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» Abstract. This work was aimed at analysing modern approaches to the development of farms through the lens of
innovation and investment, as well as examining the impact on sustainable development and the environmental aspects
of the economy. The study explored the concept of sustainable development in the agricultural sector, particularly in
the context of Ukraine, where there was significant potential for its implementation due to the presence of fertile land
and favourable climatic conditions. It was found that capital investment in the agricultural sector decreased to UAH 12.6
billion in 2023, followed by a slight increase to UAH 15.2 billion in 2024. The research highlighted the need to move away
from traditional agriculture based on chemical fertilisers and pesticides towards sustainable methods, such as organic
farming, bioenergy, and precision agriculture, which allowed for resource optimisation and a reduction in negative
environmental impact. In particular, spending on environmental protection in agriculture increased to UAH 1,007.3
million in 2023, indicating greater attention to the restoration of natural resources. It was revealed that the main barriers
to the implementation of sustainable practices remained the low level of digitalisation, insufficient financial support,
and institutional constraints. Based on the results obtained, several promising areas for development were identified,
such as the expansion of the circular economy, the implementation of precision agriculture, and the stimulation of
investment in renewable energy sources. The findings emphasised the need for active state support, the creation of a
favourable investment environment, and the development of scientific research to ensure the sustainable development
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of the agricultural sector. Strategies aimed at improving infrastructure, preserving natural resources, and increasing
the efficiency of agricultural production could serve as the foundation for the creation of a resilient agricultural system
capable of adapting to global challenges such as climate change and population growth

» Keywords: green technologies; precision agriculture; bioenergy; agricultural sector of Ukraine; state support

» Introduction

The development of the agricultural sector within the
modern economy has been closely linked to the adoption
of innovative approaches and the attraction of invest-
ment — key factors in ensuring its long-term sustainability
and global competitiveness. This has necessitated a com-
prehensive reassessment of traditional farming methods
in favour of innovative solutions capable of adapting the
sector to evolving market and climate conditions. In this
context, farms have become not only key producers of
agricultural goods but also active participants in innova-
tion and investment processes that account for economic,
environmental, and social aspects of development. This
approach has become particularly relevant in the face of
global climate change, rapid land degradation, population
growth, and the resulting increase in demand for environ-
mentally friendly products.

One of the major challenges faced by farms in this pro-
cess has been the insufficient funding for modern innova-
tive technologies aimed at the efficient and rational use of
natural resources. Combined with imperfect investment
incentive mechanisms, limited access to financial instru-
ments, and the weak integration of environmental princi-
ples into farm development strategies, this has hindered
the adaptation to current market conditions. In particular,
the absence of a systematic approach to innovation-driven
investment development has created barriers to the adop-
tion of modern technologies that not only increase efficien-
cy but also minimise negative environmental impacts.

The theoretical framework for research in this area has
been shaped by the concepts of sustainable development,
ecological economics, and innovation management. The
concept of sustainable development has focused on en-
suring balanced economic growth, social well-being, and
environmental preservation for future generations. Eco-
logical economics has emphasised the integration of envi-
ronmental protection measures into all areas of economic
activity, including agriculture (Naumenkova et al., 2024).
Innovation management, in turn, has offered effective
tools for the implementation of cutting-edge technologies
that contribute to the optimisation of production process-
es and enhancement of the environmental safety.

In the context of researching innovation and invest-
ment development in farming, significant contributions
have been made by various scholars, whose work has laid
both the theoretical and practical foundations for analys-
ing this topic. Notably, R.R. Danda (2023) highlighted the
importance of technological innovations in enhancing the
competitiveness of farms, emphasising that the integration
of novel solutions into production reduces costs and opti-
mises resource use. O. de Oca Munguia et al. (2021) stressed
thatinnovation drives economic progress and that its appli-
cation in agriculture transforms traditional land use meth-
ods into high-efficiency systems. V. Shcherbak & B. Shovko-
plyas (2023) explored mechanisms for attracting investment
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into farms, focusing on the need to develop financial instru-
ments accessible to small and medium-sized enterprises.
The authors argued that effective financing stimulates both
economic growth and the adoption of environmentally safe
technologies. Meanwhile, J.E Velasco-Mufioz et al. (2021)
expanded on the principles of ecological economics, un-
derscoring the importance of implementing circular econ-
omy practices in farming. The research stressed the need to
shift from extensive to rational resource use. P. Yukhymen-
ko et al. (2021) concentrated on the role of public policy in
the development of farms, indicating that subsidies and tax
incentives could be important drivers for investment in sus-
tainable development. K. Pawlak & M. Kotodziejczak (2020)
studied the role of institutions in ensuring a stable econom-
ic environment that supports farm development, empha-
sising the importance of conditions for long-term agricul-
tural planning. M.M. Maja & S.E Ayano (2021) pointed out
that the economic development of agriculture is closely
tied to demographic processes and that innovation in this
sector can address food security challenges. H. Saleh et
al. (2020) highlighted the importance of human capital in
implementing innovations, noting that educational pro-
grammes and professional training for farmers are vital
for the effective use of new technologies. R. Henry’s (2020)
study showed that agricultural intensification through in-
novation is an effective response to the rising demand for
food products, particularly under conditions of limited nat-
ural resources. Finally, D. Pauschinger & E Klauser (2022)
emphasised that the adoption of digital technologies in
farming, such as monitoring and data analysis systems,
boosts productivity and reduces environmental pressure.

Thus, theresearch conducted by these authors demon-
strates the diversity of approaches to the innovation and
investment development of farms to ensure the sustain-
ability, economic efficiency, and environmental responsi-
bility. Despite the considerable academic interest in this
area, several important aspects remain underexplored.
Specifically, mechanisms for integrating environmental
innovations into the business models of farms, with regard
to regional specificities, have not been sufficiently studied.
The relationship between the use of innovative technolo-
gies and the reduction of environmental pressure, as well
as the role of public policy in encouraging the adoption
of such technologies, also requires further investigation.

The aim of this study was to identify models for inno-
vation and investment development in farms that ensure
the effective implementation of environmentally oriented
technologies and the creation of a resilient economic and
ecological system in the context of current challenges. The
objectives included analysing the current state of inno-
vation and investment development in Ukrainian farms,
identifying the factors influencing the investment attrac-
tiveness of environmental projects in agriculture, and de-
velopingrecommendations for strengthening these efforts.




» Materials and methods

To study the sustainable development of Ukraine’s ag-
ricultural sector in the context of ecological economics
and innovation management, a comprehensive approach
was used, incorporating several analytical methods. Sta-
tistical data obtained from the State Statistics Service of
Ukraine (2023) served as the main source for analysing the
economic situation in the agricultural sector. These data
included indicators of production, capital investments,
environmental protection expenditures, and other eco-
nomic indicators that enabled the assessment of the state
and trends in the development of the agricultural econo-
my under sustainable development conditions. The study
used statistical data from 2020 to 2023, as this period al-
lowed for an evaluation of current sectoral development
trends, while data for 2024 had not yet been published at
the time of analysis. However, this does not apply to capi-
tal investments in agriculture, forestry and fisheries (State
Statistics Service of Ukraine, n.d.). A comparative analysis
method was applied to assess changes in the agricultural
economy against the backdrop of climate change, the po-
litical situation, and external influences.

One of the main aspects of the work involved re-
searching the implementation of innovative technologies
in the agricultural sector, particularly precision farming,
bioenergy, and organic agriculture. The research method-
ology also included exploring the potential for innovation
integration into the production processes of agricultural
enterprises. In particular, it analysed which technologies
were the most promising for different regions of Ukraine
under resource constraints and the need to preserve nat-
ural resources. This allowed for the assessment of which
investment models were the most effective for the devel-
opment of the agricultural sector and identified the barri-
ers to large-scale innovation implementation. To analyse
investment opportunities, methods for evaluating the
investment attractiveness of agricultural enterprises were
used, along with assessments of the economic efficiency
of implementing “green” technologies.

Additionally, an analysis of government policy in
the agricultural sector was conducted, focusing on the
funding of scientific research, state programmes, and
subsidies for farmers engaged in organic farming or us-
ing renewable energy sources. This analysis revealed key
issues and opportunities for improving state support for
sustainable development in the agricultural sector. The
policy analysis method was used, involving the study of
existing government initiatives and the effectiveness in
the context of sustainable agricultural development. An-
other important stage of the study involved examining
the environmental aspects of agricultural production.
An ecological analysis method was used to assess the
environmental impact of different forms of agricultur-
al production. This included analysis of environmental
protection expenditures, the use of biological and chem-
ical pest control agents, and methods for preserving bio-
diversity on agricultural lands.

The effectiveness of sustainable practices in the agri-
cultural sector was evaluated using a cross-country com-
parison method. Compared to other countries such as
the Netherlands, Switzerland, Germany, Poland, and the
USA, Ukraine’s potential for developing organic farming,
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bioenergy projects, and precision agriculture was an-
alysed. The selection of countries for comparison was
based on the experience in implementing sustainable ag-
ricultural practices and the level of sectoral development.
For this comparison, international reports and studies
were used. This comparison helped identify weaknesses
and prospects for developing innovation management in
Ukraine’s agricultural sector.

» Results

The concept of sustainable development has become one
of the central ideas in modern economic, environmental,
and social policy. Its primary aim is to ensure a balance
between three key pillars: economic growth, environmen-
tal preservation, and social well-being. This concept holds
that the planet’s resources must be utilised in such a way
that current needs are met without compromising the
ability of future generations to meet the own needs (Rug-
gerio, 2021). The agricultural sector plays a vital role in re-
alising the principles of sustainable development, as it is
directly linked to the use of natural resources such as soil,
water, biodiversity, and energy. Traditional farming meth-
ods, focused on maximising production, often lead to re-
source depletion, land degradation, and pollution of water
and air. As a result, these approaches not only pose envi-
ronmental threats but also undermine the long-term pro-
ductivity of the agricultural sector itself (Harwood, 2020).

Sustainable agriculture involves a shift towards meth-
ods that prioritise environmental safety, social responsi-
bility, and economic efficiency. For example, the imple-
mentation of precision farming technologies enables the
efficient use of fertilisers and pesticides, thereby reducing
the environmental impact (Tkachenko & Tykha, 2020).
Organic farming is gaining popularity due to its ability to
maintain soil fertility and support biodiversity. One of the
key principles of sustainable development is the efficient
use of resources. In the agricultural context, this means
optimising water use through drip irrigation systems and
rehabilitating degraded lands using reclamation technol-
ogies (Stephens et al., 2020). In addition, growing atten-
tion is being paid to the use of renewable energy sources
such as biogas plants, solar panels, and wind turbines,
which can be integrated into farming operations.

Sustainable development also encompasses social
aspects. The agricultural sector should provide decent
working conditions, support employment in rural areas,
and strengthen local communities. This is crucial not only
for social stability, but also for preserving the cultural and
economic potential of rural regions. The concept of sus-
tainable development offers a pathway toward creating
a resilient agricultural system that ensures food securi-
ty, conserves natural resources, and contributes to so-
cio-economic development (Rexhepi et al., 2024). In the
long term, this is the only viable approach to preserving
the viability of the agricultural sector and ensuring its ad-
aptation to global challenges such as climate change, pop-
ulation growth, and resource scarcity.

Ecological economics is a fundamental component
of sustainable development, combining economic, social,
and environmental aspects to create a resilient system of
production and consumption. In the context of farming,
ecological economics plays a critical role, as this sector is
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heavily reliant on natural resources and significantly im-
pacts ecosystems. The primary goal of ecological econom-
ics is to integrate environmental principles into economic
activities to strike a balance between production needs
and ecological constraints (Prokopowicz, 2020). Farms
guided by ecological economic principles emphasise the
rational use of natural resources. This involves moving
away from extensive agriculture, characterised by land ex-
haustion and excessive chemical use, towards integrated
systems that consider resource renewability. For instance,
organic farming methods reduce reliance on synthetic fer-
tilisers and pesticides, helping to preserve soil fertility and
reduce water and air pollution (Shuvar et al., 2022).

Ecological economics also promotes the implementa-
tion of circular models on farms, which focus on minimis-
ing waste and reusing resources. Practices such as com-
posting organic waste or using biogas systems to process
agricultural residues allow farms to significantly reduce
the environmental footprint and lower energy costs (An-
dreitsev et al., 2024). Another important aspect is the eco-
nomic valuation of natural resources. Ecological econom-
ics offers methods to account for the value of ecosystem
services such as air purification, water cycle regulation,
and biodiversity maintenance (Xia & Ruan, 2020). This
approach helps farms recognise the real value of natural
capital, encouraging more responsible environmental
stewardship. Beyond technological solutions, ecological
economics places emphasis on social factors. Sustainable
farms create jobs, reduce rural outmigration, and contrib-
ute to the development of local communities (Washing-
ton & Maloney, 2020). For example, using environmentally
friendly approaches can increase demand for high-val-
ue-added products such as organic goods or locally pro-
duced items, which in turn strengthens rural economies.

The relevance of ecological economics to farming also
lies in its capacity to help adapt to climate change (Brych et
al., 2023). Measures such as reducing greenhouse gas emis-
sions through low-carbon technologies or establishing
agroforestry systems that limit soil erosion exemplify this
adaptation. These initiatives help farms become more resil-
ient to climate risks such as droughts, floods, and extreme
temperatures (Tkachenko & Voronin, 2024). Government
policy plays a vital role in the implementation of ecological
economics principles. Incentivising farmers through finan-
cial tools — such as subsidies for green technologies or tax
benefits for reducing environmental impacts — serves as a
strong motivator for adopting sustainable models. Educa-
tional programmes that raise farmers’ awareness about the
benefits of eco-friendly solutions and the long-term impact
on farm productivity are equally important.

Innovation management is a powerful tool enabling
farms to enhance production efficiency, respond to mar-
ket challenges, and ensure sustainable development. At
its core, innovation management involves adopting new
technologies, management practices, and organisational

solutions aimed at optimising resource use, reducing costs,
and boosting competitiveness. In agriculture, innovation
management plays a pivotal role in securing productivity
(Gama & Magistretti, 2023). One example is the use of pre-
cision agriculture technologies. Tools such as GPS naviga-
tion, soil moisture sensors, drones for crop monitoring, and
data analysis software allow farms to plan production pro-
cesses more accurately. This significantly reduces spending
on fertilisers, water, and pesticides, while also minimising
environmental impact (Sharma et al., 2020).

Another key area of innovation management is dig-
italisation. The integration of modern information tech-
nologies, such as cloud platforms, mobile farm manage-
ment apps, and automated data collection systems, allows
farmers to control every stage of production more effec-
tively. For example, software can analyse data on weather
conditions, soil status, and crop needs, providing real-time
recommendations (Abbasi et al., 2022). Innovation man-
agement also includes the introduction of biotechnolo-
gies, which enhance the quality and productivity of crops.
The use of biological pest control agents or genetically
modified drought- and disease-resistant varieties ensures
high yields even under unfavourable climatic conditions.

Furthermore, building energy resilience is a key aspect
of innovation management. Renewable energy sources
such as solar panels, wind turbines, and biogas plants are
becoming increasingly popular on farms. These technol-
ogies help reduce reliance on traditional energy sources,
lower greenhouse gas emissions, and cut energy costs.
Innovation management also contributes to optimising
logistics and product distribution. With tools like e-com-
merce platforms, direct-to-consumer sales channels, and
digital marketing, farms can expand the market reach, re-
duce dependence on intermediaries, increase profitability,
and establish direct connections with end consumers.

Human capital development is a crucial component
of innovation management. Training farmers in modern
technologies, expanding the knowledge of sustainable
practices, and strengthening innovation competencies
enable faster adoption of advanced solutions. Educa-
tional programmes, training sessions, partnerships with
research institutions, and the exchange of best practices
lay the foundation for the effective use of innovative tools
(Khoshmaram et al., 2020). Farms in Ukraine play an im-
portant role in ensuring food security, boosting export po-
tential, and supporting the country’s economic stability.
However, the current state of innovation and investment
development in the sector is uneven, influenced by both
external and internal factors. On the one hand, Ukraine
possesses significant natural potential for agricultural de-
velopment, including fertile soils and a favourable climate.
On the other hand, a range of economic, technological,
and institutional barriers hinders the full-scale adoption
of innovations and investment attraction. Table 1 presents
the economic accounts of the agricultural sector.

Table 1. Economic accounts of agriculture in Ukraine for 2018-2023, UAH billion

No. Types/groups of products/activities 2020 2021 2022 2023
1 Cereal crops 309.7 538.9 334.1 320
2 Industrial crops 209.9 393.1 294.3 310.5
3 Fodder crops 10.4 13.9 11.7 12.2
4 Vegetable crops 49.2 59.7 83.2 91
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Table 1, Continued

No. Types/groups of products/activities 2020 2021 2022 2023
5 Potato 60.9 61.2 54.2 55.5
6 Fruits, berries, grapes 26.8 28.8 24.1 26
7 Other crop products 3.5 4.6 9.5 10.3
8 Crop production output as a whole 670.4 1,100.2 811.1 825.5
9 Livestock (raising of farm animals) 110.4 127.9 136.6 140
10 Livestock products 93.6 109.7 107 108.3
11 Livestock production in general 203.9 237.6 243.6 248.3
12 Agricultural product output 874.4 1,337.8 | 1,054.7 | 1,073.8
13 Agricultural services output 13.5 21.6 14.9 15.5
14 Agricultural production output 887.8 1,359.4 | 1,069.6 | 1,089.3
15 Output of non-agricultural integral secondary activities 5 7.1 4.4 4.6
16 Agricultural output 892.9 1,366.5 | 1,073.9 | 1,093.9
17 Intermediate consumption 511.5 789.6 637 645
18 Gross value added 381.4 576.8 437 448.9

Source: based on State Statistics Service of Ukraine (2023)

The year 2021 marked a peak in agricultural pro-
duction, driven by favourable weather conditions and
increased exports of grain and industrial crops. How-
ever, in 2022, production declined due to the negative
impact of the war, which led to a reduction in cultivat-
ed land areas, logistical difficulties, and limited access
to financing. In 2023, the sector showed signs of partial
recovery. Although output of grain and industrial crops
slightly decreased compared to 2021, there was an in-
crease in the production of vegetables and potatoes, in-
dicating the adaptation of farms to the new conditions.
Despite these changes, the gross value added by agricul-
ture has remained at pre-war levels, underscoring the
importance of innovation-driven investment to improve
production efficiency. Recovery of the sector requires the
implementation of modern technologies, enhancement
of infrastructure, and attraction of investment — espe-
cially into environmentally oriented projects. The low
level of investment in science and innovation presents

a significant barrier to the adoption of modern technol-
ogies that could enhance production efficiency, ensure
environmental sustainability, and help farms adapt to
climate change. Insufficient funding makes it impossible
to develop large-scale innovative projects, which require
considerable resources and long-term research. The de-
velopment of Ukraine’s agricultural sector demands a
fundamental reassessment of approaches to financing
scientific research. The key task is not only to increase ex-
penditure but also to ensure its effective allocation. This
can be achieved through the attraction of private capital,
partnerships with international organisations, and the
integration of innovation into the sector’s strategic devel-
opment programmes. To ensure the sustainable develop-
ment of the agricultural sector, it is essential to invest in
the modernisation of technical infrastructure, the intro-
duction of innovative technologies, and the improvement
of production efficiency. Table 2 presents capital invest-
ments in agriculture, forestry, and fisheries.

Table 2. Capital investments in agriculture, forestry, and fisheries for 2020-2024, UAH million

Year 2020 2021 2022 2023 2024 (January-September)
Volume of capital investments 36,442.1 49,127.4 32,604 31,641.9 31,821.7
Investments in tangible assets 35,756.7 48,198.6 | 32,099.7 | 30,644.3 30,896.9
Of them
Residential buildings 64.8 99.2 65.6 159.5 38.8
Non-residential buildings 6,735.8 7,485 4,937.9 4,609.8 4,112.3
Engineering structures 1,656.9 2,655.1 1,793.6 2,054.9 1,349.8
Machinery, equipment, and inventory 18,188 24,978.2 15,751.8 12,554 15,156.9
Vehicles 4,868 7,598 5,074.5 5,798.7 5,827.5
Earth 126.7 149.7 68 81.5 1,131.4
Long'te”ﬁ\i‘&fggfj{fi‘éﬁo‘g cropand | 765 4 4,698.5 4,022 4,860.2 2,879.2
Other tangible assets 351.1 534.9 386.3 525.6 401
Investments in intangible assets 685.4 928.8 504.3 997.7 924.9
Of them
Software and databases | 339 | 852 53.8 80.2 715

Source: based on State Statistics Service of Ukraine (n.d.)

The bulk of investment continues to be directed
towards tangible assets, particularly machinery, equip-
ment, and tools. However, the share has also decreased:
in 2023, investment stood at UAH 12.6 billion, with a
modest increase to UAH 15.2 billion in 2024. Investment

in non-residential buildings and engineering structures
remains low, indicating a slowdown in infrastructure
expansion. The reduction in investments in long-term
biological assets to UAH 2.8 billion in 2024 reflects high
risks in livestock and crop production. Meanwhile,
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investments in intangible assets, such as software, re-
main negligible, signalling insufficient digitalisation
within the sector. Overall, to revitalise and develop the
agricultural sector, it is essential to stimulate investment
in innovation, infrastructure, and digital technologies,
which would enhance the competitiveness of farming
enterprises and the resilience to challenges.

One of the most significant issues remains the insuffi-
cientlevel of financing for farms. Small and medium-sized
farming businesses often face limited access to credit due
to high interest rates, low financial capacity, and limited
state support. Many farms, in particular, are unable to in-
vest in modern technologies that are fundamental to in-
novative development. The state of innovation implemen-
tation also depends on the level of technical equipment
available to farmers. Despite the availability of modern
technologies — such as drones, precision farming systems,
and automated management platforms — the adoption re-
mains limited. The main reasons for this include the high
cost of equipment, a lack of awareness among farmers re-
garding the benefits of new technologies, and a shortage
of technical support at the local level.

At the regional level, there is a marked disparity in the
development of farming enterprises. In the southern and
central regions, where large agricultural holdings are con-
centrated, innovative solutions are adopted more actively.

In contrast, in the western and northern regions, where
small and medium-sized farms dominate, innovation and
investment activity is significantly weaker. This disparity
is driven not only by differences in financial capacity but
also by unequal access to modern knowledge, technol-
ogies, and infrastructure. While government support is
aimed at stimulating farm development, it remains insuf-
ficient. Funding programmes, such as compensation for
the cost of agricultural machinery or support for organic
production, do exist, but the coverage is limited. More-
over, complex procedures for obtaining subsidies and
grants hinder farmers’ access to these resources.

A noteworthy aspect of the current situation is the
growing interest in environmentally-oriented production.
Ukrainian farmers are gradually beginning to recognise
the advantages of organic farming, renewable energy
sources, and environmental protection practices. How-
ever, the implementation requires substantial investment
and training, posing yet another challenge for small and
medium-sized enterprises. Regarding the investment cli-
mate, foreign investors have shown interest in cooperating
with Ukrainian farms, particularly in organic production
and the use of renewable energy. However, the unstable
economic situation, war, and regulatory constraints create
risks that deter investment. Table 3 presents environmen-
tal protection expenditures in agriculture.

Table 3. Environmental protection expenditures in agriculture, forestry, and fisheries for 2021-2023, million UAH

Year 2020 2021 2022 2023
Current expenses 373.4 479.4 412.4 1,007.3
Air protection and climate change issues - 12.7 11.9 29.1
Waste water treatment - 11 7.5 14.1
Waste management - 19.2 16.2 15.1
Protection and rehabilitation of soil, groundwater, and surface water - 11.1 12.8 680.7
Other measures - 425.3 363.9 268.3

Source: based on State Statistics Service of Ukraine (n.d.)

Expenditures on environmental protection in agri-
culture, forestry, and fisheries demonstrate important
dynamics, reflecting certain shifts in environmental
policy priorities. In 2020, total spending amounted to
UAH 373.4 million. By 2023, this had risen significantly
to UAH 1,007.3 million, likely due to the implementa-
tion of large-scale natural resource rehabilitation pro-
grammes. The most substantial increase was observed
in expenditures on the protection and rehabilitation of
soils and both groundwater and surface water: from UAH
12.8 million in 2022 to UAH 680.7 million in 2023. This
indicates a growing recognition of land degradation as a
critical issue for the agricultural sector. At the same time,
expenditures on air protection, wastewater treatment,
and waste management remain relatively low, suggesting
insufficient attention to these areas.

Amid global challenges related to natural resource
degradation, climate change, and growing demand for en-
vironmentally friendly products, the development of farm-
ing in Ukraine requires innovative and investment-driven
approaches. In the context of ecological economics, which
aims to balance economic growth with environmental
preservation, farmers must adapt the production pro-
cesses, adopt advanced technologies, and actively attract
investment. This will ensure the sector’s sustainability,
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minimise environmental risks, and enhance competitive-
ness. A key area for improving innovation-investment
models is the adoption of circular economy principles.
This involves resource reuse and minimisation of waste.
For instance, organic livestock waste can be converted
into biogas or compost, providing farms with energy inde-
pendence and improving soil quality. A successful exam-
ple of such practices can be found in Europe, particularly
in the Netherlands, where farmers widely utilise biogas fa-
cilities (Westhoek & Boezeman, 2024). As of 2025, this di-
rection is still developing in Ukraine, but the government
should encourage farmers through grants, tax incentives,
or subsidies to implement such solutions.

Another crucial element is the development of pre-
cision agriculture. The use of drones, sensors, and satel-
lite technologies enables farmers to collect data on field
conditions, soil moisture, and plant disease levels. This
allows for precise application of fertilisers and pesticides,
reducing costs and minimising environmental impact.
For example, farmers in the USA actively use automatic
tractor control systems, which not only save fuel but also
improve productivity (The self-driving tractor..., 2025).
In Ukraine, as of 2025, such technologies are increasingly
being adopted, but the technologies remain largely acces-
sible only to large farms due to the high cost.




Organic farming also represents a promising direction.
Ukraine has significant potential in this area thanks to fertile
soils and favourable climatic conditions. However, to expand
the area under organic cultivation, government support is
needed in the form of certification programmes, grants, and
assistance in accessing international markets. Switzerland is
a leader in organic farming due to its well-designed govern-
ment policy and broad support for farmers (Organisation
for Economic Co-operation and Development, 2023). In
Ukraine, as of 2025, there are successful examples of organic
production, but it has yet to become widespread.

Environmentally focused infrastructure investments
are also of great importance. For example, implement-
ing drip irrigation systems can significantly reduce water
use and increase crop yields. This is especially relevant for
southern regions of Ukraine, which suffer from water short-
ages. Other investments could include building modern
logistics centres for produce storage, helping reduce harvest
losses and maintain quality. Bioenergy is another strategic
area for development. Farmers can install solar panels, wind
turbines, or biogas plants to supply farms with alternative
energy. In Germany, for example, farmers widely use biogas
systems, allowing the farmers to sell surplus energy to the
national grid, creating an additional income source (Park &
Grundmann, 2025). In Ukraine, as of 2025, this area is still
emerging but holds significant potential for scaling up.

State involvement is crucial to support innovative
and investment-driven development. It should create
a favourable investment climate through a stable legal
framework, tax incentives for green projects, and access
to concessional financing. Furthermore, public-private
partnerships should be promoted to attract foreign invest-
ment and cutting-edge technologies. For instance, Poland
has successfully established agritech hubs like the Poznan
Science and Technology Park, which bring together re-
search institutions, agricultural companies, and start-ups
to drive innovation in agriculture. Creating similar hubs
in Ukraine could accelerate agrotechnology development
and boost the sector’s competitiveness.

In conclusion, improving innovation-investment
development models for farms within the framework of
ecological economics is an integral part of sustainable
agricultural development in Ukraine. The integration of
modern technologies, development of the circular econ-
omy, bioenergy, and organic farming, as well as support
from the state and international partners, will ensure farm
sustainability, improve efficiency, and minimise environ-
mental impact. These models will contribute not only to
economic growth but also to building an environmentally
responsible agricultural sector, laying the foundation for
Ukraine’s future development.

» Discussion

The study of sustainable development in Ukraine’s agricul-
tural sector within the context of ecological economics and
innovative management has shown that, despite consid-
erable potential, this sector faces a number of challenges
that require resolution at both policy and practical levels.
Barriers to the implementation of innovations, environ-
mentally friendly technologies, and sustainable practices
were identified, encompassing both economic and social
aspects. This underscores the need for a comprehensive
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approach to ensure sustainable agricultural development.
Analysis of results indicates that infrastructure for large-
scale implementation of precision farming in Ukraine is
insufficiently developed. GPS navigation technologies,
drones, and data analysis for resource optimisation are
already actively used in some regions of Ukraine, but the
prevalence is still not widespread enough to mark a mass
shift to these innovations (Remeshevska et al., 2021; Hor-
bal & Makarova, 2023). This is due both to the high initial
costs of adopting such technologies and the lack of ade-
quate qualifications among farmers. Similar problems are
observed in other developing countries, but in Ukraine,
these problems are more pronounced due to economic
instability and uncertainty in agricultural policy. In the
work, K. Takahashi et al. (2020) examined the impact of
modern agricultural technologies on farming efficiency,
particularly the use of drones, GPS navigation, automated
control systems, and other innovative solutions that form
the basis of precision farming. The authors noted that
such technologies significantly reduce production costs
and increase yields through precise monitoring of soil
and crop conditions, allowing timely responses to chang-
ing environments. Y. Hu et al. (2022) also highlighted that
economic benefits increase with the adoption of innova-
tive technologies, but successful implementation requires
substantial financial support for agricultural enterprises.
Current findings align with the authors’ conclusions about
the importance of precision farming technologies. How-
ever, the current study focuses more on the environmen-
tal aspects and identified implementation barriers, which
are less emphasised in the cited works.

Analysis of state policy in the agricultural sector re-
vealed a significant issue — the low effectiveness of gov-
ernment programmes supporting sustainable agricultural
development. Although programmes for supporting or-
ganic farming, bioenergy development, and environmen-
tally friendly technologies exist, these technologies often
suffer from limited funding and poor implementation at
the local level (Romankiewicz et al., 2023). This suggests
a need to revise national agricultural policy and increase
investment in sustainable farming development. Similar
conclusions were drawn in studies from other countries,
where government support proved critical for implement-
ing innovative agricultural technologies. J. Streimikis & T.
Balezentis (2020) analysed the effectiveness of sustaina-
ble development support programmes in the agricultural
sector, noting that many fail to achieve the goals due to
political instability and insufficient funding. The authors
proposed optimising existing programmes and increas-
ing financial support for ecological initiatives. These re-
sults align with current findings on the ineffectiveness of
state programmes and the importance of boosting invest-
ment in sustainable agricultural development. While the
authors stressed the need for policy reforms, the current
study emphasised economic and social barriers.

T. Havemann et al. (2022) explored the potential for
attracting private investment in sustainable agriculture
and assessed the role of state support programmes. The
authors argued that attracting investors effectively is only
possible under stable economic conditions and with a
favourable investment climate. The conclusions align
with current findings regarding the importance of state
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funding for sustainable development of the agricultural
sector. However, the present study focuses more on spe-
cific economic and social barriers impeding sustainable
practices, while the authors place greater emphasis on
state mechanisms and the role of the private sector.

Regarding environmental aspects, the research con-
firms the importance of transitioning to organic farming
and preserving biodiversity. In this context, programmes
supporting environmentally friendly production and
rural enterprises that operate according to sustainable
standards play a significant role (Rudavska et al., 2023).
However, the study showed that only a small proportion
of agricultural enterprises in Ukraine are currently ready
to transition to organic farming, primarily due to the high
costs of certification and production process organisation.
H. Aghasafari et al. (2020) focused on the state of organic
farming, noting that although it holds great potential, de-
velopment is hampered by high certification costs and an
uncertain organic product market. Z. Ferdous et al. (2021)
also noted that only some farmers can afford to switch to
organic farming due to limited financial capacity, creating
barriers to widespread adoption despite long-term eco-
logical and economic benefits. The authors’ findings align
with current results, particularly concerning the impor-
tance of organic farming development and the obstacles
to its widespread adoption. While the authors concentrat-
ed more on the technical aspects, the current study focus-
es on how these barriers affect sustainable development.

Another important issue is the lack of proper infra-
structure for developing bioenergy in the agricultural
sector. Bioenergy projects have considerable potential in
Ukraine, given the country’s rich resources for bioener-
gy production (Borysiak et al., 2022). However, there are
currently no effective mechanisms for advancing this
field. International experience shows that agricultural bi-
oenergy can be effective only through close cooperation
between government institutions, the private sector, and
research organisations. A. Bharti et al. (2021) explored the
potential of bioenergy in agriculture, highlighting the use
of biomass for energy production as a way to reduce reli-
ance on traditional energy sources and lower energy costs
in farming. However, A. Abdullah et al. (2021) stressed
that the lack of infrastructure and investment creates se-
rious barriers to the development of bioenergy technolo-
gies, limiting the wide-scale adoption in agriculture. The
authors’ findings reflect aspects of the current study, par-
ticularly the importance of developing bioenergy. Nev-
ertheless, the present research places more emphasis on
environmental aspects rather than the economic and in-
frastructural challenges. M. Qaim (2020) examined the in-
fluence of international organisations and foreign invest-
ment on the development of sustainable agriculture. The
author noted that international programmes and funds
play a crucial role in financing ecological initiatives, but
the effectiveness is limited by the country’s political and
economic situation. While the author emphasises the role
of international investors, the current study focuses more
on domestic economic barriers and policy. The author
draws attention to external factors that could help imple-
ment sustainable practices.

The analysis also confirmed that developing sus-
tainable agriculture in Ukraine requires significant
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enhancement of educational programmes for farmers and
infrastructure to support innovations. This includes creat-
ing advisory centres, access to modern agricultural tech-
nologies, and a more active role for local authorities in im-
plementing national initiatives at the local level. E. Raji et
al. (2024) studied challenges in sustainable agriculture
development, particularly stressing the need for improved
educational programmes for farmers and the develop-
ment of relevant infrastructure to support innovative ini-
tiatives in the agricultural sector. The authors highlighted
the importance of advisory centres to help small and me-
dium-sized farmers navigate rapid changes in agriculture
and adapt to new technological demands. The current
findings confirm the importance of these aspects, as ef-
fective implementation of innovative technologies is im-
possible without proper training and infrastructure sup-
port at the local level. In conclusion, although Ukraine’s
agricultural sector has significant potential for sustainable
development, achieving this requires substantial changes
in state policy, financing, infrastructure, and education.
The implementation of innovative and environmentally
friendly technologies, support for organic farming, and
bioenergy development can become the main drivers of
sustainable growth in the country’s agricultural sector.

» Conclusions

The research results showed that sustainable development
in agriculture includes the implementation of innovative
technologies such as precision farming, organic produc-
tion, and the use of renewable energy sources. The use of
organic farming methods contributes to the preservation
of soil fertility and the maintenance of biodiversity. For
example, in Ukraine in 2021, spending on environmental
protection in the agricultural sector amounted to UAH
479.4 million, but due to crisis conditions related to the
war, in 2022 this decreased to UAH 412.4 million. In 2023,
this spending increased again, reaching UAH 1,007.3 mil-
lion, indicating growing attention to the issue of environ-
mental sustainability.

In 2023, the volume of capital investment in the ag-
ricultural sector amounted to UAH 12.6 billion, but even
so, investment in infrastructure and digital technologies
remains low, particularly in intangible assets such as soft-
ware, which continue to be at a low level. This indicates
limited digitalisation in agriculture, which is an important
factor in increasing the efficiency and resilience of agri-
cultural enterprises. Nevertheless, Ukrainian farmers are
gradually beginning to adopt new environmental practic-
es. Thus, in 2023, there was an increase in spending on soil
and water resource protection, which indicates a growing
interest in sustainable and environmentally safe farming
methods. However, for further development, it is impor-
tant to increase public funding for scientific research, en-
courage investment in innovative technologies, and mod-
ernise infrastructure.

Therefore, to ensure the sustainable development of
Ukraine’s agricultural sector, it is necessary to increase
investment in innovation and infrastructure, as well as to
support the implementation of new environmentally ori-
ented technologies. The active role of the state in creating
favourable conditions for investment, including through
tax incentives and subsidies, as well as the development of
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» AHoTauiq. /[lana po6ora Gysia HampaBJjeHa Ha aHaJTi3 Cy4aCHUX IiIXO/iB 10 PO3BUTKY (hepMePChKUX TOCIIOJapPCTB
yepe3 IPU3My iHHOBAIil Ta iHBecTHUNili, a TAKOK BUBYEHHs IXHHOTO BIIMBY Ha CTaJUI PO3BUTOK Ta €KOJIOTi4HI
acIeKTH eKOHOMIKH. Y poOoTi MOCTigKyBasach KOHIIEMIIis CTAJOr0 PO3BUTKY B arpapHOMY CEKTOpPi, 30KpeMa B
KOHTEKCTI YKpaiHU, Jie € 3HAYHUH MOTeHIiaJ 1J1s 1l BIpOBa/IXKEHH Yepe3 HasiBHICTh POAIOYMX 3eMeJIb i CHPUSTIINBUX
KJIiMaTUYHUX YMOB. ByJ0 BCTaHOBJIEHO, IO KalliTajbHi iHBECTHUIII B arpoceKToOp CKopoTusiaucsa y 2023 poui 1o
12,6 MJIpA I'pH, 3 NOJAJBIIMM HE3HAYHUM 3POCTaHHAM 0 15,2 mipn rpH y 2024 poui. Jloc/tigkeHHA NiIKpecansIo
HeOoOXiTHICTh Iepexony Bil TpaaWmifHOTO CLIBCHKOTO TOCHOAPCTBA, IO 0a3yeThCAd Ha XiMiYHMX MoOpUBax Ta
TIeCTUNH/IAX, IO CTAJINX METOIB, TAaKMX SIK OpraHiuHe 3eMJepoOCTBO, OHioeHepreTmKa Ta TOYHE 3eMJIEPOOCTBO, 110
JI03BOJISIE ONITUMIi3yBaTH BUKOPHUCTAHHSA PECypCiB Ta 3MEHIIUTH HETaTUBHUI €KOJIOT{YHIH BIVINB. 30KpeMa, BUTPATH
Ha eKOJIOTiYHHUH 3aXUCT Y CUTBCHKOMY rociofapcTBiy 2023 porti 3pociiu 1o 1007,3 MJTH TpH, 110 BKA3ye Ha MiABUILIEHY
yBary 0 BiJHOBJIEHHSI IPUPOIHUX PeCypCiB. BUABJIEHO, 1110 KIIOYOBUMH Oap’epamMu Ha IIJISIXY BIIPOBAA)KEHHS CTAIUX
MPaKTUK 3aJIUIIAIOTHCSI HU3bKUHM piBeHb IudpoBisalii, HegocTaTHICTh (hiHAHCOBOI MIATPUMKU Ta IHCTUTYIINHHI
obmeskeHHs1. Ha 0CHOBI OTpuMaHuUX pe3y/IbTaTiB BU3HAYEHO [IepCIeKTUBHI HalIPSIMKYU PO3BUTKY, TaKi SIK IOINPEHHS
OUPKYISAPHOI €KOHOMIKY, BIIPOBAPKEHHSI TOYHOTO 3eMJIepoOCTBA Ta CTHUMY/IIOBAaHHs iHBeCTHIIN y BiHOBJ/IOBaHI
Jokepena eHepril. OTpuMaHi fOaHi MOKpec/juIM HEOOXiTHICTh AKTHUBHOI JAEpyKaBHOI MiATPUMKH, CTBOPEHHS
CIPUATINBOTO iHBECTHUI[IHHOTO CcepeloBUINA Ta PO3BUTKY HAYKOBUX MAOCTiIKeHb AJA 3abe3ledeHHs CTaJIOro
PO3BUTKY arpapHoro cektopy. Ctparerii, cnpsiMoBaHi Ha IOKpaIleHHsI iHQPaCTPYKTYpHU, 30epeskeHHsI TPUPOIHUX
pecypciB i ninBuieHHs eeKTUBHOCTI arpapHOro BUPOOHULITBA, MOKYTh CTaTU OCHOBOIO [IJIsI CTBOPEHHS CTiMKOI
arpapHoi CUCTeMH, III0 aJalTYETHCS 10 [TT0OATHFHIX BUKJIFMKIB, TAKHX SIK 3MiHA KJIIMaTy Ta 3pOCTaHHS ITOMYJIALIil

» KnloyoBi croBa: 3esieHi TEXHOJIOTI]; TOYHE 3eMJIepoOCcTBO; 6i0eHepreTHKa; arpapHUN CEKTOp YKpalHY; IepKaBHA
migTpUMKa
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