Ministry of Education and Science of Ukraine
Sumy State University
Kaunas University of Technology, School of Economics and
Business
University of Bradford, School of Management
Riga Technical University
Czech University of Life Sciences Prague
University of New Brunswick
International Centre for Enterprise and Sustainable

"ECONOMICS FOR
ECOLOGY"

(“EU practices of education for sustainable
development”)

Materials
International scientific-practical conference
(Ukraine, Sumy, May14-17, 2024)

Sumy
Sumy State University
2024



VJK: 330.15:502/504
ABTOpchKuii 3HaK: S70

The conference is held within the Jean Monnet Modules “Fostering EU
Practices of Education for Sustainable Development through the Brand
Language: Interdisciplinary Studies™ (101085708-ESDbrandEU-ERASMUS-
JMO-2022-HEI-TCH-RSCH), Jean Monet Module ""Youth and Business: EU
Practices for Cooperation” (101126538 — YouthBEU — ERASMUS-JMO-
2023-HEI-TCH-RSCH) (2023-2026) and “Disruptive technologies for
sustainable development in conditions of Industries 4.0 and 5.0: the EU
Experience (101083435 — DTSDI — ERASMUS-JMO-2022-HEI-TCH-
RSCH)”

Co-funded by
the European Union

Editor-in-Chief Prof., Dr. Oleksandra Karintseva, head of the economics,
entrepreneurship and business administration, Sumy State University

Approved by the Academic Council of SSI BIEM of Sumy State University
(protocol Ne2, 5 September 2024)

Economics for Ecology : Proceedings of the International Scientific and Practical
Conference, Sumy, May 14-17, 2024 / edited by Karintseva Oleksandra and
Kubatko Oleksandr . — Sumy : Sumy State University, 2024 — 103 p. (electronic
edition)

For scientists, scientists, students, graduate students, representatives of
business and public organizations and higher education institutions and a wide
range of readers.

© Sumy State University, 2024



Yevhen Mishenin,
Inessa Yarova

Yevhen Mishenin,
Inessa Yarova

Konoplenko Andrii

Wenyan Liu

Vladyslav Piven,
Oleksadra
Karintseva
Raminta
Vaitiekuniene,
Kristina Sutiene,
Rytis Krusinskas,
Bohdan Kovalov
Artem Borukha,
Oleksandr Kubatko

Iryna Burlakova,
Anastasiya
Kuzchenko,
Zumrut Alic
Chang Shengchun

Mykhailo Chortok
Yuliia Chortok,
Solodovnyk O.

Du Shutong

Gawel Sotowski

Inna Koblianska

TABLE OF CONTENTS

FACILITATION IN THE MANAGEMENT OF
SUSTAINABLE SPATIAL DEVELOPMENT OF
FORESTRY

ENVIRONMENTAL TAXATION IN THE
SYSTEM

OF SOCIO-ECOLOGICAL AND ECONOMIC
SECURITY

ANALYSIS OF THE IT OUTSOURCING
MARKET: TRENDS AND FORECASTS

A CITATION AND PUBLICATION
PERFORMANCE ANALYSIS ON INNOVATION,
BUSINESS AND DIGITALISATION

THE IMPACT OF DEMOCRACY ON
SUSTAINABLE DEVELOPMENT: A CASE OF
THE EU

FINANCIAL AND INNOVATION
PERFORMANCE OF THE COMPANIES IN THE
CONTEXT OF GREEN DEAL TARGETS

DISRUPTIVE TECHNOLOGIES TO ENSURE
ECONOMIC AND RESOURCE SECURITY OF
UKRAINE

THEORETICAL AND INSTITUTIONAL
FOUNDATIONS OF SOCIAL SOLIDARITY
ECONOMY

THE IMPACT OF THE DIGITAL ECONOMY ON
CARBON REDUCTION POTENTIAL

THE ROLE OF SOCIAL SOLIDARITY
ECONOMY FOR SUSTAINABLE
DEVELOPMENT ESTABLISHING
FAIR-TRADE AS A TREND FOR SOCIAL
SOLIDARITY ECONOMY DEVELOPMENT
ESG POLICY IN BANKING AND FINANCES
SECTOR: CASES OF EUROPEAN COMPANIES
MICROBIAL HYDROGEN PRODUCTION'S
RECENT ACHIEVEMENTS

TOWARDS PROACTIVE POLICY: A
FRAMEWORK FOR SAFE AND SUSTAINABLE
FERTILISER MANAGEMENT

3

11

13

15

17

21

23

25

29

31

33

35

42



Yuliia Lukianova

Helena E. Myeya

Anna Shcherbak,
Olena Nazarenko
Iryna Sotnyk,
Maryna Nikulina
Oleksandra Pavliv

Vladyslav Piven,
Oleksandr Kubatko

Tetyana Sakhnenko,
Viacheslav
Voronenko

Iryna Sotnyk

Iryna Sotnyk,
Jan-Philipp Sasse,
Evelina Trutnevyte
Iryna Sotnyk,
Tetiana Kurbatova

Iryna Ushchapovska

Vnuchkova
Viktoriia,
Chulanova Halyna
Wang Fujin

Wang Yimeng
Kostiantyn

Zavrazhnyi,
Anzhelika Kulyk

PACKAGE LABELING AND SUSTAINABLE
DEVELOPMENT

STAKEHOLDERS’ ROLE IN IMPROVING
SMALLHOLDER FARMERS’ RESILIENCE TO
CLIMATE CHANGE EFFECTS IN CENTRAL,
TANZANIA

PROJECT-BASED LEARNING AS A METHOD
OF FOREIGN LANGUAGE TEACHING
STRATEGIC MANAGEMENT IN SMALL IT
BUSINESS SECTOR

VIRTUAL EXCHANGE PRACTICE AS A
PROCESS OF DEVELOPING SOCIOCULTURAL
COMPETENCE

ECONOMIC GROWTH AND SUSTAINABLE
DEVELOPMENT: THEORETICAL ANALYSIS OF
KEY FACTORS

STIMULATING BIOGAS PRODUCTION:
ECONOMIC JUSTIFICATION

DEVELOPMENT OF REMOTE EMPLOYMENT
AS A RESPONSE TO MODERN SOCIAL
CHALLENGES IN UKRAINE

SHAPING THE DECARBONIZED FUTURE OF
THE ELECTRICITY INDUSTRY IN UKRAINE

COST-EFFICIENT AND GREEN:
TRANSFORMING HOUSEHOLD HEATING IN
UKRAINE FOR A SUSTAINABLE FUTURE
FROM THE LANGUAGE THAT SUSTAINS TO
THE LANGUAGE OF SUSTAINABLE
DEVELOPMENT

GAMIFYING SUSTAINABILITY EDUCATION
FOR CULTURALLY DIVERSE CLASSROOMS

KEY ELEMENTS OF SUCCESSFUL ESG
POLICY: EUROPEAN EXPERIENCE

THE IMPACT OF DIGITAL ECONOMY ON THE
EFFICIENCY OF GREEN TRANSFORMATION
IN CHINESE CITIES

HARNESSING GENERATIVE ARTIFICIAL
INTELLIGENCE FOR SUSTAINABLE BUSINESS
TRANSFORMATION

45

49

53

55

57

59

61

64

66

70

73

76

79

81

84



Amina Gura,
Oleksandra Kubatko

Ding Lin,
Oleksandra Kubatko

Tetyana Sakhnenko,
Oleksandr
Ponomarenko,
Oleksandr Kubatko
Jerzy Gilarowski

Ponomarenko lhor

FUNCTIONING OF THE ENTERPRISE IN THE
CONDITIONS OF WAR: SOCIO-ECONOMIC,
ENERGY AND ENVIRONMENTAL
CONSEQUENCES

ECONOMIC, ECOLOGICAL AND RENEWABLE
ENERGY ASPECTS OF PETROCHINA
COMPANY ACTIVITY

RESTRUCTURING OF ECONOMIC SYSTEMS IN
THE DIRECTION OF ENSURING SUSTAINABLE
DEVELOPMENT

TOURISM AS A WAY OF DEVELOPMENT AND
INTEGRATION OF SUB-SAHARAN AFRICA
ECOLOGICAL TRANSFORMATION: CURRENT
TRENDS IN THE IMPLEMENTATION OF
GREEN TECHNOLOGIES

87

90

94

96

98



MICROBIAL HYDROGEN PRODUCTION'S RECENT ACHIEVEMENTS

Gawel Sotowski

Department of Molecular Biology and Genetics,
Faculty of Science and Art,

Bingol University, Tiirkiye

Microbial hydrogen production development of hydrogen production is the
approach of cultivating microorganisms for waste decomposition with hydrogen
generation. The microbial methods of hydrogen production include dark
fermentation (DF), biophotolysis, photofermentation (PF), and microbial
electrolysis cells (MEC). Dark fermentation is a special case of anaerobic digestion
(four-step) process that stops on the least step, called acidogenesis. In acidogenesis
besides acids, the gaseous phase contains hydrogen; a desired product. A more
exact description of the processes and feeds we deliver in Figure 1 shows
anaerobic digestion and dark fermentation as two processes. Biophotolysis is a
process similar to photosynthesis but these plants by contact with Solar light split
water into hydrogen and oxygen. Biophotolysis uses cyanobacteria and algae
(macro and micro). Due to the high applicability of these organisms as feed or raw
materials are more assessed as feed for other hydrogen generation ways. We can
reduce the greenhouse effect by employing biophotolysis organisms that capture
carbon dioxide. At the same time, algae can produce materials for the chemistry,
pharmacy, and energy industries. Photofermentation is a process that later was
substituted by photosynthesis; transfers organic matter like organic acid into
hydrogen during Sun radiation exhibition. Microbial electrolysis cells during the
digestion of organic matter produce a voltage that can split some compounds like
ammonia to hydrogen. DF and MEC are easier controllable than others and
therefore are relevant parts of newly designed waste management plants both in
industrial and municipal waste sectors. All earlier mentioned methods are
sustainable methods for replacing and closing the loop of fossil waste also with the
addition of biocenosis waste see Figure 1. The figure shows potential feed.

We showed that an important issue of microbial decomposition is their
ability to pollutant removal, produced during fossil fuel combustion. Besides
preserving modern life levels, the developed biological hydrogen production
methods could allow for removing litter from lingering landfills. After the addition
of some sugars DF can utilize fossil wastes like ashestos [21] and glycol ethylene
[27] (see Table 1). Thermal decomposition like pyrolysis allows for utilized
wastes, including plastics, resulting in faster and higher conversion but with the
emission of pollutants. We can enhance thermal plastics conversion by mixing with
lignocellulose waste. Therefore there is a necessary combination of biological

methods with thermal decomposition for the efficient solving of a problem.
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Figure 1. Pathway of organic waste

Table 1. Development of microbial decom
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Therefore after looking at Table 1, the researchers combined methods for
closing waste loops as tightly as possible. Therefore there are technologies that
quite efficiently replace traditional, fossil-sources-dependent lifestyles. The recent
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achievements are unsupported by legislators. The leaders should prioritize energy
transformation as a major goal. The governments of every country should educate
and convince all citizens of unity and solidarity in changing lifestyle into zero
waste style and sustainable lifestyles, removing the desire for a Hollywood
lifestyle. These changes should people rationalize for thinking as one body all
population, for avoiding degradation of human living and even extinction by his
‘own wish’.

References

1. Alexandropoulou, M., Antonopoulou, G., & Lyberatos, G. (2022).
Modeling of continuous dark fermentative hydrogen production in an anaerobic
up-flow column bioreactor. Chemosphere, 293.
https://doi.org/10.1016/j.chemosphere.2022.133527

2. Bundhoo, M. A. Z., Mohee, R., & Hassan, M. A. (2015). Effects of pre-
treatment technologies on dark fermentative biohydrogen production: A review.
Journal of Environmental Management, 157, 20-48.
https://doi.org/10.1016/j.jenvman.2015.04.006

3. Cappelletti, M., Zannoni, D., Postec, A., & Ollivier, B. (2014).
Microbial BioEnergy: Hydrogen Production (Vol. 38).
https://doi.org/10.1007/978-94-017-8554-9

4. Chen, W., Chen, S., Kumarkhanal, S., & Sung, S. (2006). Kinetic study
of biological hydrogen production by anaerobic fermentation. International
Journal of Hydrogen Energy, 31(15), 2170-2178.
https://doi.org/10.1016/j.ijhydene.2006.02.020

5. Cremonez, P. A,, Teleken, J. G., Weiser Meier, T. R., & Alves, H. J.
(2021). Two-Stage anaerobic digestion in agroindustrial waste treatment: A
review. Journal of Environmental Management, 281(December 2020).
https://doi.org/10.1016/j.jenvman.2020.111854

6. d’Ippolito, G., Dipasquale, L., Vella, F. M., Romano, 1., Gambacorta,
A., Cutignano, A., & Fontana, A. (2010). Hydrogen metabolism in the extreme
thermophile Thermotoga neapolitana. International Journal of Hydrogen Energy,
35(6), 2290-2295. https://doi.org/10.1016/j.ijhydene.2009.12.044

7. Das, P. K., Rani, J.,, Rawat, S., & Kumar, S. (2022, March 1).
Microalgal Co-cultivation for Biofuel Production and Bioremediation: Current
Status and Benefits. Bioenergy Research. Springer. https://doi.org/10.1007/s12155-
021-10254-8

8. Detman, A., Laubitz, D., Chojnacka, A., Wiktorowska-Sowa, E.,
Piotrowski, J., Salamon, A., ... Sikora, A. (2021). Dynamics and Complexity of
Dark Fermentation Microbial Communities Producing Hydrogen From Sugar Beet
Molasses in Continuously Operating Packed Bed Reactors. Frontiers in
Microbiology, 11(January), 612344. https://doi.org/10.3389/fmich.2020.612344

9. Ergal, 1., Zech, E., Hanisakova, N., Kushkevych, 1., Fuchs, W., Vitéz,

38



T., ... Rittmann, S. K.-M. R. (2022). Scale-Up of Dark Fermentative Biohydrogen
Production by Artificial Microbial Co-Cultures. Applied Microbiology, 2(1), 215—
226. https://doi.org/10.3390/appImicrobiol2010015

10. Escalante, E. S. R., Ramos, L. S., Rodriguez Coronado, C. J., & de
Carvalho Junior, J. A. (2022). Evaluation of the potential feedstock for biojet fuel
production: Focus in the Brazilian context. Renewable and Sustainable Energy
Reviews, 153(October 2021). https://doi.org/10.1016/j.rser.2021.111716

11. Gallegos, D., Wedwitschka, H., Moeller, L., Zehnsdorf, A., & Stinner,
W. (2017). Effect of particle size reduction and ensiling fermentation on biogas
formation and silage quality of wheat straw. Bioresource Technology, 245(July),
216-224. https://doi.org/10.1016/j.biortech.2017.08.137

12. Gioannis, G. De, & Muntoni, A. (2017). Energy recovery from one- and
two-stage anaerobic digestion of food waste. Waste Management, (June).
https://doi.org/10.1016/j.wasman.2017.06.013

13. Habashy, M. M., Ong, E. S., Abdeldayem, O. M., Al-Sakkari, E. G., &
Rene, E. R. (2021). Food Waste: A Promising Source of Sustainable Biohydrogen
Fuel. Trends in Biotechnology, 1-15. https://doi.org/10.1016/j.tibtech.2021.04.001

14.Hay, J. X. W., Wu, T. Y., Ng, B. J., Juan, J. C., & Md. Jahim, J. (2016).
Reusing pulp and paper mill effluent as a bioresource to produce biohydrogen
through ultrasonicated Rhodobacter sphaeroides. Energy Conversion and
Management, 113, 273-280. https://doi.org/10.1016/j.enconman.2015.12.041

15. Levin, D. B., Pitt, L., & Love, M. (2004). Biohydrogen production:
Prospects and limitations to practical application. International Journal of
Hydrogen Energy, 29(2), 173-185. https://doi.org/10.1016/S0360-3199(03)00094-
6

16. Li, S., Chang, H., Zhang, S., & Ho, S. H. (2023, June 15). Production of
sustainable biofuels from microalgae with CO2 bio-sequestration and life cycle
assessment. Environmental Research. Academic Press Inc.
https://doi.org/10.1016/j.envres.2023.115730

17.Mahata, C., Ray, S., & Das, D. (2020). Optimization of dark
fermentative hydrogen production from organic wastes using acidogenic mixed
consortia. Energy Conversion and Management, 219(September), 113047.
https://doi.org/10.1016/j.enconman.2020.113047

18. Mougiakos, 1., Orsi, E., Ghiffari, M. R., De Maria, A., Post, W., Adiego-
Perez, B., ... van der Oost, J. (2019). Efficient Cas9-based genome editing of
Rhodobacter sphaeroides for metabolic engineering. Microbial Cell Factories,
submitted, 1-13. https://doi.org/10.1186/s12934-019-1255-1

19. Nasr, N., Hafez, H., El Naggar, M. H., & Nakhla, G. (2013). Application
of artificial neural networks for modeling of biohydrogen production. International
Journal of Hydrogen Energy, 38(8), 3189-3195.
https://doi.org/10.1016/j.ijhydene.2012.12.109

20.Nigam, P. S., & Singh, A. (2011). Production of liquid biofuels from
renewable resources. Progress in Energy and Combustion Science, 37(1), 52-68.

39



https://doi.org/10.1016/j.pecs.2010.01.003

21.Race, M., Spasiano, D., Luongo, V., Petrella, A., Fiore, S., Pirozzi, F.,
... Piccinni, A. F. (2019). Simultaneous treatment of agro-food and asbestos-
cement waste by the combination of dark fermentation and hydrothermal
processes. International Biodeterioration and Biodegradation, 144(May), 104766.
https://doi.org/10.1016/j.ibiod.2019.104766

22.Reverberi, A. Pietro, Klemes, J. J., Varbanov, P. S., & Fabiano, B.
(2016). A review on hydrogen production from hydrogen sulphide by chemical and
photochemical  methods. Journal of Cleaner Production, (May).
https://doi.org/10.1016/j.jclepro.2016.04.139

23. Sambusiti, C., Bellucci, M., Zabaniotou, A., Beneduce, L., & Monlau, F.
(2015). Algae as promising feedstocks for fermentative biohydrogen production
according to a biorefinery approach: A comprehensive review. Renewable and
Sustainable Energy Reviews, 44(April 2015), 20-36.
https://doi.org/10.1016/j.rser.2014.12.013

24, Sarkar, O., Rova, U., Christakopoulos, P., & Matsakas, L. (2021).
Influence of initial uncontrolled pH on acidogenic fermentation of brewery spent
grains to biohydrogen and volatile fatty acids production: Optimization and scale-
up. Bioresource Technology, 319(October 2020), 124233.
https://doi.org/10.1016/j.biortech.2020.124233

25.Sotowski, G. (2016). Alternatywne zrodla energii — wybrane
zagadnienia. In M. Zdunek, Beata ; Olszéwka (Ed.), Biohydrogen ‘“the fuel of the
future”; current methods of production and their comparison (pp. 20-39).
Fundacja Tygiel. Retrieved from http://bc.wydawnictwo-
tygiel.pl/publikacja/8B19E6C9-44F9-68AE-01B0-D3D5DF6E9734

26. Sotowski, Gawet. (2022). Microbial Biogas Production from Pork
Gelatine. https://doi.org/10.3390/hydrogen3020012

27. Tawfik, A., Ali, M., Danial, A., Zhao, S., Meng, F., & Nasr, M. (2021).
2-biofuels (H2 and CH4) production from anaerobic digestion of biscuits
wastewater: Experimental study and techno-economic analysis. Journal of Water
Process Engineering, 39(October), 101736.
https://doi.org/10.1016/j.jwpe.2020.101736

28. Tremouli, A., Kamperidis, T., Pandis, P. K., Argirusis, C., & Lyberatos,
G. (2021). Exploitation of Digestate from Thermophilic and Mesophilic Anaerobic
Digesters Fed with Fermentable Food Waste Using the MFC Technology. Waste
and Biomass Valorization, (0123456789). https://doi.org/10.1007/s12649-021-
01414-0

29.Venkata Mohan, S., Vijaya Bhaskar, Y., & Sarma, P. N. (2007).
Biohydrogen production from chemical wastewater treatment in biofilm configured
reactor operated in periodic discontinuous batch mode by selectively enriched
anaerobic  mixed consortia. Water Research, 41(12), 2652-2664.
https://doi.org/10.1016/j.watres.2007.02.015

30. Wang, G., Mitsos, A., & Marquardt, W. (2020). Renewable production

40



of ammonia and nitric acid. AIChE  Journal, 66(6), 1-9.
https://doi.org/10.1002/aic.16947

31.Wang, N., Feng, Y., Li, Y., Zhang, L., Liu, J., Li, N., & He, W. (2022).
Effects of ammonia on electrochemical active biofilm in microbial electrolysis
cells for synthetic swine wastewater treatment. Water Research, 219, 118570.
https://doi.org/https://doi.org/10.1016/j.watres.2022.118570

32. Xiao, J., Hay, W., Wu, T. Y., Juan, J. C., & Jahim, J. (2017). Effect of
adding brewery wastewater to pulp and paper mill effluent to enhance the
photofermentation process : wastewater characteristics , biohydrogen production ,
overall performance , and Kinetic modeling, 10354-10363.
https://doi.org/10.1007/s11356-017-8557-9

33.Yokoi, H., Tokushige, T., Hirose, J., Hayashi, S., & Takasaki, Y.
(1998). H2 production from starch by a mixed culture of Clostridium butyricum
and Enterobacter aerogenes. Biotechnology Letters, 20(2), 143-147.
https://doi.org/10.1023/A:1005372323248

34.Zhang, G., Zhou, Y., & Yang, F. (2019). Hydrogen production from
microbial fuel cells-ammonia electrolysis cell coupled system fed with landfill
leachate using Mo 2 C/N-doped graphene nanocomposite as HER catalyst.
Electrochimica Acta, 299, 672-681. https://doi.org/10.1016/j.electacta.2019.01.055

35. Zuorro, A., Garcia-Martinez, J. B., & Barajas-Solano, A. F. (2021). The
application of catalytic processes on the production of algae-based biofuels: A
review. Catalysts, 11(1), 1-25. https://doi.org/10.3390/catal11010022

41



