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INTRODUCTION

In the process of a profound transformation of the national economy (which goes
beyond the classical theory of structural shifts' and acquires the features of
revolutionary changes?),caused by large-scale destruction of the material and
technical base of economic entities, in particular those related to the bioeconomy
sectors, structural imbalances, socio-economic shocks and crisis deformations of the
institutional and regulatory landscape in the conditions of the war economy and the
post-war period, sprouts of a new management paradigm appear in Ukraine,
conceptually oriented on bioeconomic principles of development, regeneration and
self-regulation of socio-economic systems.

Modern recovery dynamics require not only the reactivation (redesign) of
operational and financial flows, but above all, a rethinking of the foundations of the
economic growth paradigm itself, including its energy-resource, social, cognitive,
and environmental determinants. In this context, architecting the economic recovery
management system appears not as a technocratic process of restructuring
institutions, but as an intellectual and institutional modelling and design of a new
economic architecture based on the principles of bio-oriented rationality and
ecosystem balance, thereby forming a modern bioeconomic reality.

Bioeconomic reality materialises in a multidimensional socio-natural construct,
within which natural, technological, social and managerial subsystems interact,
united by a common logic of sustainable and comprehensive (inclusive)
reproduction. Its essence lies in the integration of bioresource potential, human
capital and cognitive assets within a single business model, where the main factor of
development is not material resources, but knowledge, trust, innovative capacity and
social cooperation. The bioeconomy, as a renewable paradigm, is based on the
principles of circularity, energy efficiency, decentralisation of management,
responsible consumption, and the reproducibility of natural capital. Under such
conditions, economic recovery is a multi-level process involving the coherent
combination of socio-economic determinants that form systemic dependencies

! Merpyxa H., Ierpyxa C. JIo muTaHHS IPUPOIM Ta iNeHTH(IKALIT CTPYKTYPHHX 3pYILICHb
B €KOHOMILli: METOMOJIONiYHMI acnekr. Exowomicm. 2013. Ne 8. C. 23-26.; Webster A.,
Dunning J. Structural Change in the World Economy (Routledge Revivals). Taylor & Francis
Group, 2013. 244 p.
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between resource capabilities, technological adaptability, institutional capacity,
and social cohesion within society.

From the standpoint of a systemic-synergistic approach, the architecture of
economic recovery management in the bioeconomic paradigm acquires a two-
dimensional nature. On the one hand, it is an epistemological system of scientific
knowledge that reveals the ontological foundations of development determinants,
determines the mechanisms of their interaction and typology in the process of
forming management decisions. On the other hand, it is a practical-institutional
construction that materialises in the form of organisational and economic
mechanisms, cluster models, bioinnovation networks and production systems that
ensure self-sustaining, adaptive and regenerative economic growth based on
bioresource, intellectual and technological synergy.

The architecture of such a management system requires a high level of coherence
between macroeconomic policy, sectoral strategies, local initiatives and mechanisms
of public-private interaction. Its functioning involves a transition from linear,
hierarchical management schemes to network, integrated, and polycentric models,
within which the interests of the state, bioeconomy sectors, educational and scientific
institutions, and rural territorial communities are coordinated to achieve agreed-upon
environmental, social, and economic goals.

The methodological quintessence of this section is the integration of three
interconnected levels of analytics and management that determine the architecture of
bioeconomic recovery:

The first level (1) is epistemological. It aims to conceptualise the nature, structure,
and typology of socio-economic determinants that influence the trajectory of economic
recovery. At this level, a theoretical and methodological basis is formed for
understanding the role of social, institutional, cognitive and behavioural factors in the
transformation of the development model from resource-exhausting to bio-oriented,;

The second level (2) is organisational and economic. It reveals the mechanisms
of institutionalisation of the bioeconomic paradigm in the practice of strategic
management, the central element of which is the biocluster as an institutional form of
coordination that unites entities from different sectors of the bioeconomy, ensuring a
combination of economic efficiency with environmental expediency. At this level,
the principles, functions, tools and algorithms for managing cluster interaction as a
form of adaptive (initially to the conditions of the war economy, later to early post-
war recovery, and at the final stage — post-war recovery) economic integration are
determined;

The third level (3) is the approximation-industry level. It focuses on the
mechanisms of diffusion and adaptation of bioeconomic principles in industry-based
processing and production systems. At this level, it is investigated how organisational
and economic determinants affect productivity growth, energy efficiency,
optimisation of resource supply, technological flexibility and the implementation of
circular and low-carbon production models in various sectors of the bioeconomy.
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1. The epistemology and typology of socio-economic determinants

of economic recovery in the bioeconomy paradigm

In modern economic theory?, the category of “determinants” (Latin: determinare
— to determine, to condition) denotes a system-organised complex of factors and
conditions that set the parameters, trajectory, and intensity of socio-economic
processes. Within the bioeconomic paradigm, this category assumes a synergistic-
structural meaning, that is, it is not about a set of isolated factors, but about an
interconnected network of economic, social, institutional, managerial, environmental,
and cognitive-technological variables, whose interaction shapes the dynamics
of regenerative growth and the controllability of recovery cycles. Therefore,
the epistemological status of the concept of “determinants” is associated with
the knowledge of deep cause-and-effect relationships in systems that evolve towards
circularity, low-carbon and resource efficiency.

Researchers view bioeconomic recovery® as a multifaceted, polycentric process
in which natural and human capital, institutional quality, and technological capacity
mutually reinforce one another, forming a development ecosystem. In this
perspective, determinants are not only “what influences,” but also “how, through
what channels, and with what elasticity of influence.” Natural resource constraints,
information asymmetries, regulatory settings, social capital and trust, human and
innovation potential, spatial and cluster architecture, the degree of digitalisation, and
knowledge infrastructure all determine the configuration of recovery, its
sustainability, speed, and inclusiveness. However, to capture the profound logic
of interactions, it is advisable to consider determinants as vector variables in a multi-
level management model, where each level (macro/meso/micro) has its own set
of tools and feedback loops, as well as its own performance indicators (economic,
social, environmental, institutional, etc.).

® Blaug M. Economic theory in retrospect. 5th ed. Cambridge ; New York : Cambridge
University Press, 1997. 725 p.; Zhang W.-B. The Time for a Grand Economic Theory.
The General Economic Theory. Cham, 2020. P. 1-17. DOI: https://doi.org/10.1007/978-3-030-
56204-5; Ierpyxa C. B. [lep)kaBHe aHTHKPH30BE PETYIIOBAHHS arpapHOTO CEKTOPY €KOHOMIKH
VYkpainu : MoHOrpadis; [HCTUTYT eKOHOMIKO-TIpaBOBHX JociipkeHb. LleHTp yuboBoi mitepa-
TypH, 2018. 524 c.

Anderson L. G., Seijo J. C. Bioeconomics of Fisheries Management. Wiley & Sons,
Incorporated, John, 2011. 320 p.; Flichman G., Louhichi K., Boisson J. M. Modelling
the Relationship Between Agriculture and the Environment Using Bio-Economic Models: Some
Conceptual Issues. Bio-Economic Models applied to Agricultural Systems. Dordrecht, 2011.
P. 3-14. DOI: https://doi.org/10.1007/978-94-007-1902-6_1; Brears R. C. Urban Bioeconomy:
Advancing Circular Economy, Renewable Energy, Waste Management, Sustainable
Agriculture, Green Infrastructure, and Biotechnology in Cities. Global Climate Solutions, 2025.
107 p.; Volodin S., Petrukha S. Science park as a management system for the transfer of
innovation. Entrepreneurial Dimensions of Management and Innovation: Strategic, Educational
and Socio-Economic Perspectives: Scientific Monograph. Przeworsk, Poland : Higher School of
Social and Economic in Przeworsk. 2025. P. 160-177. URL: https://www.wssgprzeworsk.edu.pl/
wp-content/uploads/2025/09/Monografia-WSSG-10.09.2025-r.pdf; Petrukha N., Demydonok I.,
Hubanov O. Ethical Aspects of Bioeconomy in Post-War Reconstruction Projects in Ukraine.
Economics, Finance and Management Review. 2024. Ne 4 (20). P. 4-17. DOI: https://doi.org/
10.36690/2674-5208-2024-4-4-17; Petrukha N., Petrukha S., Shapovalov O., Ushchenko P.
The Role of the Bioeconomy in the Post-War “Greening” of Economic Policy. Investytsiyi:
praktyka ta dosvid. 2025. Nel10. P. 104-115. DOI: https://doi.org/10.32702/2306-
6814.2025.10.103
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To ensure the manageability of the analytical process and correct approximation
to specific management decisions, the following hierarchical typology of
determinants of bioeconomic recovery is proposed®:

1. By levels of influence:

macro level, determinants of state policy and regulatory environment (circularity
standards, guarantees of origin of energy and bioproducts, eco-regulation, tax and
financial incentives), financial and monetary and investment framework, national
innovation system, scientific policy, security parameters, technological structure and
geo-economic constraints;

meso level, spatial and cluster determinants (bioclusters as institutional forms of
coordination of actors; logistics and energy infrastructure; regional value chains;
network interactions between business, science, communities and the state;
mechanisms for sharing resources and data);

micro level, managerial, technological and behavioural factors at the level of
enterprises and production systems (innovative activity, technological flexibility,
energy efficiency, organisational culture, personnel competencies, decision-making
models, eco-design and lean-circulation practices);

11. By origin:

endogenous (internal to the system) — management decision-making procedures,
technological regimes, cost and productivity structure, social capital within the
organisation/territory;

exogenous (external) — regulatory changes, market conditions, price shocks
to resources/energy, climate risks, institutional shifts outside the system;

111. By content of manifestation:

economic (capital structure, access to “green” financing, pricing of eco-services,
investment climate);

social (quality of life, social cohesion, trust, human capital, demographic
dynamics);

institutional and managerial (rules of the game, standards and protocols, capacity
of management bodies, coordination mechanisms);

% JIOMiHAHTH CTAHOBJICHHS {HKJIIO3MBHOTO COLyMy B YKpaiHi: KOJIEKTHBHA MOHOrpadis /
3a 3aranpHolo penakuiero M. Tpinaka, C. Ilerpyxu, A. TumkiBa. Kam’suenpb-TToainbChKuid:
3VHY, 2022. 457 c.; Ilerpyxa H. IloBocHHEe BiIHOBIEHHS arpapHOro CEKTOPY EKOHOMIKH
Ha 3acajiax O0i0eKOHOMIiKH. Exowomivnuti ananiz. 2023. Tom 33. Ned. C. 49-58. DOI:
https://doi.org/10.35774/econa2023.04.049; Tlerpyxa H. IHcTuTymiiiHi yMOBH 3a0e3nedeHHs
3eJ1eHoi TpaHchopMallii CiIbChKOrOCIIOJapChbKUX MiANPUEMCTB Y KOHTEKCTI mepexoay Ao 0io-
eKOHOMIKH. Exonomiunui ananiz. 2024. Tom 34. Ne3. C. 174-189. DOI: https://doi.org/
10.35774/econa2024.03.174; Petrukha N., Petrukha S., Shapovalov O., lavorskyi V. Agri-
cultural Engineering: Stagnationor Bioeconomic Ontogenesis. Agrosvit. 2025. Ne 10.
P. 133-144. DOI: https://doi.org/10.32702/2306-6792.2025.10.133; Agricultural Bioeconomy:
Innovation and Foresight in the Post-COVID Era / E. G. Koukios et al. Elsevier Science &
Technology Books, 2022. 368 p.; Hussain C. M., Kadeppagari R. K. Biotechnology for Zero
Waste: Emerging Waste Management Techniques. Wiley & Sons, Incorporated, John,
2021. 450 p.; Biernat K. Elements of Bioeconomy. IntechOpen, 2019. 186 p.; Singh K.,
Ribeiro M. C., Calicioglu O. Biodiversity and Bioeconomy: Status Quo, Challenges, and
Opportunities. Elsevier, 2023. 600 p.; Petrukha S., Klymenko K., Petrukha N. Rural economy
and public finances: the effects of mutual reconstruction. Finance of Ukraine. 2024. Ne 9.
P. 77-98. DOI: https://doi.org/10.33763/finukr2024.09.077
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environmental (state of natural capital, biodiversity, renewable resources,
externalities and their internalisation);

cognitive and technological (information infrastructure, digitalisation, R&D,
education, innovation culture).

DETERMINANTS OF BIOECONOMIC RECOVERY

ENDOGENOUS
(rhese are internal drivers of development thar
are formed within the national socio-economic
system. They determine Ukraine's capacity for
self-regeneration, technological renewal, and
institutional adapiation in the process of posi-
war reconstruction):

EXOGENOUS
(these are external conditions
that set the framework for the
functioning of Ukraine's
bioeconomic system. They are
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Fig. 1. Circularity (predictors and responses) of the bioeconomic recovery
of bioeconomy sectors
Source: compiled by the authors based on®.

The traditional model of economic recovery’ is organised around a resource-
intensive logic, i.e., extensive output growth, high transaction costs to offset negative
externalities, and low levels of environmental damage. The determinants in such a
model primarily focus on technical and economic parameters, including capital
intensity, return on assets, and productivity, while social and institutional factors play
a secondary role.

® Giilsah Yilan. Circular Bioeconomy: Theories and Tools for Economists and
Sustainability Scientists. Cambridge University Press, 2023. 300 p.; Pan A. Bioeconomy.
Singapore : Springer Nature Singapore, 2023. 294 p. DOI: https://doi.org/10.1007/978-981-19-
6164-9; Green, Closed Loop, Circular Bio-Economy. MDPI, 2021. 288 p. DOI: https://doi.org/
10.3390/books978-3-0365-0211-3; Klymenko K., Petrukha N., Petrukha S. “Green” Marshall
Plan For Ukraine: Financial, Economic and Regulatory Context. RFI Scientific papers. 2024.
Ne 1 (106). P. 20-49. DOI: https://doi.org/10.33763/npndfi2024.01.020; Globalization, Income
Distribution and Sustainable Development / ed. by R. Chandra Das. Emerald Publishing
Limited, 2022. DOI: https://doi.org/10.1108/9781801178709

" Menbruxos O. B., [erpyxa C. B., ITerpyxa H. M. EkoHOMiuHe BiIHOBIEHHS CiTbCHKHX
TEpUTOpii: CHIBBIAHOIICHHS (YHIAMEHTAIBHOIO Ta MPHKIAJHOTO acIeKTiB HayKOBOI'O
ocTipKeHHs. Bueni 3anucku Yuisepcumemy «KPOK». 2021. Ne'1 (61). C. 176-193. DOI:
https://doi.org/10.31732/2663-2209-2021-61-176-193; Petrukha S., Stakhov B., Petrukha N.
Ukraine’s public finance: denerminants, institutional transformation and directions
in development of budgetary regulation. Pandemic economic crisis: challenges to society. Sofia,
Bulgaria : VUZF Publishing House “St. Grigorii Bogoslov”, 2020. P. 271-301. URL:
https://philarchive.org/archive/BRIPEC-3; Classical Political Economy and Modern Theory:
Essays in Honour of Heinz Kurz / I. Steedman et al. Taylor & Francis Group, 2013. 384 p.
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In contrast, the bioeconomic model® presents a regenerative logic of recovery, in
which natural capital is viewed not as an input resource to be exploited, but as a
factor of long-term sustainability to be managed. In such a model, socio-economic
and institutional determinants become dominant, since they form a triad due to
which: the motivational and behavioural regime of economic agents is formed
(willingness to invest in energy efficiency, accept circular technologies, ability to
form clusters), institutional predictability is ensured (standards and guarantees of
origin, stability of rules, coordination mechanisms), information asymmetry is
reduced and trust is increased, without which network forms of interaction do not
have the institutional capacity to reproduce.

Therefore, we position the transition from the traditional to the bioeconomic
model not simply as technological modernisation, but as an institutional and social
transformation with a recapitulation of the set of determinants and the predominance
of socio-economic features in determining growth trajectories (economic recovery).

In the context of forming bioeconomic management architecture, socio-economic
determinants become the fundamental structural factors that ensure the real
implementation of restorative models in national economic practice. Their
significance lies in the fact that they not only correlate with economic results but also
determine the parameters of the entire system of institutional, managerial, and
technological interactions. In post-crisis Ukrainian realities, it is the socio-economic
dimension that sets the boundary conditions for the possibility of reforms, as it
shapes the ability of society to perceive, support and reproduce innovative
management solutions based on trust, partnership and shared responsibility.

Social capital and trust are key elements of the “fabric” of the bioeconomic
space, which reduce the transaction costs of horizontal cooperation, increase the
efficiency of communications between cluster entities, accelerate the diffusion of
bioinnovations, and create the prerequisites for collective investment in common
infrastructure, in particular logistics, energy and digital. In countries undergoing a
reconstruction phase, including early ones, it is the level of public trust that
determines the stability of institutions and the legitimacy of policies, without which
any technocratic models remain declarative.

Human capital and competence capacity shape the technological elasticity of bio-
oriented production systems. Relatively speaking, bioeconomic transformation is
possible to the extent that human resources structures possess digital data
management skills, biotechnological knowledge, project thinking and a systemic
understanding of environmental constraints. For Ukraine, this determinant is critical,
since demographic depopulation, the outflow of specialists and the destruction of the
vocational education environment during the war period create an institutional gap
between the innovative potential and the human capacity to implement it.

8 Morris E. J., Virgin I. Creating Sustainable Bioeconomies: The Bioscience Revolution in
Europe and Africa. Taylor & Francis Group, 2016. 296 p.; bynakosa O. 0., Jlepsim . C.
IuBectuiii B 0i0€KOHOMIKY JUIsSi TIOBOEHHOTO BiJHOBICHHsS YKpaiHu. Tpancghopmayitina
exonomixa. 2023. Ne4 (04). C. 9-13. DOI: https://doi.org/10.32782/2786-8141/2023-4-2;
Bio#Futures / ed. by E. Koukios A. Sacio-Szymanska. Cham : Springer International
Publishing, 2021. 644 p. DOL: https://doi.org/10.1007/978-3-030-64969-2
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Institutional quality and management capacity ensure predictability, feedback
and adaptability of management circuits. A bioeconomic system cannot exist in
conditions of fragmented regulation or political volatility, as it requires stable norms,
transparent monitoring procedures, effective KPI analytics, and mechanisms for self-
correction of policies in response to environmental, social, or financial disturbances.
The Ukrainian experience® demonstrates that even under conditions of limited
resources, it is the institutional coherence and managerial competence of local and
regional authorities that enable the reproduction of sustainable development models.

Economic incentives, including the system of “green” financing, tax and credit
instruments, and energy supply guarantees, are effective only if there are corresponding
socio-institutional prerequisites. In the absence of trust, human capital, and effective
institutions, even the best economic mechanisms fail to generate the expected effects, as
confirmed by both international practice’® and Ukrainian cases of ineffective
implementation of environmental investment programs or state support for the
agricultural sector'?.

In conclusion, we can state that socio-economic determinants play the role of an
“architectural framework” of bioeconomic recovery, setting the coefficient of
realisation of all other determinants — technological, environmental, and financial. They
form the implementation threshold of the system, that is, they determine whether
the theoretically constructed model can become a practical institutional reality or

® Koucomizariis aepxasrux ¢inancis Yipaiuu : ko1 Monorp. / [Jlysina I. O., Bymana O. O.,
CremanoBa O. B. ta in.] ; 3a pen. aen. L. O. Jlyninoi ; HAH Vkpainu, Y «IH-T ekoH. Ta
nporHo3yB. HAH VYkpaiau». Enektpon. masi. K., 2017. 344 c.; dickanbHa Ta MOHeTapHa Oe3neka
HALIOHAJIbHOI GKOHOMIKM B yMOBax IJIOOAaTbHUX BHKIMKIB 1 3arpo3 [EmexrponHmii pecypc] /
3apen. T. I. €pumenko. Kuis : JJHHY «Axan. ¢in. ynpasninasy», 2023. 1157 c.; [lerpyxa H. M.,
ITerpyxa C. B. [lepkaBHe peryTIOBaHHS IHTETPOBAaHMX KOPHOPATHBHHX 00’€IHAHb B YMOBax
CTPYKTYpHO-IHCTHTYLIIOHaIbHOI Ta (yHKIiOHATbHOI TpaHC(OpMAalii CLIBCHKOI EKOHOMIKH:
po6JIeMH METOZIOJIOT i1, Teopii, ComiatbHO-eKOHOMIYHOI Ta CeKTOPAIBHOI IIONITUKY : MOHOTpadis.
Kuis : TOB «Bunasunuwnii nim «IIpodecionan», 2020. 496 c. + 1 enektpoH. ont. auck.; Petrukha
S., Petrukha N., Gasanov S., Miakota R., Konovalenko D. Public Debt and Public Debt
Administration Under Martial Law in the Process of Post-War Reconstruction. Jornal of Law
and Political Sciences. 2025. Vol. 47/2 (Special Issue). P. 341-376. DOI: https://doi.org/10.
5281/zeno0do.17240064

 Winiecki J. Institutional Barriers to Economic Development: Poland’s Incomplete
Transition. Taylor & Francis Group, 2002. 128 p.; Hsuenko M. O., Hiropomosa C. A.,
ITerpyxa C. B. Mixxnaponse ¢iHaHCYyBaHHS JUISL BUPINICHHS TJI00AIBHNX €KOJIOTIYHUX IIPOOIeM y
MPOEKTaX CTaJoro po3BUTKY. CBITOBE rOCIOAAPCTBO Ta MiIXHAPOJIHI €KOHOMIYHI BiJHOCHHHM :
cydacHi TpaHcdopMallii Ta IepcHeKTUBU PO3BUTKY: MoHorpadis / 3a pex. C. I'. Mistok. KuiB :
Bumasamumii gim «Konumop», 2019. C. 228-244. URL: https://er.nau.edu.ua/bitstream/NAU/
41119/1/%D0%9C%D0%9E%D0%9D%D0%9E%D0%93%D0%A0%D0%90%D0%A4%D0%9
8%DO0%AF.pdf;, Bourguignon F., Platteau J.-P. Institutional Challenges at the Early Stages of
Development Lessons from a Multi-Country Study. Cambridge University Press, 2023. 351 p.

™ Tacanos C., Ierpyxa C. TeopeTHuHa CYTHICTb AePHKaBHOI IMiATPHMKH CilTbCHKOTO
TOCIIOAApCTBA B CHUCTEMi JIEP)KaBHOTO DPETYNIOBAHHS arpapHOro cektopy. Exonomicm. 2014.
Ne 7. C. 16-17.; 3abnoBcekuit A., Ilerpyxa C., HazykoBa H. €11uHa kOoMIUIeKCHA cTpateris
PO3BHTKY CLIBCBKOTO TOCIIONAPCTBA Ta CUIBCHKHMX Tepuropiii Ha 2015-2020 poku: omiHka
JIOPOTOBKA3iB MOJATKOBOro pedopmyBanHs. Exonomicm. 2015. Ne 7. C. 6-12.; Ilerpyxa C. B.,
[Manifiayx T. B., Ilerpyxa H. M. Micuesi ¢iHaHCH B yMOBaX KOPOHAKPHU3H: HOBa OIOJKETHA
apXiTEeKTOHIKa Ta (iHAaHCOBA CIIPOMOXKHICTD PETYJISLiT CEKTOPAIBHUX 1 COIiaIbHO-€KOHOMIYHUX
npoueciB. @inancu  Vipainu. 2020. Ne12. C. 83-105. DOI: https://doi.org/10.33763/
finukr2020.12.083

465



whether it will remain at the level of a declarative concept. In this regard, in the future,
emphasis should be placed on institutionalising these determinants in the form of a
managed, multi-level management system, which facilitates the transition to
understanding the organisational and economic mechanisms of bioeconomic recovery.

Thus, the systemic nature of bioeconomic recovery involves studying
determinants not as isolated variables, but as interconnected subsystems that are in a
state of constant dynamic equilibrium between economic feasibility, social justice
and environmental sustainability. To adequately reflect these processes, a multi-level
analytical approach is necessary, synthesising macroeconomic, meso-institutional
and micro-organisational information. Each level reflects a separate contour of
managerial influence. Still, their effectiveness is achieved only under the condition of
inter-level coherence, that is, the system’s ability to respond in a coordinated manner
to both external and internal disturbances.

At the macro level, the analysis focuses on the formation of the regulatory
environment, state policy for green (circular) transformation, national decarboni-
sation strategies, the financial architecture of recovery (including the public finance
system), and the role of the state as an institutional moderator of intersectoral
processes.

At the meso level, the interaction of subjects within bioeconomic clusters and
regional ecoregions is studied, with a key issue being network integration and the
distribution of competencies among government, business, science, and rural
territorial communities.

At the micro level, the focus shifts to management decisions within enterprises,
innovation platforms and production systems, forming the practical basis for
circularity, digital transformation and technological adaptability.

Such multi-level relationships can be described as a dynamic objective function
of bioeconomic recovery, reflecting the interaction of six key groups of determinants:
economic, social, institutional and managerial, environmental, cognitive and
technological, and behavioural and motivational. Formally, it can be presented as
follows:

Rpio = maxpeo{Xis [ (aiEi B;Si vl 6;Eci, €K;, B;) } 1)

Where E; — economic determinants (capital structure, access to “green” finance,
investment attractiveness);

S; — social (quality of life, social capital, human potential);

I; — institutional and managerial (regulatory and normative certainty and stability
of legislation, quality of regulation, degree of managerial coordination);

Ec; — environmental (level of resource efficiency, biodiversity, climate
neutrality);

K; — cognitive and technological (digitisation, R&D, innovation culture);

B; — behavioural and motivational (propensity for cooperation, trust, innovation
openness);

coefficients a;, 8}, v, 6, €, {; reflect the elasticity of the influence of each group
of determinants in the objective function;

m — is a set of management policies and mechanisms that optimise the result R;,
in the set of possible solutions Q.
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The formula demonstrates that the effectiveness of bioeconomic recovery is a
function of the coherence between these groups of determinants, and not just the
result of their combined action. In practical terms*?, this means that even a significant
increase in economic or technological capacity does not guarantee a sustainable
effect in the absence of social capital or institutional stability.

Therefore, multi-level analysis should be accompanied by feedback modelling,
verification of impact coefficients, and calibration of the indicator system, which
enables adaptive management of recovery processes in real-time.

In this context, the interdisciplinary integration of methods, comprising
econometric models with fixed effects (for assessing stable determinants), structural
equation models (SEM) for latent factors, and cognitive modelling, which enables the
assessment of nonlinear interdependencies within the system, becomes particularly
important. This approach opens up the possibility of moving from a static description
to the architectonics of guided evolution, when the bioeconomic system is considered
not as an object of forecasting, but as an intellectual subject of self-regulation.

Thanks to this methodological toolkit, an analytical basis is established for
the next stage: the institutionalisation of the identified determinants within the
framework of the organisational and economic mechanisms, which will be further
detailed. At this stage, the multi-level typology of determinants is transformed into a
system of specific management functions, principles, tools, and cluster solutions that
ensure the integrity of the bioeconomic recovery architecture.

Within the framework of a multi-level system of bioeconomic recovery,
identifying the vectors of action of determinants, their origin, direction of influence,
and functional role in the management process is of particular importance. Such a
formulation of the task allows not only to describe the factors that shape economic
dynamics, but also to distinguish those of them that enhance or, conversely, inhibit
recovery processes.

For this purpose, it is advisable to use a four-dimensional analytical matrix that
reflects the structural logic of the interaction of endogenous (internal) and exogenous
(external) determinants, classified according to their stimulating or inhibiting effect
on the system.

Endogenous stimulating determinants are internal drivers of development that
provide positive dynamics through organisational innovations, the implementation of
eco-design principles, energy-saving technologies, the development of cluster
cooperation, and the creation of internal control and knowledge management
systems. They provide self-supporting mechanisms for the regeneration of the
economic system and create internal synergistic effects.

Endogenous inhibiting determinants are associated with the inertia of
management practices, personnel shortages, resistance to innovation, a low level of

12 Research Institute (IFPRI) I. F. P. Intertemporal trends in agricultural productivity.
Washington, DC : International Food Policy Research Institute, 2016. DOI: https://doi.org/
10.2499/9780896298811_02; Research Institute (IFPRI) 1. F. P. Typology of agricultural
productivity zones. Washington, DC : International Food Policy Research Institute, 2016.
DOI: https://doi.org/10.2499/9780896298811_04; Aldona Zawojska, Nadiia Stoliarchuk,
Tomasz Siudek, Volodymyr Mamchur. Restoration of the Agricultural Sector in Ukraine.
Innovation and Investment for Food Security and Sustainable Development. Warszawa,
CeDeWu. 2025. 196 p.
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the organisation’s digital maturity, fragmentation of information flows, and
ineffective communication between subsystems. Their effect is manifested in the
form of reduced adaptability, loss of competitiveness and slowing down the pace of
transition to bio-oriented models.

Exogenous stimulating determinants are external institutional and political
factors that form a favourable environment for recovery. These include regulatory
circularity standards, a system of energy supply guarantees, a European taxonomy
framework for green finance, and preferential financial instruments that stimulate
decarbonisation, energy efficiency, and investment in bio-based production.

Exogenous inhibiting determinants manifest themselves in the form of price and
climate shocks, institutional instability, regulatory uncertainty, imperfections in eco-
service markets, and infrastructure constraints. Their negative impact is particularly
noticeable in transition economies, where the flexibility of adaptation mechanisms
has not yet reached a critical level.

This approach allows not only the vertical structuring of factors but also the
identification of feedback loops between them. Thus, exogenous incentives can
activate relevant processes. In particular, state support for clusters accelerates the
development of sectoral (industry) innovations. At the same time, internal inhibiting
factors can neutralise positive external impulses, as is the case with a low
management culture or stakeholders” distrust of the state regulator.

In a visual dimension, it is advisable to present these relationships in the form of
a cause-and-effect diagram, adapted to Kaoru Ishikawa’s “fishbone” principlesls,
which demonstrates how different groups of determinants form a system of obstacles
and opportunities in the process of shaping bioeconomic recovery. This approach
provides a holistic view of the configuration of risks and points of managed
intervention that can be used to optimise sustainable development policies, filling
them with the spirit of the bioeconomic paradigm.

Thus, the typology of socio-economic determinants is not an end in itself of
theoretical generalisation, but acts as an algorithmic basis for building effective
management mechanisms in the bioeconomic environment. Its practical significance
lies in creating a manageable matrix of relationships between knowledge and policy
instruments, within which each group of determinants correlates with the
corresponding forms of influence, efficiency indicators and levels of implementation.
This approach transforms the analytical typology into a system of management
guidelines, allowing for the modelling of the interaction between strategies,
institutions, and economic agents based on scientifically grounded coherence.

3 Ishikawa K. The Preparation and Use of Control Charts. Introduction to Quality Control.
Dordrecht, 1989. P. 147-200. DOI: https://doi.org/10.1007/978-94-011-7688-0_3;
Ilerpyxa C. B., CraxoB b. B. IMneparuBu Ta JETEpPMIHAHTH CTAJOTrO0 PO3BUTKY arpapHOro
CEKTOpY €KOHOMIKM B YMOBaX MOJIEpHi3allii CUCTEMHU YIpaBIIiHHS AEPKaBHUMHU (piHAHCAMH.
[puuopHOMOpehKi  ekoHoMivHi cryaii. 2020. Ne52. C. 13-20. DOI: https://doi.org/10.
32843/bses.52-40
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The application of this approach requires multi-contour management thinking
based on four key principles®®

¥ MlyGamait O. M., TTerpyxa C. B., Kocincekumii IT. M., TTetpyxa H. M. ®opmyBaHHs
cucrteMu iH(pOpMaliiiHO-aHANITHYHOTO 3a0e3MeUeHHs] PO3BUTKY OlOMaJMBHUX BUPOOHUIITB
Ha 0a3i mianpueMcTB arpocektopy. Haykosi npayi HA®I. 2023. Ne 3. C. 133-147. DOI:
https://doi.org/10.33763/npndfi2023.03.133; Ily6amuii O. M., ITerpyxa C. B., Kocincekwuii I1. M.,
Ilerpyxa H. M. ®iHaHCOBO-EKOHOMIYHE CTHMYJIIOBAaHHS PO3BUTKY HEPepOOHOI IPOMUCIOBOCTI
Ha OCHOBI HPHPOJHO-PECYPCHOrO TOTEHIiAly pErioHiB y IOBOEHHUIl nepiox. @inancu
Vipainu.2023. Ne3. C. 55-74. DOI: https://doi.org/10.33763/finukr2023.03.055 URL:
https://finukr.org.ua/docs/FU_23_03_055_uk.pdf; Kocres B. M., Ilyrasos B. M. Exonomiuni
TpIOpUTETH XBUILOBHX 3pyieHs. Kiis: HHI[ «IAE», 2024. 196 c.; Klymenko K., Petrukha N.,
Petrukha S. “Green” Marshall Plan For Ukraine: Financial, Economic and Regulatory
Context. RFI Scientific Papers. 2024. Ne 1 (106). C. 20-49. DOI: https://doi.org/10.33763/
npndf|2024 01.020
® Arcioglu M. A., Yigitol B. Paradigm Change in Strategic Management. Advances
in Business Strategy and Competitive Advantage. 2019. P. 179-195. DOI: https://doi.org/
10.4018/978-1-5225-7180-3.ch010; Klikauer T. Managerialism. London : Palgrave Macmillan
UK, 2013. 362 p. DOI: https://doi.org/10.1057/9781137334275; Kyx B. M. Hedopmanbhi
IHCTHTYTH CeJIIHCTBA y MOJCTIOBaHHI pedopM Ta arpapHi MONITHKH: Teopis i IpakTHKa.
Exonomirxa AIIK. 2017. T. 24. Ne 7. C. 5-18.; Kropyvko M. Positives and negatives of the
agrarian system of Ukraine. Ekonomika APK. 2020. Vol. 309. Ne7. P. 6-19. DOI:
https://doi.org/10.32317/2221-1055.202007006
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First, linking determinants to tools (policy-tool mapping), i.e. determining which
norms, incentives, or organisational decisions are relevant for a specific type of factors;

Second, focus on key performance indicators (KPIs), which allow correlating the
impact of determinants with measurable goals of economic, environmental and social
efficiency;

Third, implementation of feedback mechanisms, under which monitoring results
are not recorded passively, but directly adjust the weight parameters of the model and
management decisions;

Fourth, coordination between levels of the management system, i.e. ensuring the
transition from macroeconomic strategies to micro-organisational practices, which
guarantees the unity of goals and synchronisation of policies in the space of
bioeconomic development (recovery).

The generalisation of the results of the conducted epistemological and
typological analysis gives grounds to assert the following:

The determinants of bioeconomic recovery constitute a network system of
interacting subsystems — economic, social, institutional, ecological and cognitive-
technological, within which there is a constant circulation of resources, information
and decisions;

Socio-economic factors are of dominant importance, because they ensure
institutional predictability, cooperative ability and innovative adaptability of bio-
oriented systems;

The developed classification architecture (levels of influence, origin, content
groups) creates an analytical platform for transforming theoretical knowledge into
practical management, with the possibility of linking to specific policies, indicators
and implementation mechanisms;

Visualisation in the form of a structural-functional model and a diagram of cause-
and-effect relationships serves as a tool for integrating analytics and management,
reducing the risk of decision fragmentation and increasing the transparency of the
system.

As a result, the analysis performed enables us to transition from theoretical
knowledge of determinants to the practice of their institutionalisation, where the
epistemological understanding gained is transformed into specific organisational and
economic mechanisms, management tools, and cluster solutions. This evolution —
from abstract typology to an architecture of action — ensures the formation of a
bioeconomic management system capable not only of responding to the challenges of
the post-crisis economy but also of actively shaping a new model of regenerative
development, based on a balance between efficiency, social trust, and regenerative
sustainability.

2. The formation of organisational and economic mechanism
and institutional features for implementing the bioeconomy paradigm
in economic recovery processes
The formation of an effective system of economic recovery management, taking
into account the provisions of the bioeconomic paradigm, assumes the presence of an
organisational and economic mechanism that combines institutional stability, social
interaction and technological dynamics. In the current conditions of the war economy
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and early post-war reconstruction, this mechanism assumes the role of an integrator
between the state, scientific, business, and public sectors, which collectively form the
architecture of a regenerative economy based on the principles of circularity,
regenerativity, and social justice.

Unlike classical regulatory models focused on a linear vertical of power'®, the
bioeconomic mechanism forms a decentralised network management system, in
which the key coordinators are partnership institutes*’ in the form of bioclusters,
innovation networks, regional development agencies (including agrarian chambers),
energy cooperatives, and green financing platforms. These institutional forms ensure
a transition from fragmented projects to comprehensive recovery programs that
initially integrate local initiatives into the national and, in the future, the European
context, which is a priori permeated with the spirit of the bioeconomic paradigm.

From the standpoint of management epistemology®®, the organisational and
economic mechanism is considered a holistic system of connections that transforms
the laws governing the functioning of the bioeconomy into practical algorithms
of action. Its place in the structure of economic recovery is determined by the fact
that it combines analytical rationality (knowledge, models, and methods) with insti-
tutional reality (norms, organisations, behavioural practices). Thus, the organisational
and economic mechanism plays the role of a translator between the theoretical level
of determinants and the practical level of management decisions, ensuring the
controllability, coherence, and adaptability of recovery processes.

This mechanism forms a structured field of interaction between economic agents,
within which rights, resources, responsibilities and incentives are distributed to
achieve common development goals. Its content is not reduced to a set of tools or
functions; it appears as an institutional and organisational environment in which
economic processes acquire systemic coherence, and the conflict of interests is

% Klikauer T. Managerialism. London : Palgrave Macmillan UK, 2013. DOI:
https://doi.org/10.1057/9781137334275; Classical Political Economy and Modern Theory:
Essays in Honour of Heinz Kurz / |. Steedman et al. Taylor & Francis Group, 2013. 384 p.;
VYnockonaneHHs iHdopmaniifHo-ipaBoBoro 3abesmeuenHs chepu AIIK Ta 3axucty mpas
cy0’ekTiB arpo6i3Hecy: konekTrBHa MoHorpadis / S1. I1. Aprat, 1. B. KoBanbuyx, 1. 0. Jloma-
kiHa, O. I. Hacrina, A. O. [TaxomoBa. bina Ilepksa : BinolepkiBcbkuii HallioHAIBHUI arpapHUi
yHiBePCI/ITeT, 2023.201 c.

™ Tletpyxa H. M., Tletpyxa C. B. JlepiaBHe pery/ioBaHHs iHTErPOBAHHX KOPIIOPATHBHHX
00’¢/HaHP B YMOBaX CTPYKTYPHO-IHCTHTYIIIOHAIBHOI Ta (yHKIiOHATBHOI TpaHCc(hopMamil
CLIbCHKOT €KOHOMIKH: MPOOJIEMH METOMOJIOTIT, Teopii, COliaIbHO-EKOHOMIYHOT Ta CEKTOPAJIbHOL
noyitiky : MoHorpadis. KuiB : TOB «BupmaBHuumii nim «IIpodecionam», 2020. 496 c. +
1 enextpoH. ont. auck.; Petrukha S., Petrukha N., Alekseienko N., Mazur A., Maltsev M. The
post-war potential and regulatory capacity of rural territorial communities in the clustering and
integrating agri-food chains of local added value creation. Modern foundations of economics,
management and tourism. Boston : International Science Group. Primedia eLaunch, 2022.
P. 96-126. DOI: https://doi.org/10.46299/1SG.2022.MONO.ECON.4.3.1; I'yropos A. O. Kopmo-
paTu3ariisi B arpapHOMy cekTopi ekoHoMiki. MoHorpadis. Kuis: HHIL «IAE», 2024. 256 c.

® Bin xpusu mo spocramms: ypoku €C I IPOMHUCIOBOrO BiZHOBICHHS YKpaiHM:
KOJICKTUBHAa MoHorpadis / 3a pexa. a.e.H., npod. B. A. Omenssnenka. HAH Vkpaiuu, IH-T
exoHoMiku mpoMm-cti. Kuis, 2024. 198 c.; MenbHukoBa M., Boituenko M., Kouemkosa I.
VYrpaBiiHHS PO3BUTKOM HPOMHUCIOBHX TEPUTOPIH: LUPKYISIPHICTH, IyOIiYHICT, E€KOJIO-
riunicTs : MoHOTpadis / HAH Ykpaiuu, [H-T exoHOMiKH ipom-cTi, 2023. 174 c.
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transformed into a coordinated process of cooperation. If in classical economics'® the
mechanism mainly performs the function of correcting market distortions, then in
bioeconomy® it is focused on creating conditions for long-term regeneration of
resources, environmentally-oriented innovation and social cohesion. Therefore, the
organisational and economic mechanism of bioeconomic recovery should be
interpreted as a five-component system in which the following blocks interact?:

Target block formulates strategic and operational goals of recovery (economic,
environmental, social, and technological). It sets normative and value guidelines,
coordinates state policy goals with the interests of local communities and business
structures;

Functional block ensures the implementation of key management functions
(potential diagnostics, planning, coordination, stimulation, control, monitoring, and
performance assessment);

Instrumental block covers the means of achieving goals (financial and credit, tax,
innovation, information, analytical and legal instruments);

Institutional block represented by a set of subjects and forms of interaction (state,
business, science, territorial communities, public organisations, international
partners);

Performance block reflects integrated indicators of recovery effectiveness (GDP
growth rates in bioeconomy sectors, energy efficiency, carbon emissions reduction,
growth in the share of “green” employment, trust and social cohesion index).

Each block is in a state of interdependence with the others, forming a closed
management outline. This closedness, the presence of feedback and the possibility of
adaptive adjustment of decisions distinguish the bioeconomic mechanism from
conventional administrative structures built on a rigid hierarchy and command-and-
control logic. This approach allows us to identify the basic principles of the organi-
sational and economic mechanism of bioeconomic recovery, which are?:

¥ Eltis W. The Classical theory of economic growth. London : Macmillan, 1984. 372 p.;
Cabayk II. T. ArpapuuMm pedopmam — ycBimomieHHil po3BuUTOK. Exonomixa AITK. 2012.
Ne 6 (212). C. 3-5.

® 36apceknit B. K. Bioekonomika y possutky AITK Vkpainn. Exonomixa AITK. 2017.
Ne8 (274). C. 94-97.; Kucher O. Bioeconomy as the modern paradigm of economic
development. Bioeconomics and Agrarian Business. 2021. Vol. 12, Ne . 2. DOI: https://doi.org/
10.31548/bioeconomy2021.02.002

2 Tlerpyxa H. TToBOEHHE BiHOBIICHHS AarpapHOrO CEKTOPY GKOHOMIKM Ha 3acajax
6ioekoHOMIKH. Exonomiunuil ananiz. 2023. Tom 33. Ne4. C. 49-58. DOI: https://doi.org/
10.35774/econa2023.04.049; Jlyneuko 1O. O., Auapoc C. B. Tlorus Ha arponpoMucIIoBuit
KOMIUIGKC YKpaiHH Kpi3b HPHU3My aHai3y CTaTHCTHYHHMX JMaHUX. EKOHOMIYHUll 6iCHUK
Hayionanonozo mexniunoco ynieepcumemy Yxpainu «Kuigcokuti noaimexniunuti incmumymy.
2020. T. 1, Ne 17. DOI: https://doi.org/10.20535/2307-5651.17.2020.216336; T'agzano 5. M.,
Cabayk II. T., Jlyneuko 0. O. Arpapna pedopma B YkpaiHi, ii HaykoBe 3a0e3leucHHs,
pe3yabratuBHicTh. Exonomika AIIK. 2021. Ne 7. C. 6-15. DOI: https://doi.org/10.32317/2221-
1055.202107006

2 Kozax M. Oprani3ariitHo-eKOHOMIUHHiI MEXaHi3M PO3BHTKY CLIbCHKHX TePUTOpIit. BicHuk
XMepHUIBKOro HalioHansHOrO yHiBepcutery. Cepist «ExoHomiuni Haykmy». 2021. T.298.
Ne 5(2). C. 291-296. DOI: https://doi.org/10.31891/2307-5740-2021-298-5(2)-49; Crenauenxko T.,
Bunorpaznenko C. OpranizaniifHO-eKOHOMIYHI 3acaqu eKoJIori3allii 3eMiIeKopucTyBanHs. Haykosi
innosayii ma nepedogi mexnonoeii. 2022. Ne 9(11). DOI: https://doi.org/10.52058/2786-5274-
2022-9(11)-359-372; lvanov K. Economic mechanism in Bulgarian foreign trade. Sofia : Bulgarian
Chamber of Commerce and Industry, 1985. 45 p.
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Synergy of resources and competencies, which ensures the integration of the
potential of different sectors of the bioeconomy and actors into common coordinates
of development;

Adaptability, which allows the system to respond promptly to changes in the
external environment, expressed in market, technological, environmental or social
factors;

Ecological rationality, which provides for the priority of regenerative and circular
approaches to the use of natural capital;

Inclusiveness, which guarantees the participation of all stakeholders, in particular
territorial communities, in the formation and implementation of recovery policies;

Openness and transparency, which create conditions for public control and
increase trust in institutions;

Decentralisation of management, which forms a polycentric model, within which
local clusters receive space for self-regulation;

The system’s innovativeness and learning capacity are the key to the permanent
modernisation of management structures and knowledge renewal.

These principles form the axiological core of the mechanism, setting not only the
rules of operation but also the moral and value code of bioeconomic management, in
which efficiency is inseparable from the ethics of responsibility to nature and society.

The organisational and economic mechanism of bioeconomic recovery
implements its action through a system of interconnected functions, which are?

Analytics, identification of socio-economic determinants, assessment of resource
potential, identification of growth points and risks;

Coordination to synchronise actions between state, regional and corporate levels
of management;

Innovations that stimulate the implementation of bioinnovations, activate
investments in R&D, biotechnology, and energy-efficient production;

Control that provides systematic monitoring of effectiveness, transparency of the
project and policy effectiveness assessment;

Communications that contribute to the development of horizontal connections,
partnerships and open data platforms, enhancing network interaction.

The tools for implementing these functions include?*

% pysarenko V., Pronko L., Pidvalna O., Lozhachevska O., Fastovets N., Ribeiro R.
Marketing management of the bioeconomic potential of enterprises and the quality of their
innovative products in the post-war recovery strategy. Financial and Credit Activity Problems
of Theory and Practice. 2024. Ne 6 (59). P. 648-664. DOI: https://doi.org/10.55643/
fcaptp.6.59.2024.4637; Nykyforov V., Maliovanyi M., Kasych A. Scientific fundamentals of
the biorefiner project — dominants of the bioeconomic cluster in the region. Transactions of
Kremenchuk Mykhailo Ostrohradskyi National University. 2020. Vol. 5-6. P. 47-53.
DOl: https //doi.org/10.30929/1995-0519.2020.5-6.47-53

2 Klymenko K., Petrukha N., Petrukha S. “Green” Marshall Plan For Ukraine: Financial,
Economic and Regulatory Context. RFI Scientific Papers. 2024. Nel (106). C. 20-49.
DOI: hitps://doi.org/10.33763/npndfi2024.01.020; IyGamuit O. M., Tlerpyxa C. B., Kocin-
cekmii 11. M., ITerpyxa H. M. ®DiHaHCOBO-EKOHOMIUHE CTI/IMyJ'IIOBaHHSI PO3BUTKY nepep06H01
HpOMHCJ’IOBOCTl Ha OCHOBI MIPpUPOAHO-PECYPCHOTO noreHulany peFIOHlB y TIOBOEHHUI neplon
Qinancu Yrpainu. 2023. Ne 3. C. 55-74. DOI: https://doi.org/10.33763/finukr2023.03.055;
Baber H., Fanea-lvanovic M. Alternative Finance : A Framework for Innovative and
Sustainable Business Models. Taylor & Francis, 2024. 308 p.
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Green financing mechanisms through guarantees of origin, green bonds, ESG
investments;

Tax (fiscal) and credit incentives for bio-oriented enterprises;

Public-private partnership in creating cluster infrastructure;

State programs for training and retraining of personnel in the bioeconomy;

Digital analytical platforms for monitoring bioresources, emissions, and
investment flows;

Cluster innovation hubs (biohubs), which serve as knowledge centres for
technology transfer.

The integration of these tools creates a multiplier effect, in which management
actions in one subsystem, in particular in the areas of state support, access to
financial resources or public investment programs, activate processes in other areas —
educational, social, and environmental, which strengthen the sustainability and
institutional capacity of the entire recovery system.

The effectiveness of the organisational and economic mechanism of bioeconomic
recovery is also determined by the sequence and coherence of its implementation
stages, which form a closed management cycle?:

Diagnostics of potential — assessment of natural resource, social, financial and
technological prerequisites for the formation of a bioeconomic system;

Cluster network design — identification of territorial development centres,
creation of clusters as an institutional form of integration of participants;

Institutionalisation of interaction — development of regulatory acts, signing
partnership agreements, formation of joint management structures;

Formation of infrastructure and knowledge management — creation of logistics,
energy, digital and innovation platforms that ensure the circulation of resources
and data;

Monitoring and evaluating performance — regular tracking of KPIs, adaptation of
tools and policies based on analysis results.

The algorithm is iterative, meaning that after each cycle, the system undergoes an
update phase, where feedback results compose new management decisions. This
turns the mechanism into a self-learning structure capable of evolutionary adaptation
in conditions of uncertainty and constant external shocks.

Among the various organisational forms, the biocluster most fully embodies the
logic of the bioeconomic mechanism. It acts as an institutional shell that combines
resources, knowledge, technologies and social ties to achieve complex recovery

% Mammxina O. M., Ierpyxa C. B., Ilpenyn K. M., Kicrion /I. B., Xomenko O. M.,
Kyuepernko O. 1., Ilerpenko I'. C., PmxakoBa I'. C., Bepemeesa T. 1. Exonoro-exonomiune
MOJICTTIOBAaHHSI TPEIUKTOPIB 1HBECTHLIHHUX MpPOrpaM CTAJIOr0 pPO3BUTKY IEBEJIOIMEHTY
B KOHIIENTI cTanaaptiB GiocdepocymicHoro OyaiBHuITBA. [lnsxu niosuujenns epexmugrnocmi
6yoienuymea 6 ymoeax @opmyeanns punkosux eionocun. 2018. Ne 38. C. 45-54. URL:
https://core.ac.uk/download/pdf/337304296.pdf; ITerpyxa H. M., Kapamenko B. C. Yrpapiinus
PO3BUTKOM arpapHoi raay3i B KOHTEKCTI Cy4aCHMX €KOHOMIYHMX TeHACHUIH. Akademiuni 8i3ii.
2024. Ne31l. DOIl: https://doi.org/10.5281/zen0odo.11912968; Applications of Modern
Production Theory: Efficiency and Productivity (Studies in Productivity Analysis) / ed. by A. D.
(Editor), R. F. (Editor). Springer, 1988. 292 p.; Phillips P. W. B. Innovation in agri-food
clusters: Theory and case studies. Cambridge, MA : CABI, 2013. 218 p.; Antle J. M,
Capalbo S. M. Agricultural Productivity: Measurement and Explanation. Taylor & Francis
Group, 2015. 422 p.
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goals. Therefore, a biocluster is not just a concentration of enterprises in a specific
industry, but a network system of cooperation that ensures the coordination of
economic and climate goals, the reduction of transaction costs of interaction between
participants, the joint use of resources (energy, data, bioraw materials), increasing the
competitiveness of regions through ecological specialisation and the development of
human capital by creating educational and innovative centres®.

In the national context, a biocluster can become a key institutional unit of post-
war recovery policy, since it combines the principles of regional decentralisation with
the need for strategic coordination at the state level. The socio-economic
determinants considered in the previous subsection are practically implemented in the
biocluster through institutional forms of governance, financing mechanisms, social
platforms and partnership models.

In modern economic architecture, it is appropriate to consider a biocluster not
only as an institutional form of production organisation, but as a spatial-network
system of bioresource management that integrates territorial, intellectual and
financial flows. Its mission is to form a “mutual reinforcement economy”, where
the results of the activities of some participants automatically become resources
for others, and the effect of interaction exceeds the sum of individual results.

In this sense, the biocluster serves as the foundation for polycentric management
of the bioeconomy, within which regional development nodes operate autonomously
but are integrated into a single national network through a system of information,
financial, and regulatory connections. This logic corresponds to the European
concept of S3 Smart Specialisation?’, in which clusters play the role of platforms
for the “fusion” of science, business, education and public administration.
In Ukrainian conditions, this means transitioning from a hierarchical management
model to a flexible network configuration, in which economic dynamics are
determined by the ability to self-organise and adapt at the local level. Table 1
presents the general content of the key systemic functions of the biocluster in the
mechanism of bioeconomic recovery, demonstrating their structural interaction and
instrumental implementation at different management levels.

A biocluster performs an integration function, i.e., uniting enterprises from different
links of the biochain — from raw material producers to processing enterprises, logistics

% IMerpyxa C. B., [erpyxa H. M., Jlemumporok 1. A., Tapacenko M. I. Jleuenrpanisanis ta
CTalMii PO3BUTOK CLIBCBKHX TEPHTODiil: [JOBOEHHE KOOPAMHYBAHHS CHCTEM NPUIHATTSI
KJIaCTepHUX pillleHb. |HHOBaliHHO-IHBECTHIIIHHMUI MeXaHi3M 3a0e3NeUeHHsT KOHKYPEHTO-
cipomMoxHOCTI Kpainu. JIpBiB-Topyss : Jlira-Ilpec, 2022. C. 22-56. DOI: https://doi.org/10.
36059/978-966-397-255-8-2; Omikienko H. B., Ilerpyxa H. M., Pmxakosa I'. M. HaykoBo-
MPUKJIAJHI KOMIOHEHTH HOJNIKPUTEPIaJbHOI CHUCTEMH OLIHKM 1HHOBALiHHOTO PO3BUTKY
MAMPUEMCTB: IMIIEPATHBU B3a€EMOJII1 IHTETPOBAHUX CTPYKTYp. [Llnsxu niosuwenns epexmugs-
Hocmi OyoisHuymea 6 ymoeax gopmysanns punkosux eionocur. 2023. Ne 52 (1). C. 261-273.
URL: http://ways.knuba.edu.ua/article/view/314384/305292; Kowalski A. M. Clusters and
Cluster Policy Models : Driving Competitiveness in the Global Economy. Edward Elgar
Publishing Limited, 2025. 220 p.

7 Analysis of key parameters of smart specialisation strategies (S3). URL:
https://op.europa.eu/en/publication-detail/-/publication/3026007b-8be2-11ed-999b-01aa75ed71al/
language-en

475



structures and consumers — into a single system of interaction®®. Its essence lies in the
combination of vertical integration (supplier — producer — consumer) with horizontal
(cooperation between enterprises of the same or related industries). This creates
a synergistic effect, in which production, energy, technological and information
flows become complementary. Thus, the integration function is manifested in
the interaction of the agricultural sector with bioenergy and processing industries,
where biomass residues or by-products of agricultural production are converted
into resources for energy or the production of biomaterials®.

The innovative function of the biocluster is aimed at accelerating technology
transfer, developing joint laboratories, competence centers, bioincubators and techno-
logy parks. Within the framework of this function, clusters form an institutional
infrastructure for research and development (R&D), stimulate small and medium-
sized businesses to implement innovative solutions in the field of biowaste
processing, the creation of new bioproducts and circular production technologies.
Of particular importance is the digital transformation of cluster systems®, which
includes the implementation of 10T monitoring, geographic information systems
(GIS), digital accounting of bioresources and modelling of bioenergy flow processes.
This function contributes to the intellectualisation of production and increased
technological flexibility, which is a determining condition for recovery in the face of
military and climate challenges.

The financial-intermediary function ensures the accumulation and redistribution
of financial resources between cluster participants, creating conditions for attracting
“green” investments, grants, venture financing and public-private partnership
instruments. It transforms the cluster into a kind of “financial connector” that
integrates state programs, donor funds, and private capital into a unified system of
support for bioeconomic initiatives. In post-war Ukraine, such a function will be of
strategic importance; therefore, bioclusters should become the primary channels for
attracting resources from the European Union, the World Bank, and international
environmental funds for the implementation of regional recovery programs.

No less important is the regulatory-communication function of bioclusters, which
forms a two-way connection between state structures, business and civil society.
The cluster serves not only as a platform for discussion but also as a tool for
coordinating state, regional, and local policies. The cluster adapts European
environmental standards, harmonises local regulations, and creates common
platforms for open data and information, as well as analytical systems for bioresource

% Ryzhakova G., Petrukha S., Petrukha N., Krupelnytska O., Hudenko O. Agro-Food Value
Added Chains: Methodology, Technique and Architecture. Financial and Credit Activity:
Problems of Theory and Practice. 2022. Volume 4 (45). P. 385-395. DOI: https://doi.org/
10.55643/fcaptp.4.45.2022.3809

2 vallier E. Innovation in Clusters: Science-Industry Relationships in the Face of Forced
Advancement. Wiley & Sons, Incorporated, John, 2022. 256 p.

¥ dguym A., Bposenxko H. ®DiHaHCOBi IHCTpyMEHTH CTAJOr0 pPO3BUTKY B aCHEKT
MOJICIIIOBAHHST arpapHOro CeKTopy ekoHoMiku Ykpainu. Acta Academiae Beregsasiensis.
Economics. 2024. Ne 5. C. 230-245. DOI: https://doi.org/10.58423/2786-6742/2024-5-230-245;
Ap3y6oB M. B., Batiok A. €. AHani3 pilleHb Ta MiAXOXIB KJIAaCTEpH3alii Ie0HpOCTOPOBUX
JTAaHUX JJIs ONTHMIi3alii NpOJYKTHBHOCTI BeOKapTH Ta B3a€EMOJIl KOPUCTyBada. YxkpaiHcoKuil
orcypuan ingpopmayivinux mexnonoziu. 2023. Bum. 5. Ne2. C. 88-96. DOI: https://doi.org/
10.23939/ujit2023.02.088
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management. This function enables the translation of state goals, such as the “green”
transition, community restoration, and decarbonisation of production, to the level of
specific enterprises, while providing feedback on real barriers and the results of
policy implementation.

At the same time, the biocluster performs an evolutionary and personnel
development function, which includes the formation of human capital, fostering
social cohesion, and promoting a new ethical culture of production and public
participation. Within its framework, the biocluster appears as an educational and
innovative hub, where educational, scientific and social programs are combined. This
involves creating a system of training personnel for bioeconomic enterprises,
retraining workers, reintegrating veterans of the Russian-Ukrainian war into a
peaceful economic environment®, and developing “green” employment opportunities
in rural communities. The evolutionary and personnel function ensures not only the
continuous renewal of competencies, but also the formation of social trust, which is a
key determinant of the stability of cluster systems.

Table 1
System functions of the biocluster in the mechanism

of bioeconomic recovery

Strategic role
Biocluster in post-war Key management Typical Expected effects /
function bioeconomic tasks tools Indicative KPIs
recovery
Integration Restoring broken | Reintegration of | Cluster Increase
function production chains | enterprises into agreements on the | in the number
and forming new | common logistics |sharing of infra- | of integrated
regional networks; creation | structure; logistics | production nodes;
connections of cross-sectoral | alliances between | reduction of
between the cooperation to regions; digital logistics losses;
agricultural, replace lost maps of growth in the
energy and capacities; support | production volume of
processing sectors | for business capacities; supply- | interregional
relocation demand mapping | supplies of bio-raw
platforms materials
Innovative Transition from Reintegration of | Bioincubators, Number of R&D
function restoring the enterprises into technology parks, | projects
“infrastructure of | common logistics | Green Recovery |implemented in
the past” to networks; creation | Labs; state affected regions;
creating an of cross-sectoral | vouchers for increase in the
innovative, low- | cooperation to research; digital | share of energy-
carbon production | replace lost platforms for saving
base capacities; support | joint technologies;
for business developments; reduction of carbon
relocation EU and World emissions in
Bank grants restored production

® petrukha N. M., Petrukha S. V., Hudenko B. O., Hudenko O. D. The Policy of Heroes —
Inform. 2024. Nel. P. 392-404.

A New Philosophy of Veteran Business.

Business

DOI: https://doi.org/10.32983/2222-4459-2024-1-392-404; Tpinak M. M., Ilerpyxa C. B.,
Ierpyxa H. M., KonoBanenko /I. B. BerepaHncbkuii Oi3Hec: pPe3MIIBEHTHICTh IHKIIO3UBHOI
eKOHOMIKH Ta JepkaBHHX (iHaHCIB. [ukmiosuena exonomixa. 2024. Ne2 (04). C. 42-55.
DOI: https://doi.org/10.32782/inclusive_economics.4-8
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Table 1 (continuance)

Financial- Accumulation of | Attraction of Public-private The volume of
intermediary resources for the | international partnership; funds attracted to
function recovery of grants and loans | “green’ bonds; biocluster projects;
infrastructure, for the recovery | rebuild bonds; the number of
enterprises and of bio-oriented G7 and EU trust | enterprises that
communities enterprises; funds; World have resumed
through “green”, | formation of a Bank programs | work; the share of
social and system of regional | for the recovery | financing directed
reconstruction recovery funds; of bioeconomic  |to “green”
financing coordination of chains investments
donor programs
Regulatory- Coordination Harmonisation of | National Council | Level of regulatory
communication | between the Ukrainian for Bioeconomy; |harmonisation with
function central legislation with regional recovery | the EU; number of
government, European Green | coordination regions that have
communities, Deal standards; offices; BioData | integrated the
international development of UA open data bioeconomic
partners and regional recovery | platforms; approach into
businesses plans with a intergovernmenta | recovery plans;
in the field of bioeconomic | programs degree of
bioeconomic component; “Green participation of
recovery development Reconstruction | communities and
of digital Dialogues” businesses in the
transparency policy dialogue
systems

Evolutionary
and personnel
development
function

Post-war human

capital formation:

training, veteran
reintegration,
development o
f“green”
employment

Launch of cluster
training centres;
creation of
retraining
programs; support
for young
professionals in
devastated
regions;
development of
social innovations
and cooperatives

Programs “Green
Skills for
Recovery”,
“BioFuture
Academy”;
partnerships with
universities and
communities;
digital
educational
platforms; social
startups in the
bioeconomy

Number of people
trained or
retrained; growth
in employment

in bioeconomy
sectors; index of
trust and social
cohesion in
communities

Source: compiled by the authors based on®.

The system functions of the biocluster, summarised in Table 1, demonstrate that
its role in bioeconomic recovery goes far beyond sectoral coordination or a simple
association of enterprises. The biocluster is transformed into an institutional and
spatial form of development management that combines production, financial,

% Bynros 1. O. Ilepcrextusn po3BuTKy OioTexHonoriii B Ykpaini [Tekcr] : MoHOrpadis.
Xapkis : Jlibypkina JI. M., 2019. 276 c.; baiinana B. B. bioekoHomika B YkpaiHi: (popMyBaHHS,
MEPCTIEKTUBU PO3BUTKY Ta MakpoeKoHOMiuHi BIuiMBH [Tekcr] : MoHorpadis. Cymu : Hatamyxa
A. C. [Bun.], 2016. 375 c.; «3eneHa» eKOHOMIKa SIK MIAIPYHTS €KOJIOTi3alii MiCIIEBOTO PO3BHTKY
[Texcr] : MmoHorpadis / bounap O. 1., lanymkina T. I1., Yuarypsn I1. f. ; 3a 3ar. pen. a-pa 6io.
Hayk, nipod. O. I. Bonaapst ; Jlepk. eKoIl. akajl. MiCISAAILIOM. OCBITH Ta yrp. Xepcod : OJII-
IJIFOC, 2018. 237 c.; Ilerpyxa H. [ToBO€HHE BiHOBIEHHS arpapHOro CEKTOPY €KOHOMIKH Ha

3acajax Ol0EKOHOMIKH. Exonomiunuil ananis.

https://doi.org/10.35774/econa2023.04.049
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scientific, educational and social resources in a common recovery circuit. As a result
of the Russian-Ukrainian war, this multi-level architecture enables the overcoming of
economic space fragmentation by integrating local initiatives into the national
recovery system. The functional directions of the clusters — from integrational to
evolutionary and human resources — form a chain of recovery synergy, where
production, innovation, financing, regulation, and personnel training act in concert.
This creates the conditions for the transition from chaotic recovery to a managed
reconfiguration of the economy, focused on sustainability, trust and innovation.

Further development of the biocluster mechanism in the context of digital
transformation necessitates the formation of a SMART bioeconomic recovery control
loop as a dynamic system that combines digital analytics (real-time monitoring of
bioresource flows and KPIs), algorithmic decision support (scenario modelling,
machine learning, risk forecasting), and automated feedback (dynamic adjustment of
financial and regulatory parameters depending on the results).

ecting data from digital sensors.
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— tracking the dynamics of resources,
ion,

IoT systems:
—modeling
scenarios for the
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Fig. 3. SMART bioeconomic recovery control loop
Source: compiled by the authors based on®.

® Jozefowska A., Pink M. The Circular Bioeconomy Institutional and Production
Perspectives. Taylor & Francis, 2025. 372 p.; Iletpyxa H. CytHicte Ta 3MicT 3eneHoi
Tpancdopmanii CiIbCHbKOrOCIOAAPCHKUX IMIANPUEMCTB. Exonomiunuii ananiz. 2025. Tom 35.
Ne 2. C. 566-582. DOI: https://doi.org/10.35774/econa2025.02.566; Bio-Economy and Agri-

production: Concepts and Evidence / D. Bochtis et al. Elsevier Science & Technology Books,
2020. 348 p.
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We position such a SMART bioeconomic recovery control loop as an innovative
tool for state and regional policy, combining strategic focus with operational responses
to environmental changes. Its implementation transforms the organisational and
economic mechanism of bioeconomic recovery from adaptive to predictive, which
increases the resilience of bioeconomic recovery to global shocks, climate risks and
geopolitical instability.

Thus, the organisational and economic mechanism of bioeconomic recovery is a
multi-level, self-learning system in which managerial, financial, technological and
social components function in a single loop. Its effectiveness is determined not so
much by the volume of resources involved as by the quality of institutional
interaction, the speed of knowledge transfer and the ability to adapt. Acting as a
transmission channel between the theory of determinants and the practice of
recovery, this mechanism lays the groundwork for transitioning from disparate
initiatives to a holistic management architecture, where economic efficiency is
combined with environmental expediency and social justice.

At the same time, the institutional form of the biocluster ensures the practical
implementation of the specified mechanism, transforming the systemic logic of
management into specific models of interaction among enterprises, scientific centres,
communities, and authorities. The biocluster serves not only as a space for innovative
cooperation but also as a channel for approximating the bioeconomic paradigm with the
industry level, where production, social and environmental priorities are coordinated.

Due to the interdependence between the mechanism and the institutional form of
its implementation, the following analytical dimension of the study is revealed: the
industry-cluster approximation of the bioeconomic model, within which bioeconomic
principles are applied in production systems, technological chains, and processes of
resource renewal.

3. The organisational, economic and institutional principles
of approximation of the bioeconomic paradigm to the processes
of economic recovery of bioeconomy industries

In the current conditions of the post-war transformation of the Ukrainian economy,
bioeconomy appears not only as a theoretical model of sustainable development, but as
a practical paradigm for the reconstruction of production systems focused on the
regeneration of natural capital, innovative reproduction of resources and social
cohesion. Its approximation at the sectoral level involves the transfer of systemic
principles of bio-oriented management to specific sectors of the real economy, such as
agricultural, forestry, bioenergy, food, pharmaceutical, biochemical, processing, and
water management. At this level, the transformation of general economic patterns and
determinants analysed in the previous subsection into practical production mechanisms
that form the basis for sustainable economic recovery takes place.

Bioeconomy industries are sectors whose activities are related to the production,
processing, and use of biological resources, utilising environmentally balanced
technologies and principles of circularity. Their structure includes: firstly, primary
industries — bioagricultural, forestry, fisheries, water management complexes; secondly,
processing industries — food, biochemical, pharmaceutical industries; thirdly, the
renewable energy sector — bioenergy, biogas, biomethane, second-generation biofuels;
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fourthly, supporting industries — digital resource management technologies,
bioengineering, bioproduct logistics. The interaction between these subsystems forms a
single bioeconomic complex, in which material, energy, and information flows are in a
state of constant recycling and reutilisation. At the same time, each industry functions
as a production system — an organised set of processes and connections that ensure the
transformation of bioresources into economic and social value.

In classical economics®, a production system is defined as a set of interconnected
elements — labour, means of production, technologies and management. In the
bioeconomic context, this concept undergoes a qualitative expansion due to the
positioning of the system as an open ecological and socio-technical network, in which
performance is determined not only by the efficiency of resource use, but also by the
degree of their recovery, reduction of the carbon footprint, adaptability to climate change
and the ability to self-organise. Its key attributes include®: bioresource circularity, which
ensures the closure of material cycles; energy efficiency and waste minimisation;
intellectualisation of processes, which is carried out through the use of digital
technologies, big data and loT monitoring; social integration, which involves the
inclusion of local communities in the processes of bioproduction and decision-making;
organisational plasticity, which can ensure rapid restructuring of technological and
managerial relations in response to shocks in demand, supply or resource constraints.

This understanding of production systems requires new organisational and economic
management models capable of harmonising the goals of ecologically oriented
development (recovery) with economic profitability. Therefore, the basic carrier of the
approximation of the bioeconomic paradigm is the biocluster, which is the key insti-
tutional form through which the macro-level organisational and economic mechanism
“descends” to the industry (meso-level) and micro-level. The biocluster integrates
enterprises from different links of the production chain, research institutes, educational
institutions, local governments, and financial institutions, creating an environment
of convergence of knowledge, resources, and technologies, where circularity, digitali-
sation, and decentralised management become everyday business practices.

The general logic of the transition from the bioeconomic paradigm to the level of
industry production systems is presented in the form of a multi-level model
(Figure 4), which consistently reflects the value-conceptual framework of the
bioeconomy, the organisational and economic mechanism for managing recovery,
institutional forms of implementation (bioclusters, regional platforms, innovation
hubs, partnerships “state — business — science — communities”), production systems

* Productivity and Organizational Management / S. G. Broncano et al. ; ed. by
C. Machado, J. P. Davim. De Gruyter, 2017. DOI: https://doi.org/10.1515/9783110355796;
Dowse J., Woods I. ESG Unlocked : How successful companies and investors build our natural,
social, human and financial capital. Walter de Gruyter GmbH, 2026. DOI: https://doi.org/
10.1515/9783111428949

% Baiimana B. Brume GioekoHoMikn Ha mpoxoBombdy Gesmeky Ykpaimm. Agricultural
and Resource Economics: International Scientific E-Journal. 2016. T. 2, Ne3. C. 48-59.
DOI: https://doi.org/10.51599/are.2016.02.03.05; TanaBupss M., Tasyma JI., Tasyma M.
[epcriekTHBU pO3BUTKY 0i0EKOHOMIKM 3aMKHYTOTO LIMKIY B YKpaiHi. [ eononimuxka Yxpainu:
icmopin i cyuacnicme. 2021. Ne2(27). C. 128-138. DOI: https://doi.org/10.24144/2078-
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of bioeconomy industries, and the results of bioeconomic recovery with their
feedback on the mechanism and paradigm.
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Fig. 4. Model of approximation of the bioeconomic paradigm into industry
production systems
Source: compiled by the authors based on®
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Exonomixa Vrpainu. 2006. Ne 7. C. 41-48.; Nagothu U. S. Bioeconomy Approach: Constraints
and Opportunities for Sustainable Development. Taylor & Francis Group, 2020. 268 p.

482



Within the biocluster, the production systems of bioeconomy industries function
as nodes of a network economy, connected by common infrastructure, logistics,
technological standards, and monitoring systems for emissions, energy consumption,
and resource quality. This positioning of production systems within the biocluster
structure provides economies of scale, reduces transaction costs, accelerates
the diffusion of innovations, and also creates the prerequisites for harmonising the
economic, environmental, and social goals of recovery.

A combination of endogenous and exogenous factors determines the
effectiveness of bioeconomy production systems. Endogenous factors include® the
quality of human capital and managerial competencies, the level of environmental
awareness of personnel, technological flexibility and ability to innovate, the cost
structure and the level of energy intensity of production, the internal organisational
culture that sets cooperative behaviour and attitude to risk, the effectiveness of digital
infrastructure, quality control systems, logistics and resource accounting.

Exogenous factors include® the legal field, environmental regulation and
certification standards, financial and credit policy, access to “green” investments and
tax preferences, the state of the region’s natural resource potential, the level of
development of the innovation ecosystem and partner networks, social trust and the
stability of solvent demand for bioproducts. The interaction of these factors forms the
bioeconomic elasticity of the production system, i.e. its ability to maintain stability
and restore functionality under conditions of external shocks or structural constraints.

Within bioeconomic production systems, it is advisable to evaluate the
effectiveness of organisational, technical, and economic measures through a system
of integrated performance indicators that reflect the economic, energy, and
environmental effects of implementing innovations. The basic concept is the absolute
effect of an organisational and technical measure™:

Ei == APl - Ci (2)

Where E; — absolute effect obtained from the implementation of the i-th project
(measure);

AP; — profit increase obtained as a result of the implementation of the project
(measure);

C; — total costs for the implementation of the project (measure).
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pozeumkom  ckaaouux  cucmem.  KuiB.  2021.  Ne 46. C. 108-117. DOI:
https://doi.org/10.32347/2412-9933.2021.46.108-117

483



This formula is universal for assessing the economic benefits of energy-saving
technologies, biowaste processing systems, and digital solutions for monitoring
energy or raw material consumption.

Accordingly, the relative effect (return on investment period or cost-
effectiveness) is calculated as*":

— G
K; = 2, ©))

Where K; — characterises the speed of return on investment, i.e. the time for
which additional profit compensates for the invested resources.

In the bioeconomic context, this indicator allows the comparison of returns on
investment, for example, for secondary raw material utilisation systems, photovoltaic
and bioenergy plants, or circular water supply projects.

The comparative assessment of the results of several alternative solutions is
based on the effect—cost principle, which is generally reflected by the equation*::

L1 AP;
2?:1 Ci

Where E — the integral efficiency coefficient of the project (measure) complex.

For bioeconomic enterprises, this indicator is advisable to use when analysing
targeted programs for modernising production, particularly when determining
the optimal combination of energy, technological, and managerial innovations.

If the object of assessment is a single innovation process, it is advisable to define
the effect as the relative change in the result “before” and “after” the project
(measure)*:

E= (4)

R1—Ro

=R (%)

Where R, i R, — are, respectively, the base and new (project) levels of the
indicator (e.g., profit, energy consumption, raw material yield).

Formula (5) represents the increase in efficiency resulting from the introduction
of an innovation, such as technologies for the deep processing of organic raw
materials or digital emission control.

The generalised effect, taking into account indirect factors, can be presented as
follows™®:

E,

“ puropenxo B. B., Manuxia M. O., Ierperko T. C., Tetpyxa H. M., Puxakona I'. C.
[puknaaHi MiZCHCTEMH aHANITHYHOTO CYNPOBOJY IHCTHUTYLIHHHX YYaCHHMKIB HpH peaiizamii
npoekriB JAIIT y OyniBHULTBI. Ynpaeninua pozsumkxom cxraonux cucmem. Kuis. 2021. Ne 45.
C. 141-149. DOI: https://doi.org/10.32347/2412-9933.2020.45.141-149

“ Besremecna JI., Byrkeuu B. IHHOBaWiliHMii pPO3BMTOK MiAMPHEMCTB XapyOBOi
npomucnoBocrti. Bulletin National University of Water and Environmental Engineering. 2023.
T. 4. Ne 104. C. 75-86. DOI: https://doi.org/10.31713/ve420236

“2 1lInakos A. B., Xanzak P. 1O., Kymmip I. 1., ITerpyxa H. M., Hikonaes I'. B., Poros-
genko B. C. IHHOBamiifHO-TIpHKJIaHA OCHOBA CTPYKTYpPHO-(YHKLIOHAIBHOI perjiaMeHTawil
ornepariiHoOl CUCTEMH YIPABIIHHS NPOBITHUX CTEHKXOJIEPIB OyAiBEIbHOIO NPOEKTY. Ynpasninta
PO3BUMKOM CKIAOHUX — CUCMEM. Kuis. 2021. Ne 47. C. 151-161. DOl:
https://doi.org/10.32347/2412-9933.2021.47.151-161

4 Boponina B. JI., Heuwraiino 0. A. IuBectuuii: ¢aktopu Ta puUUKH. Ynpaeninus
sminamu ma innogayii. 2022. Ne 4. C. 5-8. DOI: https://doi.org/10.32782/cmi/2022-4-1
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E.or = E, + Z}”zl aj X AS; (6)

Where aj — weighting factor of the j-th indirect result (social, environmental,
institutional);

AS; — change in the corresponding indicator (e.g., employment level, emission
reduction, increased trust in the bioproducer).

This approach allows integrating “non-price” effects into the overall assessment
of the effectiveness of bioeconomic interventions.

Each industry of the bioeconomy has its own configuration of endogenous and
exogenous determinants, but is subject to a common systemic logic of functioning.
The seasonality of bioproduction necessitates flexible planning, optimisation of the
production cycle duration, and a combination of capital investments in processing
capacity and raw material storage infrastructure. Seasonality in traditional processing
industries (canning, fruit and vegetable, sugar, wine, etc.) is a key factor in uneven
capacity utilisation, slow turnover of funds and increased fixed costs. The quality of
the input bio-raw materials directly affects the yield of nutrients, production cost,
return on assets, and labour productivity. Thus, a 1% change in the dry matter content
of tomatoes or the sugar content of beets can be equivalent to an 18-20% increase in
the volume of raw materials or an additional tens of kilograms of product per ton of
raw materials*.

Technological adaptability creates the possibility of switching to alternative types
of raw materials (for example, sugar beet/raw cane sugar, and potatoes/cereals in
starch and alcohol production®®), which alters the structure of costs and profitability,
and therefore directly affects the trajectories of economic growth of bio-enterprises.
Resource integration and complex waste processing (as traditionally implemented in
sugar, alcohol, canning, winemaking and meat-processing enterprises) provide
additional production of bio-products based on side streams. They are a direct
prototype of circular bio-production models.

In this context, organisational and economic determinants shape the practical
manageability of production systems. Bioeconomic approximation requires their
targeted development*®:cluster integration as a tool for coordinating the interests of

“ Ilep6uu M., TTosu O., Cupotrok 1. THHOBaIiiiHI eHEpProTEXHOMOTiT MepepobKkH XapuoBoi
cupoBunu. Scientific Works. 2022. T. 86, Ne 1. C. 133-142. DOI: https://doi.org/10.15673/
swonaft.v86i1.2415

% Kamnuesa H. €., Kyneuko H. M., Tomyso ®. A. YHpaBimiHHS SKiCTIO MPOIyKIIii
Xap4oBOi MPOMHUCIIOBOCTI. BicHuk exonomiku mpancnopmy i npomucioeocmi. 2023. Ne 84.
C. 175-182. DOI: https://doi.org/10.18664/btie.84.301467

“ [ly6amuit O. M., Tletpyxa C. B., Kociucekuii II. M. ®iHaHCOBO-eKOHOMiuHe
CTHMYJIIOBAHHS CTAJIOrO PO3BUTKY MEPEPOOHUX MiANPUEMCTB y BOEHHHUX Ta IOBOEHHUX YMOBAX.
Qinancu Yrpainu. 2022. Ne 12. C. 73-87. DOI: https://doi.org/10.33763/finukr2022.12.074;
Belova I., Yaroshchuk O., Brych V., Borysiak O., Brych B., Petrukha N. Factor-Oriented
Digital Model for Optimizing Biomass Supply Chains in the Circular Bioeconomy. 2025
15th International Conference on Advanced Computer Information Technologies (ACIT),
(Sibenik, Croatia, 17-19 September 2025). 2025. P. 293-297. DOI: https://doi.org/10.1109/
ACIT65614.2025.11185662; Petrukha S., Petrukha N., Stoliarenko O., Ortina G., Stuzhuk R.,
Plakhotnii D. Natural Resources and Financial Security: The Synergy of Sustainable Develop-
ment Economics and Atrtificial Intelligence. Grassroots Journal of Natural Resources. 2025.
2025. Vol. 8. Ne 2 (August 2025). P. 775-795. DOI: https://doi.org/10.33002/nr2581.6853.
080236
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participants; institutionalisation of partnerships between business, the state,
communities and scientific institutions; financial inclusion through the creation of
conditions for access to “green” lending; deployment of innovation infrastructure
(bioincubators, laboratories, technology parks); digital process management based on
ERP systems, loT solutions, blockchain platforms for transparent tracking of
resource flows. These elements create a practical basis for the recovery of industries,
as they not only stabilise production dynamics but also outline a long-term trajectory
for transitioning to climate-neutral development.

The institutional dimension of approximating the bioeconomy to industry
production systems involves the formation of a system of rules, norms, and incentives
that supports the circular logic of management. We refer to the development of national
and regional bioeconomy strategies and harmonising them with the principles of the
European Green Deal. This should be facilitated by developing mechanisms for public-
private partnerships in creating joint investment platforms, developing institutes for
certifying ecological products and the origin of bioenergy, and further institutionalising
a system of educational and scientific support capable of providing training for
bioeconomy industries and effective technology transfer. These elements create a
normative and value framework within which bioeconomy production systems not only
meet global sustainability requirements, but also receive clear signals regarding
the desired development trajectories (recovery).

Organisational and economic determinants in this context perform a synergistic
function, combining microeconomic incentives with macroeconomic policy. Their
influence is manifested in at least three key areas: first, in increasing labour
productivity through the introduction of innovative methods of organising
production, automation and optimal layout of fixed assets, which is especially critical
for seasonal and continuous output; second, in increasing energy efficiency through
digital control systems, optimisation of technological modes and rational use of
thermal and cold processes; third, in minimising raw material losses through complex
processing and application of the principles of “zero waste”, when by-products and
waste become the basis for new technological chains and types of products. Taken
together, this forms a mechanism of circular self-reinforcement, in which each
technological or organisational update creates additional opportunities for further
environmental, energy and economic optimisation of the system.

Thus, the approximation of the bioeconomic paradigm to the processes of
economic recovery in industries is a key stage in transforming the management
model, from an abstractly constructed organisational and economic mechanism to a
real institutional practice embodied in production and cluster solutions. At the
industry level, this approximation is manifested through production systems that act
as carriers of bioeconomic principles, and through bioclusters that ensure their
integration into spatial and organisational configurations. As a result, a new type of
economic growth is formed, called renewable-biooriented, in which efficiency is
measured not only by GDP growth, but also by the volume of restored resources,
preserved ecosystems, improved quality of life and the level of trust in society. Such
an approximation closes the methodological cycle, from knowledge of determinants
and the construction of a management mechanism to their materialisation in
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production and cluster structures, which ensures the practical implementation
of the bioeconomic model of economic recovery.

CONCLUSIONS

During the study of the organisational, economic and institutional principles of
approximation of the bioeconomic paradigm to the processes of economic recovery of
bioeconomy industries, it was proven that the modern bioeconomy model is being
formed as a new type of economic rationality, based on the principles of regeneration of
natural capital, intellectualisation of production processes and social cohesion. In the
context of the post-war transformation of the Ukrainian economy, bioeconomy ceases
to be an abstract theoretical construct. It acquires practical significance, becoming a
framework for reconstruction that combines the requirements of energy security,
climate neutrality, and social sustainability. Its implementation provides the possibility
of transitioning to a model of restorative growth, where efficiency is measured not only
by GDP growth but also by the system’s ability to reproduce resources, reduce
anthropogenic load, and improve the quality of life of the population.

In the epistemological dimension, we clarified the content of the economic
category “determinants” in the bioeconomic context. The results of the study show
that determinants are not a static set of factors, but rather the embodiment of a
network of interconnected economic, social, institutional, managerial, environmental,
cognitive, and technological variables. The study proposes a multi-level typology of
determinants, categorised by level of influence (macro-, meso-, and micro-level),
origin (endogenous and exogenous), and content (economic, social, institutional,
environmental, cognitive, and technological). This approach offers a comprehensive
understanding of the mutual influences and interdependencies that shape the
processes of bioeconomic recovery. It forms a methodological basis for further
operationalisation of the bioeconomic paradigm.

Based on the analysis, we formed a four-dimensional matrix of endogenous
and exogenous, stimulating and inhibiting determinants, visualised in the form of a
“fishbone” diagram. This approach not only systematised the factors that stimulate
or inhibit the development of bioeconomic recovery, but also identified possible
management interventions. The group of inhibiting determinants includes
investment risks, personnel shortages, regulatory fragmentation, resource degra-
dation and digital inequality. At the same time, management interventions should
be based on expanding the green financial framework, increasing policy
coordination, developing R&D infrastructure, stimulating environmental inno-
vations, and digitalising management.

We paid particular attention to the dominant role of socio-economic determinants
that determine the implementation potential of the bioeconomic paradigm.
Determinants such as social capital, trust, quality of human capital, institutional
capacity, and behavioural and motivational attitudes shape the environment within
which the transformation of bioeconomy ideas into practical management decisions
takes place. For Ukraine, this factor is of particular importance in the post-war
context, as it provides a link between technological modernisation, social
consolidation, and economic stability.
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In structural and functional terms, we substantiated the organisational and
economic mechanism of bioeconomic recovery as a five-component self-learning
system, comprising target, functional, instrumental, institutional, and performance
blocks. The interaction between these components forms a closed loop with
developed feedback mechanisms, which ensures the system’s self-adaptation to
external shocks and internal constraints. The results of the study showed that the
consistency between the structural blocks of the mechanism, rather than the amount
of resources involved, determines the ability of the economic system to recover and
achieve a synergistic effect among economic, social, and environmental outcomes.

Our study proposes the concept of a “SMART bioeconomic recovery control
loop” as an innovative tool for state and regional policy. Such a control loop
combines digital analytics of bioresource flows and key performance indicators in
real-time, algorithmic decision support, and a feedback system that automatically
adjusts the parameters of financial, tax, and regulatory instruments. This enables the
transition from adaptive to predictive management mode, ensuring the system’s
increased resilience to climate, energy, and geopolitical challenges.

The key institutional form of implementing the organisational and economic
mechanism is defined as a biocluster, which acts as a space for integrating entities at
different levels — the state, business, science, and communities. Within bioclusters,
the interests of participants are coordinated, joint infrastructure and logistics
solutions, quality standards, innovation hubs and educational and scientific platforms
are formed. The cluster model helps reduce transaction costs, accelerate the diffusion
of innovation, expand cooperation opportunities, and provide a multiplier effect for
economic, environmental, and social recovery at the regional level.

The study developed a model for approximating the bioeconomic paradigm in
industry production systems, which represents a multi-level structure for implementing
bioeconomic principles. It consistently reflects the transition from the value-conceptual
framework (bioeconomic paradigm) to the organisational and economic management
mechanism, institutional forms (bioclusters, platforms, and innovation hubs),
production systems of bioeconomy industries, and the results of their functioning,
which, through feedback, ensure the evolutionary renewal of the mechanism and
paradigm. Such a model creates a methodological basis for “descent” strategic
guidelines to the level of specific technological, organisational and financial decisions.

We explored the concept of industry production systems in the bioeconomy as
open socio-technical networks, the effectiveness of which is determined by the
interaction of endogenous and exogenous factors. In this context, the “bioeconomic
elasticity” of a production system is the ability to maintain stability and functionality
under conditions of external shocks or structural constraints due to a combination of
internal (human capital, innovation, energy efficiency, digitalisation) and external
(regulatory and legal environment, access to green finance, the state of natural
resource potential, the development of partnerships) factors.

A significant scientific and practical outcome of the study is the adaptation of
the classical set of formulas for assessing the effectiveness of organisational,
technical, and economic measures to the conditions of bioeconomic production.
The method for determining the absolute effect, return on investment period,
integral coefficient of “effect-costs”, relative change in results and generalised
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effect, taking into account social, environmental and institutional components, has
been improved. This allows for the assessment not only of economic performance,
but also the comprehensive sustainability of bioeconomic projects, including
energy, environmental, and social results.

In conclusion, the research results showed that approximating the bioeconomic
paradigm to the economic recovery processes of industries is a system-forming stage of
transforming the management model, from theoretical and methodological
understanding to practical implementation in production and cluster structures.
The combination of a multi-level typology of determinants, an organisational and
economic mechanism with a SMART control loop, the institutional form of a biocluster
and industry production systems forms a holistic methodological framework for
renewable and bio-oriented development. Such a framework can serve as a scientific
and methodical basis for designing state policies, regional strategies, and cluster
programs for the bioeconomic reconstruction of Ukraine in the post-war period.

ABSTRACT

This study focuses on a systematic analysis of the architecture of economic
recovery management in the context of the emergence of a new bioeconomic reality.
Today, the traditional, resource-intensive model of reconstructing (recovery)
economic systems is methodologically and economically incapable of ensuring long-
term sustainability, which necessitates a transition to a restorative, biologically
oriented development paradigm. The study presents a clarified content of the
category “determinants” and a multi-level typology of socio-economic, institutional-
management, environmental and cognitive-technological factors developed by the
authors that determine the dynamics of bioeconomic recovery. Socio-economic
determinants play a leading role in shaping the implementation environment for
bioeconomic strategies and determining the cooperative, innovative, and institutional
potential of the system. Authors have formed a model of the organisational and
economic mechanism of bioeconomic recovery as a holistic, self-learning structure,
encompassing target, functional, instrumental, institutional, and performance blocks,
united by a feedback system. The study proposes the concept of a SMART
bioeconomic recovery control loop, which integrates digital analytics, algorithmic
decision support, and automated adjustment of management parameters into a single
SMART system. At the same time, the biocluster serves as a key institutional
mechanism for integrating resources, knowledge, and innovations among entities in
the bioeconomy sector. The researchers have developed a multi-level model that
approximates the bioeconomic paradigm in production systems, demonstrating the
transition from conceptual principles to the operational level of technological,
financial, and management decisions. The analytical apparatus for assessing the
effects of organisational, technical, and economic measures, adapted to the
conditions of bioeconomic production, enables the quantification of the economic,
energy, environmental, and social outcomes of innovations. The results of the study
provide a conceptually complete methodology and applied basis for the development
of state policies, regional strategies, and cluster programs aimed at the bioeconomic
reconstruction of Ukraine in the post-war period.
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