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» Abstract. This study aimed to investigate the feasibility of using agroecological concepts to establish a circular
economy in the agricultural industry. The paper examined circular economy as a novel economic development paradigm
that seeks to optimise resource utilisation and reduce waste, particularly in the agriculture industry. The main principle
of the circular economy is resource conservation, which includes the rational use of land, water and energy, as well
as the preservation of biodiversity and the improvement of soil fertility. An analysis was conducted on the economic
advantages of adopting a circular economy in the agriculture industry, which include the reduction of production
costs, enhancement of productivity, and generation of new employment opportunities. The study also addressed the
importance of digitalisation, which can significantly increase the efficiency of agricultural production using modern
digital technologies for monitoring soil conditions, managing water resources and optimising processes. This paper
examined the effects of the war in Ukraine on the agricultural industry, specifically highlighting a substantial decrease
in the output of key crops and livestock products. A comprehensive examination of the destruction of infrastructure,
soil, and water contamination exposed severe environmental issues resulting from the attacks. The successful circular
concepts implemented by European countries such as the Netherlands, Sweden, Denmark, and France can be applied
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to the post-war revival of the Ukrainian agriculture industry. The study also addressed the experience of the Ukrainian
company Kernel, which successfully implements circular practices such as recycling of production waste, use of biomass
and introduction of precision farming, which reduces environmental impact and increases production efficiency. Based
on the analysis, recommendations for the post-war reconstruction of Ukraine’s agricultural sector were proposed,
including the identification of priority regions for recovery, stimulation of innovation and modern technologies, support
for small and medium-sized farms, development of irrigation systems, environmental restoration and protection,
international cooperation and support, and education and training

» Keywords: environmental pollution; resource conservation; post-war reconstruction; war waste; sustainable

development; climate change; greenhouse gas emissions

» Introduction

The circular economy is a novel economic development
paradigm that seeks to reduce waste and optimise re-
source utilisation. The fundamental concepts of this ap-
proach involve the recovery, recycling, and reutilization
of resources in manufacturing operations. Within the
agricultural sector, the circular economy presents nov-
el prospects to enhance the sustainability of agricultural
industry and mitigate the adverse environmental effects.
The significance of establishing a circular economy in the
agricultural industry is motivated by multiple causes. The
agricultural sector is a significant consumer of natural
resources, including water, land, and energy. Tradition-
al approaches to agriculture often lead to soil depletion,
water pollution and ecosystem degradation. The increas-
ing global population and the phenomenon of climate
change necessitate the development of novel strategies
to guarantee food security and adjust to emerging envi-
ronmental contexts. Within this particular framework, the
circular economy has the potential to effectively mitigate
the environmental impact and enhance the productivity
of the agricultural industry.

The challenge of implementing a circular economy
in the agricultural sector is the need to change traditional
production practices and introduce new technologies and
methods of resource management (Gavkalova et al., 2024).
The main challenges include the need for financial invest-
ment, changing the mindset and behaviour of farmers,
and the need to develop an effective regulatory frame-
work. In addition, there is a need to develop infrastructure
for the processing and reuse of agricultural waste, as well
as to create markets for circular economy products. Ad-
dressing these challenges requires cooperation between
government agencies, the private sector and academia to
ensure a comprehensive approach to transforming the ag-
ricultural sector.

The agroecological approach encompasses the incor-
poration of biological processes into agricultural produc-
tion, the application of organic fertilisers, crop rotation,
intercropping, and other techniques that promote the
sustainable management of agricultural systems (Sha-
hini et al, 2022). Implementing this strategy decreases
reliance on finite resources and decreases the release of
greenhouse gases, which is crucial in the context of ad-
dressing climate change. Apart from the environmental
advantages, the implementation of the circular economy
in the agricultural industry can yield substantial econom-
ic benefits. The introduction of resource-efficient technol-
ogies and processes can reduce production costs, increase
competitiveness and create new jobs in the waste process-
ing and management sector (Dykha et al., 2024).

Upon analysing the current research, it is feasible
to pinpoint some notable studies that have made a sub-
stantial impact on the advancement of the circular econ-
omy in the agricultural industry and the agroecological
approach. S. Kara et al. (2022) emphasised the impor-
tance of introducing closed production cycles in agricul-
ture. The authors emphasised that such cycles can sig-
nificantly reduce waste and increase resource efficiency.
D. Breus & O. Yevtushenko (2023) assessed the impact of
agroecological methods on soil fertility and biodiversi-
ty. They contended that the application of organic fer-
tilisers and intercropping resulted in a decrease in soil
erosion and an enhancement of soil structure. O. Shu-
bravska et al. (2019) investigated the environmental
benefits of the agroecological approach. The researchers
concluded that including biological processes in pro-
duction helps to decrease greenhouse gas emissions and
preserve water resources. J.A. Aznar-Sanchez et al. (2019)
investigated methods of increasing resource efficiency in
agriculture. They highlighted the importance of organic
waste processing for biogas and compost production.
M. Duque-Acevedo et al. (2020) analysed the legal and
regulatory frameworks needed to support the circular
economy in the agricultural sector. They underscored the
significance of public policy in fostering innovation and
investmentin this field. A.M. Dumont et al. (2021) studied
the social aspects of implementing agroecological prac-
tices. They noted that such practices can contribute to
the development of local communities and increase the
social responsibility of farmers. S. Sehnem ez al. (2019)
explored the possibilities of creating new markets for
circular economy products. The authors concluded that
consumers increasingly prefer environmentally friendly
products, which opens new prospects for farmers. An
analysis of the role of technology in the implementation
of the circular economy was conducted by A. Berxolli et
al. (2023). They underscored the need to advance novel
techniques for garbage recycling and the utilisation of
sustainable energy sources. Furthermore, the influence
of agroecological techniques on the sustainability of
food systems was also examined by A. Wezel et al. (2020).
The authors emphasised that the incorporation of these
methods can greatly mitigate the adverse effects of agri-
cultural output on the environment.

0. Dovgal & N. Potryvaieva (2024) discuss the pressing
issue of increasing the efficiency of the agricultural sector
of Ukraine through the introduction of circular economy
principles. The study addressed the case of Myronivsky
Hliboproduct, which demonstrates the benefits and chal-
lenges of this approach. Considerable focus was given to
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the examination of waste in biogas operations, which not
only mitigates CO2 emissions but also enhances the effi-
ciency of resource utilisation within the organisation. Fur-
thermore, the report detailed the challenges encountered
by the company following the comprehensive Russian
incursion in 2022 and the actions implemented to ensure
long-term growth. V. Shebanin et al. (2023) studied the im-
plementation of sustainable development at the regional
level, which is critical in modern conditions. The authors
emphasised the need to coordinate natural resources, in-
vestments, and scientific and technological orientation to
meet the future needs of humanity. The study explored the
notion of circular economy as a crucial factor for the sus-
tainable growth of businesses and regions since it guar-
antees the more effective utilisation of resources and en-
hances environmental safety.

Despite significant progress in the study of circular
economy and agroecological practices, several topics re-
quire further research. The issue of integrating new tech-
nologies into circular processes in the agricultural sector in
the context of their economic feasibility and practical im-
plementation, has not been sufficiently considered. Many
studies focus on theoretical aspects and general princi-
ples, while specific examples of technology implementa-
tion and their effectiveness remain insufficiently covered.

The objective of the study was to evaluate the feasi-
bility of adopting a circular economy in the agricultural
industry using an agroecological methodology. The study
aimed to examine contemporary technologies that enable
the adoption of the circular economy in the agricultural
industry and their influence on economic productivity.
Also, to evaluate the social challenges of farmers’ adjust-
ment to agroecological practices and their consequences
on local communities. In addition, to evaluate the efficacy
of current government policies and programs in promot-
ing the circular economy, and to provide suggestions for
enhancing their effectiveness.

»Materials and methods

Data from the Area, gross harvest and crop yields (n.d.),
Livestock production, number of livestock and feed sup-
ply (n.d.) were used to analyse the current state of the
Ukrainian agricultural sector and assess the impact of the
war on crop and livestock production. The data covers the
period from 2014 to 2023, which was used for regression
and trend analysis to identify long-term trends and chang-
es in production. A regression analysis was conducted to
evaluate the correlation between hostilities and the yield
of key crops such as wheat, corn, barley, sunflower, and
soybeans, as well as livestock products including meat,
milk, eggs, and wool. The study employed a comparative
analysis to evaluate the structural changes in the agricul-
tural sector. This research revealed alterations in the com-
position of the harvest and their consequences on several
categories of agricultural goods.

The assessment of the environmental and economic
consequences of the war in Ukraine was based on reports
by international organisations, including the World Bank,
which analysed damage and direct losses in the agricul-
tural sector (Neyter et al., 2024). To assess the environ-
mental impacts, a trend analysis of data from the State
Ecological Inspectorate of Ukraine on the level of soil and
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water pollution because of military operations, including
pollution with heavy metals, pesticide residues and other
pollutants, was conducted in the study (The weekly in-
fographic..., 2023). The effectiveness of circular practices
was assessed based on the criteria of economic profitabil-
ity, including reduced costs and increased revenues, and
environmental impact, including reduced CO,, CH, and
N,O emissions.

Specific technologies that were already successfully
applied in different European countries were analysed
in detail. Closed water systems in the Netherlands, pre-
cision agriculture in Sweden, waste-to-energy in Den-
mark and France, and reforestation projects in Germany
and Switzerland were studied. A comparative analysis
was employed to tailor these techniques to the specific
circumstances of the Ukrainian agricultural industry, en-
hancing the environmental condition, boosting produc-
tion, and promoting sustainable growth. Specifically, the
implementation of closed water systems, precision agri-
culture, cutting-edge waste management technology, and
reforestation initiatives can greatly enhance the environ-
mental conditions in Ukraine.

This study examined the adoption of circular prac-
tices in the Ukrainian agricultural firm Kernel using data
obtained from the company’s corporate filings. A com-
parative analysis was conducted of the methods of recy-
cling production waste, using biomass for energy produc-
tion and precision agriculture. The effectiveness of these
methods was assessed based on economic feasibility,
including an analysis of the company’s profitability and
competitiveness, as well as environmental criteria, such
as reducing the company’s environmental footprint by
reducing CO,, CH, and N,O emissions (Kernel annual
report, 2023). Therefore, the study integrated regression,
trend, and comparative analysis to evaluate the influence
of the war on the agricultural industry. It also included an
examination of the economic and environmental viability
of adopting circular practices derived from both interna-
tional and national experiences.

» Results

The circular economy is a novel economic development
paradigm that prioritises the optimisation of resource uti-
lisation and reduced waste generation. This notion holds
considerable significance in the agricultural sector, giv-
en that agriculture is among the most resource-intensive
businesses and has a substantial environmental footprint.
The fundamental concept of the circular economy is to
establish self-contained cycles in which trash generated
by one operation is transformed into a valuable resource
for another. This reduces the consumption of primary re-
sources and reduces pollution. In the agricultural sector,
circular processes can include recycling organic waste
into compost or biogas, using perennial crops, integrating
intercropping, and applying biological plant protection
methods (Haque et al., 2023). Resource conservation is a
fundamental concept at the core of the circular economy
in the agricultural industry. This entails not only the eq-
uitable utilisation of land, water, and energy but also the
preservation of biodiversity and the enhancement of soil
fertility. The substitution of chemical fertilisers with or-
ganic fertilisers, together with the implementation of crop




rotation and intercropping, can enhance soil structure
and mitigate erosion.

The agroecological approach, which is an integral
part of the circular economy, involves the integration of
biological processes into agricultural production. This
includes the use of natural mechanisms to control pests,
and the use of cover crops to preserve soil moisture and
improve soil fertility. Agroecological methods reduce the
use of synthetic chemicals and pesticides, which in turn
helps to reduce environmental pollution and improve
product quality. The economic benefits of implementing
a circular economy in the agricultural sector are also sig-
nificant (Reynaud et al, 2019). The use of resource-effi-
cient technologies can reduce production costs, increase
productivity, and create new jobs in waste processing and
management. For instance, the production of biogas from
organic waste can be an additional source of income for
farmers, as well as reduce dependence on fossil fuels.

The adoption of digitalisation plays a significant role
in the execution of the circular economy within the agri-
cultural industry. Modern digital technologies can be em-
ployed to monitor soil conditions, manage water resourc-
es and optimise processes that can significantly increase
the efficiency of agricultural production. Innovations such
as sensors, drones, and precision farming systems help to
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reduce resource waste and increase productivity (Boz &
Martin-Ryals, 2023).

The agricultural sector in Ukraine accounts for rough-
ly 10% of the country’s gross domestic product and em-
ploys a significant portion of the population, particularly
in rural regions. Characterised by highly fertile soils, espe-
cially black soil which accounts for 30% of the global sup-
ply, Ukraine possesses significant potential for cultivating
key commodities such as wheat, sunflower, maize, barley
and soybeans. Another important aspect is the export of
grains and oilseeds, which significantly contributes to
the country’s trade balance. This phenomenon gives rise
to the substantial productivity of prominent agricultural
commodities including wheat, corn, barley, sunflower,
and soybeans. Furthermore, Ukraine holds a prominent
position as a global exporter of grains and oilseeds, ex-
erting a substantial influence on its trade balance. Pro-
duction growth in the agricultural industry from 2012 to
2020 was driven by the implementation of advanced tech-
nologies and innovations, which enhanced production
efficiency and the competitiveness of products in global
markets. However, the war negatively impacted the sector,
through the destruction of infrastructure, landmines and
environmental pollution, which reduced yields and ex-
port potential (Fig. 1).

Cereals and pulses
Sugar beet
Sunflower
Potatoes

m Vegetable crops

® Fruit and berry crops

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Figure 1. Gross agricultural production in Ukraine from 2012 to 2023, measured in thousand tonnes
Source: compiled by the authors based on the data from Area, gross harvest and crop yields (n.d.)

The war in Ukraine has inflicted extensive harm on the
agricultural industry, resulting in a substantial decrease
in the yield of key commodity crops. Despite a partial re-
bound in 2023, the production quantities still fall short of

the levels seen before the war. This highlights the necessity
for sustained assistance and reconstruction of agriculture
in response to persistent difficulties. Presented in Table 1
are the production volumes of livestock products.

Table 1. Estimated output of primary livestock products in Ukraine from 2012 to 2023

Year Meat (in slaughter weight), thousand tonnes Milk, thousand tonnes Eggs, million Wool, t
2012 2,209.6 11,377.6 19,110.5 3,724
2013 2,389.4 11,488.2 19,614.8 3,520
2014 2,359.6 11,132.8 19,587.3 2,602
2015 2,322.6 10,615.4 16,782.9 2,270
2016 2,323.6 10,381.5 15,100.4 2,072
2017 2,318.2 10,280.5 15,505.8 1,967
2018 2,354.9 10,064 16,132 1,908
2019 2,492.4 9,663.2 16,677.5 1,734
2020 2,477.5 9,263.6 16,167.2 1,573
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Table 1, Continued

Year Meat (in slaughter weight), thousand tonnes Milk, thousand tonnes Eggs, million Wool, t
2021 2,438.3 8,713.9 14,071.3 1,497
2022 2,206.7 7,767.7 11,921.8 1,237
2023 2,239.5 7,430.4 11,379.4 1,187

Source: compiled by the authors based on the data from Livestock production, number of livestock and feed supply

(n.d.)

Table 1 presents the production metrics of the prima-
ry animal products in Ukraine, illustrating notable fluctu-
ations in output levels between 2012 and 2023. There has
been a downward trend in milk, eggs and wool produc-
tion, especially since 2015. Meat production remains more
stable, although it has also experienced some fluctuations.
The significant decline in production in 2022 and 2023 is
due to the negative impact of the war, which highlights
the need to take measures to support and restore livestock
production in the country.

The war in Ukraine has caused severe damage to in-
frastructure, and soil and water pollution, which has had
a significant negative impact on the agricultural sector.
An analysis of damage and direct losses conducted by
the World Bank and its partners shows that different sec-
tors of the economy suffered the greatest losses: housing
(17% of total damage), transport (15%), energy (10%), in-
dustry and trade (14%), and agriculture (12%) (Neyter et
al., 2024). However, losses in agriculture are underesti-
mated and hidden.

Data from the State Ecological Inspectorate of
Ukraine indicate that aggressive Russian actions caused
significant environmental and agronomic problems
(The weekly infographic..., 2023). 594.5 thousand m? of
soil were contaminated with harmful substances, which
impairs their fertility and makes them unsuitable for ag-
ricultural use. A large part of the land (17.8 million m?)
was covered with the remains of destroyed objects and
ammunition, making it difficult to cultivate and use these
areas for agricultural purposes (Neyter et al., 2024). The
shelling resulted in the burning of 721.8 thousand tonnes
of oil products, which significantly polluted the air and
soil. This pollution affects water and soil quality, making
it difficult to grow crops. In addition, more than 38 thou-
sand tonnes of emissions from the combustion of Russian
equipment were released into the atmosphere, which also
harms the environmental situation. More than 352 thou-
sand tonnes of waste were generated, polluting both air
and land. Fires caused by missiles and shells destroyed
66.8 thousand hectares of forests, which not only wors-
ened the environmental situation but also contributed
to soil erosion and loss of natural resources. At the same
time, the mining of territories has become another se-
rious problem. The clearance of these territories, which
cover an area of approximately 200 thousand km?, re-
quires significant resources and time, which delays the
restoration of agricultural land.

In summary, the war in Ukraine has severely damaged
the agricultural sector through direct destruction of infra-
structure, soil and water contamination, as well as long-
term problems related to landmines and environmental
pollution. Urgent measures are needed to restore the ag-
ricultural sector, including the clean-up of contaminated
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areas, restoration of infrastructure and maintenance of
environmental safety. The post-war reconstruction of the
Ukrainian agricultural sector requires the integration of
innovative practices that will effectively restore agricul-
ture, reduce the negative impact of the war, and ensure
sustainable development. The implementation of a circu-
lar economy by European countries might be a significant
benchmark and a valuable source of practice for Ukraine.

European countries such as the Netherlands and
Sweden demonstrate efficient ways of using resources in
the agricultural sector. The Netherlands is a global lead-
er in the implementation of closed-water cycles in agri-
culture. Water recycling systems are used in greenhouses
where different crops are grown. These systems collect,
purify and reuse water, which significantly reduces its
consumption and costs. For example, in Dutch green-
houses, up to 90% of water can be reused, reducing water
consumption by 50-70% compared to traditional methods
(Gonzalez-Martinez et al., 2021). For Ukraine, where the
war has severely damaged infrastructure and resources,
the introduction of such technologies can significantly
reduce water consumption and improve water quality. In
reconstructed areas where irrigation systems have been
destroyed, the use of closed water cycles will allow for ef-
ficient use of available resources, reduce water pollution,
and increase crop productivity.

Swedish agriculture actively employs precision farm-
ing technologies to maximise the utilisation of fertilisers
and herbicides. Precision agriculture includes the utili-
sation of sensors, satellite imaging, and drones to closely
observe and assess the state of soil and plants. This allows
farmers to accurately determine the fertiliser and pesti-
cide requirements of each area of the field, which reduces
their consumption and improves soil fertility. For instance,
in Sweden, precision farming has reduced fertiliser costs
by 20-30% and increased yields by 10-15% (Dietmann &
Stdlhammar, 2020). For Ukraine, where the use of chem-
ical fertilisers and pesticides may be limited due to infra-
structure damage and pollution, these technologies could
be a solution to improve soil fertility and increase yields.
Precision farming will additionally mitigate the adverse
effects on the environment and afford a more sustainable
methodology for agricultural output.

The recycling and waste management practices used
in Denmark and France can be adapted to restore areas
affected by war. Denmark is a leader in the use of organ-
ic waste for biogas production. Cooperative biogas plants
have been set up in many rural areas to process organ-
ic waste from farms, the food industry and households.
France is actively implementing urban biogas plants
that process organic waste from large cities such as Paris.
These plants produce biogas that is used to power public
transport or heat homes. In Ukraine, where agricultural




waste disposal and soil contamination are serious prob-
lems, using waste to produce biogas or compost can help
improve soil fertility and reduce dependence on external
resources. Organic waste processing technologies can cre-
ate valuable fertilisers and reduce the negative impact of
waste accumulation. European countries are actively im-
plementing agroecology practices to improve the ecologi-
cal balance. Agroforestry is a method of integrating woody
plants into agricultural systems. In France, this approach
is widely used to combat soil erosion and improve soil
structure. In agroforestry systems, trees are planted along
fields to help stabilise soils, reduce erosion and increase
fertility. Woody plants also provide a natural defence
against wind erosion and help retain soil moisture (Hotel-
ier-Rous et al.,, 2020). For Ukraine, where large areas have
been affected by the war and where soil erosion is a press-
ing issue, the introduction of agroforestry could be an im-
portant step in recovery. Planting trees and shrubs at field
boundaries and in the aisles will reduce erosion, improve
soil structure and increase soil fertility. It will contribute
to the restoration of biodiversity and the creation of new
ecological niches for local flora and fauna.

In Germany and Switzerland, projects are being im-
plemented to restore forests that have been destroyed or
degraded. These projects include re-planting trees, restor-
ing natural forest ecosystems and maintaining vegetation
diversity. One of the key projects in Germany is the Wald-
klimafonds (Forest Climate Fund), which was established
by the government to restore and adapt forests to climate
change. As part of this initiative, extensive replanting of
trees, specifically chosen native species that are more
well-suited to the new climatic circumstances, has been
conducted. The reforestation of thousands of hectares of
forest nationwide has effectively mitigated CO, emissions
and generated employment opportunities within the for-
estry industry. In Switzerland, one of the most significant
projects was the Lothar Project, launched after the 1999
Lothar storm, which destroyed large areas of forest. The
project restored more than 25 thousand hectares of forest,
making them more resilient to future storms and extreme
weather conditions. The economic benefits of this project
have been significant: the conservation and restoration of
forest resources have become an important factor for the
Swiss woodworking industry and support for local tour-
ism. Furthermore, green infrastructure, including green
corridors and ecological networks, significantly contrib-
utes to the enhancement of air quality and the mitigation
of pollution. For Ukraine, where the war has caused sig-
nificant damage to natural ecosystems, restoring forests
and green infrastructure will be critical to improving the
environmental situation. In the UK and the Netherlands,
green surfaces are being created to absorb pollutants and
provide natural air purification. Green infrastructure,
such as urban parks, green roofs and walls, helps to reduce
the concentration of pollutants in the air and improve the
overall environmental situation. For Ukraine, the imple-
mentation of such initiatives can help restore damaged
areas and improve air quality.

Local initiatives in Italy and other European countries
demonstrate the importance of developing local econ-
omies through the implementation of circular practices.
In Italy in the Tuscany region, agricultural waste recycling
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projects are being implemented that provide numerous
economic benefits. One of these projects is the estab-
lishment of composting stations where organic waste is
converted into high-quality compost for soil fertilisation.
This not only reduces the amount of waste that needs
to be disposed of but also reduces the need for chemi-
cal fertilisers. As a result, fertiliser costs are reduced, soil
fertility is improved, and the risk of environmental pol-
lution is reduced. The cost of agricultural production is
also reduced due to greater efficiency in the use of nat-
ural resources. Another example of a successful initiative
in Italy involves the use of olive oil residues. These resi-
dues are processed into biomass, which serves as an al-
ternative fuel for heating greenhouses. This reduces the
consumption of traditional energy resources such as gas
or electricity, which in turn reduces energy costs. In ad-
dition to decreasing greenhouse gas emissions, the use of
biomass also enhances the resilience of greenhouses to
climate change (Cristiano, 2021). Such practices have also
been noted in Germany, where agricultural cooperatives
share machinery and waste management, reducing costs
and environmental impact. In Ukraine, where the war has
severely damaged infrastructure and the economy, these
innovative approaches could be an important factor in the
recovery of the agricultural sector. Supporting local pro-
ducers and agribusinesses that use the latest tillage and
waste management techniques can help reduce costs and
increase efficiency. For example, the creation of local clus-
ters and cooperatives will help farmers pool resources to
share machinery and equipment, which will reduce costs
and provide access to new technologies. The experience
of European countries in rehabilitating infrastructure can
serve as a useful guide for Ukraine. Therefore, it is crucial
to allocate resources towards the restoration of agricultur-
al infrastructure, encompassing trash collection and re-
cycling systems, irrigation systems, and energy solutions
that adhere to the concepts of a circular economy. This
will not only help restore production capacity but also en-
sure its sustainability and efficiency in the long term.
Kernel is a prominent agricultural enterprise in
Ukraine that aggressively adopts circular economy prin-
ciples to enhance production efficiency and minimise
environmental footprint. The company uses an integrat-
ed approach to resource management, focusing on waste
recycling, biomass utilisation and precision farming. A
fundamental activity of the organisation is the recycling
of production waste. Kernel transforms waste from sun-
flower processing, such as husks and oilcakes, into useful
products for livestock. Instead of disposing of this waste
as garbage, the company collects it, processes it and turns
itinto high-quality animal feed. This process involves dry-
ing, grinding and mixing the waste with other ingredients
to achieve optimum feed quality. Through this practice,
Kernel reduces the amount of waste going to landfills and
reduces the cost of purchasing feed. The company also
actively uses biomass as a renewable energy source. Pro-
duction waste, such as sunflower husks, is processed into
biomass, which is used to produce biofuels and heat. This
process involves pelletising and burning biomass in spe-
cialised boilers, which generates energy for the company’s
production needs. The utilisation of biomass diminishes
reliance on fossil fuels and contributes to the mitigation
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of greenhouse gas emissions, therefore yielding a fa-
vourable environmental outcome. In addition, it allows
the company to reduce energy costs, as part of its ener-
gy needs are covered by internal resources. Kernel is also
implementing precision farming technologies to improve
resource efficiency and reduce its environmental impact.
The use of Global Positioning System technologies, drones
and specialised software tools can be used to accurately
determine the needs of crops for fertilisers, water and

other resources. Data monitoring and analysis systems
help farmers make informed decisions about tillage and
fertilisation. This includes the use of sensors, satellite im-
agery and soil analysis. Thanks to precision agriculture,
the company reduces the cost of fertilisers and chemicals
while increasing yields and product quality. It also helps to
preserve soil and reduce the negative impact on the envi-
ronment. Table 2 shows the main indicators of the compa-
ny’s gas emissions.

Table 2. Kernel’s key emissions indicators from 2021 to 2023, thousand tonnes of CO,

Emission 2021 2022 2023
By type

CO, 291.7 521.5 416.9

CH, 22 22.8 23.4
N,O 712.2 719.9 615.2

By business segment

Oilseeds processing 19 9.1 6.6
Infrastructure and trade 58.4 81.3 62.2
Agriculture 941.1 1,172.7 986.2
Fuel consumption 135.5 103.2 124.8
Fertiliser application 697.3 708.6 602.4
Changes in soil carbon reserves 83.9 335.4 232.8
Bovine methane from enteric fermentation 24.4 25.5 26.2

Other 7.4 1.2 0.7
Biogenic (burning sunflower husks) 349.5 348.9 509.8

Total 1,025.9 1,264.2 1,055.6

Source: compiled by the authors based on Kernel Annual Report (2023)

CO, emissions increased significantly from 291.7
thousand tonnes in 2021 to 521.5 thousand tonnes in 2022
but decreased to 416.9 thousand tonnes in 2023. CH, and
N,O emissions also increased in 2022 but then decreased
in 2023. By business segment, oilseeds processing and
agriculture showed a decrease in emissions, while infra-
structure and trade fluctuated. Total emissions increased
from 1,025.9 thousand tonnes in 2021 to 1,264.2 thousand
tonnes in 2022 but decreased to 1,055.6 thousand tonnes
in 2023. These data show that Kernel is working to reduce
its environmental impact by implementing efficient tech-
nologies and practices, although some aspects require
further optimisation, including an increase in biogenic
emissions in 2023.

Kernel’s circular economy practices significantly re-
duced the amount of waste and the cost of its disposal.
Recycling waste into feed and biomass improves the use
of available resources, reducing energy and raw material
costs. The use of precision farming increases productiv-
ity and reduces the need for chemicals. Minimising the
volume of waste deposited in landfills and decreasing the
reliance on fossil fuels has a beneficial effect on the en-
vironmental conditions in the surrounding area. Utilising
biomass as an energy source and implementing precision
agriculture techniques contribute to the mitigation of
greenhouse gas emissions and the enhancement of soil
health. Kernel’s experience in implementing circular prac-
tices shows that agricultural companies can significantly
increase their efficiency and sustainability by applying
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innovative approaches to resource management. The use
of waste, biomass and precision farming can reduce costs,
conserve natural resources and improve the environment.
Such techniques can be used as a blueprint for other agri-
cultural businesses aiming to attain sustainable develop-
ment and protect the environment.

Developing a circular economy in the agriculture sec-
tor is becoming a crucial undertaking in Ukraine, consid-
ering the context of sustainable development and post-
war rebound. With this objective in mind, the government
is enacting several laws and programs designed to bolster
environmental efforts and promote the effective utilisa-
tion of resources in agriculture. One crucial endeavour is
the National Trash Management Strategy, which seeks to
minimise trash and enhance recycling. The objective of
the policy is to establish infrastructure for the gathering
and treatment of agricultural waste while encouraging the
use of organic fertilisers and composting.

Another important role is played by the State Pro-
gramme for Support of Organic Production, which is
aimed at developing organic farming. The programme
provides financial support to farmers who adopt organic
production methods, including the use of natural fertil-
isers and biological pest control methods. This reduces
the use of chemicals and improves soil quality. The state
bioenergy development programme advocates for the
utilisation of biomass in energy generation. This includes
the promotion of biogas generation from agricultur-
al waste and the optimisation of biomass utilisation for




heat generation. The implementation of such measures
serves to diminish reliance on fossil fuels and mitigate the
release of greenhouse gas emissions. An important com-
ponent of the circular economy support is the Small and
Medium-Sized Farmer Support Programme, which aims
to stimulate cooperation between farmers and develop
local markets. The initiative offers financial assistance
for the implementation of ecologically sustainable tech-
nologies and methods in agriculture, including precision
farming, agroforestry, and water resources management.
Also worth mentioning is the National Climate Change
Action Plan, which includes measures to adapt agricul-
ture to climate change. This involves the development of
sustainable agricultural systems, including the use of re-
sistant plant varieties, optimisation of water use and the
introduction of agroforestry.

In general, Ukrainian government policies and pro-
grammes aim to create conditions for sustainable de-
velopment of the agricultural sector by implementing
circular practices, reducing environmental impact and
increasing resource efficiency. These measures are impor-
tant steps towards restoring ecosystems and improving
the economic situation of the agricultural sector in the
post-war recovery. For the post-war reconstruction and
recovery of the Ukrainian agricultural sector, a compre-
hensive strategy that addresses environmental, economic
and social aspects needs to be developed. First, priority re-
gions and sectors should be identified for recovery based
on the degree of damage and potential for development.
For example, the recovery of key agricultural regions such
as Kherson, Zaporizhzhia and Kharkiv, which have suf-
fered significant damage, will be a priority for recovery.
The introduction of circular practices, such as the use of
agricultural waste for biofuel and biogas production, will
contribute to energy independence and reduce green-
house gas emissions (Kapoor et al., 2020). For instance,
as the experience of different countries shows, processing
sunflower residues into biofuels can significantly reduce
the need for traditional fuels.

Composting organic waste and using it as fertiliser
will improve soil fertility, which is particularly important
for restoring degraded land. For instance, farmers can use
crop residues to create compost, which will improve soil
structure and increase yields. Encouraging innovation
and modern technologies, including precision farming to
optimise the use of fertiliser and water, will reduce costs
and increase yields. Deploying drones for field monitor-
ing and precise application of fertilisers would mitigate
the excessive use of pesticides and minimise the adverse
environmental effects. The implementation of irrigation
infrastructure and efficient water management practices
will alleviate water scarcity in dry regions. For instance,
the introduction of drip irrigation in the southern regions
of Ukraine will significantly reduce water consumption
and increase the efficiency of its use, as is the case in the
Netherlands. Supporting small and medium-sized farms
through financial incentives such as subsidies, soft loans
and grants will help restore production. The development
of cooperatives and local markets will provide access to
inputs and sales. For example, the creation of cooperatives
for the joint purchase of equipment and inputs will help
reduce costs for individual farmers.
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Support for the transition to organic production
methods, including training and advisership to farmers,
will facilitate the certification of organic products and
their subsequent export to international markets. For ex-
ample, organising trainings for farmers on organic farm-
ing will increase their knowledge and adoption of environ-
mentally friendly practices. Reconstruction of transport
and logistics infrastructure will ensure efficient transpor-
tation of agricultural products. Restoration and moderni-
sation of agricultural enterprises and production facilities
will ensure production restoration. For instance, repairing
and upgrading railway lines will provide faster delivery of
products to various markets. Ecological restoration and
protection, including measures to restore degraded land,
reforestation and planting, and cleaning up contaminated
soil and water resources, will improve the environment.
Like restoration in Germany and Switzerland, planting
forest strips around fields will help reduce soil erosion and
improve the local climate. International cooperation and
support, including financial assistance, technical support
and exchange of experience, will facilitate the implemen-
tation of best practices and technologies. For instance,
cooperation with European partners to exchange knowl-
edge and experience in the field of agroecology will help
to implement best practices in Ukraine. Environmental
insurance is a critical element in the implementation of a
circular economy in the agricultural sector, as it provides
financial protection against risks associated with environ-
mental damage and pollution (Shebanina et al., 2023).
In the context of recovery from war or natural disasters,
environmental insurance helps to reduce financial risks
for farmers and agribusinesses, which helps to stimulate
investment in sustainable development and new environ-
mental practices. This allows agricultural enterprises to
implement innovative circular solutions with the confi-
dence that in the event of environmental problems, they
will receive the necessary support to quickly recover and
continue their operations.

Training and education through the organisation of
training programmes and the establishment of further
education centres will ensure a skilled workforce. For in-
stance, the creation of training centres for agronomists
and technicians will improve the knowledge and skills of
local workers. The development of medical, educational
and social infrastructure in rural areas will ensure decent
living and working conditions. The implementation of
these suggestions will bolster the revival and advance-
ment of the Ukrainian agricultural industry, guaranteeing
its long-term viability, effectiveness, and ecological integ-
rity during the post-war period of recovery.

» Discussion

In the context of post-war recovery, the study’s findings
validate the considerable potential for establishing a
circular economy in Ukraine’s agriculture sector. The
concept of economic development, characterised by
the optimisation of resource utilisation and reduction
of waste, holds significant relevance for the agricultural
industry, which is highly resource-intensive and envi-
ronmentally detrimental. Implementing closed cycles,
in which waste generated by one operation is repur-
posed as a resource for another, effectively decreases
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the use of primary resources and mitigation of pollution.
M.R. Mosquera-Losada et al. (2019) examined the influ-
ence of perennial crops on soil fertility within the context
of a circular economy. The investigation was carried out
on controlled trial fields utilising perennial crops like lu-
cerne, clover and perennial grasses. The study conducted
by J.E Velasco-Mufoz et al. (2022) demonstrated that the
implementation of these crops had a substantial impact
on the mitigation of soil erosion and the enhancement
of its organic composition. Following three years of uti-
lising perennial crops, it was seen that the soil’s organic
matter content had a 15% rise, while erosion exhibited
a 25% reduction. The findings of the research indicate
the potential of crop rotation and an agroecological ap-
proach to improve soil fertility in Ukraine, which is im-
portant for the restoration of affected land.

O. Dovgal & N. Potryvaieva (2024) discuss the pressing
issue of increasing the efficiency of the agricultural sector
of Ukraine through the introduction of circular economy
principles. The study addressed the case of Myronivsky
Hliboproduct, which demonstrates the benefits and chal-
lenges of this approach. Considerable focus was given to
the examination of waste in biogas operations, which not
only mitigates CO, emissions but also enhances the effi-
ciency of resource utilisation within the organisation. Fur-
thermore, the report detailed the challenges encountered
by the company following the comprehensive Russian
incursion in 2022 and the actions implemented to ensure
long-term growth. V. Shebanin et al. (2023) studied the im-
plementation of sustainable development at the regional
level, which is critical in modern conditions. The authors
emphasised the need to coordinate natural resources, in-
vestments, and scientific and technological orientation to
meet the future needs of humanity. The study explored the
notion of circular economy as a crucial factor for the sus-
tainable growth of businesses and regions since it guar-
antees the more effective utilisation of resources and en-
hances environmental safety.

EC.Silva et al. (2019) focused on the impact of circular
practices on the economic efficiency of farms. They con-
ducted a detailed comparison of the costs and revenues of
farmers who implement circular practices with those who
follow traditional methods. Their study used data from
different regions where farmers were implementing prac-
tices such as organic waste reuse, biomass processing and
energy-efficient technologies. For Ukraine, these results
demonstrate the potential for significant cost savings and
increased income for farmers through the implementa-
tion of circular practices. This may be particularly relevant
in the context of post-war recovery, where cost-effective-
ness is critical to stabilising the agricultural sector.

The findings underscore the significance of resource
conservation as a fundamental tenet of the circular econ-
omy. Substituting chemical fertilisers with organic fer-
tilisers, implementing crop rotation, and incorporating
perennial crops can enhance soil structure and mitigate
erosion. These approaches have the potential to greatly
enhance soil fertility and make a substantial contribution
to the sustainable development of the agricultural indus-
try (Biyashev et al., 2024). I.P. Sharma et al. (2020) analysed
the impact of intercropping on biodiversity conservation.
They used a mixture of different crops in fields to increase
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the resilience of agroecosystems. Their results showed that
the use of intercropping increases biodiversity and im-
proves the resilience of agroecosystems to climate change.
Intercropping contributes to the creation of more resilient
agroecosystems. The results show that intercropping im-
proves biodiversity and resilience to climate change. For
Ukraine, the integration of intercropping can contribute
to the creation of more resilient agroecosystems, which
will help in climate change adaptation and biodiversity
conservation in the affected regions.

The agroecological approach, which is an integral
part of the circular economy, involves the integration
of biological processes into agricultural production
(Nunes & Sytnychenko, 2024). Harnessing natural mech-
anisms for pest control and implementing cover crops
to retain moisture and enhance soil fertility can mini-
mise reliance on synthetic chemicals and pesticides.
Consequently, this contributes to the mitigation of en-
vironmental degradation and the enhancement of prod-
uct quality. M. Tariq et al. (2020) studied the impact of
biological plant protection methods on crop yields. To
manage pests and diseases, they employed biological
products derived from microbes and beneficial insects.
The research conducted has demonstrated that the im-
plementation of biological techniques can effectively
decrease the reliance on pesticides without substantial-
ly diminishing crop production. Biological methods can
be an effective alternative to chemicals. The study also
shows the effectiveness of biological methods of plant
protection, providing concrete data on the preservation
of yields. Ukrainian adoption of biological approaches
can mitigate the adverse effects of chemical pesticides
on the environment and human health, playing a crucial
role in the restoration of ecosystems and enhancement
of agricultural product quality.

The results also show that the economic benefits
of implementing a circular economy in the agricultural
sector are significant. The use of resource-efficient tech-
nologies can reduce production costs, increase produc-
tivity and create new jobs in waste processing and man-
agement. For example, the production of biogas from
organic waste can be an additional source of income for
farmers and reduce dependence on fossil fuels. M. Ella-
curiaga et al. (2021) focused on the cost-effectiveness of
organic waste conversion to biogas. They investigated the
profitability of biogas plants on medium and large farms.
M.R. Atelge et al. (2020) showed in their results that invest-
ments in biogas plants can pay off within 5-7 years and
provide additional income to farmers through the sale of
electricity and heat. The authors also noted that the use
of biogas reduces greenhouse gas emissions by 40%. The
authors’ findings confirm that biogas plants can be a prof-
itable investment solution for agricultural enterprises in
Ukraine. It not only reduces energy costs but also reduces
greenhouse gas emissions. Biogas plants can be an effec-
tive tool for the economic recovery of the agricultural sec-
tor and reduce the ecological footprint.

Digitisation is a crucial component of the circular
economy within the agricultural industry. The use of mod-
ern digital technologies to monitor soil conditions, man-
age water resources and optimise processes can signif-
icantly increase the efficiency of agricultural production




(Skarbevik et al., 2014). Sensors, drones, and precision
farming systems reduce resource losses and increase
productivity. E. Bwambale et al. (2022) investigated the
impact of digital technologies on water use efficiency in
agriculture. They conducted experiments with precision
irrigation systems on different types of soils and crops.
The results showed that the introduction of such systems
can reduce water use and increase yields by optimising
water regimes and reducing water losses. The authors’
study found that the use of digital technologies, such as
precision irrigation, increases resource efficiency and
yields. For Ukraine, the introduction of modern digital
technologies in water management can significantly im-
prove the efficiency of agricultural production and ensure
optimal water use in the face of climate change.

Data analysis shows that the Ukrainian agricultural
sector has suffered significant losses due to the war. This
emphasises the need to introduce circular practices to
restore and support local economies. The results of the
study show that the introduction of practices such as recy-
cling organic waste into compost or biogas, using peren-
nial crops, integrating intercrops and applying biological
plant protection methods can help restore productivity
and improve the environmental status of agricultural ar-
eas. Y. Fan & C. Fang (2020) focused on the role of govern-
ment programmes in supporting the circular economy in
the agricultural sector. They analysed the effectiveness
of various government initiatives and subsidies that pro-
mote the implementation of circular practices on farms.
A. Muscio & R. Sisto (2020), in turn, found that effective
government programmes significantly accelerate the
adoption of circular practices in agriculture. They em-
phasised that government subsidies and grants not only
provide financial support for farms but also stimulate in-
novation and new technologies in the agricultural sector.
The authors’ findings highlight the importance of state
support for the implementation of circular practices. For
Ukraine, subsidies and programmes can provide the nec-
essary financial support for farmers and stimulate innova-
tion in the agricultural sector.

The research findings validate that implementing a
circular economy in the agricultural industry can great-
ly enhance the recovery and sustainable development
of regions. This necessitates proactive backing from the
government, including the formulation and execution of
laws and programs targeted at bolstering environmental
schemes and optimising resource utilisation in agricul-
ture. Such measures are important steps towards restoring
ecosystems and improving the economic situation of the
agricultural sector in the post-war recovery.

»Conclusions

The results obtained in this study confirm that the im-
plementation of circular practices can contribute to both
environmental restoration and economic growth of the
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agricultural sector. The circular economy has been proven
to be an innovative model that allows for the creation of
closed production cycles and efficient waste manage-
ment. The use of resource-efficient technologies, such as
closed water cycles, precision agriculture and waste recy-
cling, helps to reduce production costs, increase produc-
tivity and create new jobs.

An agroecological strategy, which incorporates bio-
logical processes into agricultural production, minimises
the use of synthetic chemicals and pesticides, therefore
mitigating environmental damage and enhancing product
quality. The practical importance of this strategy lies in its
contribution to the sustainable growth of the agricultural
industry, which serves to decrease reliance on external re-
sources and enhance long-term economic efficiency.

The war in Ukraine has severely damaged the ag-
ricultural sector, leading to a significant decline in the
production of major crops. The experience of European
countries, such as the Netherlands, Sweden, Denmark
and France, highlights the importance of implementing
circular practices in the Ukrainian agricultural sector. An
important example is the experience of Kernel, which is
actively implementing circular practices. The introduc-
tion of waste recycling technologies, the use of biomass
as an energy source, and the application of precision ag-
riculture allowed the company to significantly reduce its
total emissions from 1,264 thousand tonnes in 2022 to
1,056 thousand tonnes in 2023.

The study’s practical utility lies in its ability to pin-
point particular circular technologies and approaches
that might be implemented in Ukraine to rejuvenate the
agriculture sector. This encompasses the implementa-
tion of closed production cycles, enhanced waste recy-
cling, the utilisation of biomass as an energy source, and
the optimisation of agricultural operations through the
application of contemporary technologies. The adoption
of these methods will not only aid in the rehabilitation of
the environment but also yield the economic advantages
essential for the continued growth of Ukraine’s agricul-
tural industry.

An inherent constraint of the study is the absence
of data regarding the influence of particular circular
practices on the revival of the agricultural industry in
Ukraine. This gap arises from the scarcity of long-term
observations and the occurrence of infrastructure dam-
age. Further investigation should concentrate on a com-
prehensive examination of the efficacy of various circular
technologies in particular recovery scenarios and their
influence on economic and environmental outcomes.
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» AHoTauiq. e gociigkeHHs MaI0 Ha MeTi JOCJIiUTH JOIIBHICTh BUKOPHUCTAHHS arpOeKOJIOTIYHUX KOHIIETIIii
JIJIs1 CTBOPEHHS IUPKYJISIPHOT EKOHOMIKH B CiTbCHbKOTOCIOAAPCHKIH Taty3i. Y JOKyMeHTi pO3IIsAacThCs IUPKYJIsIpHA
€KOHOMiKa K HOBa IapaJurMa eKOHOMiYHOI'0 PO3BUTKY, CIPsSMOBaHa Ha ONTUMIi3allil0 BUKOPUCTaHHS pecypciB i
3MEeHIIIeHHs BiIX0/iB, 0COOJIMBO B CiIbCHKOTOCIOAAPCHKil ramysi. OCHOBHUM HPUHIUIIOM IIUPKYISAPHOI eKOHOMIKU
€ 3bepeskeHHsT PecypciB, [0 BKIIIOYAE PalliOHAIbHE BUKOPUICTaHHS 3€MJIi, BOOYU Ta €Hepril, a TakoK 30epesKeHHs
OiopisHOMAaHITTA Ta MiABUINEHHSA POAIOYOCTi I'PYHTIB. Bysio mpoBeieHo aHaIi3 EKOHOMIYHIX IIepeBar BIPOBAKEHHST
MUPKYISIPHOI EKOHOMIKH B CiJTbCHKOMY IOCIIOJIAPCTBI, SIKi BKJIIOYAIOTh 3HUKEHHsI BUTPAT BUPOOHUIITBA, ITiIBUIIIEHHST
MIPOIYKTUBHOCTI Ta CTBOPEHHSI HOBUX POOOYMX MicIb. Tako)K pO3IMIAHYTO 3HAaYeHHs IudpoBi3allii, Aka J03BoJIsAE
3HAQYHO MiABUIIUTHA e(eKTUBHICTh CUIHCHKOTOCIONAPCHKOTO BHUPOOHUIITBA Yepe3 BUKOPUCTAHHS CY4aCHUX
U POBUX TEXHOJIOTIH JJ/Is1 MOHITOPUHTY CTaHy I'PYHTIB, yIIpaBJ/iHHS BOAZHMMU pecypcaMu Ta ONTUMi3alii mporecis.
VY wiii crarTi fociAyKeHOo BILJIMB BilffHY B YKpaiHi Ha CiJIbCbKOTOCIIOAAPCHKY rajly3b, 0COOJIMBO MiAKPECIUBIIN 3HAUHE
3HIPKeHHsI BUPOOHUIITBA OCHOBHHX CiTBCHKOTOCIIONAPCHKUX KYJIBTYpP i MPOAYKTIB TBapWHHHUITBA. KoMIjiekcHe
JOCTiIKReHHS pyHHYBaHHSA iHQPACTPYKTYpH, I'PYHTY Ta 3a0pyIHEHHS BOIY BUSBUJIO CEPHO3Hi €KOJIOTiUHI mpobJieMu,
CIIpUYMHEeHi aTakaMu. YCIITHI MUKJIIYHI KOHIeNii, peali3oBaHi TaAKUMHU €BpOIleCBKUMU KpaiHaMy, Ak Hinepsanay,
IIBeris, Janist Ta ®paHiiisg, MOKYTh OyTH 3aCTOCOBaHI 10 MiCISIBOEHHOIO BiIPOIKEHHs YKPAIHCHKOIO CiTbCHbKOTO
rocrogapcTa. ¥ IOC/iIKeHi TakoK PO3IVISIHYTO AOCBijA yKpalHCchKkol koMmaHil “KepHes”, sika yCIIIITHO BIPOBAKYE
IUPKYISAPHI MPaKTUKH, Taki AK mepepoOKa BigXomiB BUPOOHHIITBA, BUKOPUCTAHHsS OioMacu Ta BIPOBAIKEHHS
TOYHOTO 3eMJIeEpOOCTBa, IO O3BOJIAE 3HU3UTH €KOJIOTIYHWN BIJIMB Ta MiIBUIIATHA e(hEeKTHUBHICTH BUPOOHUIITBA.
Ha ocHOBi aHa/Ii3y 3aIIpOIIOHOBAHO peKOMEH[AIlil IS HiCAABOEHHOI BiOymOBH arpapHOro CEKTOpy YKpaiHu, sKi
BKJIIOYAIOTh ifeHTH(}IKAIlil0 NPiOPUTETHUX pPeTioHIB A/ BiTHOBJIEHHS, CTUMYJIIOBAaHHS iHHOBAIlill Ta Cy4acHHUX
TEXHOJIOTiH, MiATPUMKY Ma/IuX i cepeHiX (hepMepChbKUX rOCHOJapPCTB, PO3BUTOK ipUTALliTHUX CHCTEM, €KOJIOTiuHe
BiZITHOBJIEHHS Ta 3aXUCT, Mi’KHAPOJHY CIiBIIPAIlI0 Ta MiJTPUMKY, @ TAKOK HABYaHHA i MiATOTOBKY KaJpiB

» KniouoBi cfioBa: 3a0pyIHEeHHI HABKOJIUIIIHLOTO CEPEIOBUIIA; 30€peKeHHs PeCypPCiB; MiCJABOEHHA BiI0Oym0Ba;
BiZX0qu BiffHY; CTQ/IMI PO3BUTOK; 3MiHA KJIiMaTy; BUKUI NAPHUKOBUX ra3iB
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