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INTEGRATED MANAGEMENT FRAMEWORK FOR CIRCULAR
BIOECONOMY IN THE CONTEXT OF SUSTAINABLE DEVELOPMENT

Abstract. The article substantiates an integrated management framework for circular bioeconomy
development in the context of sustainable development. The study is based on the understanding of the
circular bioeconomy as a multidimensional system that combines economic, environmental, technological,
and social components and requires coordinated management at different governance levels. The purpose of
the research is to develop a methodological architecture for stimulating circular bioeconomy development
through the integration of institutional, financial, economic, and market instruments. The proposed framework
combines international, national, regional, sectoral, and behavioral levels of management and includes the
stages of engagement, support, stimulation, scaling, and monitoring. Particular attention is paid to the role of
stimulation as a strategic bridge between political priorities and the practical implementation of bioeconomy
initiatives. The study identifies key instruments for sustainable bioeconomic growth, including certification
systems, green bonds, environmental taxation, circular investment funds, green public procurement, logistics
hubs, reverse logistics mechanisms, and digital tools for environmental awareness. The findings indicate that
the coordinated application of management instruments creates conditions for reducing technological and
investment barriers, strengthening intersectoral cooperation, and promoting responsible consumption models.
The proposed framework may contribute to the formation of an integrated system of sustainable management
aimed at accelerating the transition to a circular bioeconomy in Ukraine.

Keywords: circular bioeconomy, sustainable development, management framework, stimulation
instruments, sustainable management, green transformation.

IHTET'POBAHA YIPABJIHCHhKA APXITEKTYPA IIUPKYJIAPHOI
BIOEKOHOMIKH B KOHTEKCTI CTAJIOT'O PO3BUTKY

Anomauyia. Y cmammi 00IpYHMOBAHO IHMESPOBAHY YNPABIIHCLKY —APXIMeKmypy pOo36UMmK)
YUPKYIAPHOI OI0€KOHOMIKU 8 KOHMEKCMI CManoco po3eumky. Busnaueno, wo yupkyisapHa 6ioekoHoMiKa €
0a2amosUMIpHOI0O CUCINEMOTO, SIKA NOEOHYE €KOHOMIYHI, eKOJO2IUHI, MEXHON02IUHI Ma COYIANbHI CKIA008I
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U nompebye CKOOPOUHOBAHO20 YHPAGIIHHA HA DI3HUX DIGHAX. AKmyanvHicmb OOCHIONCEHHS 3YMOBIEHA
HeoOXiOHICMIO (OPMYBAHHS eheKMUBHUX MEXAHIZMIE nepexody 00 pecypcoedheKmusHoi ma HU3bKo8y21eyesoi
Mooeni 20Cn00aprOBaHHs 6 YMOBAX 2N00ANbHUX eKONOIYHUX BUKIUKIB, NOCULEHHS KIIMAMUYHUX DUSUKIS,
MEeXHONO2IYHUX mpaHchopmayil ma peanizayii cmpameiyuHux OpieHmMupie cmanoco po3sumxy. Memorwo
00CNIONCEHHSA € PO3POONEHHA [HMEe2POBAHOI  YNPAGNIHCLKOI  apXimeKkmypu CmumMyno8aHHs pPO3GUMK)
YUPKYIAPHOI OI0eKOHOMIKU HA OCHOBI NOEOHAHHS THCMUMYYIUHUX, (DIHAHCOBUX, eKOHOMIUHUX MA PUHKOBUX
iHcmpymenmie énaugy. Y npoyeci 00CHiodNceHHsI 6UKOPUCTNAHO CUCTNEMHUU NIOXIO, Memoou CmpyKmypHo-
DYHKYIOHAIbHO2O aHANI3Y, NI02IYHO20 Y3A2albHEeHHA Ma 0a2amopieHe8o20 MOOEeNO8aAHHS YNPAGIIHCOKUX
83A€M036 A3Ki6. 3anponoHoeana apximexkmypa OXONIIOE MINCHAPOOHUU, HAYIOHANbHULL, pPeciOHANbHUL,
eanyzesuii ma noeediHKOGUIl Pi6Hi YNPAGIiHHA Ul BKIIOYAE emanu 3aJy4eHHs, ni()mpuMKu CMUMYIIOBAHHA,
macuimabyeanus ma MoHimopuHey. Bemanoeneno, wo Kknouogy ponv y npoyeci po3eumky YUPKYIAPHOL
OioeKoHOMIKU 6ldzepa€ cucmema CmuMyniO6anHs, AKa 3a6esneqye mpancgopmayio cmpame2iuHux umeu
Y NpakmuyHi Mexamizmu peanizayii OioekoHomiunux iniyiamus. J[OCHiONCeHHAM BU3HAUEHO OCHOBHI
IHCMPYMEHMU CIMUMYTI08AHHS PO3GUMKY YUPKVIAPHOI ODI0eKOHOMIKU, ceped AKUX cucmemu cepmuixayii ma
biomapkysanHsl, 3elleHi obnieayii, exono2iune 0n00amKy8anHs, NPOSPamU 3elleHUX 3aKynieeln, eaiyzesi poHou
RIOMPUMKU YUPKYIAPHUX MEXHONLO02IU, 102ICMUYHI Xabu 0Jis1 Oiopecypcis, MeXanizmu peeepcHoi 102icmuxku ma
yugposi incmpymenmu exonpocgimuuymea. OOIPYHMOBAHO, WO Y32004CeHe BUKOPUCTNAHHS YNPAGNIHCOKUX
IHCMpYMeHmi6 cnpusimume noCUlLeHHI0 MINCCeKMOPAIbHOT 63aeMO0ii, akmusizayii ineecmuyitiHoi OisibHoCMi,
Gopmyeannio mooenei 8i0N0BIOANbLHO20 CRONCUBAHHS A 3HUNCEHHIO MEXHON02IYHUX | (pinancosux bap epie
pozeumky. Ilpakmuune 3naueHHs pe3ynbmamie OOCHIONCEHHS NOAAAE Y MONCIUBOCMI BUKOPUCMAHHS
3anponoHo6anoi YnpasIiHCbKOL apXimekmypu npu (popmy8aHui 0epiuHcasHOi NOTIMUKY, peioHATbHUX NPO2PaM
ma cmpamezii CMUMYII08aAHHA YUPKVIAPHOT OI0eKOHOMIKU 8 YKpaiHi.

Knwouogi cnosa: yupkynsapna 6ioekonomika, Cmanuii po3eumox, YapasiiHCoKa cCmpyKmypa, iHCmpymeHmu
CMUMYNIOBANHS, CIaile YNpagiinHs, 3e1ena mpaHcoopmayis.

Formulation of the problem. Current global challenges related to the depletion of natural resources,
intensifying climate change, increasing waste generation, and the need to ensure environmental security highlight
the necessity of transitioning to new economic models based on the principles of sustainable development.
In this context, the circular bioeconomy becomes particularly important, as it combines the use of renewable
biological resources with resource reuse mechanisms, creating the preconditions for environmentally oriented
economic growth.

For Ukraine, the development of the circular bioeconomy has strategic socio-economic importance,
especially under wartime challenges, energy instability, and the need to adapt to European sustainable
development standards. At the same time, the practical implementation of circular bioeconomy models is
constrained by insufficient coordination between governance levels and the absence of a comprehensive
stimulation system for circular bioeconomy development.

The complexity of the problem is reinforced by the fact that circular bioeconomy development
simultaneously encompasses economic, environmental, technological, and behavioral dimensions, which
require systematic coordination of state regulation instruments, financial support, market incentives, and
institutional provision. Under such conditions, the formation of an integrated governance architecture capable
of ensuring coordination among international, national, regional, sectoral, and behavioral governance levels
becomes especially relevant.

Addressing this problem is directly related to the implementation of sustainable development goals,
the European Green Deal, the EU Circular Economy Action Plan, and the EU Bioeconomy Strategy, as well
as to the formation of an effective governance system for Ukraine’s green economic transformation. The
practical significance of the study lies in the need to develop effective governance mechanisms and stimulation
instruments capable of promoting intersectoral interaction and shaping responsible consumption models.

Analysis of recent research and publications. Theoretical and applied aspects of circular bioeconomy
development are increasingly explored in the works of foreign and Ukrainian scholars in the context of
sustainable development, green economic transformation, and the formation of resource-efficient economic
models. The conceptual foundations of the bioeconomy are presented in the studies of M. Bugge, T. Hansen,
and A. Klitkou, who consider the bioeconomy as an interdisciplinary system combining innovation-driven
development and the efficient use of biological resources [1]. A significant contribution to the modern
understanding of the circular economy was made by W. McDonough and M. Braungart, who substantiated
the need to shift from a linear production model to circular systems based on resource reuse and waste
minimization [2]. An important role in the development of the circular economy concept also belongs to the
Ellen MacArthur Foundation, which shaped the modern vision of circular economic development [3].
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The integration of the circular economy and bioeconomy is examined in the works of S. D’Amato, N.
Droste, B. Allen, and other researchers, who emphasize the importance of combining bio-based and circular
approaches to achieve sustainable development goals [4]. Considerable attention in modern studies is also
paid to governance aspects of circular transformation. In particular, J. Korhonen, A. Honkasalo, and J. Seppéla
analyze the implementation of the circular economy concept within public governance and environmental
policy systems [5]. The studies of A. Leipold and P. Petit-Boix focus on the importance of intersectoral
coordination, institutional support, and multi-level governance in circular bioeconomy [6].

A separate area of research is devoted to financial and economic instruments for stimulating green
transformation. Scientific studies address issues related to green finance, green bond markets, environmental
taxation, carbon regulation mechanisms, and state support for bio-based innovations [7; 8]. At the same time,
contemporary research increasingly emphasizes the need to move from the application of isolated instruments
toward the formation of integrated stimulation systems for circular bioeconomy development [9].

In Ukrainian scientific literature, issues of sustainable development, bioeconomy, and circular economy
are explored in the works of V. Heiets, O. Borodina, I. Prokopa, T. Halushkina, L. Melnyk, 1. Sotnyk, and
other scholars. Their studies examine the ecologization of the economy, resource efficiency, renewable energy
development, waste management, and the formation of institutional foundations for sustainable economic
systems [10—12]. Separate studies are devoted to environmental management and Ukraine’s integration into
the European sustainable development framework [13].

Despite the significant scientific contribution in this field, the issue of forming a comprehensive
governance architecture for circular bioeconomy development remains insufficiently explored. In particular,
limited attention has been paid to the systematic coordination of international, national, regional, sectoral, and
behavioral governance levels, as well as to the integrated combination of institutional, financial, economic,
and market stimulation instruments in the implementation of sustainable development goals. This determined
the choice of the research topic and the direction of the study.

The purpose of the article is to develop an integrated governance architecture for stimulating circular
bioeconomy development in the context of sustainable development based on the systemic combination of
institutional, financial, economic, and market instruments, as well as to substantiate coordination mechanisms
among international, national, regional, sectoral, and behavioral governance levels to ensure an effective green
economic transformation.

The main material presentation. Circular bioeconomy development is defined as a multifactorial
and dynamic process encompassing economic, technological, environmental, and social dimensions. The
complexity of maintaining its development trajectory is determined by the need for coordinated governance
based on functional differentiation and the systemic alignment of governance levels ranging from international
and national to regional, sectoral, and behavioral. Under conditions of global challenges and continuous
technological change, the formation of an integrated methodology capable of reflecting current trends and
transforming them into strategically oriented solutions becomes especially relevant.

The generalization of the research results served as the basis for developing the author’s methodological
targeting framework, which transforms analytical findings into specific governance mechanisms and effective
bioeconomy policy instruments. The proposed framework facilitates the transition from identifying existing
potential to the development and implementation of strategic guidelines for circular bioeconomy development
in Ukraine (Fig. 1).
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Fig. 1. Methodological framework for step-by-step targeting of circular bioeconomy development
Source: developed by the authors

The proposed framework reflects the multidimensional nature of impacts generated across different
governance levels. The differentiation between direct and indirect impacts makes it possible to assess the
effectiveness of strategic interventions, reflecting the complexity of systemic interactions in which both
immediate and multiplier effects emerge. The analysis of the model indicates that each functional stage
represents an integral component of the overall circular bioeconomy development process.

At the “engagement” stage, the necessary resources are accumulated and stakeholders (government,
business, research institutions, and civil society) are consolidated. The “support” stage is characterized by
the formation of a favorable regulatory, infrastructural, and scientific-technological environment that creates
the basic conditions for implementing bioeconomy initiatives. At the “scaling” stage, the key objective is to
transform pilot projects into systematically reproducible practices through the dissemination of their results.
The final “monitoring” stage provides feedback, performance control, and the possibility of adjusting policy
and governance instruments.

The identification of interconnections between governance levels and functional stages of circular
bioeconomy development makes it possible to distinguish “stimulation” as the key element of the model.
Its exceptional significance is determined by the direct influence of all governance levels, demonstrating
the universality of this systemic lever. In addition, the “stimulation” stage performs a catalytic function by
transforming the created preconditions (“support”) and accumulated resources (“engagement”) into the active
involvement of economic actors, directly influencing business motivation and changes in consumer behavior
patterns.

The absence of appropriate economic, financial, market, or institutional incentives, even in the presence
of infrastructure and a regulatory framework, significantly slows the transition to a circular bioeconomy.
Thus, the system of incentives supports the transformation of potential opportunities into real investments
and practical bioeconomy solutions. At the “stimulation” stage, a strategic bridging function is implemented
between policy objectives defined at higher governance levels and the practical implementation of initiatives.
This ensures the transition from generalized strategic priorities to specific mechanisms that stimulate business
innovation activity and promote responsible consumption models.

Therefore, in the process of effective targeting of circular bioeconomy development, particular attention
should be paid to the design and implementation of stimulation instruments, taking into account the specific
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features of each governance level (Fig. 2).

| Methods for Stimulating Development
Levels
Institutional Financial Economic Market-based

-------------------- B —oc—cooo=coolllocococccooo—c dMb e cccn s coao=od!
E Harmonization of International Reduction of Participation in E
! _g' regulatory harmonization of customs rates on carbon credit :
! ‘é' standards in the the green bond biomaterials and trading platforms :
V£ biosector market bioequipment :
L I [ [ Y A ______ 1
e = 2 o [ | S S SC e coooccoo focoosoooooooo0g Jzzzzzzzzzzzzzz .
E Formation ofa Tax incentives Improvement of Creation of a i
L certification (VAT and environmental national biomass :
! é systemand bio- income tax) for taxation system market with spot :
1z labeling bioenterprises contracts :
L I S I T L
re==="r1r1r--""="========9 b ey o =|m=mmmmm—m—_——————T 1
E Development of Targeted “Green” public Regional logistics i
(I regional cluster financing of procurement hubs for :
. 8 infrastructure regional eco- programs for bioresources :
: g infrastructure state institutions '
i projects :
[ e Y b [y BN i iy ]
] 1
' Sectoral innovation Sectoral Sectoral energy and Sectoral support |}
T F platforms for reinvestment funds eco-efficiency funds for reverse |,
: % bioinnovation in biotechnology benchmarking logistics |
G cycles programs :
1 1
[ e Y - - - ~-~T~TTT~=~"""7Tr~~~~"~""7="7"7="7"7="7"77 i ]
, Digital tools for Green cashback Differentiated Consumer .
. '_g eco-awareness systems to waste disposal cooperatives for |,
' E and consumer encourage tariffs depending direct :
: § stimulation responsible on sorting procurementof |}
: consumption bioproducts !

Fig. 2. Multi-level architecture of stimulation instruments for circular bioeconomy
development by methods of influence
Source: developed by the authors

The multidimensional architecture for stimulating circular bioeconomy development in Ukraine is
formed through the combination of four methodological approaches to stimulation, whose interaction facilitates
vertical coordination from the international to the behavioral level. Each of these approaches performs a
specific function in creating the preconditions for sustainable bioeconomic growth.

Institutional approaches provide the regulatory and organizational framework of the system, creating the
basis for the effective implementation of environmental and innovation policies at all governance levels. At
the international level, the priority task is the harmonization of regulatory requirements and standards in the
bioeconomy sector in accordance with the provisions of the European Union and the Organisation for Economic
Co-operation and Development (OECD). This can facilitate the unification of bio-based product requirements,
increased transparency of market rules, and the integration of national producers into global value chains. At
the national level, a key instrument is the development and implementation of certification and bio-labeling
systems, which may increase consumer trust in bio-based products, provide competitive advantages for
national producers, and simplify access to international markets. At the regional level, the formation of cluster
infrastructure becomes particularly relevant, involving the integration of research institutions, manufacturing
enterprises, potential investors, and public authorities. Such integration strengthens synergy in production
localization through the territorial concentration of resources and the enhancement of bioeconomy-related
competencies.

At the sectoral level, an important role is played by the creation of innovation platforms aimed at
supporting technology transfer, developing intersectoral partnerships, and commercializing research results,
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thereby accelerating the practical implementation of biotechnological innovations. The behavioral level
includes instruments aimed at transforming consumer culture and increasing environmental awareness through
the introduction of digital tools for environmental education and the promotion of sustainable consumption.

Financial stimulation methods serve as instruments of direct state support that make it possible to
compensate for market risks and intensify investment attraction into bio-based technologies. At the international
level, the harmonization of the green bond market with international standards is advisable, as it will create
the preconditions for attracting long-term capital to circular bioeconomy projects. At the national level, an
effective instrument is the introduction of fiscal incentives, particularly tax benefits (reduced VAT or corporate
income tax rates) for economic entities implementing bio-based innovative solutions, including recycling,
renewable energy, and biomaterial production.

The regional dimension involves targeted financing of environmental infrastructure within state and
international programs aimed at developing bio-CHP plants, organic waste processing facilities, and related
infrastructure. Within sectoral policy, it is advisable to establish specialized investment funds focused on
supporting circular technologies, modernizing production capacities, and fostering intersectoral synergies.
At the behavioral level, promising measures include the introduction of financial incentive mechanisms such
as green cashback for environmentally responsible behavior (waste sorting, participation in reuse programs,
etc.), which may encourage public involvement in the implementation of circular economy principles.

Economic stimulation methods are aimed at indirect influence through taxation systems, tariff regulation,
and subsidies designed to change the economic motivation of market participants. At the international level,
reducing customs duties on biological raw materials, biocomponents, and technological equipment is considered
necessary, as this will accelerate technological modernization and reduce the costs of implementing circular
models. National policy involves adapting the principles of environmental taxation, particularly through the
implementation of the “polluter pays” and “environmental restoration” concepts, which enable the internal
reorientation of business models toward environmental responsibility.

At the regional level, the expansion of green procurement programs aimed at generating demand
among public institutions for locally produced bio-based products is of particular importance. Within the
sectoral dimension, effective instruments include benchmarking programs for energy efficiency and resource
conservation, which can enhance enterprise competitiveness.

Differentiated waste disposal tariffs based on the principle of “the more you sort, the less you pay” can
provide economic incentives for consumers to participate in separate waste collection and promote sustainable
behavioral models. Market-based stimulation methods are focused on creating a favorable market environment
for the circulation of bio-based products, promoting secondary raw material markets, and implementing digital
tools to support circular business models. At the international level, strengthening Ukraine’s participation in
carbon credit trading systems is a priority, as this will facilitate the introduction of greenhouse gas compensation
mechanisms through support for bioenergy initiatives and the monetization of ecosystem services.

At the national level, the creation of a biomass market with standardized contracts is envisaged,
which may reduce investment risks and improve revenue predictability. Regional policy should focus on
the development of logistics hubs for biological raw materials, enabling lower transportation costs under
conditions of territorially dispersed bio-based production. At the sectoral level, the implementation of reverse
logistics support mechanisms is important, as they facilitate the return of used materials into the production
cycle through repair, reuse, or recycling. The behavioral dimension involves the development of consumer
cooperatives aimed at providing direct access to bioresources, minimizing intermediary chains, and increasing
trustinlocally sourced products. The coordinated application of stimulation instruments for circular bioeconomy
development through the main methods of influence may contribute to the comprehensive transformation of
the economic system, ranging from institutional changes to the motivational drivers of consumer behavior.

The practical applicability of the proposed governance architecture can be illustrated through the example
of bioenergy and organic waste processing systems in Ukraine. At the national level, stimulation mechanisms
may include tax incentives for bioenergy enterprises and environmental taxation reform. At the regional level,
targeted financing of bioresource logistics hubs and waste processing infrastructure may support local circular
initiatives. Sectoral support instruments may involve benchmarking programs for energy efficiency and the
creation of reverse logistics systems for agricultural residues. At the behavioral level, digital eco-awareness
tools and differentiated waste tariffs may stimulate responsible consumption practices. Such coordination
between governance levels demonstrates the practical applicability of the proposed framework for supporting
the transition toward a circular bioeconomy in Ukraine.

Conclusions. Thus, the proposed integrated governance architecture for stimulating circular bioeconomy
development represents a holistic concept based on the systemic combination of institutional, financial,
economic, and market instruments. Unlike fragmented approaches, the proposed architecture facilitates
coordination among international, national, regional, sectoral, and behavioral governance levels, creating the
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preconditions for the formation of a comprehensive stimulation system for circular bioeconomy development.

The study indicates that the stimulation system plays a key role in the transition to a circular bioeconomy,
ensuring the transformation of sustainable development priorities into practical mechanisms for implementing
bioeconomy initiatives. The findings suggest that the coordinated application of governance instruments
will minimize the main development barriers, including high initial investment costs, insufficient market
infrastructure maturity, technological backwardness, and low levels of intersectoral coordination. At the same
time, the implementation of the proposed architecture may contribute to the intensification of innovation
activity, the development of green investment, the formation of responsible consumption models, and the
strengthening of Ukraine’s integration into the European sustainable development framework.

The study is primarily conceptual in nature and therefore requires further empirical validation through
sectoral, regional, and case-based studies. Further research should focus on the development of methodological
approaches for assessing the effectiveness of stimulation instruments for circular bioeconomy development, as
well as on modeling scenarios for circular bioeconomy development at the national and regional levels, taking
into account the challenges of Ukraine’s post-war recovery. The implementation of the proposed governance
architecture is expected to contribute to the formation of a systemic foundation for Ukraine’s transition toward
a resource-efficient, innovation-oriented, and climate-neutral model of national economic development.
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