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BIOECONOMICS AS A BASIS FOR COMPREHENSIVE DESIGN
OF UKRAINE'S POST-WAR RECONSTRUCTION

The article is devoted to the analysis of the processes of formation and support of the develop-
ment of the bioeconomy in Ukraine in the conditions of war and post-war times, with a focus on its
potential as a tool for economic restoration. The study proposes nationwide measures for the inte-
gration of the bioeconomy into post-war reconstruction programs, taking into account inter-sec-
toral interaction and biotechnological innovations. The issue of bioeconomy development is gaining
particular relevance in the context of the post-war reconstruction of Ukraine, where it is necessary
to combine economic growth, energy security, and environmental sustainability. In modern condi-
tions, the bioeconomy can become a catalyst for the modernization of the economy, reducing
dependence on fossil fuels and integrating the country into global economic processes. The aim is to
study the current state of the bioeconomy in Ukraine, assess its resource potential, and develop a
conceptual model for managing the innovative development of the bioeconomic sector for post-war
reconstruction. The study aims to create a system of indicators for monitoring the effectiveness of
bioeconomy management at the national and regional levels. The work uses the analysis of statis-
tical data from BioUkraine, UABIO, and other sources, as well as systems approaches for assess-
ing biomass resources and the biotechnology sector. Comparative analysis, modeling, and expert
assessments were used to develop a conceptual management model and performance indicators. It
was found that the bioeconomy in Ukraine has not yet been identified as a separate sector due to
the lack of statistical classification. Still, its elements can be integrated into all sectors of the econ-
omy, in particular bioenergy and agrobiotechnology. A management model and a system of indi-
cators were developed to assess the development of the bioeconomy, contributing to post-war reno-
vation. Further research may focus on refining statistical methods for accounting for bioeconomic
activity, developing regional strategies for biomass use, and assessing the impact of biotechnology
on socio-economic indicators. The analysis of the integration of the bioeconomy with EU programs,
such as the "Ukraine Facility", for attracting investment and technology is promising.

Keywords: bioeconomy, project management, post-war reconstruction, management technologies,
Ukraine Facility, European Green Deal.
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BIOEKOHOMIKA 4K OCHOBA HUIICHOI'O ITPOEKTYBAHHA
MMOBOEHHOI PEKOHCTPYKIIII YKPATHU

Cmammsa npuceéauena awnaaizy npouecié CMaHoieHHA mMa NIOMPUMKU DPO3GUMKY
bioexonomiku 6 YKpaini 6 yMoeax 60€HHO20 ma NOBOEHHO20 Hacy, 3 hoKycom Ha ii nomenyiaa K
incmpymenmy exonomiunoi pecmaegpauii. JlocaidyuceHHss nponoHye 3a2aabH00epHCasHi 3axo00u 041
inmeepauii 0OioeKOHOMIKU 6 npoepamMu NOBOECHHOI PEeKOHCMPYKUIl, 6paxoeyloHu mixceaiy3eey
63aemodiro ma 6iomexnoaoeiuni innosayii. [lumanns pozeumky bioexonomixu Habysae ocodaueoi
akmyaabHocmi 6 KoHmeKcmi N060CHH020 6i0H08aeHHA Yikpainu, de HeoOXioHo noednamu
eKOHOMIYHe 3DOCMAaHHsA, eHepzemuHHy 0e3neKy ma exkoaoziuny cmaqicms. Y cyvacHux ymoeax
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OloekonoMiKa Moxce cmamu Kamaaiizamopom mooepHizauii 20cnodapcmea, 3MeHULeHHS
3aaexncHocmi 6i0 6UKONHO20 naiuéa ma inmezpauii Kpainu 6 2400a.1bHi eKOHOMI4HI npouecu.
Memoto € Oocaidncenns cynacnozo cmawny Oioexonomixu 6 Ykpaini, ouinka ii pecypcrHozo
nomenuiasy ma po3poOKa KOHUENMYAAbHOI MO0eAi YNpaeAiHHA IHHOGAUIUHUM DO3GUMKOM
0i0oeKoHOMIMH020 ceKmopy 045 Nno6ocHHOI pexoncmpykuii. Jlocaidwcenns cnpamosane Ha
CMGOPEHHS CUCIeMU NOKA3HUKIG 0451 MOHIMOPUH2Y e(heKmueHoCi YnpaeainHs Gi0eKOHOMIKO0I0
HA HAUIOHAALHOMY MA PeiOHAAbHOMY DPieHAX. Y po6omi GUKOPUCMAHO aHAAI3 CHAMUCIIUYHUX
danux 6i0 BioUkraine, UABIO, a makxoxc memoodu cucmemnozo nioxody 04s OuiHKuU pecypcie
Oiomacu ma 6iomexHoOA02IMH020 CEKMOpPY. 3ACMOCOGAHO NOPIGHANbHUL AHAAL3, MOOECAIOBAHHS Ma
excnepmui OWIHKU 045 PO3POOKU KOHUENMYyaivHoi moodeal YNpaGAiHHA Ma NOKA3HUKIG
epexmuenocmi. Bcmanoeaeno, uio 6ioexonomixa 6 Yxpaini wie ne eudisena sk okpemuil cexmop
uepes Opax cmamucmuynoi Kaacugixauii, ase it eaemenmu Moxcymo Oymu iHmezpoeani 6 yci
2aay3i eKoHomixu, 3okpema Oioenepzemukxy ma azpobiomexnoaocii. Po3pobaeno modeav
YNpaGAIHHA ma cucmemy NOKA3HUKIG 04 OUIHKU DO3GUMIKY OI0EKOHOMIKU, W0 CHpUSIONb
noeocnniii  penoeauii. Ilodaavwi Oocaidxcennss moxcymov 30cepeoumucss HA YMOUHEHHI
cmamucmusHux memooie 004iKy 6ioexonomiunoi disabHocmi, po3pooui pezionaivHux cmpamezii
BUKOpUCMAHHA Oiomacu ma ouinyi énaugy 6iomexnHoA02ii HaA COUIAAbHO-EKOHOMIYHI NOKA3HUKU.
Ilepcnexmuenum € anaaiz inmezpauii 6ioexonomixu 3 npoepamamu €C, maxumu ax "Ukraine
Facility", 0aa 3aayuenns ineecmuuiti ma mexno.oeii.

Karouoei caosa: dioexonomixa, ynpagainua npoeKmamu, NOBOEHHA PEKOHCMPYKUia, MeXHOA02i]
ynpaeninns, Ukraine Facility, €sponeiicokuil 3enenuii Kypc.

Problem statement. In the context of the post-war reconstruction of Ukraine,
which involves a deep transformation of the socio-economic system and reconstruction
according to the principles of sustainable development, the innovative progress of bioe-
conomy industries acquires special importance as an obligatory component of the tran-
sition from a traditional, resource-dependent economy to an innovative, knowledge-
based business model based on ecological balance, efficiency, and technological renew-
al. This type of transformation is due to the rapid development of scientific and tech-
nological progress, the desire to increase productivity, as well as the reduction of peri-
ods necessary for the commercialization of scientific and technological innovations.
The formation and development of bioeconomic industries are made possible by the
increasing use of renewable energy sources, the introduction of new methods and tech-
nologies for the deep processing of biological resources, as well as the active penetration
of biotechnology into all spheres of society, including agriculture, medicine, energy, the
food industry, and municipal infrastructure. The particularly dynamic growth of
biotechnology is explained not only by progress in biochemistry, molecular biology, and
genetics but also by the increase in crisis phenomena in traditional industries, which are
no longer able to ensure the proper level of environmental safety and energy stability,
which are critically important conditions in the post-war reconstruction of the country.

In addition, the relevance of the bioeconomy is enhanced by global challenges
related to the need to ensure food security, preserve natural resource potential, extend
the duration and quality of life of citizens, form a healthy gene pool of the nation, and
restore ecological balance within the country. The development of an effective
method for assessing the level of development of the bioeconomy is of strategic
importance, as it allows for rational allocation of resources in the post-war period,
optimizes the territorial distribution of bioeconomy industries, and creates prerequi-
sites for the post-war development of Ukraine.
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Analysis of recent research and publications. In the scientific literature of recent
decades, namely in the works +++, the phenomenon of bioeconomy as a new eco-
nomic system, formed at the intersection of the achievements of biotechnology, eco-
logical thinking, and innovative production, is increasingly highlighted, especially in
the context of the challenges of the 21st century related to sustainable development
and the need to restore post-war territories, such as Ukraine. Thus, Vostryakova V.
[5], Faulkner J. P., Murphy E., Scott M. [19], Tomczyk E., Jacobson M., Ruamsuk
K. [27], in their works, propose to consider bioeconomy in several dimensions: first-
ly, as an interdisciplinary field that combines the achievements of biology and eco-
nomics to create a new explanatory paradigm of economic processes. Secondly, as a
process of sustainable production and transformation of biomass into food products,
medicines, fibers, industrial raw materials, and energy; thirdly, as a knowledge-based
economy bioeconomy ), or an economy focused on bioresources ( bio-based econo-
my ), in which materials, chemical compounds, and energy come from renewable
biological sources of plant and animal origin.

In a broader ideological context, researchers Vostryakov V. [6], Bianchi M.,
Cascavilla A., and Clavell Diaz J. [16] propose to interpret bioeconomy as a new
model of social order, in which biotechnology plays a key role in ensuring material
production and forming the basis for technological rethinking of the structure of the
economy. In turn, Budyakova O., Prygarska D. [2], Rojas-Serrano E., Garcia-Garcia
G., Parra -Lopez K., Sayadi-Gmada S. [25] emphasize the applied aspect, defining
bioeconomy as an economic sector based on the use of renewable biological resources
to create innovative products with higher added value. Thus, the analysis shows that
bioeconomy, as a concept characterized by complexity, multifacetedness, and not yet
fully formed theoretical foundations, requires deeper scientific clarification and
methodological understanding, which forms a key importance for the development of
strategic directions for the restoration of Ukraine after the war on the principles of
environmental sustainability, technological progress, and social strength.

Research purpose. The purpose of the article is to investigate the processes of
formation and support for the development of the bioeconomy and to form nation-
wide measures to support the use of the bioeconomy for designing post-war programs
for the reconstruction of the economy of Ukraine.

Research objectives:

— to investigate the current state and position of the bioeconomy in Ukraine in
wartime conditions and assess its potential as a factor in economic restoration after
the end of the war;

— assess Ukraine's available resources for the creation and development of the
bioeconomic sector;

— to create a conceptual model for managing the innovative potential of the
bioeconomy in Ukraine, which will ensure inter-sectoral interaction, optimal invest-
ment management, and integration of modern biotechnological developments;

— develop a comprehensive system of indicators to monitor and assess the
effectiveness of bioeconomic development management at the national and regional
levels in the context of post-war recovery.

Main results of the study. Within the framework of the modern scientific dis-
course devoted to the prospects of the restoration and transformation of the
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Ukrainian economy after the full-scale war, the bioeconomy cannot always be unam-
biguously identified as a separate, independent sector of the economy, if we proceed
from traditional sectoral approaches to statistical accounting. In particular, the exist-
ing system of statistical data collection currently used in Ukraine does not yet allow
us to separate the volumes of production and use of biotechnological products with-
in specific sectors of economic activity.

At the same time, despite the lack of an official classification of the bioeconomy
as a full-fledged industry, its elements can be integrated into almost all areas of the
national economy, which opens up wide opportunities for its development for the
design of post-war renovation.

Table 1. Classification of biotechnology industries in context bioeconomic
development of Ukraine, compiled by the authors based on [4; 15; 18; 22]

Industry/sphere of

. . Main areas of development
economic activity

Development of innovative medicines, new generation vaccines,
antimicrobials, and bioactive compounds, with a special emphasis on
import substitution and strengthening national pharmaceutical
independence

Development of precision and personalized medicine tools, including
technologies in vitro diagnostics, cell therapy, creation of biocompatible
materials, biobanks, as well as bioinformatics to support medical
decisions in the post-war period

Biotechnological production of amino acids, enzymes, polysaccharides,
bioactive substances, and biopolymers; creation of bio-industrial
complexes for deep processing of biomass to reduce dependence on
fossil fuels

Generation of heat and electricity based on renewable biomass,
implementation of bioconversion technologies to reduce greenhouse gas
emissions, and elimination of the consequences of the energy and
environmental crisis caused by the war

Creation of highly productive and climate-resistant varieties of crops,
development of biological plant protection products, production of
biofertilizers, development of molecular breeding in livestock, production
of bioprotein and additives, utilization of agricultural waste

Production of functional food products - therapeutic, preventive, and
baby food, bioprotein, enzyme preparations, probiotics, and prebiotics,
as well as the introduction of deep processing technologies for raw
materials to improve food security

Bioengineering management of forest resources, preservation and
reproduction of the forest gene pool, creation of highly productive tree
forms with specified properties, application of biological methods of
forest protection

Biopharmaceuticals

Biomedicine

Industrial biotechnology

Bioenergy

Agrobiotechnologies

Food Biotechnology

Forest biotechnology

Ecological Using bioremediation technologies to purify water, soil, and air, create
(environmental) environmentally safe housing, and form biological collections and
biotechnology bioresource centers to protect biodiversity

Development of aquaculture and biotechnology centers in the coastal
regions of Ukraine, deep processing of marine bioresources, and
production of specialized feeds for aquaculture as part of food and
environmental policy

Marine Biotechnology
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In particular, traditional industries, such as the extractive industry, must under-
go serious restructuring, since the further course towards decarbonization and aban-
donment of excessive dependence on fossil fuels implies a significant reduction in the
volume of hydrocarbon production, and instead - the development of alternatives, in
particular renewable bioenergy.

In the field of electricity, gas, and water production and supply, it is advisable to
focus efforts on expanding the potential of bioenergy technologies, which can ensure
not only the energy independence of individual regions but also contribute to envi-
ronmental safety in the context of sustainable development. In the housing and com-
munal services sector, it is important to intensify the implementation of environmen-
tally friendly biotechnologies, in particular those related to household and industrial
waste management, the introduction of resource-saving technologies in the lives of
citizens, wastewater treatment, and modernization of recycling systems (Table 1).

Another promising direction is the introduction of biotechnological solutions in
the manufacturing industry, where it is necessary to develop food, forestry, textile,
chemical, and other types of applied biotechnologies aimed at increasing environ-
mental efficiency, reducing dependence on imported raw materials, and forming new
value chains. In the context of post-war reconstruction for Ukraine, bioeconomy is
increasingly viewed as a complex system of knowledge-oriented use of biological
resources, processes, and patterns, which ensures sustainable production of goods
and services in a wide range of sectors of the national economy from agriculture and
energy to pharmaceutical, chemical, textile, and food [8].

The approach itself is based on a high level of innovation and interdisciplinarity,
which allows combining the achievements of natural, technical, economic, and social
sciences to form effective mechanisms of economic activity aimed at restoring
resource potential, ecological balance, and technological modernization of the terri-
tory of Ukraine after the war (Table 2).

Table 2. Directions for implementing biotechnology in key areas for the post-war
reconstruction of Ukraine, compiled by the authors based on [3; 15; 21-22]

Field of activity The role of biotechnology in shaping the bioeconomy of post-war Ukraine

1. Development of innovative medicines, vaccines, diagnostic tools, and
genetic tests for the timely detection of hereditary diseases and chronic
pathologies, in particular, vulnerable categories of the population in conditions of
post-war stress.

2. Biotechnological support of reproductive health, including methods of

Healthcare e 1 L K X .
artificial insemination and early diagnosis of genetic defects.

3. Implementation of modern approaches to cell and gene therapy for the
treatment of severe and rare diseases.

4. Development of biocompatible materials and technologies for point-of-care
drug delivery, especially relevant in the rehabilitation of the wounded.

1. Creation of new highly productive plant varieties and animal breeds that
have increased resistance to diseases, drought, and other consequences of
climate change.

2. Biotechnological preparations for the protection of crops and animals,

Agriculture including biological fertilizers and growth stimulants.

3. Production of balanced feeds and biological feed additives.

4. Reproductive technologies — artificial insemination, biotechnical
reproduction, embryo manipulation.

5. Mass production of healthy, virus-free seed material to accelerate
agricultural recovery.
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End of Table 2.

Field of activity The role of biotechnology in shaping the bioeconomy of post-war Ukraine

1. Development of innovative medicines, vaccines, diagnostic tools, and
genetic tests for the timely detection of hereditary diseases and chronic
pathologies, in particular, vulnerable categories of the population in conditions of
post-war stress.

2. Biotechnological support of reproductive health, including methods of

Healthcare artificial insemination and early diagnosis of genetic defects.

3. Implementation of modern approaches to cell and gene therapy for the
treatment of severe and rare diseases.

4. Development of biocompatible materials and technologies for point-of-care
drug delivery, especially relevant in the rehabilitation of the wounded.

1. Creation of new highly productive plant varieties and animal breeds that
have increased resistance to diseases, drought, and other consequences of
climate change.

2. Biotechnological preparations for the protection of crops and animals,

. including biological fertilizers and growth stimulants.
Agriculture

3. Production of balanced feeds and biological feed additives.

4. Reproductive technologies — artificial insemination, biotechnical
reproduction, embryo manipulation.

5. Mass production of healthy, virus-free seed material to accelerate
agricultural recovery.

The basis of the bioeconomic approach is the principle of colonization, which
involves the widest possible use of biological resources - from plants and animals to
enzymes and molecules in industrial production, which can become a driving force for
the revival of Ukraine's agricultural sector and its integration into global value chains.

According to Nifatov O. M., and Petrychuk S. I. [13], countries, depending on their
natural resource and industrial potential, have different development opportunities,
which significantly affects the formation of the goals of the bioeconomy strategy, and also
determines the criteria for assessing its successful implementation in the context of a
holistic approach to the post-war reconstruction of Ukraine. The concept of biological
processing, which is key within the bioeconomy, involves creating value by using biomass
as the main resource, similar to how oil refineries obtain a wide range of products, such
as various types of fuels and chemicals, from oil, while the bioeconomy focuses on the
production of energy, biofuels and chemical products from biological materials, which
can become the basis for restoring Ukraine's economic potential after the war. The goals
and priorities of the bioeconomy in the context of post-war reconstruction measures in
Ukraine include not only stimulating economic growth and creating new jobs but also
ensuring energy and food security, as well as reducing the nature-intensiveness of indus-
trial sectors and the level of environmental pollution, which contributes to the formation
of a sustainable infrastructure for the country's development (Table 3).

To realize this potential in the post-war reconstruction, it is necessary to devel-
op a comprehensive strategy for the development of the bioeconomy, which would
take into account the goal, driving forces, and influencing factors that form its basis,
ensuring a holistic approach to designing economic and environmental reconstruc-
tion. The key condition for the successful implementation of the bioeconomic model
within the framework of post-war reconstruction is the implementation of a holistic
innovation policy, within which a national innovation system should be built (Fig. 1.).
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Table 3. Key drivers and constraints of bioeconomy development in the context of
post-war reconstruction processes in Ukraine, compiled by the authors based on data
from [7; 9; 15; 22]

Drivers of bioeconomy development

Factors constraining development

Increasing government spending on the
purchase of innovative medical products and
vaccines stimulates the development of the
domestic biopharmaceutical sector.

The unstable macroeconomic situation, security
risks, and political turbulence due to martial law

Government programs to stimulate the
production of domestic biotechnological
solutions as a tool for import substitution

Outdated technological base of biotechnology
enterprises and limited access to modern
equipment

Active cluster policy in the bioeconomy
sector, creating conditions for attracting
international investments

High dependence on imported components,
particularly in biopharmaceutical production and
agrobiotechnologies

State support for startups through
development investment funds focused on
innovative enterprises.

The chronic shortage of specialists in the field of
biotechnology, as well as the lack of a modern
interdisciplinary education system

Expanding national vaccination programs,
contributing to the growth of the domestic
market for biologics

Unregulated localization conditions for
international biotech companies and
unpredictability of regulatory policy

Focus on preventive medicine driving
demand for diagnostic biotechnologies, new
biomarkers, and laboratory systems.

Disproportionate distribution of venture capital
investments: the advantage of the IT sector while
biotechnology is underfunded

The increasing number of surgical medical
interventions due to war increases the
demand for biocompatible materials for
prosthetics, rehabilitation, and
transplantation.

High logistics costs, limited infrastructure, and
inefficient customs regulations make it difficult to
import biomaterials.

The potential of Ukraine's IT industry for the
development of bioinformatics, medical
computing, and data analysis in healthcare
and agro bio

Lack of harmonized modern legislation,
environmental standards, and technical regulations
for the bioeconomy sector

Dynamic development of the agricultural
sector, growing demand for biostimulants,
biofertilizers, and resistant crop varieties

Low level of state stimulation of the use of
biotechnology in agriculture and energy

Significant potential for import substitution
in agro-, pharma- and industrial
biotechnology

Opaque public procurement procedures, and lack a
guaranteed sales market, which discourages
private investment.

The main function of such a management system should be the transformation
and renewal of existing production capacities through technological adaptation,
modernization of infrastructure, and replacement of outdated business models with
bio-oriented practices based on the principles of sustainable development, environ-
mental safety, and economic efficiency. When determining strategic approaches to
managing the bioeconomy sector in the post-war period, it is worth giving preference
to a flexible, adaptive, i.e. mixed strategy that can take into account regional specifics,
technological multi-levelness, socio-economic unevenness of the country's develop-
ment, as well as differences in their innovative potential [14, p . 39].
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Bioeconomy Management System. National Level

Goal setting,
planning
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Organization Coordination Stimulation Control
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Fig. 1. Model of the management system for innovative development of bioecono-
my in the conditions of post-war reconstruction of Ukraine, developed by authors’

In the context of the reconstruction of Ukraine after the end of the war, which
requires fundamentally new approaches to economic recovery, the bioeconomy man-
agement system is appropriately considered as a key structural element of the nation-
al innovation system, capable not only of promoting its development, but also of act-
ing as a catalyst for the deep modernization of the national economy through the
introduction of biotechnological solutions, advanced production methods, and inno-
vative products based on the use of renewable biological resources. Exactly Biomass
can form a new role in the development of Ukraine’s bioeconomy, especially in the
context of post-war reconstruction, where the use of renewable resources can con-
tribute to energy independence and sustainable development [1, p . 225]. The follow-
ing is an estimate of the potential of different types of biomass in Ukraine, expressed
in million tons of oil equivalent ( toe ) per year. The study shows that the biomass
potential in Ukraine is approximately 23 million tons of oil equivalent ( toe) per year,
with the main contribution from straw and other agricultural waste (Fig. 2.).

The potential for biogas in Ukraine is significant, especially from agricultural
wastes such as manure, poultry manure, and silage. It is estimated that biogas could
replace 2.6 billion mi of natural gas per year, equivalent to approximately 2.5 million
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tons, taking into account the energy content of natural gas (39.7 MJ/mi) and the con-
version to toe (42 GJ/toe). This includes biogas from livestock farms, landfills, and
sewage treatment plants, making it an important resource for energy security. The
data themselves indicate a significant biomass potential in Ukraine that can be used
for energy, biofuels, and biogas production, which is critical for post-war reconstruc-
tion [26].

2 2.5
= straw = wooden waste
= different types of biogas other agricultural waste

m rare biofuels produced from biomass = energy crops

Fig. 2. Estimated biomass potential in Ukraine by type of origin in million tons
(oil equivalent), compiled by the authors based on [26]

According to the analytical report BioUkraine, 75 companies operating in the field
of life sciences, biotechnology, and bioeconomic projects were studied in Ukraine. The
selection of companies was carried out according to such criteria as high technological
intensity, the presence of a component of scientific research and development (R&D),
the size of the enterprise, its media activity, and the potential for attracting investments.
Thus, as of December 20, 2024, there were 34 biotechnology companies in Ukraine, of
which 32 operate as independent business entities, and 2 are part of large corporate
structures. The highest concentration of such companies is observed in Kyiv (10 com-
panies), Lviv region (4 companies), and Cherkasy region (3 companies). The average
age of these businesses is approximately 3 years and 5 months, which indicates the
young and dynamic nature of the biotechnology sector [17 | (Table 4).

In the context of the holistic design of Ukraine's post-war reconstruction, which
involves not only the physical restoration of infrastructure but also the creation of an
innovation-oriented, sustainably balanced economy, state programs to stimulate the
development of the biotechnology sector and attract investments in key areas of the
bioeconomy are gaining strategic importance. Such programs should be aimed at the
long-term transformation of the country's economic model, acting as a powerful driv-
er of its competitiveness in the global market and providing an impetus for the struc-
tural modernization of national production.

The development of a comprehensive state policy, which should include not only
a national but also a regional level of implementation, is of particular relevance to
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ensure a balanced spread of biotechnological innovations throughout Ukraine,
including the regions affected by the war.

Table 4. Distribution of biotechnology companies by regions of Ukraine
(as of 2024), in %, compiled by the authors based on [17]

Region Number of companies, units Interest from total (%)

Vinnytsia 1 4.17
Volynska 0 0.00
Dnipropetrovsk 1 4.17
Zhytomyrska 2 8.33
Transcarpathian 0 0.00
Zaporizhzhia 0 0.00
Ivano-Frankivsk 1 4.17
Kyivska 0 0.00
Kirovohradska 1 4.17

Lvivska 4 16.67

Mykolaivska 1 4.17
Odesa 1 4.17
Poltava 2 8.33
Rivne 0 0.00

Sumy 0 0.00
Ternopil 0 0.00

Kharkiv 7 29.17
Kherson 0 0.00

Khmelnytskyi 0 0.00
Cherkasy 3 12.50
Chernihiv 0 0.00
Chernivtsi 1 4.17

The integration of sectoral ministries, research institutions, businesses, local
governments, and educational clusters into a single strategic management system will
allow for effective coordination of the efforts of all participants and ensure sustainable
dynamics of the implementation of bioeconomic solutions in key sectors [1].

A separate role in the implementation of investment policy in the field of
biotechnology is played by subsidiary projects, which can become effective tools for
supporting innovative enterprises, in particular young science-oriented companies,
startups, technology parks, and bioengineering laboratories. State support in the form
of public-private partnerships should become the basic model of interaction between
investors, science, and the state, contributing to the implementation of high-tech
platforms that accumulate resources, intellectual capital, and infrastructure capabil-
ities for the creation, testing, and implementation of innovative biotechnologies [23].
Changes in the legal framework relating to scientific and technological activities and
innovation policy should become a catalyst for deeper integration of science and pro-
duction (Table 5).

Even though Ukraine has significant scientific and educational potential in the
field of biotechnology, the current level of development of the bioeconomy remains
insufficient due to the limited domestic demand for innovations from industrial
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enterprises, as well as the low level of commercialization of research results. These
problems are similar to those recorded in foreign reports, where more than 60% of
biotechnology market participants indicated weak integration of science with busi-
ness as the main barrier.

Table 5. A comprehensive program for the development of biotechnology in Ukraine
within the framework of reconstruction and sustainable economic growth,

compiled by the authors

implementation

p
. rc_)gram Characteristics and targets
indicators
1) Ensuring an increase in domestic consumption of biotechnological
products by at least 8 times;
2) Increasing the production of biotechnological products by more than 30
Strategic times to meet national needs and strengthen export potential;
objectives of the 3) Reducing dependence on imports of biotechnological goods by 50%;
program 4) Increase the share of exports in the structure of biotechnological
production by 25 times or more;
bio-based production at a level of at least 1% of GDP by 2030 and further
growth to 3% in subsequent years.
1. The first stage (2027-2029) — formation of domestic demand for
biotechnological products and support for exports through state incentives, in
Stages of . . . L
particular in the agricultural sector and medicine;
program

2. The second stage (2029-2035) is the creation of a stable institutional
environment for the large-scale introduction of biotechnology into industry,
with an emphasis on deep modernization of production processes.

Priority areas of
development

1) Biomedicine and biopharmaceuticals (rebuilding the healthcare system);

2) Industrial biotechnology (sustainable industrial development);

3) Bioenergy (biogas production, biofuels as energy independence of
regions);

4) Agrobiotechnologies (increasing the productivity of the agricultural
sector);

5) Food biotechnology (production of functional and healthy food);

6) Forest biotechnology (restoration of ecosystems and forest resources);

7) Ecobiotechnologies (water and soil purification, restoration of
contaminated areas);

8) Marine biotechnology (rational use of aquatic bioresources in coastal
regions).

Institutional
support

1) Stimulating demand: government orders, development of national
standards, technical regulation, support for the localization of production by
domestic and foreign investors;

2) Increasing competitiveness: providing grants and soft loans to small and
medium-sized enterprises for research and development (R&D), supporting
exports, developing innovation infrastructure, and actively involving
development institutions in promoting the bioeconomy;

3) Development of education: introduction of modern educational
standards and interdisciplinary curricula in the field of bioeconomy;

4) Support for science: increasing funding for scientific research, and
creating strategic programs for fundamental and applied research in priority
areas of the bioeconomy.

According to expert forecasts, the consumption of biological products in live-
stock farming in Ukraine will grow by 30-40% annually, which creates additional
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incentives for active investment attraction, development of research infrastructure,
and realization of the potential of the bioeconomy as one of the basic elements of the
post-war economic revival of Ukraine [20].

Thus, among the main elements of the region's resource potential that have a
direct impact on the possibility of deploying bioeconomic initiatives, it is advisable to
highlight: natural raw materials, infrastructure, logistics, and labor potential. At the
same time, in the process of analyzing the challenges associated with the development
of complex and combined forms of production in the war and post-war periods, tak-
ing into account the technical modernization of restoration projects, it is advisable to
include indirect components of the potential: financial, informational, organization-
al and managerial, etc. (Fig. 3.).

Resource potential of Ukraine, contributing to the development of bioeconomy

Natural resource potential is a determining factor in the location of biotechnological clusters,
forms the basis for the development of the biceconomy in the region and influences its
specialization in the field of biotechnology.

J

Infrastructure potential — characterizes the technical readiness of the region to adopt
biotechnological production and its ability to ensure the effective functioning and production
of biotechnological products

J
4 R
Logistic potential — guarantees stabhility, reliability and timeliness of raw material supply and
shipment of finished products, which is critically important for the continuous functioning of
bioeconomic chains

J
4 N
Labor potential - the creation of biotechnological facilities involves the formation of high-
tech jobs, which, in turn, requires the presence of highly qualified specialists in the region,
as well as educational institutions capable of providing training for relevant personnel.

- J
4 I
Financial potential — the development of the bioeconomy depends on state support
instruments; tax incentives and financial assistance at the initial stages of projects have a
positive impact on the dynamics of innovative growth of the biceconomy

- J
s N

Information potential —is the starting point for the formation of an innovative environment,
provides access to information about state initiatives, bioeconomy support policies and
mechanisms for implementing relevant measures

J
4 N
Organizational and managerial potential is necessary to ensure coordinated interaction of all
actors of the innovation process in the region, including government bodies, business,
scientific institutions and society.

J

Fig. 3. Components of Ukraine's resource potential, directed for sustainable
development of the bioeconomy, built by the authors

An equally important component is the labor potential, which reflects the avail-
ability and level of training of personnel capable of working in the field of biotech-
nology, as well as the degree of integration of regional educational and scientific insti-
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tutions with biotechnology companies that form the human capital of the future. The
financial potential of the region includes the level of availability of financing for inno-
vative projects in the field of bioeconomy, as well as the general investment attrac-
tiveness, which is a necessary condition for the implementation of public-private ini-
tiatives.

Information potential assumes the availability of an accessible digital infrastruc-
ture that ensures the openness of data on innovative development, available opportu-
nities, and state support for bioeconomic projects. Finally, organizational and mana-
gerial potential is formed through the effectiveness of managerial decisions, the level
of regional policy in the field of biotechnology, the regulatory framework, and the
readiness of institutions to implement innovative approaches. Each of the above
resource elements requires the development of specific criteria and evaluation param-
eters, which can be determined based on an expert survey of specialists involved in the
implementation of investment projects in the field of biotechnology [16]. These
parameters allow for a more accurate identification of the potential of each region in
the context of developing the bioeconomy within the framework of national recon-
struction (Table 6).

At the same time, when assessing the effectiveness of the bioeconomy manage-
ment system, it is necessary to take into account performance indicators that allow
objectively tracking the dynamics of program implementation and their impact on
the biotechnology sector. Such indicators may include: an increase in the production
of biotechnological products, an increase in investment in research and development
(R&D), a reduction in waste through bioprocessing, the introduction of new biotech-
nological solutions, etc. All this forms the basis for assessing structural changes and
innovative breakthroughs in the national economy [7].

The methodology for assessing the effectiveness of bioeconomy management,
which was developed to systematize indicators of various state programs, can be
adapted to Ukrainian realities, where such programs could be implemented at the
level of regional administrations to contribute to the reconstruction of the country
after the war through the development of biotechnology and the use of renewable
resources. This methodology takes into account the interest of local authorities in the
effective implementation of such programs, since they have significant socio-eco-
nomic potential, in particular for restoring employment, stimulating economic
growth, and ensuring sustainable development in the regions of Ukraine that have
suffered destruction, which makes their implementation especially relevant in the
post-conflict period. Since the development of biotechnology is indirectly reflected
in state strategies and programs, and the bioeconomy is capable not only of creating
new jobs but also of providing revenue to the budget through taxes and generating a
positive multiplier effect in related industries, the author proposes a comprehensive
system of indicators that allows assessing the effectiveness of managing the develop-
ment of the bioeconomy, which can become the basis for developing a holistic strat-
egy for the post-war recovery of Ukraine with an emphasis on innovative and envi-
ronmentally friendly approaches [21].

In response to Russian aggression, the European Union initiated the program "
Ukraine Facility » (2024—2027), which provides for the allocation of up to 50 billion
euros in the form of grants and loans to support financial stability, reforms, and the

AKTYAJIbHI ITPOBJIEMA EKOHOMIKU Ne 1. Tom 2 (283/2), 2025



81

ECONOMICS

%

aulenn Jo waisAs AS1aua palylun ay
40 Ayioeded |e301 8y ul $924n0s ASusaus a|gemaual uo Sunesado sanljde) uonessuasd Jo Aloeded pajelsul Jo aleys

juswdolanap A8usu3

ASiausolg

HVN puesnoy}

,8ulwuey ysiy pue Asaysid,, Jo p|aly 8yl ul [eaided paxiy Ul SJUSWISIAU|

%

pouad aseq ay3 01 patedwod ‘|elsaiew Sunueld Suipn|oul ‘uoidnpoud aunyndenbe |ePJBWWOD Ul YIMOUD

suo} puesnoyy

(anjeA [enuue) sa2unosau [e2180|01q dl1enbe Jo aseq |elJalew Med 3y} JO [ellualod Palewilsa ayl JO SWN|OA Ay

x3]dwod saLaysly ay} o Juawdolanaq

ainyjnoenby

HYN uol|jiw

51502 JuaWdo[aNap pue YdJeasad [euaiu]

%

Sulpuny AJ159.104 JO JUNOWE |10} Y] Ul S1S2J04 JO P[314 AU} Ul YdJeasal d1313udids 4oy Suipuny Jo aleys

%

Spaas palsanley JO SWN|OA |e10} By} Ul saljuadoud Aselipasay panosdwl yim spass Jo aeys

HVN

9.4e309Y T Jad SpuB| punj 159104 UO 5159404 JO 95N 3} WOJ) SINUIASI 123pNQ JO SWN|OA By L

j1uswdojanap Aisaio4

HVN puesnoyy

uonanpoud syonpoud ASojouydaloiq |eluISNPUI 359404 JO SWN|OA 3y |

ssauaAnadwod
S} pue Juawdo|aAap |elsisnpu|

A3ojouydanoiq 159104

sHun

SUBO| UO S@1eJ 1SaJ491ul pPazipisqns jo uoddns ay3 yum pajuawsa|duwi
swialsAs Ajddns ualem pajdAdau pue sjue|d Juswiesaul JO UOIIINIISUOIDI JO UOIIINIISUOD 3y} 40y s1aafoud jo usaquiny

%

1uawieas} Sulinbal s31poq J91eM 92BJINS 01Ul S981eYISIP JO SWN|OA [B10} Y] Ul Ja1emalsem pain|jod jo aieys

uonejusawa|dwi
wesSoud dYy) JO JJOoMdWeE) Y} UIYUM S24NHPUdXd JUSWAOIIASP pue UdJeasaJ |eudajul Jo SWN|OA Byl

sa4e303Y puesnoyy

(12203 Bulj|ou) SaIpOq J21BM PIJI0ISAI JO BAIY

$92JN0sSaJ
|ednjeu JO 9sn pue uol1es01say

A3ojouydalolg |eIusWwUOIIAUg

sqof puesnoyl

UoI1E|N2JID 03Ul SPUB| M3U JO UOI}ONPOJIUL pue AjiAlzdnpoud
paseasoul ysnoayy sieonpoud [eanynouSe Joy sqol yoal-ysSiy mau Jo uoleasd pue SulisIXa JO UONEBAISSAI]

%

(]e3031 @A RINWIND) spug| [eanyndlide uo uoianpoud doud ul yimouao

uone|n8ay 1ayJeN pue Juawdolaaaqg
|eanynoi8y Joj weudoud 91e1s

A8ojouydaiolq [eanyndL8y

HVN ol

$2180|0UY23} PIOUBAPE 4O UOIIINPOJIUI BY3 03 NP “Je|ndpded Ul ‘SSUIdIPSW J13SSWOP 4O UOI1RINPOId JO SWIN|OA SYL

HvN uo

uononpoJd 1onpoud [eaipaw pue |[ealznadewaeyd
JO UOI1eZIUIBPOW PUE ‘SUOIIEAOUU! |ED1S0|0UY D] JUAWAO[IAIP “YIJBISDI DIHIIUBIDS Ul SJUBWISIAUL JO SWIN|OA Y|

AJsnpul ay3 Jo awinjoA uodNnpoad |e101 83 Ul S3oNpoud 9AISUSIUI-9DUIDS pue Yyda3-ysiy Jo aJeys ayl ul Yimouo

Aisnpul |eaipsw pue
|eaninasewJeyd ay} jo Juawdolanaq

pawnsuod s3npoJud JawAjod Jo wn|OA |B10} Y3 Ul S|elIS)eW d|qepeldapolq Jo aleys

uononpoud |e101 ul ASojouyda101q [eliISNpUl UO paseq s1onpoud Jo suodxa Jo aueys

uondwnsuod [e103 ul Aojouydalolq |eldisnpul Uo paseq s3onpoud pajiodwi Jo aueys

ASojouy2a301q |elaIsNpuUl UO paseq paJnidejnuew s3oNpoJad Jo aulesjn Ul uoidwnsuod JO SWN|OA

ASojouy2a301q [eLISNpUl 03 SYUBY] PaleaJd s3onpoud Jo uondnpoud Jo sWn|oA ayL

ssauaAiRdwod sy
Suiseasoul pue Asasnpui jo Juswdojaaag

s3180|ouyd3301q pue ‘pooy ‘|ersnpu|

uswainseaw
jouun

Jojedipui|

uoi3dalIp wessoud

sioyjne ey} Aq pajidwoo ‘auresyn ul Juswabeuew AwWouos20iq Wa)sAS JusWaINSEaW 9IUBWLIOHAd 9 /8]

ACTUAL PROBLEMS OF ECONOMICS, # 1. Tom 2 (283/2), 2025



82 EKOHOMIKA

recovery of the Ukrainian economy. At the same time, the bioeconomy, based on the
sustainable utilization of biological resources for the production of food, energy, and
materials, is identified as a key area for ensuring economic sustainability and envi-
ronmental security. The integration of this sector into the reconstruction program will
allow the formation of a resilient economy capable of adapting to future post-war
realities.

In the context of a holistic design of the post-war reconstruction of Ukraine,
which is based on the principles of the European Green Deal and the implementa-
tion of the instrument " Ukraine Facility ”, bioeconomy is considered a key vector of
transformation of the agricultural sector, capable of ensuring not only sustainable
development but also energy efficiency, innovation, and environmental safety. One of
the conceptual approaches within this direction is convergence — synergistic interac-
tion between different sub-sectors of agriculture, which allows the formation of high-
ly efficient production systems based on complementary benefits between sectors,
which is fully consistent with the ideology of bioeconomic development.

According to modern scientific research, the bioeconomy opens up several strate-
gic opportunities that should be integrated into the reconstruction of Ukraine's agri-
culture. Among the main advantages, it is worth highlighting the potential for more
efficient use of natural resources, which is realized through the gradual replacement of
traditional production based on fossil energy sources with biotechnological systems
that are characterized by less environmental damage and greater economic feasibility.
In addition, the bioeconomy involves the creation of new interdisciplinary research
structures that will facilitate the exchange of knowledge, technologies, and the direc-
tion of innovations in the practical sphere of agricultural production [12, p . 21-22].

Within the environmental imperative of the European Green Deal, the bioecon-
omy plays a leading role in reducing carbon dioxide (CO ) emissions and in shaping
new approaches to agricultural production, which involve the transition from non-
renewable energy sources to renewable ones, including biofuels. At the same time,
improving farming systems, in particular in the livestock sector, by improving hous-
ing conditions, feeding, and genetic selection, are becoming important areas.

The agricultural bioeconomy also encompasses the application of innovations to
increase water efficiency (using crops that consume less moisture), optimize the use
of fertilizers (especially nitrogen), introduce more disease-resistant crop varieties,
and streamline crop rotations by introducing crops that increase soil fertility, such as
perennial legumes. Among the technological solutions that can provide a break-
through in the modernization of Ukraine's agricultural sector following the strategic
goals of the Ukraine Facility, we can distinguish [1; 20]:

1) Breeding technologies aimed at increasing the adaptability of plants to cli-
mate change, increasing their resistance to pests and diseases, increasing yields and
nutritional value while reducing the need for water and chemical protection agents;

2) Alternative agricultural practices, including integrated pest management sys-
tems, as well as the use of agricultural robotics to reduce herbicide use and increase
the precision of field cultivation;

3) Precision farming technologies that encompass digital solutions: sensors,
control platforms, drones, and mobile applications that provide real-time data ana-
lytics and optimize production processes;
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4) Innovative systems for processing agricultural waste to produce energy or
biofertilizers, which are an example of closed cycles and comply with the principles
of a circular bioeconomy;

5) Sustainable soil management involves methods to preserve its quality and
biological activity, without harming the environment.

The EU program can become a catalyst for the development of the bioeconomy
sector by [19] :

1. Financing bioenergy infrastructure through the construction of biogas plants,
biomass CHPs, and waste processing plants;

2. Support for research and development, investments in biotechnology ( bio-
printing, biorefining ), increasing the efficiency of biofuel production;

3. Stimulating the cultivation of energy crops:

Subsidies for farmers who cultivate willow, poplar, or miscanthus and the use of
agricultural waste for energy without harming the soil;

4. Harmonization of legislation with European standards and adaptation of
norms regarding biofuels, simplification of procedures for investors.

The identified measures will facilitate the integration of bioenergy into the ener-
gy system, reducing dependence on gas and coal imports. To achieve long-term sus-
tainability, the bioeconomy needs to be integrated with key sectors [ 20—21 | :

1) Energy, replacement of 2.6 billion mi of natural gas per year with biogas.

2) In the agricultural sector, this is the processing of waste into additional
sources of income for farmers.

3) The country's economy, through the creation of thousands of jobs in the
bioenergy sector.

4) Ecology by reducing CO emissions by 68—83% by 2050 (by Ukraine's cli-
mate goals).

In today's conditions, it is advisable to consider the bioeconomy as a powerful
megatrend that encompasses not only the creation of goods or the provision of serv-
ices based on the use of biotechnology and renewable biological resources but also
acts as a key tool for achieving sustainable development goals, which is especially rel-
evant for a country that seeks to restore its economy and infrastructure after a devas-
tating conflict. Such an approach to the bioeconomy involves its perception as a state-
political concept that contributes not only to solving internal reconstruction tasks but
also provides a platform for international integration, allowing Ukraine to harmonize
its economic and environmental strategies with European standards, which can
become the basis for its gradual return to global economic processes. In this broad
sense, bioeconomy represents a new vision of economic development based on
advanced biotechnologies of the future, such as fabrication and bioprinting, where
bioprinting, for example, opens up opportunities for the creation of organs and tis-
sues for medical transplantations, artificial meat for the needs of the food industry, or
even natural leather for the production of consumer goods using cellular technolo-
gies, which can radically change approaches to healthcare, agriculture, and light
industry in Ukraine [24, p . 9—10].

These innovative technologies, which underlie the bioeconomy, have the poten-
tial not only to revolutionize key industries, which is critical for restoring Ukraine's
economic potential after the war but also require the formation of new value orienta-
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tions in society and among decision-makers aimed at realizing the importance of
rational use of natural resources and the widespread introduction of biotechnology to
ensure the country's long-term prosperity. Moreover, in the context of post-war recon-
struction, bioeconomy can be considered an interdisciplinary scientific field that
unites the humanities and natural sciences, allowing the development of comprehen-
sive strategies that take into account both economic social, and environmental aspects,
which is necessary for creating a sustainable model of development of Ukraine, capa-
ble of confronting the challenges of the future and contributing to its integration into
the global community on the principles of sustainability and innovation [28].

Therefore, in the context of the post-war reconstruction of Ukraine, which
requires rethinking and updating the economic structure taking into account the
principles of sustainable development, the issue of forming an effective bioeconomy
management system based on the assessment of the resource potential of regions
becomes of particular importance. According to the modern approach to regional
development planning, it is advisable to single out several key components of resource
potential, each of which is of critical importance for ensuring the innovative transfor-
mation of the economy based on biotechnology.

Conclusions and prospects for further research. The study revealed that the bioe-
conomy of Ukraine, despite the difficult conditions of wartime, demonstrates high
adaptability and significant potential for structural changes in the national economy,
which formed the basis for a detailed consideration of it as one of the fundamental
factors in the restoration of the economy and infrastructure of Ukraine in the post-
war period. Analysis of the current state of the bioeconomy showed that, despite the
lack of a unified statistical classification, innovative enterprises in the fields of bio-
pharmaceuticals, agrobiotechnologies, bioenergy, food, and environmental biotech-
nology are actively developing in Ukraine.

The country's resource potential has been studied, including raw material base,
infrastructure, logistics, labor, financial and managerial resources. The outlined fac-
tors create the prerequisites for regional development of bioeconomy and can become
the basis for rebuilding the economy taking into account the principles of the
European Green Deal. Special attention is paid to the possibilities of bioenergy pro-
duction from local biomass and biogas, which can reduce Ukraine's energy depend-
ence and contribute to achieving climate goals, in particular by reducing greenhouse
gas emissions and implementing a circular economy.

A system of indicators was developed to assess the effectiveness of bioeconomy
management, covering the industrial, agricultural, energy, environmental and infra-
structure sectors. The developed system is the basis for systematic monitoring of the
integration of bioeconomy projects and programs into the post-war recovery econo-
my of Ukraine, both at the national and regional levels.
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