
training programs. For instance, hotels may require tailored strate-
gies that address energy and water conservation, while restaurants
may benefit from stronger support in reducing food waste and pro-
moting sustainable sourcing. Policymakers and industry associa-
tions could design differentiated sustainability frameworks to ad-
dress the unique challenges and opportunities of each subsector.

Results, Interpretation, and Implications

The findings of this study provide a comprehensive picture of
how food and lodging establishments in the Iberian Peninsula oper-
ationalise sustainability. The respondent profile revealed that the
sector is dominated by micro- and small-sized enterprises, with
most businesses employing between four and six workers and oper-
ating for four to seven years. The sample included both hotels and
restaurants in relatively equal proportion, ensuring representation
across the two main sub-sectors. These structural features contextu-
alise the results: limited manpower and financial resources constrain
the adoption of capital-intensive innovations, while the relatively
young age of most establishments reflects a sector still consolidat-
ing its practices but showing agility in adopting low-cost, behav-
iourally oriented measures.

Across the four domains of sustainability practices, the results
demonstrate a strong orientation toward environmental responsibil-
ity, though with varying degrees of intensity. Energy efficiency
practices were widely implemented, with establishments making
consistent use of LED lighting, natural ventilation, and guest en-
gagement strategies. These practices indicate a pragmatic reliance
on cost-effective solutions that are easily integrated into daily oper-
ations. However, more capital-intensive measures such as solar en-
ergy systems and automated sensors were only occasionally
adopted, underscoring the structural barriers faced by small enter-
prises. Water efficiency practices were similarly robust, with rain-
water collection, leak monitoring, and low-flow fixtures widely
used. While towel and linen reuse programs were also in place, they
were less consistently adopted, suggesting that customer-facing in-
itiatives remain a relative weakness compared to infrastructural and
operational measures.

Waste management emerged as the strongest domain, with
comprehensive recycling and composting programs, staff training,
and guest involvement all scoring near universal adoption. The
practices not only reflect a strong institutionalisation of waste re-
duction but also indicate alignment with both environmental and
cost-saving imperatives. Yet, food donation programs and the reduc-
tion of single-use plastics were notably weaker, revealing persistent
challenges linked to legal restrictions, logistical barriers, and adap-
tation to regulatory changes such as the European ban on single-use
plastics. Sustainable purchasing also scored highly, especially in the
sourcing of ethical and eco-friendly products, biodegradable pack-
aging, and non-toxic cleaning supplies. However, long-term invest-
ments in sustainable furniture and fixtures were rarely made, reflect-
ing the capital intensity of such initiatives and the difficulty of pri-
oritising them in resource-constrained enterprises.

Beyond operational practices, the study also examined levels
of awareness and perception among employees and customers. Em-
ployees demonstrated a moderate-to-high level of awareness of sus-
tainability practices, though much of this knowledge appeared to be
acquired informally rather than through structured training. While
they were generally very familiar with practices, the relatively low
score for formal training highlights a gap in capacity building. De-
spite this, employee perceptions were overwhelmingly positive:
they viewed green practices as highly effective in reducing environ-
mental impact, as important for reputation, and reported strong mo-
tivation and satisfaction with their adoption. Customers, in turn, ex-
pressed strong general awareness of sustainability but reported only
moderate recognition of practices during their visits, revealing a
communication gap. Although they valued sustainability as part of

their experience and decision-making, their willingness to pay more
for environmentally responsible services remained limited, con-
sistent with the well-documented attitude—behaviour gap in sustain-
able consumption.

Inferential analysis further clarified the patterns. Significant
differences were found between hotels and restaurants, suggesting
that sustainability adoption varies by subsector, likely reflecting dif-
ferent operational demands and cost structures. However, no signif-
icant differences were observed by years of operation or number of
employees, indicating that sustainability practices are not dependent
on organisational maturity or scale but are instead shaped by exter-
nal drivers such as regulatory frameworks, consumer expectations,
and cost-saving imperatives.

Taken together, the findings highlight that sustainability in the
Iberian Peninsula’s hospitality sector is rooted in pragmatic, cost-
effective practices rather than advanced technological investments.
Waste management emerged as the strongest domain, followed by
water conservation, sustainable purchasing, and energy efficiency,
the latter being limited by reliance on low-cost measures. Employ-
ees demonstrated strong motivation and positive perceptions, while
customers expressed satisfaction but revealed lower levels of visi-
bility and weaker financial commitment. These dynamics illustrate
that sustainability has been embraced as a core organisational value
but remains uneven in implementation and communication.

The implications are twofold. From a theoretical perspective,
the study supports existing scholarship that emphasises the predom-
inance of behaviourally driven, low-cost initiatives in small-scale
enterprises and contributes to debates on the value—action gap by
illustrating the disjunction between customer appreciation of sus-
tainability and their limited willingness to pay. From a practical per-
spective, the findings underscore the need for capacity building
through formal training for employees, stronger communication
strategies to increase customer awareness, and policy interventions
to support capital-intensive investments such as renewable energy
and sustainable infrastructure. Sector-specific strategies are also
necessary: hotels require targeted support for energy and water man-
agement, while restaurants may benefit from greater focus on food
waste reduction and sustainable sourcing.

In sum, the hospitality sector in the Iberian Peninsula demon-
strates both readiness and commitment to sustainability, but its pro-
gress is constrained by structural limitations and inconsistent com-
munication. To transition from incremental, cost-saving actions to
transformative change, a more systemic approach is needed that
aligns business practices with policy incentives, technological inno-
vation, and customer engagement. Only through such coordinated
efforts can the sector fully contribute to regional and global sustain-
ability goals.

Conclusions

This study examined the adoption of green practices among
food and lodging establishments in the Iberian Peninsula, providing
a comprehensive account of sustainability initiatives across energy
efficiency, water conservation, waste management, and sustainable
purchasing. The results reveal that while the hospitality sector is
strongly engaged with environmentally responsible practices, im-
plementation is uneven and shaped by structural, financial, and
communicative constraints. Waste management and water conser-
vation emerged as the most consistently applied domains, reflecting
practices that are both cost-effective and operationally feasible. In
contrast, energy efficiency and sustainable procurement showed
gaps, particularly in capital-intensive areas such as renewable en-
ergy systems and sustainable infrastructure.

The analysis further demonstrated that employees possess high
levels of motivation and positive perceptions toward green prac-
tices, though their awareness is often developed informally and not
reinforced through systematic training. Customers, meanwhile, ex-
pressed satisfaction with and recognition of sustainability efforts,
but their awareness during visits was limited by weak communica-
tion strategies, and their willingness to pay a premium for environ-
mentally responsible services remained modest. Together, these
findings underscore the persistence of the “value—action gap” in
sustainable hospitality, in which stakeholders express support for
sustainability but are hesitant or unable to translate this support into
consistent behavioural or financial commitment.

Statistical analysis confirmed that differences in sustainability
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adoption are more strongly associated with the type of establish-
ment (hotels versus restaurants) than with organisational size or
years of operation. This suggests that sustainability strategies must
be sector-specific, addressing the unique operational and environ-
mental challenges of different hospitality formats.

Theoretically, this study contributes to scholarship on sustain-
able hospitality by reinforcing the argument that micro- and small-
enterprises adopt pragmatic, low-cost sustainability measures rather
than advanced technological solutions. It also provides empirical
evidence on how employee perceptions and customer awareness in-
teract with organisational practices, enriching debates on stake-
holder engagement and sustainable consumer behaviour. Practi-
cally, the findings highlight the need for targeted capacity-building

through formal training, improved communication strategies to en-
hance customer recognition of sustainability initiatives, and policy
frameworks that provide financial incentives for high-cost innova-
tions such as renewable energy and sustainable furnishings.
Ultimately, the Iberian Peninsula’s hospitality sector demon-
strates readiness and commitment to sustainability, but its potential
remains constrained by resource limitations and communication
gaps. To advance beyond incremental, cost-saving practices, a sys-
temic approach is required that integrates business operations, cus-
tomer engagement, and supportive public policy. Strengthening
these interconnections will enable the sector not only to contribute
more effectively to regional and global sustainability goals but also
to position itself as a model of environmentally responsible hospi-

tality in ecologically sensitive contexts.
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Purpose. This pilot study aims to explore the perceived effectiveness of artificial intelligence (Al) and human
interaction models within a university-affiliated sample, focusing on U.S. retail banking customer satisfaction and
service excellence. Design / Method / Approach. The pilot study involved 50 participants from a university
community—U.S. retail banking customers affiliated with Wright State University. A structured survey was
conducted, and data were analyzed using descriptive statistics, predictive analytics, ANOVA, regression analysis,
and t-tests to assess satisfaction levels, response times, and service preferences. Findings. Results indicate that
human interaction consistently outperformed Al, with an average satisfaction score of 4.14 compared to 3.56 for
Al (p<0.05). Male participants rated Al higher, whereas females preferred human interaction. Regression analysis
revealed that Al satisfaction was primarily influenced by service consistency (p=0.035, R?=0.176), while human
satisfaction was driven by personalized service (p=0.009, R?>=0.220). These results suggest that empathy and
personalization remain central to service excellence, while Al's consistency can enhance operational efficiency.
Theoretical Implications. The findings contribute to understanding the human-Al service trade-off by integrating
behavioral and demographic dimensions into service design. Practical Implications. The study recommends
enhancing the consistency of Al-driven systems and investing in employee training programs to strengthen
empathy and personalization, which together foster loyalty and customer trust. Originality / Value. This work
empirically substantiates the dual path toward technological efficiency and human-centric empathy, highlighting
hybrid Al-human approaches as optimal for banking economics. Research Limitations / Future Research.
Limited sample size and homogeneity restrict generalization; future research should employ larger,
demographically diverse samples and longitudinal designs to explore mediating factors such as trust and cultural
context. Article Type. Exploratory Research / Pilot Study.
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MeTta. Lle ninotHe AOCnigXeHHA CNpsSIMOBaHE Ha BWBYEHHS CMPUMHATOI edeKTMBHOCTI mogenen B3aemogii
wTyyHoro iHTenekTy (LUI) Ta nmioamHn y BMGIpLi, MOB’A3aHIN 3 YHIBEPCUTETCHKUM CepefoBuLLEM, i3 (DOKYCOM Ha
3a0BONEHOCTI KNieHTIB po3apibHoro 6aHkiHry CLUA Ta gockoHanocTi o6cnyroByBaHHs. AusanH / Metopa / Mipxia.
MinotHe pocnimkeHHa oxonuno 50 y4acHWKIB YHIBEPCUTETCBKOI CMiNbHOTU — KMiEHTIB po3apibHoro GaHkiHry
CWA, nos’aizaHnx 3 YHiBepcuteTtom PaiTa. [poBegeHO CTPYKTypOBaHe aHKeTyBaHHHA, a OTpuWMaHi AaHi
npoaHarni3oBaHO i3 3aCTOCYBaHHAM OMMCOBOI CTaTUCTUKM, NpeaukTuBHOI aHanituku, ANOVA, perpecinHoro
aHanisy Ta t-TecTiB 4ns OUiHIOBaHHS PiBHIB 3240BOMIEHOCTI, Yacy pearyBaHHs Ta ynogobaHb y CEpBICHNX MOAENSIX.
Pesynbratun. BussneHo, wo B3aemopis 3 niogbmu ctabinbHo nepesuye edekTuBHicTb LUI: cepepnin 6an
3apgoBoreHocTi ctaHoBuB 4,14 npotu 3,56 ans WI (p<0,05). Yonogiku ouiHoBanu LI Buwmmn 6anamu, Togi sk
XiHKM HagaBanu nepesary nIOACbKIM B3aemopii. PerpecinHui aHanisa nokasas, WO 3agoBoneHictb LI
BM3HaA4YaeTbCA Hacamnepes nocnigoBHicTio ob6cnyroByBaHHA (p=0.035, R2=0.176), Tomi sk ntoacbka
3a0BOrNeHiCTb — nepcoHanizoBaHuM nigxogoM (p=0.009, R2=0.220). OtpumaHi pesynsratu csigyaTtb, LIO
emMnaria Ta iHgmBigyanisauis 3anvwarTbCa KIoYOoBUMN AN BUCOKOI IKOCTI cepBicy, a nocnigosHicTe LI cnpuse
nigBuLLEHHIO edhekTUBHOCTI npoLeciB. TeopeTuyHe 3Ha4YeHHs. [locnigXeHHst NornMbntoe po3yMmiHHA KOMMIPOMIcy
MiX noacbkum i LLI-o6cnyroByBaHHAM, BpaxoByHYM MOBEAIHKOBI Ta AemMorpadivHi YMHHUKM Yy MPOEKTYBaHHI
cepsici. MpakTnyHe 3Ha4YeHHA. PekoMeHaoBaHO MiABUWUTY NOCMIAOBHICTL po6oTn cuctem LUI Ta iHBecTyBaTH
y NiAroToBKY NepcoHany Anst po3BUTKY emnarTii 1 nepcoHaniaoBaHoro 06CnyroByBaHHsi, L0 pa3oM 3MiLHIOE 4OBipY
Ta nosiNbHiCTb KnieHTiB. OpuriHanbHicTb / LiHHicTb. Pob6oTta Hagae emnipuyHi nigTBepa)KeHHs1 AOUiNbHOCTI
NnoeaHaHHS TEXHONOrYHOI e(peKTUBHOCTI 3 NMIOACHKOK eMnartieto, NigKpecniowyn nepesaru ribpugHoro nigxony
«noguHa — LWI» gnsa 6aHkiBcbkoro cektopy. O6MexeHHA gocnigkeHHs / ManbyTHi aocnipkeHHs. O6MeXeHiCcTb
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The exaggerated adoption of Artificial Intelligence (AI)-
driven technologies in U.S. retail banking represents a double-
edged sword for the national economy (McKinsey & Company,
2021). In fact, businesses rely on Al with the expectation that it will
boost efficiency and significantly reduce operational costs; how-
ever, a key concern remains: the ultimate impact on customer satis-
faction. This question is particularly relevant in areas where human
touch, empathy, personalization, and understanding are essential
(Deloitte Network, 2024). This research investigates the effective-
ness of Al versus human interaction in retail banking, focusing on
their influence on customer satisfaction and service excellence. Ad-
ditionally, this study addresses a persistent concern for the U.S.
economy: harmonizing technological advancement with customer-
centric service delivery.

Literature Review

The increasing adoption of Al technologies in retail banking
has fundamentally transformed service delivery models (Scheffler
& Puczyk, 2025). While Al implementations demonstrate measura-
ble improvements in operational efficiency and cost reduction (Pat-
tanayak, 2021), customers continue to express a preference for hu-
man interaction in complex service scenarios (Huang & Rust,
2022). This preference is particularly evident in emotionally sensi-
tive banking interactions, such as loan applications and financial
counseling (Huang & Rust, 2022). Current research identifies key
demographic variations in technology acceptance, with younger
male customers showing greater comfort with Al-driven services
compared to older age groups (Méndez-Suarez et al., 2023). Gender
differences are especially pronounced, with female customers con-
sistently rating human interactions higher across all age ranges
(Ameen et al., 2021). These findings align with broader service lit-
erature emphasizing the importance of emotional intelligence in
customer satisfaction (The Contentstack Team, 2024).

Al systems currently excel in routine transactions but face
challenges in addressing nuanced customer needs that require em-
pathy and judgment (Huang & Rust, 2022). Emerging hybrid mod-
els that strategically combine Al efficiency with human empathy
show promise for optimizing service delivery and customer satis-
faction (Huang & Rust, 2022).

Methodology

Data Collection

A survey was conducted among participants from Wright State
University’s Raj Soin College of Business, focusing on key metrics
such as customer satisfaction, response time for Al and human in-
teraction, and service preferences. The survey combined quantita-
tive measures with qualitative feedback to capture personal experi-
ences where Al-driven technology and human interaction play roles
in the U.S. retail banking system.

Data Cleaning

Survey responses were rigorously cleaned to eliminate incom-
plete or irrelevant entries, ensuring the reliability of the results. Nu-
merical responses were coded to facilitate statistical analysis. In-
sights derived from the analysis informed actionable recommenda-
tions aimed at supporting economic efficiency in the future of the
U.S. retail banking industry.

Analytical Approach

To examine the effectiveness of Al versus human interaction
in U.S. retail banking, a comprehensive five-stage analytical ap-
proach was employed. This approach integrates descriptive and in-
ferential statistics with data visualization techniques to systemati-
cally evaluate customer satisfaction, response times, service prefer-
ences, and their broader economic implications.

Descriptive Statistics were first applied to summarize central
tendencies (means, standard deviations) and distributions of key
variables, including customer satisfaction trends, response times,
and preference distributions. This stage provided foundational in-
sights into service dynamics and allowed identification of patterns
in the data without making inferential claims, forming the basis for
subsequent analyses.

ANOVA (Analysis of Variance) was used to compare mean
satisfaction levels between Al and human interactions. The F-statis-
tic, calculated as

__ between-group variance

within-group variance ’

was employed under the null hypothesis of equal means, with as-
sumptions of normality and homogeneity of variance verified using
Levene’s test. This analysis identified the optimal balance of service
delivery to enhance customer loyalty and informed recommenda-
tions on critical factors contributing to economic stability in the
banking sector.

Regression Analysis examined the relationship between re-
sponse time and customer satisfaction. Multiple linear regression
models were fitted, e.g.,

Satisfaction = B, + f; (Response Time) + ¢,

where 8 coefficients represent the change in satisfaction per unit
change in the predictor. Assumptions of linearity, independence, ho-
moscedasticity, and normality of residuals were verified using scat-
terplots, Durbin-Watson tests, and Q-0 plots. The coefficient of de-
termination R?quantified the variance explained, while p-values as-
sessed the significance of each predictor at « = 0.05. This stage
provided insights into how operational competence impacts eco-
nomic outcomes in the banking sector.

t-tests were conducted to compare preferences for empathy
and personalization between Al and human services. Independent
samples #-tests, calculated as

M;—M,

BN GIEECID)
assuming equal variances confirmed by an F-test, were comple-
mented with effect size calculations (Cohen’s d) to evaluate practi-
cal significance. This analysis highlighted the economic importance
of trust and relationship-building in financial markets and quantified
differences in customer perception between Al and human interac-
tions.

Finally, Data Visualization consolidated graphical and tabular
representations of all findings, including bar charts (e.g., Figure 1
for satisfaction by demographics), which facilitated clear interpre-
tation of trends and supported data-driven decisions to improve ser-
vice delivery and economic efficiency. All analyses were conducted
in R (version 4.3.1), with significance defined at p < 0.05. The sur-
vey instrument is detailed below.

Self-Reflection on Research Scope

The present pilot study was designed to explicitly lay the
groundwork for foundational insights and a methodological proof-
of-concept in a specific university context. While future research
would benefit from an enlarged and more diverse sample, including
additional variables such as 'trust,’ and more extensive statistical
analyses, these elements were beyond the practical and conceptual
scope of this initial investigation. The present work thus represents
a critical first step, laying necessary groundwork for more extended
research programs.

Survey Questionnaire

The following questionnaire aims to capture participants’ ex-
periences and perceptions of Al and human interactions in U.S. re-
tail banking.

1. Demographic Information

— Age group: 18-22/22-29/30-39.

— Gender: Male / Female.

2. Please rate the following statements on a scale of 1-5 (1 =
Strongly Disagree, 5 = Strongly Agree):

— Q1 _a: Al is efficient in handling banking queries.

— Q1 _b: Human representatives provide personalized ser-
vice.

— Q1 _c: Al responses are consistent.

— Q1 _d: Human representatives demonstrate empathy.

— Q2: I am satisfied with Al interactions overall.

— Q3: I am satisfied with human interactions overall.

— Q4 _a: Human interactions offer convenience and speed.

— Q4 _b: Human interactions provide personalized service.

— Q4 _d: Human interactions demonstrate empathy and
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understanding.

— Q5_a: Al response time is satisfactory.

3. Open-ended question:

— Describe your experiences with Al and human banking in-
teractions.

Results

This section presents the findings of the study, organized ac-
cording to the three research questions. The analysis examines cus-
tomer satisfaction with AI and human services, evaluates feedback
on service efficiency and responsiveness, and explores preferences
regarding empathy, personalization, and human-centric engagement
in U.S. retail banking. The following subsections summarize both
quantitative and qualitative insights from the survey, highlighting
patterns in satisfaction, performance, and preferences.

Research Question 1: Customer Satisfaction

This section evaluates overall customer satisfaction with both
Al-driven and human interactions in U.S. retail banking services.

Based on survey responses, a comparative analysis was con-
ducted to examine satisfaction levels with Al-enabled automated
services and human-assisted interactions across different age and
gender groups.

The results indicate a consistent pattern: human interactions
were generally rated higher than Al interactions, regardless of de-
mographic category. As shown in Figure 1, the bar chart presents
the mean satisfaction scores (on a 1-5 scale) for Al (Q2) and human
(Q3) interactions across age—gender subgroups, demonstrating the
persistent advantage of human engagement in perceived service

quality.

5
4
B Average of Q2
3 Al Satisfaction
2
B Average of Q3
1 Human Satisfaction
0
0-22 22-29 30-39
Male Male Male
5
4
B Average of Q2
3 Al Satisfaction
2
B Average of Q3
1 Human Satisfaction
0
0-22 22-29 30-39
Female Female Female

Figure 1 — Measuring Customer Satisfaction: Evaluate overall
satisfaction with both AI and human interaction (Source: Author)

The analysis of survey data reveals clear demographic patterns
in perceived satisfaction with Al-based and human-based services
in U.S. retail banking. The results are summarized across three an-
alytical dimensions: age-based movements, gender-based vari-
ances, and a grand total summary supported by regression analy-
sis.

1. Age-Based Movements

For respondents aged 0-22, the overall satisfaction score for
Al services was 3.2, slightly lower than the 3.6 recorded for human
interaction. Within this group, males rated both AI (3.33) and human

(3.6) interactions higher than females (3.0 for AI and 3.5 for hu-
man).

Among participants aged 22-29, a more distinct satisfaction
gap emerged. The average Al satisfaction score was 3.45, while hu-
man interaction reached 4.09. Males in this group expressed greater
satisfaction with Al (4.0) than females (3.33), whereas females re-
ported substantially higher satisfaction with human interaction
(4.22) compared to males (3.5).

For the 30-39 age group, Al satisfaction increased slightly to
3.65, but human satisfaction remained higher at 4.24. Here, males
rated human interaction at 4.29 and females at 4.18, while their eval-
uations of Al services were nearly identical (3.59 and 3.71 respec-
tively).

2. Gender-Based Variances

Across all age categories, males generally rated Al-driven ser-
vices higher than females, with one exception: in the youngest
group (0-22), females expressed slightly higher satisfaction with
human interaction. Conversely, females consistently rated human
interaction higher in both the 0-22 and 30-39 cohorts, confirming
a gender-linked tendency toward valuing empathy and personaliza-
tion.

3. Grand Total Summary

When aggregated across all demographic segments, the mean
satisfaction score for Al services was 3.56, compared with 4.14 for
human interactions. This overall difference demonstrates a statisti-
cally and practically meaningful preference for human-based cus-
tomer service in retail banking environments.

The regression model presented in Table 1 (Regression Statis-
tics for Al Satisfaction) further supports these findings. The model
yielded R? = 0.176, indicating that 17.6% of the variance in Al sat-
isfaction can be explained by the predictors included. The analysis
was statistically significant (F(3,46) = 3.28, p = 0.029), with con-
sistency emerging as the most influential predictor (f=0.176, p =
0.035). This suggests that the perceived reliability of Al systems
plays a key role in shaping overall satisfaction levels.

The statistical outcomes reveal a consistent trend indicating
that human interactions are generally evaluated more positively
than Al-based interactions, with an average difference of 0.58 points
across all respondent groups. Notable variations in satisfaction
emerge when disaggregated by age and gender, particularly within
the 22-29 age group, where males tend to assign higher satisfaction
scores to Al interactions, whereas females provide higher ratings for
human interactions. Overall, males demonstrate slightly greater sat-
isfaction with Al services, while females describe more favorable
experiences with human-assisted interactions.

Research Question 2: Customer Feedback Assessing

To assess customer feedback, the study examined how Al and
human interactions are perceived in terms of satisfaction, efficiency,
consistency, and response time, providing a basis for evaluating
overall experience.

Based on the survey responses, regression analysis was per-
formed on Al satisfaction, efficiency, consistency, and response
time. This analysis provided a better image on overall experience.
Consistency significantly improves satisfaction, while efficiency
shows a marginal impact, and response time has no meaningful ef-
fect. The Al model (R* = 17.6%) was statistically significant overall
(p =0.029). R* (17.6%) clarifies that 18% of the differences in cus-
tomer satisfaction with Al are explained by this model. The signifi-
cance F' (0.029) indicates that the overall model is statistically sig-
nificant, meaning the three factors—Efficiency, Consistency, and
Response Time influence—combined have a real impact on satis-
faction. Key takeaways are that consistency is the most important
factor for improving customer satisfaction, efficiency might also
help but its impact is less clear because it is not statistically signifi-
cant in this analysis, and response time does not seem to affect sat-
isfaction much, based on this data.

The analysis of the impact of Personalization and Empathy on
satisfaction with human interaction identified empathy as margin-
ally significant, while personalization showed no meaningful im-
pact.

The analysis examines how human personalization and human
empathy impact satisfaction with human interaction. The regression
model explains 8.1 % of the variation in satisfaction (R? = 0.081),
but the overall model is not statistically significant (F'=0.137, p >
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0.05), indicating that the combination of Personalization and Empa-
thy does not reliably predict satisfaction at a conventional signifi-
cance level. As shown in Table 2 (Regression Statistics for Human
Satisfaction), empathy demonstrates marginal significance (f =
0.248, p = 0.054), suggesting a slight positive effect on satisfaction,
whereas the negative coefficient for personalization indicates a

Table 1 — Regression Statistics for AI Satisfaction (Source: Author)

Regression Statistics

potential adverse effect and warrants further investigation into mul-
ticollinearity or contextual factors.

Key Takeaways. Empathy might have a slight positive effect
on satisfaction, while personalization seems to have a negative ef-
fect on satisfaction.

Multiple R 0.419580592
R Square 0.176047874
Adjusted R Square 0.122311865
Standard Error 0.632294157
Observations 50
ANOVA

df SS MS F Significance F
Regression 3 3.929388538  1.309796179 3.276162099 0.029264788
Residual 46 18.39061146  0.399795901
Total 49 22.32

Coefficients _ Standard Error _t Stat P-value Lower 95% Upper 95%  Lower 95.0% Upper 95.0%
Intercept 1.771441719 0.675844419  2.621079154 0.011840515 0.411037462  3.131845976 0.411037462  3.131845976
Q1 a- Al Efficiency 0.18267135  0.094086339  1.941528937 0.058333969 -0.006714628 0.372057328 -0.006714628 0.372057328
Q1 c - Al Consistency 0.176184345 0.08115173 2.171048524 0.035123112 0.012834384  0.339534306 0.012834384 0.339534306
Q5 a-AlResponse Time  0.156891371 0.140985822  1.112816659 0.271568881 -0.126898369 0.44068111  -0.126898369 0.44068111
Table 2 — Regression Statistics for Human Satisfaction (Source: Author)
Regression Statistics
Multiple R 0.284613343
R Square 0.081004755
Adjusted R Square 0.041898575
Standard Error 0.713282139
Observations 50
ANOVA

df SS MS F Significance F
Regression 2 2.107743733  1.053871866 2.07140544 0.137360451
Residual 47 23.91225627  0.50877141
Total 49 26.02
Coefficients _ Standard Error t Stat P-value Lower 95%  Upper 95% Lower 95.0% Upper 95.0%

Intercept 3.751624884 0.539195357  6.957821203 9.47073E-09 2.66690374  4.836346027 2.66690374  4.836346027

Q1 b - Human Personalization -0.148096565 0.118110212

-1.253884503 0.216084969 -0.385703663 0.089510534 -0.385703663 0.089510534

Q1 _d - Human Empathy 0247910864 0.125371175  1.977415165

0.053876103 -0.004303409 0.500125136 -0.004303409 0.500125136

Comparative Analysis of Al and Human Interaction — Cus-
tomer Satisfaction includes metrics comparison, predictor analysis,
and ANOVA tables. Table 3, Figure 2 summarizes model fit, high-
lighting Al's superior predictive power (higher R? and significance).
The R-squared values indicate that Al interactions clarify 17.6% of
the variance in satisfaction levels, while human interactions clarify
only 8.1%. This indicates that the AI model is better at predicting
satisfaction. The adjusted R-squared values show that Al still per-
forms better than the human model. The significance F-values indi-
cate that the Al model has a statistically significant overall model (p
< 0.05), whereas the human models are not statistically significant
(p=0.1374).

Table 3 — Summary of Model Fit Metrics (Source: Author)

efficiency (Q1_a) in Al interactions is positive, but its p-value
(0.0583) is slightly above the conventional significance threshold,
indicating a weak but positive relationship with satisfaction. Con-
sistency (Q1 _c) in Al interactions is statistically significant (p =
0.0351) and represents a strong driver of satisfaction.

Response time (Q5_a) metrics for Al are not significant (p =
0.2716), suggesting that response time might not strongly influence
Al satisfaction levels. Regarding human interactions, the coefficient
for personalization (Q1 _b) is negative and not significant (p =
0.2161), implying that personalization may not strongly predict sat-
isfaction. Empathy (Q1_d), however, shows marginal significance
(p = 0.0539), indicating that empathy plays a somewhat important
role in satisfaction with human interactions.

Table 4 — Predictor Analysis (Source: Author)

Metric Al Value Human Value
R-Squared 0.176 0.081 Factor Model  Coefficient P-Value Significant?
Adjusted R-Squared 0.1223 0.0419 Efficiency (Q1 a) Al 0.1827 0.0583 No
Significance F 0.0293 0.1374 Consistency (Q1 c¢) Al 0.1762 0.0351  Yes
Response Time (Q5_a) Al 0.1569 0.2716  No
R-Squared Comparison - Al & Human Interaction Personalization (Ql b) Human -0.1481 0.2161 No
squared Empathy (Q1 d) Human  0.2479 0.0539  Marginal

0.12

0.14 0.16

Figure 2 — Summary of Model Fit Metrics (Source: Author)

Table 4, Figures 3—4 details predictors, confirming consistency
as the sole significant factor for Al (p < 0.05). The coefficient for

Predictor Coefficients Comparisen - Al & Human Interaction

Figure 3 — Predictor Coefficient Comparison (Source: Author)
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P-Values for Significance - Al & Human Interaction

0.1
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Figure 4 — P-Values for Significance (Source: Author)

For the Al satisfaction metric (Table 5), the F-value of 3.2762
with a p-value of 0.0293 confirms that the model is statistically sig-
nificant, indicating that the predictors—efficiency, consistency, and
response time—collectively explain satisfaction well. In contrast,
for the human interaction metric, the F-value of 2.0714 with a p-
value of 0.1374 suggests that the predictors—personalization and
empathy—are not strong enough to explain satisfaction signifi-
cantly.

Table 5 —Detailed ANOVA Table (Source: Author)

Model df SS MS F-Value Significance F
Al 3 3.9294 1.31 3.2762 0.0293
46 18.391 0.4
Total 49 22.32
Human 2 2.1077 1.054 2.0714 0.1374
47 23912 0.509
Total 49 26.02

Table 6 — Regression for AI Preferences (Source: Author)

Regression Statistics

Research Question 3: Customer Preferences

The purpose of this analysis is to understand customer prefer-
ences between Al and human interaction in retail banking branches,
focusing on empathy, understanding, response time, and human per-
sonalization. A regression analysis was conducted to explore the in-
fluence of empathy, response time, and personalization on Al satis-
faction. According to Table 6 (Regression for Al Preferences), the
results show R? = 0.041 and F(3,46) = 0.66 with p = 0.580, in-
dicating weak predictive power.

The R?value of 4.14 % suggests that only about 4% of the var-
iance in Al satisfaction is explained by the model, implying that
other factors, such as trust in Al or user expectations, may play a
more significant role. The model significance value of 0.58 con-
firms that it is not statistically significant, meaning empathy, re-
sponse time, and personalization cannot strongly predict Al satis-
faction. The empathy coefficient (0.0024) and its high p-value
(0.984) further demonstrate that empathy has minimal impact
within this dataset.

A key observation from this pilot study was the inconsistent
effect of the personalization variable across different regression
models (see Table 2 versus Table 7). Whereas in the initial model
personalization was a non-significant predictor of human satisfac-
tion, in the broader preferences model it became a significant posi-
tive predictor. This contradiction emphasizes the methodological
complexity of measuring this construction and points to a critical
area for refinement in further research. It suggests that the relation-
ship between personalization and satisfaction can be highly sensi-
tive to other variables in the model - a phenomenon that should be
further investigated with a larger, more diverse sample.

Multiple R 0.20336433
R Square 0.041357051
Adjusted R Square -0.021163142
Standard Error 0.682019231
Observations 50
ANOVA
df SS MS F Significance F
Regression 3 0.923089374  0.307696458 0.661499097 0.579967056
Residual 46 21.39691063  0.465150231
Total 49 22.32
Coefficients _ Standard Error t Stat P-value Lower 95%  Upper 95% Lower 95.0% Upper 95.0%
Intercept 2.583344052 0.794889478  3.249941186 0.002161458 0.983314521 4.183373584 0.983314521 4.183373584
Q4 _d - Empathy & Understanding  0.002391384 0.116565658  0.020515336 0.98372101 -0.232243117 0.237025884 -0.232243117 0.237025884
Q5 _a - Al Response Time 0.136346932 0.155225877  0.878377591 0.384304004 -0.176106552 0.448800416 -0.176106552 0.448800416

Q1 b - Human Personalization 0.120415749 0.103819976

1.159851442 0.252094134 -0.088563024 0.329394522 -0.088563024 0.329394522

Key Takeaways.Al satisfaction is likely influenced by factors
beyond empathy, response time, and personalization. Elements such
as accuracy, reliability, or even trust in the Al system could be more
significant in determining customer satisfaction.

Another regression analysis was conducted to examine how

human empathy, convenience and speed, personalized service, and
empathy and understanding influence human satisfaction in the U.S.
retail banking system. A few key points from that analysis are pre-
sented below. Table 7 presents the results indicating R? = 0.220,
F(4,45) = 3.18, and p = 0.022, with personalization found to be
statistically significant (8 = 0.316,p = 0.010). The R?value of
22.02% demonstrates that the model explains about 22% of the var-
iance in human satisfaction, suggesting that certain unaccounted
factors may also influence this outcome. The significance value F =
0.0221 confirms that the overall model is statistically significant,
implying that the factors included are meaningfully related to satis-
faction levels.
Key Takeaways. Human touch plays a notably significant role in
determining human satisfaction. In contrast, human empathy as well
as empathy and understanding exhibit weak and statistically insig-
nificant effects, indicating that they are not critical within this
model. Similarly, convenience and speed do not appear to exert a
significant impact on satisfaction.

Comparative Analysis of Al and Human Interaction — Cus-
tomer Experiences. To achieve a clearer understanding of the

comparison between Al and human interaction, a comparative anal-
ysis was carried out to identify which factors better predict customer
experiences. Table 8, Figure 5 compares overall model fit, empha-
sizing the human model’s stronger correlation (higher Multiple R
and R?). The Multiple R value for Al is 0.2034, which is lower than
the Human Multiple R value of 0.4693, meaning human interactions
have a stronger overall correlation with customer satisfaction. R-
Square for Al is 0.0414, while for Human Interaction it is 0.2202,
meaning the Al and Human models explain 4.14% and 22.02% of
the variance in customer satisfaction, respectively. The Adjusted R-
Square for Al is negative (— 0.0212), suggesting that the Al model
is unfit here, whereas the Human model has a positive Adjusted R-
Square (0.1509).

Table 9, Figure 6 confirms the significance of the human
model (p = 0.022), in contrast to the AI model (p = 0.58). The Al
model has an F-value of 0.6615 with a Significance F of 0.5800,
indicating that it is not statistically significant. In comparison, the
human model shows an F-value of 3.1777 with a Significance F' of
0.0221, which is statistically significant. This means that human in-
teractions have a meaningful impact on customer satisfaction,
whereas Al interactions do not.

Table 10, Figures 7-8 analyzes the regression coefficients,
highlighting the importance of personalization in human satisfac-
tion (p <0.01). For the Al model, the intercept is statistically signif-
icant (p = 0.0022), while other factors—such as Empathy &
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Understanding (Q4_d) and Al Response Time (Q5_a)—have non-
significant p-values, indicating that they do not notably influence
customer satisfaction. This may imply that satisfaction with Al

depends more on the correctness of outcomes than on emotional or
temporal aspects.

Table 7: Regression for Human Preferences (Source: Author)

Regression Statistics

Multiple R 0.469307789
R Square 0.220249801
Adjusted R Square 0.150938672
Standard Error 0.671467715
Observations 50
ANOVA
df SS MS F Significance F
Regression 4 5.730899828  1.432724957 3.177697508 0.022076267
Residual 45 20.28910017  0.450868893
Total 49 26.02
Coefficients _Standard Error t Stat P-value Lower 95%  Upper 95% Lower 95.0% Upper 95.0%
Intercept 2.977028355 0.842351138  3.53418927 0.000959684 1.280446072 4.673610637 1.280446072 4.673610637

0.142870111 0.113817726
Q4 a - Convenience & Speed -0.119646168 0.135803144
Q4 b - Personalized Service 0.315858923 0.117419221

1.255253609 0.215866235 -0.086370556 0.372110778 -0.086370556 0.372110778
-0.881026493 0.382984977 -0.393167741 0.153875405 -0.393167741 0.153875405
2.690010376 0.009989059 0.079364472 0.552353374 0.079364472 0.552353374

Q1 d - Human Empathy

Q4 _d - Empathy & Understanding -0.064905441 0.118868068

-0.546029238 0.58774282

-0.30431802 0.174507138 -0.30431802 0.174507138

Table 8 — Summary of Model Fit Metrics (Source: Author)

Metric Al Value Human Value
Multiple R 0.2034 0.4693
R-Square 0.0414 0.2202
Adjusted R-Square -0.0212 0.1509
Standard Error 0.682 0.6715
Observations 50 50

R-Squared Comparison - Al & Human Internaction

R-Squared

Adjusted R-Squared

Significance F

Figure 5 — R-Squared Comparison (Source: Author)

For the human model, Personalized Service (Q4 b) emerges
as the only significant predictor of satisfaction, with a positive co-
efficient of 0.3159 and a p-value of 0.00999, showing a clear posi-
tive impact on satisfaction. In contrast, Human Empathy (Q1_d) and
Convenience & Speed (Q4_a) are not statistically significant (p =
0.2159 and 0.3830, respectively), suggesting that these factors exert
minimal influence on customer satisfaction.

Table 9 — ANOVA Summary (Source: Author)

Model df SS MS F-Value Significance F
Al 3 09231 0.308  0.6615 0.58

46 21.397  0.465
Total 49 2232

df SS MS F-Value Significance F
Human 4 57309 1433 3.1777 0.0221

45 20.289 0451
Total 49 26.02

ANOVA Summary Comparison - Al & Human Interaction

F-Value ® Signifi

Figure 6 — ANOVA Summary Comparison (Source: Author)

Coefficients and Predictor Analysis Comparison - Al & Human Interaction

ce & Speed (

standing (Q4

Figure 7 — Coefficients and Predictor Analysis Comparison
(Source: Author)

P-Values for Significance Comparison - Al & Human Interaction

Human

Figure 8 — P-Values for Significance Comparison (Source: Author)

Discussion

The assessment of customer satisfaction encompassed both
Al and human interactions. Given that Al satisfaction consistently
scores lower, further investigation into user preferences and the in-
herent limitations of Al-based interactions appears warranted, par-
ticularly within the context of the U.S. retail banking system. Addi-
tionally, considering demographic strategies—such as accounting
for age and gender—may enhance the design of both Al systems
and human-centered services.

These demographic patterns are consistent with findings re-
ported by Méndez-Suarez et al. (2023), which support the imple-
mentation of segmented service strategies: Al solutions may be
more effective for efficiency-driven younger male cohorts, whereas
human interactions remain preferable for empathy-oriented female
and older customer groups. Such differentiation could optimize eco-
nomic outcomes, including customer loyalty.

Notably, younger males tend to rate Al performance higher, in-
dicating greater openness or comfort with Al-driven technologies.
Future studies should further examine the comparative quality of Al
and human interactions, with particular focus on Al’s conversational
competence and its effectiveness in problem-solving.
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Table 10 — Coefficients and Predictor Analysis (Source: Author)

Factor Model Coefficient Standard Error t Stat P-Value Yes
Intercept Al 2.5833 0.7949 3.25 0.0022 No
Empathy & Understanding (Q4 d) Al 0.0024 0.1166 0.021 0.9837 No
Al Response Time (Q5_a) Al 0.1363 0.1552 0.878 0.3843 No
Human Personalization (Q1 b) Human 0.1204 0.1038 1.16 0.2521 No
Human Empathy (Q1 _d) Human 0.1429 0.1138 1.255 0.2159 No
Convenience & Speed (Q4 a) Human -0.1196 0.1358 -0.881 0.383 Yes
Personalized Service (Q4_b) Human 0.3159 0.1174 2.69 0.00999 No
Empathy & Understanding (Q4 d) Human -0.0649 0.1189 -0.546 0.5877
Assessing Customer Feedback: AI or Human. Customer Limitations

feedback was assessed in terms of satisfaction with Al and human
interactions, focusing on efficiency, consistency, and response time,
which together shape the overall experience. The analysis empha-
sizes the need to improve consistency in Al-driven technologies and
services, as this factor has the strongest and most reliable impact on
satisfaction. Attention should also be given to efficiency, since it
represents an area with potential for improvement.

Comparative Analysis of Al and Human Interaction. In the
comparative context, Al-driven technologies in the U.S. retail bank-
ing system should concentrate on improving efficiency and re-
sponse time to enhance overall customer satisfaction. At the same
time, organizations may invest more in employee training to
strengthen empathy, which is approaching significance and could
foster better development of human interaction—related services.

The regression results (Tables 1-2) underscore the role of con-
sistency in Al models (R? = 0.176) compared with personalization
in human models (R* = 0.220), supporting hybrid approaches
(Huang & Rust, 2022) that balance cost efficiencies with relational
value in banking economics.

Conclusions

Drawing on large-scale studies of U.S. retail banking, human
contact continues to hold a significant advantage in delivering cus-
tomer satisfaction over Al-based services by 0.58 points. This dis-
tinction is demographically sensitive, with a clear preference for hu-
man contact among women across all age ranges, with those aged
30-39 showing the strongest preference (mean = 4.24), whereas
young men (22-29) are more tolerant of Al. Drivers, in turn, further
elucidate this difference: Al effectiveness is most correlated with
consistency, whereas human effectiveness is strongly correlated
with individualized service, with empathy itself bordering on statis-
tical significance. Economically, the far greater explanatory power
of human interaction (R* = 22% versus 4% for Al) suggests that un-
derlying forces such as trust and relationship building dispropor-
tionately influence customer loyalty. Thus, for policymakers and
bankers the road ahead is twofold: optimizing Al for uniformity in
automated systems and investing in human capital to provide hyper-
personalized service, particularly for key demographic segments.
Finally, as Al brings incremental efficiency benefits, the findings
endorse that human connection remains the primary driver of in-
creased satisfaction, implying a hybrid future—consistent with the
"Caring Machine" concept—where technology enhances human
emotional intelligence rather than replacing it to foster loyalty and
economic security (Huang & Rust, 2022).
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Purpose. The article explores conflicting approaches to pricing in the context of consumer welfare, in particular
assessing the economic, psychological and behavioural aspects of the impact of price on consumers' sense of
fairness, satisfaction and happiness. The main objective is to stimulate scientific discussion on the
conceptualisation of the category of ‘price welfare’ and to propose a new analytical framework for interdisciplinary
analysis. Design / Method / Approach. Within the discussion format, a critical literature review method was used,
covering more than 20 peer-reviewed publications over the past two decades. Classic and modern models of
price assessment from the perspective of welfare are compared, and the evolution of concepts of price fairness,
rationality, and hedonic reactions is analysed. Findings. The article demonstrates that there is no single universal
logic for the formation of consumer welfare in the field of pricing. Different types of prices - personalised, fair,
differentiated - have an ambiguous impact on emotional, behavioural and economic reactions. A ‘price triangle of
welfare’ is proposed, combining market efficiency, psychological perception and social legitimacy of price.
Theoretical Implications. The material deepens the understanding of the concepts of price ethics and welfare
in the context of the interdisciplinary intersection of economics, behavioural sciences and social philosophy.
Practical Implications. The proposed framework can be applied in shaping companies' pricing policies,
assessing the impact of personalised pricing on consumers, and providing analytical support for government
consumer protection policies. Originality / Value. For the first time, three approaches to pricing have been
structurally integrated with a focus on consumer happiness, allowing new hypotheses to be formulated regarding
the role of price as a driver of well-being. Research limitations / Future research. The work does not contain its
own empirical research, but instead offers conceptual foundations for future quantitative measurement of the
impact of price on well-being. It needs to be expanded in the context of regional differences and cross-cultural
perceptions of price. Article type. Discussion paper.
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MeTta. CtaTtTs gocnigKye cynepeynusi Nigxoam Ao LiHOYTBOPEHHS B KOHTEKCTi CNoXuB4oro 4obpobyTy, 3okpemMa
OLIHIOE EeKOHOMIiYHi, MCKXOMoriYHi Ta MOBEeAiHKOBI acnekTy BNNMBY UIHW Ha BigyyTTs CnpaBeanuBoCTi,
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Pricing as an economic mechanism determines the availability
of goods and services and significantly influences consumer deci-
sions in a competitive market. Basic pricing models focus on behav-
iour through supply and demand and profit maximisation. In recent
years, interdisciplinary approaches linking the price formation pro-
cess to subjective consumer well-being have been increasingly de-
veloped (Kallus & Zhou, 2021; Diadyk & Danylenko, 2023). This
creates a new platform for discussion: what dilemmas arise when
prices begin to affect happiness and life satisfaction.

Contemporary research argues that price fairness plays a sig-
nificant role in user perception. The perception of a fair price indi-
rectly shapes satisfaction (Livia & Hendratmoko, 2024) and can in-
fluence loyalty (Dinanti et al., 2024). These results are important
from a behavioural economics perspective because they demon-
strate that market decisions have psychological consequences. At
the same time, research on personalised pricing shows that price dif-
ferentiation can violate fairness, reducing consumer welfare (Dop-
per & Rasch, 2024; Dubé & Misra 2023; Houba et al., 2022).

This discussion is becoming increasingly important in light of
the emergence of digital technologies that enable price personalisa-
tion. Such technologies create both benefits for firms in the form of
revenue and potential risks to consumer welfare through percep-
tions of unfairness (Kallus & Zhou, 2021; Faizi, 2025; Turatti,
2025). In this context, research that examines pricing dilemmas in
the context of consumer welfare is highly relevant to the interdisci-
plinary dialogue between economic, behavioural and social sci-
ences. This work outlines a central question: how do different
pricing approaches (traditional versus personalised) shape percep-
tions of fairness, behavioural responses, and subjective well-being?

Economic approach: the consumer in the optimal
pricing system

Economic pricing theory has long viewed price as a neutral
transmitter of information that ensures equilibrium between supply
and demand. Starting with the classical models of Walras and Mar-
shall, researchers assumed that under conditions of perfect compe-
tition, price acts as a fair and effective tool for resource allocation
(Arrow & Debreu, 1954). Within the neoclassical paradigm, welfare
was understood as the sum of marginal utilities, the maximisation
of which is directly related to the quantity of goods purchased at a
given price. This became the basis for numerous models of optimal
pricing, including price discrimination models designed to exhaust
consumer surplus in favour of the producer (Varian, 1987).

The emergence of digital technologies and the growth of data
volumes have significantly transformed traditional approaches. Al-
gorithmic personalized pricing offers a new logic of well-being
based not only on universal access to goods, but also on the ability
of technologies to adapt prices to the individual purchasing power
of consumers (Kallus & Zhou, 2021). These models allow for the
creation of ‘individual surplus,” which theoretically optimises utility
for each consumer individually. However, this idealised picture ig-
nores a number of ethical, regulatory, and informational constraints.
These aspects are the focus of contemporary research, which shows
that personalised pricing often contradicts the principles of distrib-
utive justice and creates asymmetry in access to goods (Chen, 2021;
Chen et al., 2021; Coleff & Rubbini, 2023).

Classic critics of the economic approach emphasised that wel-
fare cannot be reduced to the market: it is shaped by moral, political
and institutional factors (Sen, 1995). In particular, the criticism of
first-degree price discrimination models is that, although they en-
sure efficiency from the producer's point of view, they do not guar-
antee the social legitimacy of pricing policy, especially in the health,
transport or energy sectors (Stole, 2007; Sharashenidze et al., 2025).
Contemporary welfare theorists emphasise the need to consider so-
cial benefits, mutual consent and procedural fairness in the assess-
ment of pricing practices (Fleurbaey, 2009; Ferranna et al., 2024).
This leads to a shift in emphasis from maximising utility to analys-
ing the fair distribution of welfare, which becomes particularly im-
portant in the context of algorithmic demand management.

Taking these evolutionary shifts into account, a new analytical
task arises: to rethink the very essence of price as a carrier of value
in the digital age. In response to the limitations of neoclassical mod-
els, an ethical-economic framework is proposed that combines the
instrumental efficiency of price with its normative dimension. Ac-
cording to this framework, consumer welfare is formed not only on

the basis of purchasing power, but also through the perception of
fairness, transparency and participation in pricing decisions. In such
a model, the market price ceases to be a ‘neutral value’ and acquires
the meaning of a social signal, which is interpreted through the
prism of trust, experience, and moral expectations.

Psychological approach: price as a cognitive and
emotional stimulus

The psychological approach to pricing radically reinterprets
the role of price in the consumption process. Unlike the economic
paradigm, where price is seen as an objective variable, in psychol-
ogy it is viewed as a subjective informational and emotional cate-
gory. These ideas were first substantiated within the theory of cog-
nitive evaluation, according to which price can serve as a sign of
quality, risk or status (Monroe & Krishnan, 1985). It was established
early on that consumers often do not perceive price in absolute
terms, but instead use relative assessments based on previous expe-
rience, comparison and expectations.

The concept of price fairness plays a key role in modern psy-
chological analysis, which is studied through the prism of emotional
response. A price is considered unfair not only when it is too high,
but also when the balance between effort and reward is disturbed,
or when comparison with other consumers causes feelings of depri-
vation (Kahneman et al., 1986; Makedon et al., 2022). Experimental
studies show that perceiving a price as unfair reduces the level of
satisfaction with a purchase, weakens the emotional connection
with the brand and, in some cases, causes a feeling of deception
even when the deal is rationally advantageous (Xia et al., 2004).

Contemporary psychological literature focuses on the relation-
ship between price judgement, emotions and life satisfaction. It has
been proven that price reactions are primarily affective, and that it
is the emotional valence of the price, rather than its level, that is the
key factor in shaping well-being (Livia & Hendratmoko, 2024). It
has also been established that the perception of price fairness is
closely correlated with satisfaction and overall consumer happiness,
even under identical purchase conditions (Dinanti et al., 2024).

At the same time, the psychological approach is not without
controversy. Its strength lies in its sensitivity to context, but it is this
flexibility that complicates the formalisation of models and hinders
normative use. Most experiments are conducted in laboratory con-
ditions, where simulated situations may not reflect real preferences
(Grewal et al., 1994). In addition, there is a cultural problem: per-
ceptions of price fairness or unfairness can vary significantly be-
tween countries or consumer groups, calling into question the uni-
versality of conclusions.

Nevertheless, the psychological approach is key to construct-
ing new hypotheses about well-being, particularly through the con-
cept of emotional price effectiveness. Within this model, price is
seen as a self-regulatory tool capable of evoking feelings of control,
predictability, or social recognition. Thus, price ceases to be merely
a sign of loss and instead becomes a means of identity, status, and
belonging. The psychological model allows us to link pricing strat-
egies not only to behaviour but also to long-term emotional well-
being - something that often escapes the attention of economists.

Behavioural approach: systematic deviations
from rationality in the perception of prices and
happiness

The behavioural approach to pricing and consumer welfare is
based on the assumption of systematic cognitive biases that distort
both economic thinking and emotional satisfaction. The basic pos-
tulates of classical economics, according to which consumers max-
imise utility based on stable preferences, are being revised as a re-
sult of discoveries in behavioural economics, which began with the
work of Tversky and Kahneman. In particular, it has been shown
that consumers are prone to the endowment effect, the anchoring
effect, the framing effect, and representation heuristics (Tversky &
Kahneman, 1974), which has direct implications for price percep-
tion.

From a behavioural point of view, price is not a stable charac-
teristic of a product, but rather is subject to subjective interpretation
depending on how it is presented. For example, Ariely's (2008) re-
search shows that even absurd initial anchors can change
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consumers' willingness to pay. In turn, presenting a price as a dis-
count, membership fee, or donation can lead to radically different
assessments of fairness and well-being. Thus, the behavioural ap-
proach reveals price as a manipulative resource that affects happi-
ness not so much through financial loss as through the cognitive
framing of the transaction.

Contemporary behavioural literature pays particular attention
to the effect of hedonic adaptation, according to which the satisfac-
tion derived from purchases or discounts is temporary (Frederick &
Loewenstein, 1999). This calls into question the permanence of the
link between lower prices and long-term consumer happiness. Con-
versely, some studies (Das et al., 2023) show that conscious over-
payment, when consumers pay more for charitable purposes or for
the sake of principle, contributes to higher levels of satisfaction and
well-being. The behavioural paradox is that consumers do not al-
ways want to pay less - they want to pay fairly, meaningfully and in
a socially significant way.

At the same time, it is important to note that the behavioural
approach avoids universal laws and instead offers a multitude of

situational scenarios. This is its weakness: the explanatory power of
individual effects is often contextual and not always replicated in
experimental studies (Wells et al., 2017). Moreover, the abuse of
pricing heuristics can lead to manipulation by the seller, which can
potentially harm well-being, even if the consumer is not aware of
this at the time of purchase.

The behavioural approach requires improvement of the theo-
retical framework, which would combine cognitive distortions with
emotional valence and social expectations. The introduction of the
concept of price reflexivity - the consumer's ability to critically re-
flect not only on the amount of expenditure but also on its symbolic,
moral and identity implications - is promising. In this context, price
is no longer just an object of subconscious reaction - it becomes an
instrument of active self-expression that influences long-term pa-
rameters of well-being, such as dignity, autonomy and moral satis-
faction.

Table 1 compares approaches to pricing in the context of eco-
nomic well-being according to various criteria, clearly demonstrat-
ing the differences between theoretical approaches.

Table 1 — Comparison of pricing approaches in the context of consumer welfare (Source: created by the author)

Criterion Economic approach

Psychological approach

Behavioural approach

Maximizing efficiency through balancing
supply and demand; optimizing welfare

Key goal

Formation of a positive perception of
price; support of emotional comfort

Taking into account real patterns of con-
sumer behaviour, taking into account dis-
tortions

Attitude towards justice Justice as a result of the competitive
mechanism; market equilibrium

Subjective sense of justice; important role Justice as a result of context, framing, ex-
of interpersonal comparison

pectations, and cultural norms

Not taken into account, considered irrele-
vant for modelling

Taking into account
emotional reactions

Emotions are a key channel for price to in- Emotions are considered to be the result of
fluence satisfaction

cognitive distortions and interpretations

Regulatory sensitivity
competition

Low: the market is self-regulating through Medium: allows for price intervention to
maintain trust

High: demand for consumer protection
from manipulative pricing strategies

The ontological nature
of price

Objective, market value, carrier of value

Subjective information cue related to ex-
pectations

A design sensitive to presentation, context,
and bias

Key welfare variable

Consumer surplus

Emotional satisfaction, perception of jus-
tice

Feeling of control, social acceptance,
avoidance of dissonance

Focus on the time hori-

Short-term exchange efficiency

Medium-term impact on loyalty

Long-term impact on self-identity and

zon

moral satisfaction

Weaknesses Ignores subjectivity and moral legitimacy

ability

Complexity of formalization; cultural vari- High contextuality; difficulty in reproduc-

ing effects

Typical application area Energy, competitive markets
ucts

Services, brands, socially significant prod- E-commerce, charitable models, media,

markets with social resonance

Potential threat to wel-

fare tion

Monopoly, excessive discrimination, infla- Failure to consider expectations and cul-
tural differences

Manipulation, abuse of heuristics, framing

Political implications
tition

Minimum regulation; emphasis on compe- The role of ethical branding and educa-
tional programs

The need for regulatory protection

The table illustrates a systematic comparison of three ap-
proaches to pricing - economic, psychological and behavioural -
through the prism of their impact on consumer welfare. The gener-
alization of the data allows us to highlight the differences between
them not only in key variables and time horizon, but also in the ways
of interpreting the nature of the price itself. If the economic perspec-
tive treats price as an objective market value, then the psychological
one endows it with a subjective dimension related to trust and emo-
tional reaction, while the behavioural one emphasizes its construc-
tive and contextual nature. These differences shape different models
of welfare: from an emphasis on consumer surplus (economic ap-
proach) to emotional satisfaction and perception of justice (psycho-
logical approach) and a sense of control and social recognition (be-
havioural approach).

The economic approach mostly operates with long-term mod-
els oriented towards equilibrium and efficiency, which allows to
predict macroeconomic consequences, but it often ignores situa-
tional changes in consumer behaviour. The psychological approach,
on the other hand, focuses on the short-term dimension, emphasiz-
ing the role of trust, emotions and cognitive reactions to prices. Its
weakness lies in the limited generalization of the results - excessive
attachment to the cultural and individual context makes it difficult
to form universal conclusions. The behavioural approach occupies
an intermediate time horizon, taking into account both instant reac-
tions (for example, the “anchor” effect or the frame effect) and cu-
mulative social patterns that manifest themselves in the medium
term. Its weakness is the instability of the results: in different envi-
ronments the same mechanisms can lead to opposite effects, which
reduces the accuracy of the forecast. In general, the economic per-
spective provides systematicity, but is too abstract; the psychologi-
cal one deepens the understanding of individual perception, but is

too fragmented; behavioural combines contextuality and flexibility,
but is prone to over-reliance on empirical cases.

In economic logic, welfare is considered as a function of the
efficiency of resource allocation, but its potential limitation is that
social justice and inequality are left out of the model. This creates a
political implication in which government decisions tend to gravi-
tate towards market liberalization and deregulation, and correction
instruments (subsidies, price controls) are interpreted as distortions.
In the psychological approach, welfare is limited by the emotional
and cognitive ability of the consumer to respond adequately to
prices: excessive complexity of tariffs or manipulative pricing prac-
tices can reduce trust and undermine the feeling of welfare. The po-
litical implications of this approach are rather statist, as they require
the state to create a regulatory framework to protect the consumer
from information overload and psychological distortions. The be-
havioural approach reveals potential limitations in the form of social
norms and collective biases: group effects can increase inequality
and stimulate irrational copying of other people's decisions, which
limits individual welfare even in formally competitive markets. In
political terms, this leads to hybrid implications: some policies grav-
itate towards soft interventions ("nudges", information campaigns),
while others require direct intervention to prevent mass distortions.
Thus, the spectrum of limitations on welfare extends from the mar-
ket abstraction of the economic approach to the psychological vul-
nerability of the individual and the social traps of behavioural inter-
action, which reveals the polarity of political implications: from de-
regulatory freedom to normative control and hybrid strategies.

In summary, none of the approaches is self-sufficient: the eco-
nomic one provides a rational basis for modelling efficiency, the
psychological one takes into account the intrinsic quality of the con-
sumer experience, and the behavioural one allows us to identify and
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minimize the risks of manipulation. Thus, the comprehensive inte-
gration of these perspectives creates a broader analytical field for
understanding both threats and opportunities in the field of pricing,
especially in the context of the growing importance of social trust,
ethical standards, and global challenges.

Discussion

Summing up the three analytical traditions - economic, psy-
chological and behavioural — it can be argued that the modern un-
derstanding of the impact of price on consumer welfare has evolved
significantly. Price is no longer just a mechanism for allocating
scarce resources or a marker of utility. It acts as a multi-level com-
municative tool that accumulates economic expediency, moral judg-
ment and emotional-behavioural response. In this regard, the task of
integrating paradigms arises, capable of providing a holistic answer
to the question of the mechanisms of the impact of price on satis-
faction and subjective welfare.

On the one hand, modern algorithmic price models can in-
crease market efficiency through fine-tuning to willingness to pay;
on the other hand, they undermine the prerequisites of transparency,
equality and predictability, which are the basis for a subjective sense
of well-being (Kallus & Zhou, 2021). Justice ceases to be a collec-
tive convention and becomes a personal experience, which makes
standardized regulation difficult.

At the same time, psychological and behavioural literature em-
phasizes the dynamics of pleasure: price affects happiness not only
through the transaction, but also through post-facto mechanisms of
reflection, comparison, public discussion, and moral self-represen-
tation. That is, transactional fairness is increasingly transforming
into existential fairness, within which the act of purchase is also an
act of value choice. Such a shift requires a theoretical update of the
framework of well-being that would go beyond utilitarianism or af-
fective hedonism.

Against this background, a new research hypothesis emerges:
the perception of price as a moral choice has a longer-term impact
on pleasure than the amount of expenditure itself. This opens up the
prospect of the concept of price reflexivity — the ability of the con-
sumer to reflect not only on "what I got for my money", but also on
"what role I played as a social actor through my payment". In this
aspect, practices such as pay-what-you-want, charity pricing, or
transparency pricing appear to be not only marketing tools, but also
mechanisms for creating well-being through socially meaningful
choices.

Finally, the current crisis of confidence in prices as indicators
of value — manifested in the reaction to dynamic tariffs, “hidden”
fees or algorithmic manipulation - requires not only regulatory reg-
ulation but also a research-based reassessment of the role of price
itself in the economics of happiness. There is a need for a transdis-
ciplinary framework that would unite efficiency analytics (econom-
ics), subjective experience (psychology) and behavioural patterns of
decision-making. Such an approach would allow us to move beyond
the “price as a burden” / “price as a benefit” dichotomy to a model
in which price is a value communication between the market, the
consumer and society.

One possible direction of integration is the proposed model of
the “price triangle of well-being” (Fig. 1), where price is interpreted
as the intersection of three vectors: (1) functional utility (rational
cost of the product relative to alternatives), (2) cognitive fairness
(expected ratio of costs and social context), and (3) affective reso-
nance (emotional perception of costs). Such a model allows not only
to explain the variability of consumer reactions, but also to predict
potential sources of dissatisfaction even in the case of an objectively
profitable transaction.

Another integrative approach is the concept of price legiti-
macy, borrowed from institutional theory. In this perspective, con-
sumer acceptance of a price depends on its compliance not only with
individual expectations but also with social norms, transparency of
formation and clarity of sources of value. Thus, the reaction to the
price becomes an indicator of trust in the market, and the price itself
is a channel of institutional signal, like a brand or a license.

The political implications of such a rethinking are significant.
First of all, it is necessary to expand the scope of responsibility of
pricing policy from the domain of economic regulation to the infra-
structure of welfare. In particular, state regulation of prices - for ex-
ample, in the field of health services, education or basic food

products — should take into account not only indicators of afforda-
bility, but also parameters of perceived fairness, which have a long-
term impact on the level of satisfaction of the population.

Functional utility
(rational benefit)

Optimal price
welfare point

Affective resonance
(emotional response)

Cognitive fairness
(social perception)

Figure 1 — Visualization of the “price triangle of welfare” model
(Source: created by the author)

Second, digital personalized pricing poses a new challenge for
public policy. Currently, most jurisdictions view such practices pri-
marily from the perspective of privacy or competition law. How-
ever, given the psychological effects of personalization (perceptions
of discrimination, deception, manipulation), it is worth considering
the social justice of personalized pricing as a separate regulatory
priority. This could include mandatory adaptive price labelling, the
right to a fixed price upon request, or mechanisms to control differ-
entiation in sensitive sectors.

The third implication concerns the educational and institu-
tional role of the state and non-state actors in increasing the price
literacy of the population. Empirical evidence suggests that most
consumers underestimate real costs, hidden payments, or price
traps, which directly affects satisfaction and happiness (Matte et al.,
2021). The creation of transparent price breakdown tools, the dis-
semination of standard benefit/risk assessment models, or price eth-
ics indices are policy areas that require systemic development.

Finally, for the scientific community, such integration poses
the task of developing an interdisciplinary price well-being index -
a metric that would simultaneously take into account accessibility,
predictability, fairness, psychological comfort and emotional atti-
tude to price. Such an index can become not only a research tool,
but also part of the monitoring systems of public policy or corporate
social responsibility strategies.

Thus, the discussion around price as a factor of well-being is
not only an academic issue, but also a prerequisite for reforming
approaches to economic management, digital regulation, behav-
ioural interventions and measuring progress in well-being in the
21st century.

Conclusions

Pricing has ceased to be solely a tool for calculating the cost of
a product or service, but has instead transformed into a complex so-
cio-economic signal that affects the level of satisfaction, fairness
and well-being of the consumer. According to the analysis, none of
the approaches - economic, psychological or behavioural - is suffi-
cient to explain the full range of consumer reactions to price. The
level of satisfaction, as shown in the previous sections, is formed as
a result of the simultaneous interaction of rational expectations,
emotional assessments and social context.

Economic concepts, based on the assumptions of rationality
and utilitarianism, allow for accurate modelling of exchange param-
eters and optimization problems, but show limited sensitivity to in-
dividual or situational factors in price perception. Psychological and
behavioural approaches, in turn, open space for interpreting subjec-
tive consumer reactions, but often operate with methodologically
complex or difficult to reproduce variables. This fragmentation of
theoretical foundations creates gaps in understanding how price can
serve as an indicator not only of value, but also of dignity, respect,
or trust - especially in the areas of personalized pricing, digital
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commerce, or ethical consumption.

The results of the comparative analysis prove the feasibility of
integrating approaches into a new framework, which can be de-
scribed as a price triangle of well-being. This model combines three
key elements: functional utility, cognitive fairness, and affective res-
onance. Achieving a balance between them forms an optimal zone
of price perception, which can serve as an analytical criterion in the
design of marketing, regulatory, and ethical strategies. The practical
application of this model potentially allows us to redefine the cate-
gories of ‘overpriced,” “fair” or ‘attractive’ prices in terms of wel-
fare, rather than just purchasing power.

Of particular relevance is the study of the behavioural aspects
of international pricing in the context of protracted crises, particu-
larly the full-scale war in Ukraine. This conflict has radically trans-
formed consumer perceptions of fair prices for energy, grain, medi-
cines and basic goods. In the context of destabilised supply chains
and global inflationary pressure, not only material costs but also
symbolic value has gained importance as a marker of support, soli-
darity or moral stance. Behavioural economics has recorded a shift

from conventional price elasticity to price ethics, with consumers in
certain regions consciously choosing more expensive products
based on their origin or impact on the geopolitical situation. Such
phenomena require a rethinking of established models of interna-
tional pricing, in particular by taking into account the emotional
consequences of war, collective trauma and the effect of moral sig-
nalling projected through pricing policies.

The implications for further research cover several areas. First,
empirical testing of integrated models is necessary, considering cul-
tural, demographic and digital diversity. Second, interdisciplinary
integration should be strengthened, in particular by involving data
from neuroeconomics, emotional price theory and happiness re-
search. Third, there is a need for a normative rethinking of the ethics
of pricing in the context of increasing data and power asymmetries
between consumers and suppliers, especially in the case of algorith-
mic personalized pricing systems.

Thus, the discussion of pricing requires not only quantitative
models and behavioural theories, but also new paradigms that re-
flect price as a category of well-being - emotional, moral and social.
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Purpose. The purpose of the study is to analyze the global development of franchising services and assess their
implementation in Ukraine, particularly in the context of post-war economic recovery. Design / Method /
Approach. The article employs analytical methods, including progression from abstract to concrete, combination
of analysis and synthesis, a systemic-structural approach, and the method of cause-and-effect relationships,
allowing comprehensive examination of international franchising markets and their adaptation to the Ukrainian
business environment. Findings. The study demonstrates that franchising significantly contributes to economic
growth through rapid business scaling, risk reduction, and knowledge transfer. Comparative analysis shows that
franchise systems are most advanced in the United States, while EU countries also show considerable growth.
The Ukrainian franchising market remains at an initial stage, constrained by regulatory and infrastructural factors,
but shows steady development, particularly in retail, food services, and personal services. The study also
highlights the role of franchising in creating employment and fostering investment activity during crises.
Theoretical Implications. The article examines the essence, types, and theoretical foundations of franchising,
including capital involvement and agency theory, demonstrating applicability for structuring franchise relations in
Ukraine. Practical Implications. The findings support companies in developing effective franchise strategies,
identifying promising markets, adapting business models to local cultural and economic conditions, and
implementing innovative technologies. Originality / Value. The scientific novelty lies in providing evidence-based
recommendations for advancing international franchising activities generally, and strengthening the Ukrainian
market in particular, including post-conflict recovery. Research Limitations / Future Research. Limitations
concern implementing global franchising practices in specific sectors of the Ukrainian economy, considering
national regulatory frameworks and socio-economic characteristics. Article Type. Analytical.
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MeTta. MeTolo gocnigKeHHs € aHani3 CBITOBOrO PO3BUTKY PpaHYari3nHIroB1X NOCHYT Ta OLiHKa iX iMnnemeHTauii
B YKpaiHi, 30KpeMa B yMOBax MiCMSIBOEHHOrO BiAHOBMEHHSA ekoHomiku. OusanH /| Meton / Migxia. Y crarTi
3aCTOCOBaHO KMaCWM4Hi METoAM aHanidy, BKM4YaluM MeTop Big abCTpakTHOrO A0 KOHKPETHOro, MoegHaHHs
aHanisy Ta CMHTEe3y, CUCTEMHO-CTPYKTYPHUI NiAXiA Ta METOA MPUYMHHO-HACMIOKOBMX 3B’A3KiB, WO 3abe3neuye
AOCMIAXKEHHA OUHAMIKM MiKHAPOAHWX PUHKIB bpaHyan3nHry Ta MOXNMBOCTEN ixX aganTauii 4O YKpaiHCbKOro
GisHec-cepepoBuwa. Pesynbratu. [ocnigXeHHs nokasye, WO (paH4yan3mHr 3HAYHO CNpUSIE EKOHOMIYHOMY
3pOCTaHHI0 Yepes WwBmnake macwtabyBaHHSA Gi3HeCy, 3HWKEHHS PU3UKIB Ta nepedaBaHHs 3HaHb. [OpPiBHANBHWN
aHani3 ceBigunTb, WO dpaH4Yan3uHroBi cucteMmn Hanbinbw po3suHeHi B CLUA, kpaiHm €C AeMOHCTPYHOTb 3HaYHI
TeMnu1 3pOoCTaHHs, ToAi SIK YKpaiHCbKMI pUHOK NepebyBae Ha NOYaTKOBIN cTafii Ta 0OMeXeHWni perynaTopHuMu i
iHbpacTpykTypHuMn daktopamn. BogHouyac BiH nokasye cTabinbHi 03HaKM poO3BUTKY, 0cobnmBo y cdepax
TOPriBni, (POMaACbKOro xapyyBaHHs Ta nocnyr. [locnigkeHHs TakoxX NigKkpecrntoe pornb hpaH4yan3nHry y CTBOPEHHi
poboymnx Micub Ta CTUMYMOBaHHI iIHBECTULINHOT aKTMBHOCTI ¥ kpn3oBi nepiogn. TeopeTuyHe 3Ha4yeHHA. CtaTTs
aHanisye CyTHICTb, BUAW Ta TEOPETUYHI 3acagun dpaH4an3nHry, 3okpeMa Mogernb 3anyyeHHs kanitany Ta Teopito
areHTCTBa, OEeMOHCTPYIUM X 3aCTOCOBHICTb ANS CTPYKTYpYBaHHS (ppaH4an3vHroBuMx BiQHOCUH B YKpaiHi.
MpakTuyHe 3Ha4YeHHA. Pe3ynbTaT MoXyTb OyTV BUKOPUCTaHi KOMNaHisiMn Ans po3pobkun edpeKTUBHUX CTpaTerin
PO3LINPEHHS (hpaHYa3MHIOBUX MEPEX, BM3HAYEHHS1 MEepCneKkTUBHMX PWHKIB, aganTauii 6isHec-mopenen ao
KYNbTYpPHUX Ta EKOHOMIYHUX YMOB PEriOHiB Ta BMPOBaMKEHHS IHHOBALUIMHWX TEXHOMNOrN Yy AisnbHICTb.
OpwuriHanbHicTb / LliHHicTb. HaykoBa HOBM3Ha nonsrae y chopmynioBaHHi pekoMmeHaali Wwoao noaanbLioro
PO3BUTKY MiXHApOAHOI hpaH4Yan3nHIoBOI AiANbHOCTI 3aranoM Ta YKPaiHCbKOro PUHKY 30Kpema, BKMOYHO 3
nepiogomM NocTKOHMMIKTHOrO BiAHOBMNEHHS. OBMexeHHA gocnigxeHHs / Man6yTHi gocnigxeHHA. ObMmexeHHst
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JIst mianmpreMIiB Ta iHBECTOPIB OJHIEI0 3 HAHOLIBII TPUBA0-
JIMBHUX MOJENel MDKHApOIHOTro Oi3HECy Ha CydyacHOMY eTarli po3-
BUTKY CBITOBOI €KOHOMIKHM € MDKHApOAHUH (hpaHUal3WHT, SKUHA
37100yB IMPOKE MOLIMPEHHS 3aBASKU CBOIM mepeBaraM. Imobas-
HHUH PHHOK (QpaHYai3MHIOBHX MOCTYT (OPMY€E 3HAYHHH 1 JUHAMI-
YHUH CETMEHT €KOHOMIKH, 1[0 OXOIUIIOE TUCSY] KOMIIAHIK 3 pi3HUX
1HIYCTPii, SKi HPONOHYIOTH (paHYad3MHIOBI MOKIIMBOCTI JUIA IiJI-
MIPUEMIIIB Y PI3HUX KpaiHax CBITY. 32 yMOB BHCOKOI KOHKYpPEHLI] Ta
obMexxeHnXx (hiHAHCOBHX PECYpCiB [UIsl KOMIIaHiH 3aCTOCYBaHHS
(paHYali3UHTY CcTag0 HEOOXiTHUM, OCKIJIbKYA BOHO J03BOJISE IIBH-
ko MaciitalyBaru Oi3Hec 1 3a0e3redye HU3KY JONATKOBHX Iepe-
Bar. Baecok (ypaH4aif3uHry y eKOHOMIYHHIA PO3BUTOK Ta CTBOPESHHS
po6oUHX MicCIb € CYTTEBHUM, IO MiJKPECIIOE HOr0 3HATYLICTh SIK
(axTopy 100aTbHOI EKOHOMIYHOI AKTHBHOCTI.

Lini, 3aBaaHHAa Ta meToam

MerToro HOCHiKEHHS € aHAII3 MDKHAPOAHUX (paHIai3MHTO-
BUX IOCIYT Ta iX iMIuieMeHTaist B Ykpaini. {1 ToCsSrHeHHs Toc-
TaBJIeHOI METH BU3HAYECHO HACTYITHI HAyKOBI 3aBIaHHS: O3HAHOMH-
THCS 13 CYTHICTIO ()paHYai3UHTY, HOT0 BUIAMH, PO3IISTHYTH Iepe-
Bard Ta HEJIOJIKH SIK IHCTPYMEHTY MKHApOIHOTO Oi3HecCy; IpoaHa-
J3yBaTH MDKHApPOZHHUH JOCBiZ PO3BUTKY PHMHKY (paHUal3MHTY;
03HaHOMUTHCS 3 OCOONMBOCTSIMH HOPMATHBHO-TIPABOBOI 0asu pe-
T'YITIOBaHHS ()paHYai3MHTOBHX BITHOCHH y CBITI Ta B YKpaiHi; JocC-
JMTATA OOCSTH 1 CKIaIOBi CBITOBOIO PHUHKY (paHUali3uHTY;

MIPOAHAJI3yBaTH PO3BUTOK (ppaHUaH3MHIOBOTO Oi3HECY IS OKpe-
MuX KkpaiH, 30kpema CIIIA ta kpain €C; po3misHyTH AUHAMIKY PO-
3BUTKY (paHuaii3uHTy B YKpaiHi; po3poOHTH peKOMEH AL Tl A7
MOKPAILICHHS CTaHy CBITOBOTO PHHKY ()paHYaii3MHIOBHX MOCIYT;
OLIIHUTH MEPCTICKTHBH TisUTbHOCTI PHHKY MDKHAPOAHHX (hpaHuaii-
3MHIOBHX KOMIIaHIH Ha PUHKY YKpaiHM Y BOEHHHU Ta MOBOEHHUH
niepion. [l BUpilIeHHs MOCTABICHUX 3aBAAHb OyJI0 BUKOPHUCTAHO
Taki METOIM: aHaTi3y: METOX Bif aOCTPAaKTHOTO J0 KOHKPETHOTO,
MO€THAHHS AHAMI3y Ta CUHTE3Y, CHCTEMHO-CTPYKTYPHHI MiaXia Ta
METOJ IPUIMHHO-HACTIIKOBUX 3B’ S3KiB.

TeopeTuuHe NigrpyHTa

Ha nmymxy Oinbmocti ykpaiHCBKMX (haxiBIiB, «dpaHUaii-
3HMHT — I1€ MiAMPUEMHHUIIBKA JisUTEHICTb, BIAMOBIIHO JI0 SIKOi Ha JI0-
TOBIPHHX 3acaJiax OfHa CTOpOHA Iepesae iHIIIH 3a BUHAropoay Ha
BU3HA4YEHUH TepMiH abo Ge3 3a3Ha4eHHs TAKOTO: IPAaBO BHKOPHC-
TaHHS TOPTOBOI MapKy; 3HAKY JUI MOCIYT; (ipMOBOTO HalMeHy-
BaHHS; MOCIIYT; TEXHOJIIOTTYHOTO IIPOLECy; Creniali30BaHoro obma-
JTHAHHS; HOy-Xay; KOMEpLiHHOI iH(popMaIlii, 0 OXOPOHSIETHCS 3a-
KOHOM; IHIIINX, TIepe0aueHX JOrOBOPOM 00’ €KTIB IpaBa iHTeJIeK-
TyansHO1 BinacHocTi» (Husiev, 20006).

CraHoBJeHHS (hpaHYAi3UHTY BiOYBaJIOCS B Pi3HHX €KOHOMI-
YHUX, ICTOPHYHMX, COLUaNbHUX Ta IPAaBOBHUX yMOBaX. PO3BHTOK
KOHIeMii (paHIai3MHTy MO’KHA YMOBHO HOIUIMTH Ha AEKUIbKa
eramiB (Ta0m. 1).

Taoauns 1 — ETanu po3BuTKy (ppaHyaiisuHrosoi moaeni 6isHecy (Zabashtanska, 2016)

Etan TpusaiicTs XapakTepucTHKa
I eran — 3apomkennst ppan-  Jlo 1851 poky Hanaumst 103B0JTiB Ha POJAXK TOBAPiB HA PHHKAX Ta y4acTh y sipMapkax. Cucremu Top-
Yaif3uHTY TOBEJIBHUX T'iIBJIH. BacHUKY HIMEIBKUX Ta aHIIIHCHKHX TaBepH, Mara3iHiB po3Io-

YaJii BAKOPUCTOBYBATH JUCTPUO'FOTOPCHKI CHCTEMH «3B'sI3aHMX OYMHKIBY.

II eTam — movyarkoBuii eramn
CTAHOBIICHHSI CyJacHHX (paH-
YalW3MHTOBHX BiTHOCHH

Cepenuna XIX — 40-i pp. XX cr. HanmaromkeHHs nepmx ¢ppaHIai3HHIOBAX CHCTEM aMEePHKaHCHKHMHU KOMITaHISIMU
Singer, General Motors, Coca-Cola Ta in.. [lepuri A3C, siki moJaiu npairoBaTi Ha oc-
HOBI (ppaHyaii3uHry ( moyatok XX cr.).

I eram — eram po3ButKy Kia- 40-i — kinerp 50-x pp. XX cr.
CHYHOTO (hpaHIAN3ZHHTY

Tpwuitasts y CLLIA 3axony «IIpo ToBapHi 3Hakm» (1946 p.). [TocTynoBo Ha 1iif 0CHOBI
CKJTAJTHCSI TIEBHI MIPaBHIIA BEICHHS CIIPAB BIACHUKA TOBAPHOTO 3HaKa ((panuaiizepa),

TOOTO popMyBaHCs BITHOCHHH (PpaHIali3HHTY.

IV eran — eramn iHcTHTYLI#-
HOTO PO3BUTKY (ppaHIaii3HHTY

Kinemp 50-x — 80-i pp. XX ct.

[Movanu yKkiaaatich MPHHIMIIOBO HOBI BUAM (GpaHIIn3 «6i3Hec-hopMar GppaHIImn3im).
CrBopennst MixxHapozHoi acomianii ¢pparyaiizuaTy Ta €Bponeiichkoi acomianii GppaH-
YaW3UHTY.

V eran — eTan IOIMUPEHHS
(hpaHYa3UHIOBHX MEPEX Y pi-
3HHX TalTy3sX eKOHOMIKH

Kinens 80-x pp. 2009 pp.

@panyaiizuHT Ji€e B O1T6IT HiX 75 Tamy3sx cBiTOBOro rocrofapcTsa y nonaz 140 kpai-
Hax cBiTy. Po3mouana cBoro misutbHICTs Acomiartis dhpanyaitsunry Yipainu (2001 p.).

VI eran — eran inHoBatiitHoro 2010 pik i notenep
PO3BUTKY (hpaHUYaii3uHTY

Y IpOMHUCIIOBO PO3BHHYTHX KpaiHax jie moHaa | MiTH (ipM, 10 MpaIioioTh HA OCHOBI
(panuait3uaroBoi cuctemMu. OpaHYAR3HHT PO3MIAAAETHCS K YacTKOBa a00 Moaudika-

Iil{Ha IHHOBAILisL, SIKA TO3BOJIIE MiANPHEMCTBY-(paHJaiizi OTPUMATH JOJATKOBI KOHKY-
PEHTHI NepeBary HaJ| TeNepiliHiMH i MOTEeHIIHHUMH KOHKYPEHTaMHU.

IMpotsirom GaraThOX POKIB JUIs aHAII3y (PeHOMEeHY (paHuaii-
3HMHTY CTaJI0O BUKOPHCTOBYBATUCS BCE OiNbIIIE TEOPIH, 110 CBITYUTH
PO 3POCTaHHS Ta AKTYaJbHICTB Li€l chepr eKOHOMIYHOT JisTbHO-
cTi (Tabm. 2). Y cy4acHii eKOHOMIUHiH JIiTepaTypi CBITy NMPOIMOHY-
I0TB JIBA OCHOBHHX IiJIXO/IH, SIKi MOSICHIOIOTh iCHYBaHHsI (hpaHyaii-
3MHTY: MOJEINb 3aJIy4eHHsI KamiTally i Teopist areHTcTBa. [leprmit
TOJISITa€e B TOMY, 110 ppaHyaiii € eheKTHBHUM JDKepenoM (iHaHCo-
BOTO Kamitany uisi (ipm, siki mparHyTh po3mmputucs. Hespaka-
I04H Ha Te, 1110 IIe € IPEAMETOM MEBHHUX ANUCKYCili, apryMEHT LI0JI0
3alydeHHs KalliTaly MiATPUMY€EThCS KOHIICMIIEO ITiJIPHEMHHIIb-
xoro naptaepctsa (Kaufmann & Dant, 1999).

Teopist areHTCTBA MOSICHIOE K BUPIMIYETHCS TpoOieMa edek-
THBHOTO KOHTPOJIIO IIMPOKO PO3KHMIHUX TOPTOBEIBHHUX TOYOK, SIKI
BXOIATH 110 Mepexi. DpaHuaiizep Hajaroun QpaHyaiisi nmpaBo Ha
nprOyTOK Ta CIUTAYyFOUM HEYCTOMKY, CTUMYIH 000X CTOpIiH y3ro-
JDKYIOTBCSI, CaMe IIe Y3TO/KY€E IHTEpEeCcH CTOPIH 1 J03BOISIE (paH-
Yaif3i IpeTeHIyBaTH Ha YacTKy y mpaBi mignpuemiis. PpaHyaiizi He
MArOTh TIOBHOIIIHHOT CBOOOIM y BEZI€HHI Oi3HECY, 0 IPUTAMaHHO
Oy/Ib-SKOMY TiIIPUEMHHULTBY. By/b sike cepenoBuiie oOMexye mis-
MIPUEMHHANTBO. Y (ppaHdai3HHTOBIH MisSITBHOCTI KPUTUYHO BAXKIIU-
BOIO € MIATPUMKA OCHOBHOI KOHIIETIIii (ppaHdaiizepa, OCKUIBKH iX
ISUTBHICTH Ma€ BIUTMB Ha 1HBECTHIIIi B MEpEKy B Iiyiomy. TuM He
MeHII, (paHdaii3i BOIOIIFOTh IMMPOKKMMH MOXKIIUBOCTSAMH Y PO3PO-
01l YHIKaJbHIX METOJIB MPOCYBAHHS IIi€l KOHIIEMIT Y CBOEMY pe-
rioi. Jlnst Oyap-sikoro Gi3Hecy, sIKHil pO3MIsIa€ MOXKIIMBICTh PO3-
LINpeHHs Yepe3 (paHyuaii3uHT, PO3YMIHHS Pi3HHX, alle B3aeMo3alie-
KHHUX poreil dpandaiizepa ta (paHyaiizi € HaA3BUUAWHO BaXKITH-
BuM. ODpaHuaiizep 3HAYHOIO MIpPOIO 3aiiMA€TbCS KOHTPOJIEM

TNPOIIECiB BeIeHHs Ta peaizanii Oi3Hec GppaHyaii3i, a TAKOXK TOPSII-
KOM BUKOPHCTaHHSM Ha3BH, OpeHmy Ta Oi3Hec-cucremu (ACCC,
2023). dpanyaiizi — 11e KOMIaHis abo iHIUBIAyaIbHUN MiAIPH-
€Mellb, SIKi KyMyIOTh PaBO BUCTYIATH Ha PUHKY BiJ iMeHi dpan-
yaii3epa, BUKOPHCTOBYIOYH HOro Gi3HEC-CUCTEMY, a TAKOXK MAlOTh
MO>XJIMBICTh HABYaHHS T OTPUMAHHS JIOIIOMOTH IIPY CTBOPEHHI 0i-
snecy (Franchise Group, 2024). 3a3Buuaii, (panuaiizi criauye
(paHuaiizepy MOYaTKOBUIT BHECOK, IIOPiYHI JIilIeH3iiTHI BUILIaTH Ta
HOCTIHHMIT BiZICOTOK BiJl BAJIOBOTO JJOXOAY 32 BUKOPHCTAHHS iMEHi
Ta Gi3Hec-mozeni (panvaiizepa. Hatomicte (panHdaiizi orpumye
JIOCTYI JIO BIIACHOTO Oi3Hec-TuiaHy (paHJaiizepa Ta MOXe Ipojia-
BATH CBOT TOBApH YH MOCITYTH MPOTATOM BU3HAYEHOTO MEPioLy B I1e-
BHIif reorpadiviii 30Hi. [lesknMH MPUKIAJIaMU TOMYJSIPHUX ChO-
roxHi ¢ppanmms € McDonald's, Subway, Domino's Pizza Ta Bata.

®DpaHvaii3uHT MOXKE MaTH Pi3Hi BUIN y BeJCHHI Oi3Hecy, 3alie-
JKHO BiJI KpUTEPiiB Kiacubikarrii.

3a xapaxmepom Oisanvrocmi 06'ekma

— ToBapHHMil (paHUal3HHIL, 32 sSKOro (paHUal3i JO3BOJICHO
IpoJiaBaTy #oro ToBapu abo MoCIyry;

— (paHmm3a Ha MPOAaX roTOBOi MpoAyKUii (BUpOOHHYMIA
(bpanyaiizunr) 3abesnedye nepenady npaB Ha BUPOOHUIITBO Ta
30yT MPOMYKIIT ITi/i TOProOBOIO MapKoro (ppaHvaii3epa;

— (paHImN3a HA IEBHUN B JisUTHHOCTI (cepBicHUI abo Oi-
3HeC-()paHYal3UHT), OKpIM Iepenadi MpaBa Ha BHKOPUCTAHHS
OpeHTy, 103BOJIAE MepenaBaTH eKCKIIO3UBHI TeXHouorl, Gi3Hec-
MIPOLIECH Ta METOJUKY HAIaHHS IIEBHOTO BHUIY ITOCIYT.

3a moocnueocmamu ma namipamu Gpanyaisi:

— IEepCOHAIbHUI (iHOMBiTyaNbEHIN) (paHyali3uHT
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XapakTepHHid it Gpi3MIHUX 0Ci0, SIKi XOUyTh CTBOPUTH Ta Kepy-
BaTH €IUHUM 1 JyXe CKPOMHHM (paHYail3MHIOBUM Oi3HECOM i3
MpoJaKy ToBapiB a00 HaJlaHHA TOCITYT O€3M0CePEaHBO BAOMA 200
3 BUKOPHCTAHHAM TPaHCIOPTHOTO 3ac00y;

— 0i3Hec-(paHYai3UHT MOB'I3aHUI 3 CIMCHHUM OFOIKETOM,
KOJIM WIeHH CiM'T TO€qHYIOTh (DYHKIIIT MEHEIDKEPIB i pOOITHHKIB;

— iHBecTHIIHHMHI (QpaHUaii3uHT IepeOayae MosBY BIACHHU-
KiB HOBHX BHIIB (hpaHIIN3.

3a cmpamezieio posuwupenns panyaiizunz06020 6isnecy:

— KIacH4HU ppaHYal3UHT Ha OMIIIOHHUX YMOBaX, 3a SIKOTO

(bpanyaiizi OTpUMy€E MpaBO Ha BIAKPUTTS IHIIMX (paHUaii3HHTO-
BHUX IiJNPUEMCTB I1iJ] TOPTOBOIO MapKoio (paHuaiizepa;

— KOHBepCiiiHMI (paHUai3UHT Nependadae MpUeTHAHHS 10
CHCTEMH aBTOHOMHHX IIIJIIPHEMCTB 31 CXOXKHM HpOoQisieM JisiIb-
HOCTI HiJT «IIapacoIbKOBIM» OpeHIoM (paHdaiiepa;

— nodipHil ¢paHUaii3uHT 32 HOPMOIO CXOXKHH Ha KOHBEp-
CcilfHUi (paHTIai3uHT;

- (paHUali3UHIOBUIl JOTOBIp Ha yNpaBiiHHSA, Konu (paH-
4aii3i HopMaIbHO CTAE BIACHUKOM ()paHYali3MHIOBOTO i JIPHEM-
cTBa, ane GakTUIHO € nuiie ioro inBectopoM (Kyrnytska, 2023).

Tabnanus 2 — Teopernuna miargopma gociaixxkenns ppandaiisunry (Varotto, & Aureliano-Silva, 2017)

1. Teopii, siki BU3HAYAIOTH NEPeYMOBH PO3BUTKY (hpaHYAii3HHTY

11. Teopii, siki 06TPYHTOBYIOTH 0COOIMBOCTI (hpaHYAZHHTY

Teopis mobarmizanii mosicHIoe 3akoHOMipHOCTI «aeHami- 1I-1. Teopii mono 3amyuenns i 11-2. Teopii moao BigHOCHH
OHaJTi3aLii eKOHOMIKHY, CTAHOBJICHHSI CBITOBOTO PUHKY, BHKOPHUCTAHHS PECypCiB

IO CHpHsie MDKHApOIHOMY Oi3Hecy, B TOMy YHCII depe3
MOJIeIIb (hpaHYAM3HHTY.

1I-3. Teopii moxo IpHIHATTS pi-
IICHb

Teopist KOHKYpEHIiT TIOSICHIOE PillIeHHs Cy0'eKTiB 6i3-
Hecy Tpo (paHYAi3UHT Ha OCHOBI OLIIHKM KOHKYPEHT-
HHX CUJI chepH isSTTbHOCTI, KOHKYPEHTHHUX TIepeBar i
cTparerii.

Teopis gediuuty pecypcis mo- Teopist areHTCTBA MOSACHIOE 3a- Teopist TpaHCAKIIMHUX BUTPAT
SICHIOE BHOIp (ppaHdali3HHTy
3aMiCTh JIAHLIIOTIB MOCTa4YaHHsI JIAONEeHHs po30DKHOCTE# cTo- HoUIyK iH(opMariil, OLiHIOBaHHS,
SIK MOJICJTb PO3BHUTKY Oi3HecCy,

KOHOMIPHOCTI BIJIHOCHH i IOC- OSICHIOE BarOMiCTh BUTpAT Ha

PiH, KOJIM OZIUH CY0'€KT-BHKO- BEJICHHS IIEpEeroBOpiB 1 iHIe.

PILLIEHHS PO MOYATOK Oi3HEeCy, HAaBElb MPEACTABISE BiTHO-
BUOIp chepH TisUTbHOCTI i Cer- CHHHM 1HILIOr0-3aMOBHHKA Ye-
MEHTY PUHKY 3aJIe)KHO BiJl HA- pe3 IeIeryBaHHs y IPUHHATTL

SIBHOCTI pecypciB.

pillieHp.

Teopis «push-pull» daxTopiB NOSCHIOE BIUTMB HacHIe-
HOCTI BHYTPIILIIHHOTO PUHKY Ta PO3BUTKY KOHKYPEHIIT
(«push»-(axTopr) Ta MOXUIUBOCTI PO3MIMPEHHS MaCIII-

OIMBO Ha PHUHKH 3 ((BiI[KJIaI[eHI/IM TIOIMUTOM» Ta PUHKHU

Teopist NOMISIIB HA OCHOBHI
PpecypcH MOsCHIOE BUOIp Opra- Ba)KIHBICT JOTPUMAHHS Opra- HOSICHIOE PILICHHS 3HIDKEHHS 30-
Hi3aLisIMU THX PECypCiB, SKi €
TabiB IisUTBHOCTI Yepe3 BUXi/ Ha 30BHIIIHI PUHKH, 0CO- HEOOXiJHHUMHU U 3000y TTS
KOHKYPEHTHHX IIepeBar Ha pu- BiJHOCHH.
KpaiH, sIKi pO3BHBAIOTHCS Yepe3 MOIENb (DpaHIAN3HHTY. HKY, OLIHIOBAHHS iXHBOI Bap-

TOCTI, MOIIMPEHOCTI.

IacTHTYyHiliHA Teopis mosicHioe Teopist eKIeKTHYHOT TapaJurMu

Hi3allisIMH TIPaBUJI 1 HOPM Ce-  BHIIIHIX TpaHCAKIIIH i akTuBi3a-
PEIOBHIIA, yMOB IOTOBIPHUX  IIii BHYTPILIHIX, SIKIIO IXHS Bap-
TicTh Gyie HIDKYOIO, BiTIOBIHO
(hpanuaiisep MOMUOUTH CIiBPO-
GITHHITBO 3 (hpaHyaii3i HATO-
MICTb 30BHIIIHIX aKTHBHOCTEH.

Teopii mianpueMHUAIITBA, EKOHOMIYHA MOSICHIOE 3B°5130K Teopist pecypcHoi 3anexHocTi Teopist CUrHaiB MOSICHIOE 0c0- Teopist miAMPHEMHHIIBKOT Opi€H-

MAIPHEMHHIITBA i eKOHOMIKH, COLiaJIbHA — MOSICHIOE
BIUIUB KYJIBTYPH, LIIHHOCTEH, PEIirii Ha MiANPUEMHHII-

Ta OpieHTALll HAa HOBHI PE3yJIBTAT K PYILisi PO3BUTKY
T MPUEMHHULITBA, [ICHXONIOTIYHA if GiXeBiOpHUCTChKA —
TOSICHIOIOTH BILTHB OTOYEHHS Ha PillieHHsI, 0COOIMBOCTI
(hopMyBaHHS TOBEIHKH, MOTHBAIIIiHA —IOSICHIOE
BIUIMB HOTPEOU TOCSATHEHb Ha PIIEHHS ITiAIPHEMHHIIb-
KOT JisUTBHOCTI, JIiIepChKa — MOSICHIOE BHYTPIIIHI 31110~
HOCTI JIFOAWHHU Oy TH JIIEPOM.

JIOBOAUTH ITOTPeOy CIIiBPOOIT-
HHIITBA OpraHi3allii 3 iHIIMMH PO OpraHi3ario Ta Ii iHTeprn- KiB opraHizauii oo ii PO3BUTKY
TBO, IHHOBAIIii{Ha — ITiATBEPDKYE 3HAYCHHS TBOPUOCTI OpPTaHi3aIlisIMU UL OTPUMAHHS peTamii.
JOCTYIIy 10 PECypCiB.

OnuBocTi nepeadi iHpopmarii Tarlii mosicHroe GaueHHs KepiBHHU-

sIK O13HEC-CTPYKTYpH, 3MaTHOCTI
BUPOOJISATH HOBUH MPOIYKT.

Teopist MepeKeBHX CTPYKTYp MOSICHIOE 3akoHOMipHOCTI Teopist mpaBa BiacHOCTI 1osic- Teopis 3aIlikaBIeHHX CTOPIH

HEMEPEPBHOTO PO3LINPEHHS CTPYKTYP Ta MOXIIMBOCTI
3a PaxyHOK ITbOTO ()OPMYBATH COLIANIBHHIT KaIliTall.

HIOE JIOCTYH JI0 OpraHi3aliil 10 MOSCHIOE PUIHATTA pillieHb
pecypciB uepe3 CHCTeMy KOHT- TIpO YKJIafaHHs JIoToBopy (pa-

PaKTiB, ki GOPMYIOTh CTPYK- HYAH3HHTY.

TYpY BIACHOCTI.

Koxxen Bup ¢ppaHuaiizuHry Mae sk epeBart, Tak i HeJONIKH.
Jlns ppaH4aiizi mepeBarn BKIIIOYAIOTh JOCTYII 0 MEPEBIpeHOi 0i3-
HeCc-MOJIeNTi, MapKETHHTOBOI Ta PEKIIaMHOI HiATPUMKH, a TAKOXK J0-
TIOMOTY Ha TI0YaTKOBOMY eTarti. Hejomiki BKITFOYatoTh BUCOKI BCTY-
ITHI BHECKH, PETYJIAPHI TUIATEKi POSUITI, 0OOMEXEHHS B YIIPaBIiHHI
Ta BUOOPI MOCTaYaabHUKIB. 3 HIIIOTO OOKY, (ppaHUaiizep OTpUMye
MO>KJIMBICTB PO3IIMPHUTH CBil Oi3Hec 6e3 3HauHMX BUTpaT, 3abe3me-
YyFOUH IONATKOBHHU JOXIJ Bijl CHIBHOT JisITBHOCTI, MOXJIMBICTb Bi-
IIKpUTH Jo7aTkoBi (imianu Ta rapanriro npubyTtkoBocti. IIpote,
(paHuaiizep Tako)k Ma€ BpaxOBYBaTH MOTEHIII{HI HEONIIKH, TaKi sIK
PH3UK BTPaTH KOHTPOJIIO HAJl OpEH/IOM, 000B'SI30K MATPUMKH (pa-
HYaii3i, 3arpo3y MOUIKOHKSHHS eIy Tallil BiJi HETaTUBHUX BiATYKIB,
a TaKoXK HEOOXiIHICTh JOTPUMaHHS CTaHAApTiB Mepexi. Hapasi ic-
HYIOTh OpraHizaiil MeTolo SIKHX € MiATPUMKa Ta PO3BUTOK (paH-
Yaif3uHroBoro 6i3Hecy — MikHapoaHi (paHUali3UHTOBI CMiBTOBa-
pucTBa, Taki sik MixkHapoaHa ¢paHyaii3uHrosa pana, €Bponeiicbka
Gbenepauis ppangaiizuary, MixknapoaHa acouiaist hpaHJaii3uHry
Ta MixHapoaHa (paHYaii3MHrOBa Mepexxa. BoHH € CBOEpiqHOIO
OTOPOIO Yy MUTAHHSX TTOB’sI3aHUX 3 3aKOHO/[ABCTBOM, Oi3HecC-TIIaHy-
BaHHAM, (piHAHCAMHU, MAPKETHHIOM, TEXHOJIOTISIMH Ta iIHHOBAL[ISIMH.
(Fran Team, 2021).

MixxHaponHi (ppaHIaH3MHTOBI CIIIBTOBapUCTBA 3a0€3MEeUyI0Th
MONIYK (ppaHyaii3i Ta MOMMUPEHHS HEOOX1THOTO JOCBITY AJIS YCITi-
[ITHOTO PO3BHUTKY CBITOBOT ()paHUIaN3HHTOBOI TIsITHHOCTI, OpraHi3o0-
BYIOUHM Pi3HOMAHITHI 3aXO/H, OJHIUMH 3 SIKUX € BUCTAaBKH (hpaHdaii-
3uHry. Came MbKHApOIHI (ppaHIali3MHIOBI BUCTaBKN OCHOBHHM iH-
CTPYMEHTOM JUISl PO3IIMPEHHS (hpaHIai3MHIOBUX MEpEeX, TaK SIK
BOHM HAJalOThb MOXJIUBICTE  3ycTpiui  ¢paHuaiizepa Ta

MOTEHIIHHOTO (ppaHYaif3i B OMHOMY MICI, CIIPHSIOYH OOMiHY iH-
(dopmariero momo BracHUX mpoaykTiB Ta mocayr (World Franchise
Council, 2025). IIpaBoBe peryioBaHHS JOTOBOPIB (ppaHUAi3UHTY
3IIACHIOETHCSI Ha OCHOBI HAlliOHAJBHUX IMPABOBHX CHCTEM KpaiH
CBITY, 30KpeMa B €BPOTICHCHKUX KpaiHax Oyiio po3poOIieHo i 3ampo-
BawkeHo «Koekc etrku ppaHdaii3uHry» Ta 3akoH «Monenb ¢dpa-
Huai3uHry» (Moniak, 2023). Ha piBHi mrrariB y Crionyuennx IIta-
Tax iCHy€ 3aKOHOIABCTBO, SIKE PEryITtoe (hpaHuaii3uHT MPUOIH3HO Y
18 mrTarax, HATOMICTh B aBCTpaTiiichkux mmrarax [liBaeHHa ABCT-
pautist Ta 3aximHa ABCTpaltist TPHBAIOTh Ae0aTH 010 HEOOXiHOCTI
nozioHoro 3akonozascTa (Spencer, 2013). dpaHyali3HMHIOBI 10T0-
BOpH MOCTYIIOBO HAOUPAIOTh aKTyaJbHOCTI B YKpaiHi, Ipo 110 CBi-
JYaTh Cy/I0Ba i JijI0Ba MPaKTHKA 3a OCTAHHI POKH, ajle € MpooiIeMu
yepe3 MPOrajiHy y 3aKOHOMaBYiil 0a3i, Tak K B KpailHi BiICyTHil
BIIMOBIIHMI HOPMATHBHO-TIPaBOBHI akT. B YkpaiHi 11i qorosopu
Ha3UBAIOThCS «KOMEPIIiHHOI0 KOHLIECIEIO.

Pesynbrarn

Honynspricts (panyaiizunry B cBiti y XXI ct. mBuako 3po-
crae. BimmosinHo iHdopmarii cBiToBOTO Jimepa y cdepi 3B’ 3Ky
Franchise Direct, 3a octanHi poku Oyio 3adikcoBaHO 30UTBIICHHS
KUTBKOCTI ppaHyaiizi (3aramom Ha 0,32 MitH. 0ci0) Ta PppaHdaiizepiB
(3aranom Ha 3,7 THC. 0ci0) Ha IIOOATTEHOMY PHHKY, IO Oe3mocepe-
JIHBO CIIPHSUIO 3MEHIIECHHIO IICIIS HaHIEMITHOTO PiBHS 0e3p00iTTs
Ta 3poctaHHIo cBiToBoro obcsry BBII (Franchise Direct, 2025)
(tabum. 3, puc. 1).
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Tadnanus 3 — XapakTepucTuka po3BHTKY (paHuaii3HHIoBHX Mepe:x B cBiTi y 20202024 poxu (International Franchise Association, 2024)

Toxka3HuKH 2020 2021 2022 2023 2024
KinbkicTh 3aKi1aziB, of1. 753770 774965 788914 806270 821589
3MiHa JI0 ONepeIHbOr0 POKY, %o -2,6 2,8 1,8 2,2 1,9
KisibKicTh HpalliBHKKIB, 0Ci0 7532305 8192600 8421799 8665517 8886555
3MiHa JI0 ONepeTHOT0 POKY, %o -11,4 8,8 2.8 2,9 2,6
Butopr, Mip11 osapis 677,2 787,77 823,7 858.,5 893.9
3MiHa JI0 ONepeIHbOT0 POKY, Yo -14,7 16,3 4,6 42 4,1
12 BypisHuuTEO Oceita
2023 : 16,5 % 4%
MocepegHuuTBO ¥
2022 = 1 i HepyxomocTi PecTopaHy LBIAKOTO
15,8 4% XapuyBaHHs
0.95 20%
2021 : 13.8 AsTomiGineBynyBaHHs
’ 5%
0,98
2020 182 .
["acTpoHomis
2019 0,88 13% PoappibHa Topriens
12,8 18%
0 2 4 6 8 10 12 14 16 18 ETS—
& ®paHyaisi (MnH. ocib) B dpaxyaiiaepn (Tuc. ocib) inwBi/:();fanp::wx

Pucynok 1 — /lunamika po3BHTKY cBiTOBOr0 pHHKY (h)paHYAi3HHTY
(Franchise Direct, 2025)

Ha cBiTosiii apeni came punku CILA Ta kpain €Bporu xapa-
KTEepU3YIOTHCS K OfiHI 3 HalycIiImHImMX y cdepi ppaHdaiizuaro-
Boro 6i3Hecy. Poib (paHuaii3MHTOBO1 AisUIEHOCTI B €BpoIi 3pocTae
3 KO)KHHM POKOM, OCKUITBKU Ha 6a3i €AMHOTO €BPONEHCHKOTO PHHKY
KpaiHHU-y4aCHUIII OTPHMAIH 3HAYHI MIepeBary, MoB'sA3aHi 3 iIHTEHCHU-
(hikamiero M>KHapOJHOTO BUPOOHMIITBA Ta MPOCYBAHHAM MAaJHX i
BEJIMKHUX KOMITaHii. SIKII0 MmpoaHaii3yBaTH MPOBiAHI Tamy3i €Bpo-
MEWChKOi EKOHOMIKH, II0 BUKOPHCTOBYIOTH (PpaHYAM3HHTL, TO iXHI
Ppe3yJbTaTl BUILISIOTH TAKMM YHHOM: 3 BEIMKUM BiIPHBOM Iepe-
BaXKa€ Tay3b MIBUAKOTO XapayBaHH:A (55%), Ha ApyTii mo3umii —
OpeH/Ia Ta MPOJIaX HEPYXOMOCTi 3 4acTKoro 18% puHKY, TpeTro 1mo-
3UIiIo 3aiHsIa po3apioHa Toprieis 3 yacTkoio 14%, cdepa mocayr
OTIMHIIIACS Ha 9eTBepTiit cxomuHmi (13%) (puc. 2).

13%

14%

55%

18%

M 3aKnaan WBMAKOTO XapyyBaHHs! u OpeHpa Ta npogiax HepyxoMocTi

= PoaapibHa Topriens Ccpepa nocnyr

Pucynok 2 — I'asty3eBa cTpyKTYypa (ppaHyaii3uHroBoi AisjibHOCTI B
€Cy 2022 poni (Nycz-Wojtan, 2023)

Ha cporogui Criomyueni IllTatm 3amummaroteest JiaepoMm y
chepi ppanyaiiunry Ha mobaabHOMY piBHI. MikHaponHa acomia-
wist (paHuali3uHTy Mmigpaxysaia, mo y 2023 pori B kpaiHi mpargo-
Bayio 806 THc. PppaHUaii3MHIOBUX KOMITaHii, siKi 3a0e3redyBaim po-
60ui Micist st monaz 8,4 miH. oc. (ACCC, 2023). ®panuaii3usr
CTaB HaJBKJIMBOIO CTPATETI€l0 /ISl PO3IIMPEHHS i 3pOCcTaHHs 0i3-
HECy, CTBOPEHHS pOOOYMX MICLlb T2 €KOHOMIYHOTO PO3BUTKY SIK Y
CIIA, Tak i Ha cBiTOBHX puHKax (Preble & Hoffman, 1995).

lamysesi npiopuret (paHvaii3MHrOBoi IisUTEHOCTI B €KOHO-
mini CIIIA BracHe BUCBITIIOIOTH Ti CEKTOpH Oi3Hecy, siKi Hapasi J10-
MiHYIOTb ¥ po0oTi ¢paHuaiisuHroBux Mmepex. Jlizepamu pHHKY
¢panuaiizunry CIIA e: 20% 3aiiMae KaTeropist pecTopaHiB LIBUA-
Koro obciyroByBaHHs, 18% — po3npiOHa TopriBist. 3HauHy MH-
TOMY Bary 3aiiMaroTh GisHec-nociyru (16%), nociayru 1 iHAUBI-
IlyaJbHHUX KJTI€HTIB i TacTpOHOMIs BinoBigHo 1o 13%, Tpoxu Me-
HIIy 9aCTKy aBTOMOO11e0yayBaHHI — 5%, MOCEepeIHULTBA Y HEpy-
xoMocTi — 4% (puc. 3).

KNieHTiB
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Pucynok 3 — I'nty3eBa cTpykTypa (ppaHyaii3HHroBoi AiSIILHOCTI B
CIIA y 2022 poui (Nycz-Wojtan, 2023)

YV 2024 poui ¢ppanyaiizuarosa raxyss y Crnomyuenux ltarax
NepeXuBalIa Mepiof 3pOCTaHHs, OCKUIBKH BOHA aJanTyBayiacs 10
€KOHOMIYHHX KOJIUBaHb.

B minomy, sik aMeprKaHCHKUIT Tak i €BPOMEHCHKHUIA TOCBIA Y
raiy3i ¢ppaHdaii3HHTY IEMOHCTPYIOTH HOTO YCIIIIHICTD 1 3HAYHUI
BILUTMB Ha PO3BUTOK MDXXHAPOIHOTO Oi3HECY, CTBOPEHHS HOBHX PO-
00ounx MicIb Ta 3a0e3MeUeHHS CTIHKOTO €KOHOMIYHOTO PO3BHTKY.

SWOT-anaii3 € BaXKJIMBAM iHCTPYMEHTOM HIiITPHUMKH TPHii-
HATTS PillICHb 1 TPU3HAYCHUI BUSIBUTHA OCHOBHI aCTIEKTH PO3BUTKY
CBITOBOTO (hpaHYaW3HHTOBOTO PHHKY, PO3IIAAAIOYH HOTO CHIIBHI i
c1abKy CTOPOHHU, MOYKJIMBOCTI Ta 3arpo3u (Tad. 4).

Taoauus 4 — SWOT-anaui3 po3BUTKY CBiTOBOro (ppaHyaii3MHIOBOr0
punky (M. Salar & O. Salar, 2014)

CuiibHi cToponn (Strengths) Cia6ki croponn (Weaknesses)
I'moGami3arist, JOCTYII 10 HOBUX PHHKIB Bmcoka BapTicTh

Bri3HaBaHicTh OpeHmy TlouaTkoBi BUTpaTH

MeHImi pU3HK HeBIadi Ilotouni BUTpaTn

Jlerkicts y mornyky hiHaHCOBOI MiATPH- 3aeKHICTh Bi OpeHIy

MKHI

IIpocra cucrema i roTOBa KITIEHTCHKA
6aza

MoxsuBocti (Opportunities)
PosumpenHs Ha HOBi PHHKH

CyBopicTb paBmII

3arpo3u (Threats)

Brcoka KOHKYpeHIIis
3aHemna/] OpeHIMHTY Ha PUHKY
ExoHOMi4HI KpH3H

CTOCOBHO yKpaiHCBKOTO PUHKY (h)paHuaif3uHTy, TO BiH PO3IO-
4aB cBO€ (pOpMyBaHHs 3aBISKH Jibepastizalii corialbHO-eKOHOMI-
YHOTO JKHUTTS Ta cepy B3aeMOil i3 3aKOPAOHHUMH MApPTHEPaMH i3
cepennnu 90-x pokiB XX cr . DyHKIiOHyBaHHS iHO3eMHUX (paH-
Yaii3epiB Ha TepUTOpil YKpalHH Ja€ MOXKJIMBICTb HEPEHHSITH yCIIi-
LIIHUH JOCBI/T BelieHHsT Oi3HeCy Ha OCHOBI (ppaHUaii3uHI, TOCTaTHIN
JUTsE OLTBII ITMPOKOTO PO3BUTKY HOTO JOTOBIPHOT CHCTEMH.

VY 2021 poui B Vkpaini ¢pyHKIioHYBano 592 dpaHyail3uHroBi
xommaHii. Sk 6aunmo 3 puc. 4, 3aranoM, 3a nepion 20102015 pokis
KinbKicTh paHyaiizepis 30ibimIacs Ha 206 of., a cepeaHbOPIYHI
TeMIH 3pocTaHHs cTaHoBmH 15%. 32015 no 2017 poky criocrepi-
rajocsi CKOPOIEHHsI KITbKOCTI (ppaHIali3MHTOBHX ITiIIPUEMCTB Ha
36%. IlocTymoBo BiHOBITIOBABCSI PUHOK HounHaoIH 3 2018 poky,
B IIe#i TIepio]] cepeqHBOPITHMIT TEMIT 3pOCTaHHs CKJIaB MPUOIN3HO
13%. 3araioM MOXHa CTBEpUKYBAaTH, IO KUTBKICTh (paHdaii3nH-
TOBUX KOMITaHiH, sIKi XO4yTb 1 Hamani po3suBarucs, 10 2022 poky
cTabuIbHO 3pocTaina (puc. 4).
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PucyHok 4 — lunamika kinbkocti ppanyaiizepis B Ykpaini, ox.
(Franchise Group, 2023)

Tlepuri mo3umii 3a momyssApHicTIO B YKpaiHi 30epiratoTs ¢dpaH-
w3 y cdepi rpoMacbkoro xapayBaHas. Y 2023 pori BOHHU CTa-
HoBWM noHax 80% ycix mpogaHnux ykpalHChKUX (panmms. [Tosic-
HEHHsI IIPOCTe: BOHU OLITBII 3p03yMiJi JUTsl ITOTEHIIHOTO NapTHepa,
IIBUJIKO OKYTIOBYIOTHCSI Ta MAlOTh IIMPOKUH BHOIp PI3HHX yMOB
CHIBITpAIIi.

Haiibinem momyssipHi ¢panmmsn Yipainn y 2024 pomi y
cepi rpoMaaCHKOro XapuyBaHHs: Mepeka PecTOpaHiB IPy3UHCBHKOT
KyxHi JDkwrit, HaiiOimplma Mepeka minepii B Ykpaini Pizza
Celentano Ristorante, JTbBiBCEKHMI KOHLIETIT MEpPEXi TeKapeHb IIBH-
nroro xapuayBanHs Lviv Croissants, Mepeska pecTopaHiB SIITOHCHKOT
Ta itanilicekoi KyxHi Mafia, oqHa 3 HaHOUTHIINX MepeK KaB'speHb
B Ykpaini Aroma Kava (Ta6mn. 5).

Taomuus S — Haii6iibm nonyasipui gppanmusu Ykpainu y cepi
rpomajcekoro xapuysanus (InVenture, 2025)

Ha3zBa
Jicucim

XapakTepucTuka

Mepexa pecTopaHiB Ipy3HHCHKOT KyxHi y opmari Fast-
Casual. O6csr inBectuiit — Bix 30 000$. Berymnauii Bre-
cok — Bizx 8 000$ 0 15 000$ B 3anexHOCTI B popmary
pecropany. Posinti — 3%. [Tepiox OKyIHOCTI CTAHOBUTH
Bin 9 1o 12 micsuis.

Pizza Ieprua Ta HaiibinbIIa Meperka minepiil B Ykpaini. [Tayma-
Celentano neHui BHecoK — Bix 10 000$ 0 20 000$. OGesir iHBeCTH-
Ristorante it cranoBuTh Big 60 000$ 10 180 000$, 3anexHO B
m z c o pectopany. TepMiH oKymHOCTI — Bix 12 MicsIIiB.
CELENTANO

Lviv Croissants JIbBIBCbKHIi KOHIIETIT MEPEXi MEKAPEHb IIBUAKOTO XapUy-
BaHHs1. OOcsir inBectriii craHoButs Big 30 000$ 1o 70
0008, Berymauit BHecok — 10 000$. Po3mip postri — 3%
Biz Butopry. Tepmin okymHOCTI iHBecTHIIIi — Bix 12 10
24 micsiB.

Meperxa pecTopaHiB SMOHCHKOT Ta ITAHCHKOI KyXHi.
Berymawuit BHecok — 9 000 eBpo. O6csr inBecTHIii cTa-
HOBHTS Bit €600/M2, a po3Mip posuTi y TepIiuii pik po-
6ot 3aksagy — 3,5% Bix 060poTy (Hai po3Mip posuITi
30LIBIIy€eTRCS 10 5% Bix 000poTy). MapkeTHHIoBHH ITa-
Tixk — 2% Bix npozpaxy. Tepmid okynHocTi — Bix 18 mi-
CSIIIB.

OnHa 3 HaHOLIBIIMX MEepeK KaBsIpeHsb B YKpaiHi. 3anexHo
BiJI pO3Mipy 3aKjay oOCsT iHBECTHILiif MOYKE CTAHOBHTH
Bix 250 000 1o 850 000 rpuBens. Cyma nayniaisHOro BHe-
cKy — 75 Tucsd rpuBeHb. TepMiH OKymHOCTI — Bif 6 Mi-
csiiB. Po3mip postrti — 2% Big o6opory.

ANTS

TV CR

Mafia

WAFIA

i T mOKS K

Aroma Kava

Haii6inpm nomynsphi ¢panmmsu Yipainn y cdepi mnocuyr:
KOMIIaHisl, 10 3aiMa€eThesl JOCTABKOIO TIOLITOBHX BiANPABICHb Ta
BanTaxiB Hosa mormra, hpanmmsa Meanunux gaboparopiii JJIJTA,
npodeciiiHa Mepexa XocTeniB HoBoro mokoninHs Dream Hostel,
MmynsTHdopMaTHa Mepeka areHTcTB CoHara, ofiHa 3 HailOUIbIINX
Typuctnunux kommnasiit Tez Tour (Tabm. 6).

Tabnnus 6 — Haiidiasm nonyaspui ppanmusu Ykpainu y chepi
nocayr (InVenture, 2025)

HazBa
Hoea nowma

*
<)

XapakTepucTHKA

KomnaHnist, 1o 3aiiMa€eThCsi JOCTABKOIO MOIITOBUX BiATpa-
BJICHB TA BAHTAXIB B YKpaiHi Ta y cBiTi. Cyma iHBeCTHiit
— Bix 50 000 1o 200 000 rpuens. Postri — 0,5% Bix
obopory. [laymansauit BHecoK BincyTHiH. TepMiH oKymHO-
cTi — Bix 8 MicsLiB.

XapakTepucTHKa

OpaHimza MeIMIHHX Ja0opartopiit 3 25-pidHUM T0CBI-
nom. Ilepmra cepen ykpaiHchkux maboparopiii 30yryBana
cructeMy ynpasiiHas skicTio (TQM) maboparopHux moc-
JIYT, IO BiJNOBIIa€ MDKHAPOAHKM Ta CBITOBUM CTaHAAp-
tam. [aBecTuii Ha 3amyck Bix $18 000. [Tepion oxymHOCTI
14 micsiiB. HeoOxinHa momia npumMitneHHs: 35-50 m2.
Yucruit npubdyTtok: $2 000/mic., micis Buxoxy Ha 100% 3a-
BAaHTAXKCHHS (DPaH4YAH3MHIOBOI TOUKH.

IMpodeciitna Mepeska XOCTEIB HOBOTO IIOKOIiHHS. 3aiie-
JKHO BiJI pO3Mipy XOCTeITy, 00CST IHBECTHUIIIiT MOXKE CTaHO-
But Big 200 000 no 2 500 000 rpuBeHs. Berynnuii BHe-
cok — Big 50 000 o 200 000 rpusens. [Tepion oxymHOCTI
— Bin 9 10 30 MicsiiiB.

Dream Hostel

< DREAM Hostel

Conama MynsTrdopMmaTHa MepexKa areHTCTB, IO HAJA€ IIMPOKHI
CIIEKTp MOCIIYT, MOB'SI3aHKX i3 3aKOPAOHOM: IIPaL|CBIAIITY-
| BaHHS, CT)XYBaHHS 32 KOPIOHOM, Bi30Ba MiATPUMKA, TY-
@WHDQIQ puctnyHi nocayru. O6csr inBectuiit — i 10008 no
4000$. Betymmuit Baecok — Big 600 no 800 nomapis. Tep-
MiH OKYIIHOCTi — BiJ] 6 MiCSIIIiB.
Tez Tour OpHa 3 HalOLIBIMX TYPUCTHYHMX KOMIaHIH. BerymHuit
BHecok st Kuesa ta {ninpa cranoButs 70 000 rprBeHs,
% i Onecu, XapkoBa, 3anopixoks ta JIsoBa— 60 000
— rpuBeHb, A perta Mict — 50 000 rpusens. Posuri —

1% Bix 06opoty. OOCsT IHBECTULIH 3aIeKUTH Bil po3Mipy
(panyaiizuaroBoi Touku. Tepmin okymHOCTI — Bix 12 10
24 micsiB.

[Ipoko BUKOPUCTOBYETHCS (PpaHIaN3HHT 1 B chepi TOPTiBIIi.
Haii6insm nomyssapHi ¢panmmsu Ykpainu y 2024 poui y cdepi To-
priBimi: omHa i3 HaWOLIBPIMIKMX B VYKpaiHI Mepex CylnepMapKeTiB
Novus, Haif0ibIIa Mepeka Mara3uHiB PO3JIMBHOrO muBa IInBo-
Bank, meperka pipmMoBuX Mara3uHiB ofsry Ta B3yTTs Columbia, me-
peka MarasuHiB JoMamHix HamiBgadpukariB ['ans bamyBana, me-
peka criemianizoBaHUX CHPHHUX MarasuHiB CHpHE KOPOIIBCTBO
(tabm. 7).

Tadnanus 7 — Haii6iasm monyasipui ¢ppanmunsu Ykpainn y cdepi
Topris.i (InVenture, 2025)

Hazsa
Novus

XapakTepucTHKa

Opna i3 HaiOLTBIIMX B YKpaiHi Mepex CyrepMapKeTiB.
Cyma inBectHLiit Moxke cTanoButH Bix 40 000$ 1o 1000
0008, 3anexHo Bix popmary cynepmapkety. Posnti — 1%
BiJI TOBapooOiry, pexiaMHi BigpaxysarHs — 1% Biz BUTO-
pry. Tepmin okymrocTi — Bin 18 10 36 micsmiBs.

NOVUS

Tusobanx Haii6inpima Meperxa MarasuHiB posnBHOTO muBa. Ilayma-
npHE BHECOK — Bif 5 0008. Cyma inBectuiiiii — Bix 12
A 000$. Postti — 3% Bix 06oporty. ITepion okymHOCTI —
—} pivo. ) o7
bank Bix 14 no 18 micsiB.
Columbia Meperxka (hipMOBHX Mara3uHiB OUITY Ta B3YTTS IS AKTHB-
' HOTO BiIOYMHKY aMEepHKaHCHKOTO Opery. Po3mip inBec-
‘ \‘ Tuiii — Big 25 000$. Tepmin okymHOcTi — Bix 12 10 18
. MicsIiB. BeTynmHOTO BHECKY HEMae.
Columbia v i

T'ansa banysana Mepexa Mara3uHiB 1oMamIHix HariBdabpukaris. [Taymra-
npHu BHECOK — 9 000$. Postrri — 2000 rpuBess Ha Mi-
CsIb 13 onfHi€el (hpaHyaii3nHToBoi Toukn. OOCAT IHBECTHIIIH
— Bix 30 0008 mo 40 000$ mist Marasumy rwiomiero 60 KB.
M. Tepmin okymHOCTI — BiJ 5 MicsIiB.

Cupne xopo-
Ji6CMB0

Mepesxa crienianizoBaHHX CHPHHX Mara3HHiB €eBPOICiCh-
xoro ¢opmary. [Taymansauii BHecok — 10 000€. O6csr
inBectuiii — Bix 23 000€. Posurti — 4%. TepmiH okyr-
HocTi — Bij 12 10 18 micsiriB.

He3sBakaroun Ha Hampy»XeHy EKOHOMIUHY CUTYyallito B YkpaiHi,
PO3BHUTOK (hpaHUali3HHIOBOIO Oi3HECY HE MPHIMHSETHCS, OCKLUTBKH
BeJIMKa KUIBKICTh (haHuaii3epiB Bce JK 3MOIIH aJIaNTyBaTHCSI 10 HO-
BHX 1 OUIBII CKJIQJHUX YMOB.

PexomeHpauii

1106 ycnimHo opieHTyBarHCcs B MaliOyTHEOMY PO3BUTKY (ppa-
HYalW3MHTY, OpEeHM MOBUHHI NPUHHATH eeKTHBHI crparerii. Bu-
3HAYCHHS Ta OI[HKA MOTCHIIHHMX MOXJMBOCTEH  JUIS
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(paHIali3MHTOBOI JISUTEHOCTI € Jiy’ke BaxIMBUMHE. Lle nepenbadae
MPOBEACHHSI PETEIBHOIO AOCITIKEHHS PUHKY, 1[00 3p0o3yMiTH 3a-
MIUTH CTIOKMBAYiB 1 KOHKYPEHTHE CEepEeIOBHUILE.

Crparerii po3BUTKY (paHIIN3U IOBUHHI BKIFOYATH B cebe (o-
Kyc Ha MacITaboBaHicTh. MacITaboBaHICTh Ma€ BUpILIaIbHE 3HA-
YeHHS JUTsl yCHiXy ()paHIIu3d, TO3BOJSIOUN OpeHIaM pO3IIHPIO-
BaTH CBOE OXOIUICHH:, 30epiratouu NpH IIbOMY ONEpaLiiiHy edex-
TUBHICTh. Hanpukiaz, ¢ppaHiim3a moBuHHA rapaHTyBaTy, 1o ii Oi-
3HEC-MOJIeNIb MOke OyTH BiATBOpEHa B Pi3HMX Micusax Oe3 BTpaTH
SIKOCTI.

JIns moganblioro po3BUTKY MKHApPOOHOI (paHUaii3MHIOBOL
ISTBHOCTI 3arajioM 1 B YKpaiHi, 30Kpema, HeoOXiTHO MPOBOIUTH
Taki Aii:

— aHaJIi3yBaTH PUHKHU KpaiH, TPOBOJUTH ITOCTiiHI 03HAOM-
JICHHSI 3 YHIOO00aHHIMH Ta ITOTpeOdaMH CIIOXKUBAdiB;

— aJanTyBaTH JisUIEHOCTI KOMIIaHi{ 10 KyJIBTYpHHX 0COOIH-
BOCTEH LITBOBOTO PETIOHY;

— 3ampoBaJPKYBaTH Cy4YacHI HAyKOBI Ta IHHOBAIliI{HI TEXHO-
JIOTi;

— 3IIMCHIOBATH 1HBECTHLI1 Y HAHOUIBII (hiHAHCOBO MpUBad-
JIUBI Ta MEPCIEKTUBHI CEKTOPH EKOHOMIKH.

'V 3B’513Ky 3 HOTOYHOIO CHTYaMi€r0 B YKpaiHi, BAXIHBICTH (pa-
HYa3UHTY HaOupae oOepTiB 0COONMBO SK 3HAPSIAMASA LIS BiIHOB-
JICHHS! YKpaTHCHKOT EKOHOMIKH Ta PO3BUTKY OizHec-IisubHOCTI. [To-
BHOMacIITabHe po3ropTanHs OoifoBux miit y 2022 poui maibke Ha
BCili TepuTopii YKpalHM 3MyCHJIO BCIO KpaiHy aJanTyBaTHCS 10
JKUTTS B YMOBaxX BOEHHOTO dacy. Uepes BiltHy ykpalHCBKHii Oi3HeC
110YaB MacoBO BiZIKpUBATUCS B €BPOITi, CTBOPIOIOYN PUHOK JUIS K-
paiHchKMX  (paHmmM3. 30KpeMa, KOHCAJITHHIOBA  KOMIIaHis
Franchise Group, sika 3aiiMaeTbCsI MPOCYBaHHAM (PpaHUIaii3HHIOBUX
TIOCIIYT, IIOAHS OTPUMY€ Bce OLTBIIE 3aIUTIB Ha 3amycK (hpaHIIn3
3a KOPZIOHOM, Hixk Oy/ib-Koiu. OTIKe, B OCTaHHI POKH HaIliOHAIBHHUN
PHHOK (ppaHYai3MHTY IOBUNBHO, ajie CTAOUIBHO PO3BUBAETHCS.
JleprkaBa 31ifiCHIIIA HU3KY KOMIUICKCHHUX 3MiH y 3aKOHOIABCTBI Ta
JIep)KaBHUX MPOrpamax, o0 MOCHIUTH HiATPUMKY €KOHOMIKH Ta
PO3BUTKY YKPaiHCBKOTO Oi3HECy, IO Hajali CIPUATAME PO3IIH-
peHHO (hpaHYal3UHTOBOT AiSUTEHOCTI.

References

BuCcHOBKM

OpaH4yaii3uHr € CTPATeriYHUM aJbSHCOM MDK JBOMa CTOPO-
HaMH: (hpaHdaiizepoM, SIKHi BoJozie GizHecoM, Ta (hpaHdaiisi, o
HaOyBae IpaBo HA MPOJaX MPOIYKTIB 1 mociyr ¢panvaiizepa. Ll
(dopMa Gi3HeCy MPOJOBKYE aKTHBHO PO3BHBATHCS Ta MOIIHPIOBA-
THCS y MDKHapogHOMY Macirta6i. Jlinepamu y chepi GppaHdait3nH-
roBoro Oi3Hecy € KpaiHH 3 BUCOKHM PiBHEM €KOHOMIYHOTO PO3BH-
TKy. 30kpema, nocsix CIIIA ta kpain €C neMoHCTpye, mo ¢paH-
Yaif3uHT BUCTYIAE e(heKTHBHOIO MOJIEILTIO PO3IIMPEHHS iICHYIOUOTO
0i3Hecy.

OpanyaiisuHroa Mozenb Oi3HeCy € MpUBAOIMBOIO 1 IS BiT-
YM3HSAHUX MianpremuiB. HaiiOinbi akTHBHO BOHA PO3BUBAETHCS Y
ctepax rpoMazChKOTO XapuyBaHH:, TOPTiBIl Ta mocayr. B Ykpaini
OLBIIIICTh YYAaCHHUKIB PHHKY (ppaHYaii3MHIY CTHKAIOTHCS IepeBa-
JKHO 3 TIPABOBUMH TPYAHOIIAMH, IIPOTE, HE3BAKAIOUM Ha 11 oOMe-
JKEHHS, (PpaHIai3MHIOBUI Oi3HEC IEMOHCTPYE CTPIMKE 3pOCTAaHHSI.
CroroHi (panvait3vHr HabyBa€e 3HAYCHHS SIK IHCTPYMEHT BiTHOB-
JICHHsI YKPaiHCHKOT €KOHOMIKH Ta PO3BUTKY Oi3HEC-IisTIBHOCTI.

OpaHvaii3uHT B)KE JaBHO PO3IIAAAETHCA K OHA 3 HAHOLIBII
3pYYHHX 1 e)EKTUBHUX MOJENIEH PO3BUTKY MAJIOTO Ta CEPEAHBOTO
0i3Hecy. HasBHICTB roTOBOTO OpEeHAY H03BOJISE€ YHUKHYTH 3HAYHUX
BUTpAT Ha MPOCYBAHHS, a MMOYATKiBELb-MIAPHUEME MIPALOE TIi
nepeBipeHIM (GopMaToM, IO MiHIMi3y€e PH3HKH.

JIis cTUMYITIOBaHHS PO3BUTKY MiXKHAPOIHOTO (ppaHUai3UHTY
HE0OXiHO CTBOPHTH CIIPUSITIIMBI YMOBH: 3/iHCHIOBAaTH MOHITOPHHT
PHMHKY Ta BUBYATH yIIOI00AHHS 1 TOTPEOH CIIOKUBAYiB; a/lalTyBaTH
JISUTBHICTH KOMITaHIT IO KyJIBTYPHHX OCOOIMBOCTEH LIIBOBOTO pe-
TiOHY; BIIPOBA/KYBATH CyYacHi HAYKOBI Ta IHHOBAIiifHI TEXHOJIOTIT;
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MeTta. [0ONOBHOK METOK UBOrO AOCHIMKEHHS € OUiHKa MOoTeHuiany 3erneHoi €KOHOMIKM Ana CrpusiHHSA
€KOHOMIYHOMY 3pOCTaHHIO Ta pO3BWUTKY KpaiH-uneHiB OpraHisdauii Tiopkcbkux gepxas (OTH). OG’exktom
pocnigxkeHHs € kpaiim OT[, npegMeToM — aHani3 noTeHuiany 3eneHoi eKOHOMIKM Ta MOPIBHAHHS BigNOBiAHMX
€KOHOMiIYHUX nokasHukiB. Ousand / MeTtop / Migxia. JocniopkeHHs 6a3yeTbCs Ha OaHMX MKHAPOAHMX DKepen,
sokpema UNECE, TheGlobalEconomy.com, HauioHanbHOi cTatucTukn AsepbanmgkaHy Ta iHWWX BiOKPUTMX
HabopiB gaHux. 3acTOCOBAHO CUCTEMHUN NiAXid, NOriYyHe y3aranbHEHHS, MOPIBHANBbHWUIA aHani3 Ta MpUYUHHO-
HacnigkoBe MUCNeHHs. PesynbraTtu. Y gocnigXeHHi po3rnaHyTo: (1) 3eneHy eKOHOMIKY K KaTeropito Cy4acHoro
B32EMOBWUILHOMO PO3BUTKY; (2) MOPIBHAHHA NOKa3HMKIB EKOHOMIYHOTO 3POCTaHHS Ta 3€N1EHOT EKOHOMIKM B KpaiHax
OTL; (3) noTeHuian 3eneHoi ekoHoMiku B A3epbanaxaHi; (4) BocBig BNpoBaJ)KEHHs 3eNeH0T EKOHOMIKM B KpaiHax
OTA. BusieneHo knoyoBi npobrnemu Ta 3anponoHOBaHO pekoMeHaaljii Ansi nokpalleHHst peanisauii 3aBoaHb
3eneHoi ekoHoMiku. TeopeTuyHe 3Ha4YeHHs. Yci kpaiHn OT[] 4eMOHCTPYIOTh 3aLikaBNeHICTb Y PO3BUTKY 3eMeHoi
€KOHOMIKM LUMSXOM 3anyyeHHs! iHBECTULN | CTBOPEHHS CNPUSATIIMBMX YMOB Y MPOMUCIIOBUX 30HaX, CiNlbCbKOMY
rocrnofapcTsi, TpaHcnopTi Ta TypuaMi. MpakTuyHe 3HaveHHs. KoxHa kpaiHa-ydacHuua OTL yxBanuna ctparerito
0O3€ereHeHHs1 €EKOHOMIKM | MOCTynoBO BMNpOBagXye 1l eneMeHTW BignoBiAHO A0 HauioHanbHUX LUinen.
OpwuriHanbHicte / UiHHicTb. Y pgocnimkeHHi BBeAEHO iHOEKC 3eneHoi eKOHOMiKM, Bu3HadeHo OGap’epu
€KOHOMIYHOro 3pOCTaHHsi i CTanoro po3BUTKY, @ TaKOX HAronoLEeHO Ha CTPYKTYPHUX 3MiHax B EKOHOMiLl,
BUKITMKAHMX PO3LUIMPEHHSIM 3€eneHoi ekoHoMiku. OOmexeHHA pocnigxeHHA | ManOyTHI gocnigkeHHs.
OCHOBHUM OBOMEXEHHSIM € BiACYTHICTb NOBHOI CTaTUCTUYHOI 6a3n. BTim, 3pobrneHo BUCHOBKM i 3anponoHoBaHO
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A green economy promotes balanced economic development,
considering the use of all key factors: ecology; natural, labor, finan-
cial, and production resources; productive forces; production rela-
tions; and the interaction between the state and private sector part-
nerships. The green economy also contributes to improving coordi-
nation among all participants and enhancing the well-being of the
population. It not only addresses the challenges of economic

development but also emphasizes environmental and socio-eco-
nomic dimensions, thereby ensuring economic growth alongside
ecological balance. The OTS countries possess rich natural re-
sources, an adequate level of population education, scientific and
production potential, a stable inflow of investments, and a strategic
interest in diversification and occupying niches for new goods and
services in both domestic and international markets (Table 1).

Table 1 - Commodity Structure of Foreign Trade with the Countries of the Turkic World in 2021, % of total (Gasimli, 2023, p. 285)

Azerbaijan Kazakhstan Kyrgyzstan Turkey Total

export  import export import export import export import export import
Overall 100 100 100 100 100 100 100 100 100 100
Food products and live animals 13.7 12.3 17.5 344 153 9.8 1.5 3.1 9.6 19.0
Beverage and tobacco 0.0 0.6 1.2 0.2 0.6 0.6 0.0 0.0 0.5 0.1
Non-food raw materials, except fuel 4.9 29.8 4.8 15.9 1.0 8.9 34 1.5 34 9.1
Mineral fuels, lubricating oils and similar materials 0.4 18.4 0.5 10.5 1.2 273 0.6 0.4 0.7 18.6
Animal and vegetable oils, fats and waxes 0.0 0.2 0.0 2.9 0.0 0.0 0.0 0.0 0.0 1.5
Chemical and similar products 1.6 18.6 8.1 2.4 6.9 1.3 7.5 17.5 8.5 7.7
Industrial goods 45.7 17.3 15.0 253 339 415 81.4 16.7 47.5 19.9
Machinery and transport equipment 26.5 0.7 34.6 6.2 4.2 6.8 2.6 47.8 13.0 18.7
Various finished products 4.1 0.3 5.1 0.5 24.1 1.1 0.2 9.3 8.6 3.3
Other goods 0.0 0.0 0.0 0.2 0.3 0.0 0.0 0.0 0.1 0.1
Services 32 1.9 13.1 1.4 24 2.8 2.8 3.5 8.2 2.1

The participation of these countries in international organiza-
tions, international scientific and technical and technological coop-
eration, in exhibitions and large interstate projects is based on a
comprehensive study of not only legal and economic acts, but also
in the development of ICT and telecommunications, which in-
creases the importance of the “green economy” (Accenture &
United Nations Global Compact, 2018).

Green Economy as a Category of Modern
Mutually Beneficial Economy

The Green Economy Concept, which first introduced a serious
critical approach to the value of money and material wealth in the
concept of human well-being after the 1960s and defined as an eco-
nomic foundation, was held in Rio de Janeiro on June 20-22, 2012
and Rio+ 20 has become one of the most topical issues since the
United Nations Conference on Sustainable Development (UN-
DESA, 2012). Twenty years after the 1992 Rio Conference on Sus-
tainable Development, the concept of “green economy” became the
focus of the UN Conference on Environment and Development
(UNEP, 2012).

The United Nations Environment Program (UNEP) sees the
green economy as a growth strategy that addresses environmental
risks and environmental challenges, as well as increasing human
well-being and social equality. More specifically, the green econ-
omy can be seen as an approach aimed at reducing greenhouse gas
emissions, resource efficiency and social development. In a model
that can be called a green economy, income and employment can be
achieved through reducing pollution and carbon emissions, improv-
ing energy and resource efficiency, conserving and enriching biodi-
versity, and public and private sector investments.

Given that the common future of mankind depends on the co-
operation of states, the green economy, which requires a common
understanding and common vision, includes the creation of a policy
of environmentally friendly growth and development. In order to
protect the common future, it must be borne in mind that consensus
in the field of environmental and sustainable development must not
remain in theory and must be implemented. Accordingly, in October
2012, the United Nations Development Program (UNDP) seminar
on "Fiscal Policy in an Inclusive Green Economy" focused on three
key areas: environmental protection taxes and duties, energy sub-
sidy revision, and financial reform.

The United Nations Development Program supports the sup-
port of investments in the green economy through public spending
and political and administrative reforms. In addition, the protection
and development of natural assets, which are the main source of
capital and are of great value, is extremely important for people who
make a living from natural resources (Burkhard & Miiller, 2008;
UNEP, 2011b).

The term green economy was first mentioned in the Green
Economy Plan Report published in 1989 by the London Center for
Environment and Economics (UNEP, 2011b). There is no single

definition of a green economy, but various international organiza-
tions have provided explanations for this concept (GEC, 2019;
Duijvestein, 2002; Jabareen, 2006).

UN. A model of economic growth that helps to reduce poverty
while maintaining a sustainable economy, ensures the sustainability
of a healthy ecosystem, supports sustainability in the process of pro-
duction and consumption, contributes to the creation of new em-
ployment opportunities, and enhances social welfare.

UNEP. 1t is about ensuring human well-being and social well-
being while reducing environmental risks and shortages. In addi-
tion, the green economy includes issues such as efficient use of re-
sources, reducing carbon emissions, and improving the social situ-
ation.

UNESCAP. Ensuring economic growth by focusing on the en-
vironment, reducing carbon emissions, and addressing social issues.

OECD. An environmentally friendly green economy is about
achieving economic growth and development after ensuring the
long-term use of natural resources based on human well-being. In
addition, the green economy must support growth and contribute to
investment and innovation to increase economic opportunities to
achieve sustainable development.

WB. 1t is a concept of economic growth that reduces the con-
ditions that cause environmental problems, uses resources effi-
ciently, does not harm living things in nature, and does not slow
down development.

G20 Platform. A model of sustainable development, the Green
Economy is a growth model that allows old technologies in various
sectors to be replaced by new technologies that are less harmful to
the environment and increase energy efficiency.

“Green” and “greening” (Table 2) are used for sustainability
and related issues where energy and resource efficiency are central
elements of green economy. The deterioration of the ecological sit-
uation in Europe due to air pollution and water supply led to the
study of the ecological situation in the industrial cities of Europe. In
the 1980s, the reports The Limits to Growth introduced the idea of
sustainable economic growth; Our Common Future demonstrated it
was possible to reconcile economic growth, environmental preser-
vation, and social development; and the New Urbanism Movement
advocated ways to limit dispersed urban expansion of cities by us-
ing more environmentally friendly urban design practices such as
walkable neighborhoods, mixed land use, and transit-oriented de-
velopments (TODs) (Brilhante & Klaas, 2018; Duijvestein, 2002;
Jabareen, 2006).

The green economy is a new and developed mechanism based
on an innovative system of economic activities that enhances social
welfare and ensures competitive but responsible business growth.
The green economy, which stimulates transformation, encourages
and facilitates progress towards the three pillars of sustainable de-
velopment. More than 60 countries around the world are moving
towards a green economy, and many want to achieve their ambitions
in the next 10 years. Leading governments in this transition are
breaking the traditional line of thinking that there is an inevitable
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compromise between economic progress and environmental sus-
tainability, and instead demonstrate significant opportunities for in-
vestment, growth and security (Environmental Management Group,
2019; Kuloglu & Oncel, 2015; Tjallingii, 1996).

Table 2 - Difference between brown and green economy (based on
the analysis of existing literature on brown and green economy)

Brown economy
Traditional economic
growth

Greening Green economy

Economy growth’s plan- Separating economic

ning growth on natural re-
source using

Control on energy Renewable energy

sources’ using sources

Optimization of natural Energy efficiency

resource using

Biodiversity controlling Biodiversity protection

Non-renewable energy
sources

Intensive consumption
of natural resources
Destruction of biodiver-
sity

Unlimited consumption
(over consumption)
Lack of Corporate So-

Sustainable consump-
tion
Corporate Social Re-

State monitoring, mar-

cial Responsibility of  keting regulation and fi- sponsibility of Busi-
Businesses and Inves-  nancial controlling nesses and Investors
tors

In the long run, investing in green economy policies will result
in faster economic growth. A green economy will overcome chal-
lenges such as energy shocks, water scarcity and ecosystem loss,
and investments will be directed more to employment and agricul-
tural productivity, which will lead Green economy and Green Fi-
nance to poverty reduction (Maran & Nedelea, 2017). Mechanisms
that provide a green economy, such as renewable energy, a green
business and technology-friendly environment, and the training of a
skilled and agile workforce, are also the driving force and outcome
of the transition. The creation of low, medium and highly skilled
jobs is just one of the short-term benefits of the transition to a green
economy. Other opportunities for governments include improving
the health and well-being of the population, leading to higher
productivity and reducing healthcare costs. The transition to a green
economy requires special conditions. These favorable conditions in-
clude the government of national economies, domestic and foreign
policy, subsidies and support, as well as international markets and
legal infrastructure, trade and technical assistance to developing
countries. Steps are now being taken through the green economy
against the dominant brown economy, which is overly dependent on
natural resources, depleting them and degrading the environment.
There are two equally important aspects of the transition to a green
economy: greening the brown economy and green growth. Any
brown economic sector can be greened through the application of
clean, efficient and innovative technologies. Green growth should
be stimulated by investing in new green industries.

If ecology means the study of home (environment), then eco-
nomics is the science of housekeeping. The economy of countries
has always depended primarily on natural resources, their quality
and availability (UNDESA, 2012). As Mamedov notes, the deep
connection between economics and ecology became apparent when
the reverse impact of the changes made by people on man and his
economy became obvious (Mamedov, 2003). J.-B. Lamarck, E. Re-
clus in 19th century, V. Vernadsky at the beginning of 20th century
in their works pointed out the determining role of the environment
on the economy. K. Marx studied the connection between capital
and labor, but did not pay attention to natural resources, their

potential and possibilities. With any economic activity, natural re-
sources are depleted, and the effect of environmental pollution ap-
pears. Since the economy itself is a multifactorial process, it is stud-
ied using complex multidisciplinary methods that take into account
the political and social aspects of economic development within the
framework of natural and social sciences. W. Jevons and L. Walras,
as well as T. Veblen and A. Salleh, considered some aspects of the
green economy from both the marginalist and institutionalist per-
spectives.

The goal of any national socio-economic development strategy
should not be limited to growth and development, but must also ad-
dress global social challenges. GDP per capita reflects how much is
spent on health care, but it does not capture the outcomes of these
expenditures, that is, the actual state of public health, which is better
indicated by average life expectancy. GDP may increase, yet the
overall effectiveness of the health care system can decline, and the
health of the population may deteriorate. Similarly, relying solely
on average GDP per capita provides an incomplete picture of well-
being. Therefore, it is crucial not only to correctly use green econ-
omy indicators but also to plan appropriate strategic and tactical ac-
tions (Yuzbashiyev, 2010). Implementing a green economy policy
aims to ensure sustainable growth and development of the national
economy, enhance security, address social challenges, and prioritize
solutions to environmental and climate change issues.

Economic growth and green economy indicators — compari-
son of OTS countries. In the theory of economic growth, quantita-
tive indicators are more often addressed, and then qualitative com-
ponents. In the green economy, the main indicator has become the
qualitative component of economic growth and development. The
quantitative criterion of growth is ensuring sustainable rates of GDP
growth. Qualitative characteristics of growth are factors of eco-
nomic growth that ensure the growth of the people's well-being, re-
duction of differentiation in the standard of living of the population,
reduction of mortality, increase in life expectancy, improvement of
the environment, increase in competitiveness, etc. (Yuzbashiyeva,
2010). Many countries have differences in the structure of their na-
tional economies, and there is uneven development among sectors
and branches of economy, in regional development, and among en-
terprises and the working population. These problems increase the
importance of coordination to solve future problems. It should be
noted that sustainable development means meeting current needs
without compromising the needs of future generations.

This is achieved through balanced socio-economic-ecological
growth and development, which creates the foundations for sustain-
ability and the transition to a “green” economy, the essence of which
is to improve people’s well-being, social equality and reduce the
impact of environmental risks in conditions of uncertainty. Innova-
tive and inclusive growth, the use of "green" GDP, in which the en-
vironmental component is strengthened. If the indicator of green
economy GDP is negative, this demonstrates a low level of use of
energy from renewable sources, low quality of ecology, underdevel-
opment of ecotourism, a small number of protected natural re-
sources in the territory of the state (Abasova, 2015; Abasova et al.,
2020). As is known, the indicators of economic growth are the
growth of GDP, the growth rate of GDP, and the growth rate of pro-
duction. The main indicators of economic development are: sectoral
structure, GDP per capita, production of basic products per capita,
the standard and quality of life of people. Let's consider some of
them (Table 3).

Table 3 - Economic indicators by OTS countries in 2023 (Humanitarian Portal, 2025; TheGlobalEconomy.com, 2024; UNECE, 2024)

GDP, cur- Number of employed Annual labor  Population Current GDP per Share of employed Share of employed
rent, billions. populations, million  productivity size, million capita, $ per year population, %, population, %,
$ people Thousands, 100% people 2023 2024
$/person
Turkey 1118.25 31.632 7.63 - 85.326 13105.66 37.1 48/152
Azerbaijan 72.36 4.963 14.58 42 10.11 712591 49.1 66/31
Kazakhstan  261.42 9.082 28.79 83 199 13136.68 45.64 65/38
Kyrgyzstan  13.99 2.656 5.27 1.5 7.1 1970.42 3741 63/47
Uzbekistan 90.89 13.865 6.56 1.9 3641 2496.29 38.08 54/124
As an observer of the activities of the OTS
Turkmenistan _59.89 2.120 28.25 82 6.52 9185.58 32.52 46/158

As can be seen from the data in Table 3, there is high labor
productivity in Kazakhstan (28.79 thousand $/person) among OTS

countries. Azerbaijan has low values - 14.58. However, there are no
significant differences in the share of the employed population.
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Thus, the share of employed population in Turkey is 37.1%, in Azer-
baijan - 49.1%, in Turkmenistan (32.52%), in Uzbekistan (38.08%),
in Kyrgyzstan (37.41%). All this demonstrates the feasibility of in-
creasing efficiency, productivity and effectiveness. The importance
comes from the fact that the significance of environmental issues,
uncertainty in global development, the impact of digitalization and
artificial intelligence are increasing, which is reflected in the indi-
cators of economic growth and development.

The processes of greening, digitalization and socio-economic
development of any country are reflected in the indicators of eco-
nomic growth and development of the country, which are subject to
certain changes (Yuzbashiyeva et al., 2023). These changes have
qualitative characteristics, not quantitative ones, as they ensure sus-
tainability, competitiveness, inclusive growth and development of
the country. Economic growth leads to an increase in the physical
volume of production, an improvement in the quality of final prod-
uct, and simultaneously affects the standard and quality of life of
population, the technological structure and efficiency of production
factors (Yuzbashiyeva et al., 2023). It is important to combine the
influence of the country's economic, social, technical, technical and
ecological development.

The main risks in the country's economic development are
(Yuzbashiyeva, 2010): climate and environmental problems, insta-
bility, problems from the use of digitalization and artificial intelli-
gence technologies, cybersecurity, lack of information and disinfor-
mation, income polarization, local wars, sanctions, inflation, migra-
tion, volatility of raw material prices, volatility of industrial produc-
tion, etc.

All of this is reflected in the formation of GDP (reduction in
the volume of expenditure on investment and consumption). Inno-
vative technologies influence the content of work and lead to the
disappearance of some professions and the emergence of new ones.
Changes may occur in economy structure: in the sphere of employ-
ment (growth in the number of jobs associated with the "green"
economy); creation of new markets (Abasova et al., 2020) and types
of activity; in the investment and innovation sphere; regional devel-
opment based on the creation of new industries and jobs; growth of
social investments in the conditions of competition (Yuzbashiyeva
& Abasova, 2022) and the transition to digitalization.

In turn, digitalization leads to inclusive and sustainable
growth. This requires optimal distribution of investments between

Table 4 — Quality-of-life index in 2024 (Numbeo, 2025)

economic sectors, as it ensures the transition to a “green” economy,
the application of ESG standards. In the context of decreasing un-
competitiveness of industries and markets, it is necessary to diver-
sify the economy. On the other hand, it is expedient to increase fund-
ing for scientific and technical and technological research and de-
velopment that stimulates economic growth and development. The
issues of high-quality economic growth and development create the
foundations for sustainability and stability, which determines the
green economy (Yuzbashiyeva et al., 2022).

The creative potential of workers in a green economy should
be directed towards filling technological gaps through local techno-
logical changes. The products produced may be at a lower techno-
logical level, but they will fill the gaps in the final consumption
sphere (Yuzbashiyeva et al., 2025).

The quality-of-life index consists of 8 indicators: (1) PPI —
purchasing power index; (2) SI — safety index; (3) HCI — health
care index; (4) CLI — cost of living index; (5) PPIR — property
price to income ratio; (6) TCTI — traffic community time index;
(7) PI — pollution index; (8) CI — climate index (Table 4). Data
for Kyrgyzstan and Uzbekistan are not available.

As shown by the data in Table 5, Azerbaijan and Kazakhstan
occupy average positions on this index (63rd and 72nd place).
Safety index in Azerbaijan is higher (68.4) than in Turkey (59.1) and
Kazakhstan (54.1). But health care index in Azerbaijan (47.7) is
lower than Kazakhstan (60.1) and Turkey (70.7). Cost of living in-
dex is either for all OTS countries. The situation in Azerbaijan and
Kazakhstan has improved, but there is still much to be done. Azer-
baijan Government is doing a lot of work in this direction, which is
reflected in this quality-of-life index (increased investment in edu-
cation, healthcare, solving environmental problems, reducing the
complexity of military issues, etc.).

Based on the importance of the current situation, Azerbaijan
Government is carrying out certain work to improve the situation
and reduce the country's dependence on resources (Abasova, 2015).
As a result of the work carried out by the Government of the coun-
try, the foundations for increasing sustainability, competitiveness
and efficiency have been created in order to complicate the eco-
nomic structure (Yuzbashiyeva et al., 2024). A foundation has been
created that provides conditions for Azerbaijan to become a devel-
oped country and is included in the group of countries with an
above-average income.

Place Index PPI SI HCI CLI PPIR TCTI P1 CI
Turkey 123.6 39.3 59.1 70.7 33.8 12.5 44.1 64.7 93.3
Azerbaijan 63 109.8 294 68.4 477 31.1 14.4 39.1 73.1 91.4
Kazakhstan 72 98.4 36.8 54.1 60.1 335 10.4 35.8 73.6 39.8

Note: PPI - purchasing power index; SI - safety index; HCI - health care index; CLI - cost of living index; PPIR — property price of income ratio; TCTI —

traffic commute time index; PI - pollution index; CI - climate index.

Table S - Indicators of economic development of Azerbaijan (AzStat, 2024; Imanov, 2017)

2020 2021 2022 2023 2024
GDP, million $ 42693.0 54825.4 78807.5 72356.2 74.3 billion $
Volume of raw materials export, million $ 13732.6 22208.0 38146.7 33898.6
GDP, %, environmental protection expenditures 0.33 0.27 0.23 0.29 0.30
Environmental protection costs, million manat/million $ 240.6/141.5 246.0/144.7 281.6/165.7 358.57/210.9 376.87/221.7
GDP growth -43 5.6 4.7 1.1 4.1
"green" GDP, million $ 28818.9 32472.7 40495.1 38246.7
"green" GDP, % of GDP 67.5 59.2 51.4 52.9
Human Development Index (HDI) 0.756/88 0.745/91 0.750/92 0.760/89
Environmental Performance Index 46.5/72 88.60/104 40.4/121 40.5/121
Cost of living index 33.0 309 39.6 312 309
Health Index 58.87 44.0 32.0 47.1 48.3
Investments in fixed assets, billion $ 10.1 9.9 10.5 12.5
Network Readiness Index 48.76/66 47.56/76 - - 46.08/75

Note: Economic development indicators were calculated by G. Yuzbashiyeva and I. Yuzbashiyev using the method of K. Imanov (Imanov, 2017).

Opportunities of Green Economy in Azerbaijan

As the President of Azerbaijan Mr. 1. Aliyev said at the COP29
meeting (11-22 November 2024): “... we will resolutely advocate
for a “green” transition, and we are doing this. But, at the same time,
we must be realistic” (Official website of the President of the Re-
public of Azerbaijan, 2024). The growth of the non-oil sector

contributes to the replenishment of the budget, increasing sustaina-
bility, efficiency and effectiveness. The quantitative criterion for
growth is ensuring sustainable GDP growth rates. All measures
taken by the Government of Azerbaijan contribute to the creation of
the foundations of a “green economy”. The “green” GDP index
shows economic growth taking into account environmental pressure
(Table 3).
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As shown in Table 5, economic indicators are improving. For
example, GDP has increased, and its rate was 4.1% in 2024, the hu-
man development index and the network readiness index have im-
proved. Not only is there an increase in environmental spending in
GDP, but environmental pressure on economic growth is also grow-
ing. The European Bank for Reconstruction and Development
(EBRD) has assisted in the preparation of an investment program
with a total financing volume of US $232 million for the reconstruc-
tion and modernization of AzGRES (the country's largest thermal
power plant) by providing a loan of US$207 million.

The project includes:

(1) reconstruction of all turbines and boilers and modernization
of the control and monitoring system using EBRD funds;

(2) repair of one section of the cooling tower and the water-
cooling system;

(3) implementation of environmental, health and labor protec-
tion measures.

The use of “green” GDP promotes clarity and comprehensibil-
ity in definitions, which creates certain advantages. It should be
noted that negative values indicate losses in value rather than prof-
itability. Also, the assessment of environmental component of
“green” GDP index is carried out using economic indicators, which
simplifies and facilitates the conceptual apparatus (Yuzbashiyeva,
2025).

According to S&P forecasts, the average annual GDP growth
of Azerbaijan in 2025-2027 will be 2%. The agency forecasts the
nominal volume of Azerbaijan's GDP in 2025 at 127 billion manat
(US$75 billion), in 2026 - 132 billion manat (US$78 billion), in
2027 - 137 billion manat (US$81 billion). According to the forecasts
of the Azerbaijan government, “GDP growth in 2024 will be 4.2%,
in 2025 — 3.5%, in 2026 — 2.8%, in 2027 — 3.8%. S&P believes
that the manat exchange rate against the dollar will remain un-
changed until 2028.

“We forecast that Azerbaijan will maintain the peg of the
manat to the US dollar at 1.7 manat per 1%, supported by regular
interventions by the authorities in the foreign exchange market.
However, if hydrocarbon prices fall sharply and remain low for a
prolonged period, we assume that the authorities will consider ad-
justing the exchange rate to protect the central bank’s foreign ex-
change reserves from a significant decline” (S&P Global, 2025) the
agency notes.

Experience of applying green economy in OTS
countries

Azerbaijan

Ecologically sustainable socio-economic system adopted in
Azerbaijan in 2003. The state program based on development co-
vers all important environmental aspects. This program includes
clean atmosphere, water resources, and land resource saving. In
2004 Azerbaijan government adopted state program on the use of
alternative energy sources: using wind energy and the construction
of wind power plants. Azerbaijan's industrial cities have been using
a variety of methods since the 1960s to prevent emissions. It is also
planned to increase the number of metro stations operating to 60 in
2040. The Green Growth Strategy like as branch of Green Economy
Concept, was adopted by the Azerbaijan Government of in 2005.

This strategy initially included four priority areas: (i) rational
model of production and consumption; (ii) “‘greening” of enterprises
and markets; (iii) sustainable infrastructure; (iv) “green” tax and
budget reforms. Later, two more were added to these directions: (v)
investments in natural capital; (vi) indicators of environmental effi-
ciency. It will currently support low-carbon production in Azerbai-
jan, resource-efficient a policy that will ensure the use and transition
to a socially inclusive economy performed.

In 2009 were established “Alternative and Renewable Energy”
State Agency for Sources (hereinafter referred to as ABOEMDA)
and “Alternativenerji” LLC. Out Household waste as a result of
structural reforms and the State Program Combustion Plant, about
10 hydropower plants in the regions, 5 in Khizi city and in Absheron
peninsula created a wind power plant, a hybrid power plant in Go-
bustan, a lot of Heat pumps and solar panels have been installed at
facilities located in the regions.

As a result, 65 MW of wind energy with a total installed ca-
pacity of 260 MW, 126 MW hydroelectric power, 39 MW biomass
and waste, 32 MW solar power plants were built and put into oper-
ation. At the same time Sumgayit city Technology Plant and Azgun-
tex solar panels enterprise for solar panels’ production was built. Ta-
ble 6 demonstrates SWOT analysis of green economy implementa-
tion in Azerbaijan by S. Abasova.

Table 6 - SWOT analysis of green economy implementation in Azerbaijan (author's own development)

S - Strengths

W - Weaknesses

The presence of 2 artificial satellites in Azerbaijan will create conditions for the development of the Weak promotion of smart/green economy concept

ICT sector and meeting the demand for smart technologies in digital campuses.

among the population.

According to EBRD, new types of containers, expansion of the existing fleet and the introduction  Lack of smart/green urban promotion among pre-
of more environmentally friendly vehicles will be provided, which will significantly reduce the car- school and high school students.

bon footprint of municipal services of the Ganja city.

Insufficient activity of local authorities and munici-

The presence of green urban-type housing estates in Azerbaijan (Sumgayit, Mingachevir city expe- palities on environmental propaganda.

rience, Baku boulevard) will stimulate the development of living standards in accordance with

health requirements.

Lack of propaganda among the population on sepa-
rate waste collection.

O - Opportunities

T - Threats

Construction of Sumgayit and Mingachevir cities from scratch and creation of smart modemn resi-

dential complexes there.

Decrease of water in the basin where the Kura River
flows into the Caspian Sea because of construction of

Partial application of technologies for the movement of smart traffic lights in cities, water and heat modern reclamation systems for arable lands and

supply, gas supply management, as well as the regulation of public transport on demand by ICT.
Existence of water treatment system for the population created based on German technologies in

Baku and Sumgayit.
Creation of green belts in Baku for more than 100 years.

flooding of the seashore.
Mass felling of trees in Baku for the last 30 years.

European Bank of Reconstruction and Development (EBRD) has allocated 10 million euros for

smart waste collection and route optimization systems in Ganja city.

However, despite this, user knowledge of technology, e-com-
merce and e-payment systems is limited and trust in such systems is
low. While all the problems listed above can be solved through ad-
vanced technology and technical solutions, the main obstacle is
management. For the successful implementation of the concept of a
smart/green city, the population in these cities must cooperate with
local authorities and play an active role in making decisions about
the fate of the city. Smart/green city concept can’t work without the
participation of the population and their voice.

One of the main problems in Azerbaijan is the use of a mo-
nocentric model in the process of governance and urbanization. Ob-
servations of the current situation in Baku show that the manage-
ment of such a large metropolis in the traditional way is inefficient,

and there is a need to resort to new innovative management methods
based on digital technologies. There is a great need for digital tech-
nology management of traffic congestion, waste and utilities. The
weakest sub-sector in which Azerbaijan lags behind many countries
is the level of use of knowledge and technology. Although digital
systems such as e-government, e-education, e-banking, e-medicine
have been created, their comprehensive use of high-speed internet
and information technologies is required for their use in accordance
with modern standards.

Establishment and effective management of smart/green set-
tlements should establish mechanisms for public relations with mu-
nicipalities and local authorities, and attention should be paid to in-
creasing the civic role of the population. Bringing municipalities
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and local communities together can play a key role in building the
first stone of a smart economy.

“In recent years, important steps have been taken in Azerbaijan
towards the transition to a “green economy””. In accordance with the
UN Sustainable Development Goals, our country has achieved sig-
nificant success in the field of expanding renewable energy sources,
energy efficiency, etc. In the National Priorities, which provide the
vision of Azerbaijan until 2030, sustainable development and envi-
ronmental protection are defined as one of the main goals. This doc-
ument contains specific environmental goals, such as accelerating
our country's transition to a green economy, efficient management
of natural resources, reducing carbon emissions, adapting to climate
change and increasing energy efficiency” M. Babayev noted (Bay-
ramova, 2024).

It should be noted that EU4Environment helps Azerbaijan de-
velop green investment strategies, prepare final versions of the Law
“On Strategic Environmental Assessment (SEA)” and the Law “On
Environmental Impact Assessment (EIA)”. EU4Environment
(EU4Environment, 2025) also promotes regulatory reform, sup-
ports compliance, enhances policy dialogues on green finance and
investment, supports public environmental expenditure manage-
ment, assesses and strengthens administrative capacity, and devel-
ops green growth indicators (GGIs).

United Nations to ensure sustainable development, efficient
use of resources, as well as equitable distribution, and play a key
role in economic development for each country. As a result of coop-
eration since 1992, several projects have been implemented to in-
crease social welfare and minimize environmental problems.

On March 1,2021, an agreement covering the years 2021-2025
was signed between the UN Country Group and the Republic of
Azerbaijan. The main priorities of the documentary (United Na-
tions, 2021): (1) Development of institutions in the provision of so-
cial services. (2) Formation of a society with a gender structure.
(3) Protect the environment by protecting against climate change.
(4) Ensuring sustainable inclusive growth. The fifth business frame-
work plays a key and stimulating role in achieving sustainable de-
velopment.

The Government of the Republic of Azerbaijan and the World
Bank Group signed an Agreement on Cooperation on November
2021. The main purpose of the agreement was to establish and op-
erate an office of the World Bank in Azerbaijan. This cooperation
will play an important role in ensuring socio-economic develop-
ment and achieving the goals of green and sustainable development.
It should be noted that the World Bank has financed more than 50
projects in Azerbaijan to improve the social situation of the popula-
tion, create new jobs, develop the business environment, increase
the competitiveness of agricultural products, develop human capi-
tal, and improve the social situation of IDPs. $4.4 billion has been
allocated for sustainable development (World Bank Group, 2021).

On February 16, 2022, the European Union and the World
Bank signed an agreement for Azerbaijan Rapid Technical Assis-
tance Facility. This agreement Support the development of institu-
tions Improving economic development and market relations Pro-
tecting the environment, ensuring energy efficiency allowing for
mobility and people-to-people contacts. The main goal of the pro-
ject is to support the measures taken under the 2030 socio-economic
development strategy of Azerbaijan and to provide analytical anal-
ysis and advice. €5.25 million has been allocated for the project.
Cooperation with the World Bank plays an important role for the
Republic of Azerbaijan in developing a green economy, accelerat-
ing socio-economic development, ensuring sustainable develop-
ment, and preventing environmental problems.

Turkey

In 2012, Tiirkiye tried to maintain its economic balance in an
environment of uncertainty stemming from the ongoing recession
in the European economies and the political and economic problems
prevalent in its neighboring countries. In 2012, the recovery in the
global economy could not reach a sufficient level, and basic macro-
economic and financial problems continued.

Turkey, which has an important place in the global economy,
is suitable with regards to sectoral diversity, wide production oppor-
tunities, modern logistics infrastructure, strategic placement, and
qualified workforce, and constitutes a center of attraction in terms
of foreign direct investments. Generally, foreign direct investments

consist of direct capital investments that cover long-term decisions
and long-term portfolio investments. Mainly in recent years, the
country’s power to attract investment has increased even more in
the uncertainties and transformation process of the world economy
(Gasimli, 2023, pp. 314-320).

With the elimination of borders with globalizing trade, devel-
oping countries are trying to attract foreign capital to their countries
due to the lack of domestic savings. Foreign direct capital of Turkey
does not only contribute to the capital insufficiency of countries, but
it also contributes to the country’s economy by providing know-
how, technology transfer, and employment directly. Foreign direct
investments in Turkey between 2011-2021 have been evaluated.
Turkey continues to be an investment attraction center with its wide-
spread R&D centers, intense state incentives in this area, production
of innovative products, and strong technological infrastructure. FDI
continues to increase the land sea and air transportation to Europe,
Asia, and Middle East, constituting a logistic base.

To prevent the negative effects of the COVID-19 epidemic in
2020, the Ministry of Treasury and Finance made some arrange-
ments with the Economy Stability Shield Package announced.
Within the scope of the package, sectoral reductions were made in
tax rates, the implementation of the accommodation tax was post-
poned, the existence of force majeure was accepted for taxpayers
operating in sectors that were severely affected by the epidemic, and
the submission and payment periods of concise, VAT and social se-
curity declarations were extended, and all income taxpayers were
included in the scope of force majeure, credit conditions were loos-
ened. The scope of the package has been expanded with new
measures taken in line with emerging needs (Gasimli, 2023, pp. 222,
235). Within the scope of the Medium-Term Program (2021-2023),
it is foreseen that in 2021, in proportion to the success achieved in
the fight against the epidemic, the budget revenue collection will
increase and a partial tightening will be made by making savings in
the areas determined by the efficient use of resources. Furthermore,
income -and expenditure-oriented policies were implemented
throughout the year, taking into account inflation and demand con-
ditions.

In 2021, within the scope of combating the economic and so-
cial effects of the epidemic, there was an increase in expenditures
due to the measures implemented to support the real sector and
households. However, a strong recovery was observed in income
collection as a result of the widespread use of vaccination and the
gradual relaxation of the measures taken against the pandemic. In
2021, revenues exceeded expectations, and expenditures were in
line with the targets (Gasimli, 2023, p. 234). In June 2022, the In-
ternational Labor Organization reported that Tiirkiye could increase
its GDP by $8 billion and create more than 300,000 new jobs by
2030 through investments in renewable energy (TRT Global, 2022).
In 2022, the EBRD allocated €500 million to Turkey to develop the
green economy. The Industrial Development Bank of Turkey (Tii-
rkiye Sinai Kalkinma Bankasi) was the first bank to benefit from
the GEFF programme, with €53.5 million (Kaya, 2022; Yilmaz et
al., 2025).

On 28 May 2025, the 4th Poland-Turkey Economic Forum was
held in Istanbul, focusing on the theme "Green Technologies and
Energy Transformation." Key areas of cooperation included energy,
renewable energy sources, chemical industry, contracting services,
automotive industry and auto components, medical tourism, agri-
culture, animal husbandry, infrastructure, ecology, waste manage-
ment, and logistics. Turkey and Poland are strengthening their col-
laboration in green energy through joint initiatives aimed at creating
sustainable energy systems and combating climate change (Yilmaz
et al., 2025). Turkey is set to become the world’s 10th largest coun-
try in terms of renewable energy capacity, driven primarily by wind
and solar power plants. Renewable energy capacity in Turkey is ex-
pected to grow by 64% between 2022 and 2027, reaching 90 giga-
watts, making it the fourth-largest renewable energy market in Eu-
rope and the tenth-largest globally (TRT Global, 2022).

Kazakhstan

The source of long-term economic growth to effectively im-
plement, among other things, the state’s social obligations to pro-
vide jobs and encourage private businesses in the small and me-
dium-sized enterprise category are large enterprises and national
mega-projects. Thus, during the period of independence, according
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to public information from regional executive authorities, more than
130 major projects worth 4,425.95 billion tenge have been imple-
mented in Kazakhstan in various sectors of the economy.

Some of them are:

— Construction of a copper ore mining and smelting facility in
the East Region of Kazakhstan, commissioned in 2017.

— Modernization and reconstruction of the Shymkent oil refin-
ery, with a capacity of 6 million tons of products per year.

— Construction of a mining and processing complex in the Pav-
lodar Region, with a capacity of 100,000 tons of concentrate per
year, started in 2015.

— Gas-processing Plant-2 in the Aktobe Region, launched in
three stages (2008, 2015, 2018), with a capacity of over 500,000
tons of gas, 4 million tons of marketable gas, and 3 million tons of
marketable oil per year.

— Opening of a tourist and hotel complex in Aktau, Mangystau
Region.

— Launch of a wind power plant in the Akmola Region, built
according to green standards, with a capacity of 100 MW.

— A hydrocarbon stabilization and purification unit in the West
Kazakhstan Region, with a capacity of 2.57 million cubic meters
per year, commissioned in 2011.

— Construction of a cement plant in the Almaty Region, com-
pleted in 2020.

— Launch of a mining and processing complex and the Kok-
taszhal deposit in the Karaganda Region, with a capacity of 3 mil-
lion tons of ore per year.

— Construction of an international airport in the Turkestan Re-
gion.

— Opening of a large-panel reinforced concrete factory in
Astana in 2016, with a capacity of 134,000 cubic meters per year.

— Construction and commissioning of a cement plant in the
Kyzylorda and Zhambyl Regions, with a capacity of 2 million tons
of cement per year.

— A small-section rolling mill in Kostanay, with a capacity of
450,000 tons per year.

— An automotive plant in Almaty, launched in two phases, with
a capacity of 45,000 units per year as part of an industrial zone.

— Launch of flour and pasta production in the North Kazakh-
stan Region, in 1998.

Within the framework of Kazakhstan-Tiirkiye cooperation 61
projects amounting to 2 billion tenge have been implemented, most
of them in Almaty city and Almaty region-21 projects, in Shymkent
city and Turkestan region-12 projects and in Astana city-7 projects.
For example, Swissgrow Tarim Gida Ambalaj — organic mineral fer-
tilizer production; LC Waikiki — opening and operating of shop
chains; Anadolu Endustri Holding — soft drink production; Nobe!
Pharmaceuticals — pharmaceuticals production; Royal Hijyen ve
Saglik Urunleri —nappy production; YDA — airport construction and
operation; Aselsan Elektronic — electronic and electro-optical de-
vices production; and others.

In 2020, taking into account the new reality both in the world
and at home, Kazakhstan has formed a “new agenda” of economic
development of Kazakhstan until 2025 (actively reforming ap-
proaches in the state sectoral policy). For example, in the sphere of
agriculture 7 large ecosystems with a focus on the food industry, as
well as the development of the fishing industry are to be formed.
This year, 51 agro-industrial projects (production and processing of
meat, cereals, milk and others) worth 48.7 billion tenge have been
launched, creating more than 0.9 thousand new jobs. Sixty agricul-
tural cooperatives have been established, including 55 cooperatives
for the production and processing of livestock products. In industry
and infrastructure, more than 1,000 projects are expected to be
launched, creating more than 5,000 new jobs. (Gasimli, 2023)

As a result of legislative reforms, Kazakhstan was able to sig-
nificantly accelerate the development of renewable energy, making
RES an important component of its energy balance and sustainable
development strategy. Today, there is a stable growth in the share of
electricity produced by RES. Excluding large hydroelectric power
plants, the share of renewable energy sources in the total volume of
electricity production in 2023 was 5.82%, with the volume of en-
ergy generated to 6.6 billion kWh. It should be noted that since
2014, the installed capacity of renewable energy sources has in-
creased more than 16 times - from 178 MW to 2868 MW by the end
of 2023.

According to the results of the first half 0f 2024, 148 renewable
energy stations with a total installed capacity of 2903.7 MW are al-
ready successfully operating in Kazakhstan. These stations include
59 wind power plants (WPP), 46 solar power plants (SPP), 40 hy-
droelectric power plants (HPP) and 3 bioelectric power plants (Bi-
oPP). Together, they account for 6.47% of the country’s total elec-
tricity production, making a significant contribution to Kazakh-
stan’s energy balance and confirming the country’s commitment to
developing sustainable and environmentally friendly energy
sources. According to the Concept for the Transition to a Green
Economy, the task is to reduce the energy intensity of the country's
GDP by 25% by 2025 and by 50% by 2050 (from the 2008 level).
It should be noted that the 2025 indicator was achieved ahead of
schedule: in 2021, a reduction in the energy intensity of GDP by
38.5% from the 2008 level was achieved.

Industry. The goal is to reduce energy intensity by 10% by
2029. This involves the introduction of energy-efficient technolo-
gies and the modernization of production processes in large indus-
trial enterprises.

Energy. In this sector, it is planned to reduce energy intensity
by 5% by 2029. This is planned to be achieved by optimizing energy
infrastructure, improving production technologies and energy dis-
tribution.

Transport. The concept also covers measures to reduce energy
intensity in the transport sector, which includes a transition to more
environmentally friendly and energy-efficient modes of transport
(PAGE, 2020). The lack of sustainable finance is one of the biggest
obstacles to greening the economy. The average annual gap in long-
term green finance is estimated at $2.3 billion, with the EBRD, the
European Investment Bank (EIB) and the European Union (EU)
providing the bulk of green finance (PAGE, 2020; KazISS, 2024).

Uzbekistan

Investment cooperation between Uzbekistan and the countries
of the Turkic World is developing dynamically. Major projects are
being implemented within the framework of cooperation in this
area. The analysis of investments by industry showed that the largest
share (65%) is invested in the manufacturing industry. A high share
of investments was in agriculture (13% of the total investment). In-
vestments in housing and communal services and nutrition ac-
counted for 9.3%, construction 6.5%, public administration, whole-
sale and retail trade 1.5% and 1.3%, respectively. Turkish entrepre-
neurs have invested in water supply, sewerage and waste collection
as well as in healthcare. 50 projects worth $594.55 million have al-
ready been implemented, 39 projects worth $985.88 million are un-
der implementation, 21 projects worth $758.4 million are still
scheduled to be completed (Gasimli, 2023, p. 308).

As of the beginning of 2022, five major energy projects with a
total capacity of 1.4 thousand megawatts have been implemented
jointly with Turkish companies over the past year. The second com-
bined-cycle unit of the Navoi thermal power plant with the partici-
pation of the Turkish company Calik Enerji has been put into oper-
ation. In March 2022, a 240-megawatt thermal power plant was
launched in the Qibray district of Tashkent region and the construc-
tion of a thermal power plant in the Khavast district of the Sirdaryo
region has started.

At the same time, over the past five years, after Uzbekistan be-
gan large-scale reforms in all spheres of life, regional cooperation
and interaction between the countries of the region in various areas,
including in the water and energy sector, has significantly expanded.
There is also an expansion of cooperation in the energy sector with
Kazakh stan and Turkmenistan. Together with Tajikistan, Uzbeki-
stan plans to build 2 hydroelectric power plants with a capacity of
320 megawatts on the Zarafshan River and expressed its readiness
to participate in the construction projects of the Kambar—Ata (Kyr-
gyzstan) and Rogun (Tajikistan) hydroelectric power plants.

An important step in developing common approaches of the
countries of the region to the rational and efficient use of resources
can be the adoption of the regional program “Green Agenda”, which
will lay the foundation for sustainable “green” development of the
entire region (Gasimli, 2023, pp. 308-309). Uzbekistan creates En-
gineering and Technology Centers based on existing specialized or-
ganizations of the OTS countries. Their activities will be aimed at
the formation of value chains and the development of joint projects
based on the principles of competitiveness.
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Turkey takes active part in improving of digitalization pro-
cesses in various fields and the creation of a permanent platform for
experts and IT specialists to exchange experience and transfer inno-
vations to create “smart” cities. Turkey modernized the energy sec-
tor of Uzbekistan. This project will provide an additional 71 billion
kWh of electricity. Twelve billion cubic meters of natural gas per
year will be saved. It is important to cooperate in environmental is-
sues and environmental protection, first at all, to improve the situa-
tion around the Aral Sea. Joint efforts are required in the transition
to a new, innovative and technological model of development, in-
cluding the introduction of “green”, environmentally friendly, en-
ergy-saving and safe technologies, the implementation of initiatives
to mitigate the consequences of environmental crises and environ-
mental protection for sustainable development. Initiatives are aimed
at forming a permanent Platform of experts and IT specialists as
well as an environmental protection structure of the Turkic States
with headquarters in the Aral Sea region, the region most affected
by the environmental disaster. “Development Strategy of the New
Uzbekistan for 2022-2026” has got a separate goal: “Raising to a
high level of close cooperation in the field of security, trade and eco-
nomic, water, energy, transport and cultural and humanitarian
spheres in Central Asia.”

Uzbekistan has successfully addressed several green economy
challenges through the following measures:

— to expand mutually beneficial cooperation in the energy sec-
tor, with particular attention to the introduction of “green” energy
and energy-efficient technologies;

— to hold regular meetings of agriculture ministers of the coun-
tries in the region and to develop a regional food security monitor-
ing system;

—to develop a regional program, Green Agenda for Central
Asia, which would contribute to the adaptation of the countries in
the region to climate change, as well as to the wider introduction of
resource-saving technologies;

—to create a Center for Research on Trade Cooperation of the
Turkic States, tasked with developing proposals for eliminating
trade barriers, promoting the widespread introduction of e-com-
merce, and increasing exports and imports;

— to strengthen industrial cooperation and implement major in-
vestment projects, including the establishment of an Investment
Fund and a Development Bank of the Turkic Council, the creation
of Engineering and Technology Centers based on specialized organ-
izations of member states to develop joint projects, and the holding
of the Week of Industry of the Turkic States in Uzbekistan in 2022;

—to create a permanent platform of experts and IT specialists
for the exchange of experience and transfer of innovations for the
creation of smart cities, including the organization of an expert con-
ference in 2022;

— to promote the practical implementation of the joint program
One Tour—the Whole Region, covering the entire spectrum of tourist
destinations.

In order to implement the objectives defined in the Develop-
ment Strategy of the New Uzbekistan for 2022-2026, a series of
measures is being undertaken to ensure green and inclusive eco-
nomic growth, as well as to further expand the use of renewable
energy sources and resource-saving technologies across all sectors
of the economy. Key legislative and strategic documents have been
adopted, including the Laws On the Use of Renewable Energy
Sources and On Hydrometeorological Activities, the Concept of En-
vironmental Protection of the Republic of Uzbekistan until 2030,
and the Strategy for the Transition of the Republic of Uzbekistan to
a Green Economy for the Period 2019-2030. In 2023-2024, a green
energy certificate system was introduced to control the quality of
products and processes produced using environmentally friendly
technologies and renewable energy sources, among other initiatives.
By 2030, Uzbekistan aims to reduce greenhouse gas emissions by
35% per unit of GDP.

Kyrgyzstan

The state policy framework of the republic contributes to the
development of a green economy and stimulates the private sector
in transitioning to green business principles. The state policy agenda
envisages the following measures (Gasimli, 2023):

— involvement of mass media, especially state and public out-
lets, to raise awareness among businesses and the population, and

to promote the green agenda aimed at fostering environmental re-
sponsibility and transforming the culture of thinking;

— organization of awareness-raising activities for the private
sector on the introduction of green practices through specialized re-
gional training structures;

—revision of outdated state standards, construction codes, and
regulations inherited from the Soviet period, which currently hinder
the application of green economy principles, particularly regarding
energy efficiency and conservation in the construction sector;

— promotion of green fiscal measures in the new edition of the
Tax Code of the Kyrgyz Republic, along with the development of
mechanisms for their implementation through private sector partic-
ipation;

— ensuring the sustainability and continuity of state policy pro-
moting green economy principles, with particular emphasis on the
energy and agriculture sectors;

— advancement of data-driven measures for green economy de-
velopment;

— promotion of potential green initiatives to support sustaina-
ble business within the Eurasian Economic Union (EAEU);

— intensification of efforts to attract sustainable financing in the
Kyrgyz Republic, including the establishment of a green financial
corporation;

— development of a green taxonomy to facilitate the inflow of
green investment into the Kyrgyz Republic;

— consolidation of efforts and increased private sector partici-
pation in developing climate adaptation measures and fostering a
sustainable business environment;

— creation of financial instruments and engagement of the fi-
nancial sector in implementing the climate and green economy
agenda.

At the UN Conference on Sustainable Development "RIO+20"
in 2012, Kyrgyzstan expressed its commitment to sustainable de-
velopment through the promotion of "green economy" priorities.
Currently, the Kyrgyz Republic is pursuing an active policy aimed
at forming and strengthening its economic potential in accordance
with the main strategic guidelines and objectives set out in the Na-
tional Sustainable Development Strategy. The strategic sectors of
the economy in the Kyrgyz Republic include agriculture, manufac-
turing and processing industry, energy, mining, transport, construc-
tion, and tourism. In the industrial sector, there is a need to increase
the potential of manufacturing enterprises by reducing energy costs,
creating mechanisms to stimulate the introduction of resource-sav-
ing and low-waste technologies, ensuring the rational use of local
labor resources, and minimizing environmental impacts. The pres-
ence of its own mineral resource base is a great advantage for the
Kyrgyz Republic, and its development can significantly increase the
country's GDP and tax revenues to the state budget. Particular atten-
tion should be paid to toxic waste storage facilities that remain in
the country after the closure of mining enterprises and require sig-
nificant financial investments to maintain them in proper condition
and eliminate negative impacts. The priority areas of this sector are
the modernization of management (administration) of the mining
industry, harmonization and increased efficiency of the legal regu-
lation system, improvement of the system of access to subsoil use
rights and subsoil use administration, improvement of the taxation
system, reduction of environmental impacts, mitigation of potential
conflicts (relations with the local population), training of profes-
sional personnel, and support and stimulation of small mining busi-
nesses. In the field of tourism, the current tasks remain the creation
of conditions for the formation of sustainable and competitive tour-
ism products and services while preserving cultural and historical
sites and ensuring minimal negative environmental impact, as well
as increasing the effectiveness of state regulation of tourism indus-
try development.

At the national level, it is recommended to take measures to
increase the human and institutional capacity of all key stakeholders
to develop a green economy in the country and to integrate the prin-
ciples of a green economy into education, fiscal policy, tariffs, pub-
lic procurement, and subsidies (PAGE, 2017). It is also necessary to
provide support to the Government in conducting economic valua-
tion of natural capital and ecosystems, as well as in building an ef-
fective monitoring system in accordance with international and na-
tional development strategies.
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Conclusions

The essence of applying the principles of a green economy lies
not in whether economic growth or competitiveness increases or de-
creases. The green economy promotes not only economic growth
but also genuine development, taking into account the conservation
of the planet’s resources for future generations. The GDP indicator
alone does not reflect the true nature of public welfare. Until now,
economic growth has largely relied on borrowing from future gen-
erations — achieved at the expense of natural resources and envi-
ronmental degradation. Such practices effectively make future gen-
erations poorer, even though this is not captured by GDP. In this
context, the green economy should advance the following key com-
ponents:

— The essence of the green economy lies in improving human
well-being, promoting social equity, and reducing environmental
risks under conditions of uncertainty. Therefore, innovative and in-
clusive growth, along with the adoption of “green” GDP, are of key
importance.

— Abalanced integration of ecological considerations with eco-
nomic growth and national development contributes to reducing en-
vironmental problems, enhancing sustainability, increasing re-
source-use efficiency, and reinforcing the overall importance of the
green economy.

— The green economy fosters higher efficiency and effective-
ness, improved governance, better coordination among stakehold-
ers, and ultimately greater public well-being.

— The growing influence of the green economy drives struc-
tural transformations across all sectors of the national economy.

— The Green GDP Index reflects economic growth while ac-
counting for environmental pressures and resource depletion.

— The green economy is not limited to the use of renewable
energy sources. It is a broader conceptual framework aimed at es-
tablishing and implementing new production and consumption
models that differ fundamentally from traditional ones, ensuring not
only profit generation but also the fulfilment of societal needs.

— The assessment of the environmental component within the
Green GDP Index relies on economic indicators, thereby simplify-
ing and streamlining the conceptual framework.

— Enhancing efficiency and governance effectiveness will cre-
ate the foundation for inclusive growth and development — provid-
ing equitable socio-economic opportunities for all members of so-
ciety and enabling the realization of their creative potential. Such
growth and development will also support structural adjustments in
the economy in line with global trends.

To solve existing structural problems, a systematic approach is
essential because it affects modernization, efficiency, and
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