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Abstract. The aim of the study was to analyse the economic models of smart farming
integration into urban ecosystems and their impact on the recovery of territorial
communities in Ukraine and the European Union. In the process, a detailed review
of modern smart farming technologies and models, such as hydroponics, aquaponics,
vertical farms, as well as Internet of Things systems for agricultural management,
rooftop farms and agro-industrial parks, was carried out. The main results included
a comparative analysis of the productivity of traditional and vertical farming. It
showed that vertical farms outperform traditional agriculture in terms of yield
(150.23 kg/m? versus 4), water consumption (20 l/kg versus 250),and land use efficiency
(0.0066 m?/kg versus 0.25). In turn, the forecast for the loT market in Europe showed
a steady increase from USD 196.85 billion in 2025 to USD 284.26 billion in 2029,
representing a compound annual growth rate of 9.62%. The results also indicated
that investments in agricultural projects in the EU exceeded EUR 150 billion between
2015 and 2024, with Poland, the Czech Republic and Romania receiving the most
funding, indicating a great potential for smart farming in these countries. Additionally,
it was determined that regions in Ukraine with a high gross regional product (GRP),
such as Kyiv (USD 9,268.5 million), Dnipro (USD 16,550.2 million) and Kharkiv (USD
10,494.4 million), have a greater potential for the introduction of smart farming
technologies due to their high economic potential and infrastructure development.
The practical significance of the study is to substantiate the effectiveness of the
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introduction of smart farming technologies to increase agricultural productivity, optimise resource use and
promote the economic development of urban agro-systems

Keywords: agricultural innovation; sustainable development; digitalisation of agriculture; hydroponics and

aquaponics; Internet of things

INTRODUCTION

The modern development of agriculture is increas-
ingly focused on innovative solutions that allow for
increased efficiency in the use of natural resources, a
reduction in negative environmental impact, and the
ensuring of food security in the face of growing urban-
isation. One promising avenue is the implementation
of smart farming, which involves the use of digital
technologies, automated management systems, hy-
droponic and aquaponic setups, vertical farming, and
other innovative solutions to boost the productivity
of the agricultural sector. Despite the active develop-
ment of this trend in developed countries, in Ukraine,
its integration into urban ecosystems remains at an
initial stage due to a number of economic, technolog-
ical, and institutional barriers. The main problem is
the insufficient development of economic models that
justify the feasibility of implementing such technolo-
gies in urban environments and their impact on the
socio-economic development of local communities
(Malik et al., 2023).

For example, a study by A. Berxolli et al. (2023)
discusses the necessity of innovative approaches to
enhance the efficiency of Ukraine’s agricultural sec-
tor amidst the war. The authors emphasise the impor-
tance of innovation and a comprehensive approach in
the agricultural sector, which is relevant when consid-
ering the integration of smart farming into urban eco-
systems. The integration of artificial intelligence (Al)
in land resource management allows for increased ef-
ficiency in agricultural production through automated
data analysis, yield forecasting, and the optimisation
of fertiliser and water use (Wrzecinska et al., 2023;
Shebanina et al., 2025).

For their part, S.K. Sharma et al. (2024) investigated
the economic aspects of implementing smart farming
technologies, including the internet of things (IoT), Al,
and data analysis, in urban agro-ecosystems. The au-
thors highlighted that precision agriculture, vertical
farms, and hydroponics contribute to resource opti-
misation, increased productivity, and the adaptation
of agriculture to urbanisation and climate change. Re-
searchers H. Shahab et al. (2025) considered the imple-
mentation of loT in smart farming as a tool for achiev-
ing sustainable development goals. They demonstrated
the effectiveness of an loT system for monitoring soil
parameters and using Al to optimise crop management,
which contributes to increased productivity and the
sustainability of agricultural production. Furthermore,
M. Dhanaraju et al. (2022) explored the impact of smart

farming on traditional agricultural practices through
the use of loT, wireless sensors, and cloud technologies.
The authors highlighted the challenges of integrating
new technologies into agriculture, particularly during
the period from sowing to harvesting, as well as in
packaging and transportation. Additionally, the findings
of the work by H. Chawla et al. (2025) underscored the
important role of loT technologies in enhancing water
efficiency and reducing carbon emissions in horticul-
ture. Researchers N.Khan et al. (2023) analysed the role
of social entrepreneurship and the factors influencing
the adoption of smart farming technologies among old-
er people. They determined that a positive attitude and
social impact promote the implementation of smart
farming, and also emphasised the importance of social
entrepreneurs in improving older people’s knowledge
of these technologies.

In turn, O.B. Akintuyi (2024) emphasised that ver-
tical farming is a promising solution for ensuring food
security in the context of urbanisation. The author high-
lighted the importance of the architectural integration
of vertical farms into the urban environment to opti-
mise space utilisation, energy efficiency, and sustaina-
ble development, as well as the role of technologies in
enhancing the efficiency and resilience of food systems.
The results of the work by A. Mishra (2023) indicated
the advantages of smart urban farming, including the
possibility of growing nutritious crops in urban condi-
tions using Al and IoT. The use of these technologies
helps to reduce resource costs, improve product quality,
and decrease environmental impact, which contributes
to the creation of a clean and green urban environment.
Additionally, G. Orbelyan (2024) developed a theoreti-
cal model, the “Comprehensive Model of Smart Tourism
and Infrastructure”, which focuses on the integration
of engineering, transport, and tourism to create a sus-
tainable urban ecosystem that promotes sustainable
economic growth and inclusivity through intelligent
technologies.

The aim of this research was to identify economic
models for the integration of smart farming into the ur-
ban ecosystems of Ukraine and the EU, as well as their
impact on the recovery of local communities, which
has not been detailed in previous works. The research
objectives included analysing existing smart farming
technologies, their effectiveness and economic poten-
tial in the context of urbanisation,and comparing smart
farming models in Ukraine and the EU to identify op-
portunities for their implementation.

Scientific Horizons, 2025, Vol. 28, No. 7

137



138

Economic models of smart farming integration into urban ecosystems

MATERIALS AND METHODS

To achieve the research objective, the economic mod-
els of smart farming integration into urban ecosystems
were analysed and their impact on the recovery of terri-
torial communities in Ukraine and the EU countries was
considered. Initially, the study considered such models
and technologies as hydroponics and aquaponics, ver-
tical farms, loT systems for agricultural management,
rooftop farms, and agro-industrial parks. This made it
possible to trace the main stages of their implemen-
tation and interaction with other elements of the ur-
ban environment. Reference productivity indicators
for traditional and vertical farming were also consid-
ered, which allowed to assess the competitiveness of
smart farming technologies compared to traditional
agricultural production methods (Moghimi & Asiaban-
pour, 2021). These indicators included the following pa-
rameters: benchmark production per year; the number
of hours one person spends producing 1 kg of product;
energy and water consumption, yield, and land ratio for
producing 1 kg per year.

An example is the Green Future company, which is
one of the largest vertical farms in Ukraine (One of the
largest vertical farms in Ukraine..., 2024). On the other
hand, to determine the prospects for the use of digital
technologies in the agricultural sector, an analysis of
the projected development of the loT market in Euro-
pean countries in US dollars for 2025-2029 was car-
ried out (Statista, n.d.). The data obtained on the main
models of smart farming were systematised in the form
of a comparative analysis covering their advantages
and limitations. For this purpose, the expert evaluation
method was used to identify the key success factors for
each model. Further, to assess the effectiveness of the
introduction of smart farming technologies, the eco-
nomic effect assessment formula (Kosinska, 2019) was
applied, which took into account changes in production
levels, investment costs, and resource savings (1):

E= (Ys—Yp)X (C+I+T)

x 100%, 1)
where E - efficiency of technology adoption, %; Y, -
production level after technology adoption; Y, - pro-
duction level before technology adoption; C - costs of
technology adoption; | — investments in staff training
and technical support; T - savings from reduced use of
resources (water, fertilisers, etc.).

Based on this formula, the efficiency of smart
farming implementation was calculated, which al-
lowed to estimate the potential increase in productiv-
ity and profitability of public initiatives. Additionally,
the schedule of regional production and international
trade of Ukraine in 2019 was considered, which al-
lowed to analyse the economic preconditions for the
development of smart farming in different regions of
the country (National Bank of Ukraine, n.d.). For this
purpose, the gross regional product (GRP), exports and
imports, as well as the level of economic activity of
the regions were estimated, which made it possible
to identify opportunities for the integration of smart
farming technologies. Moreover, the total amount of
funding for projects in EU countries for 2015-2024 was
studied, which made it possible to identify possible
mechanisms for financial support for such initiatives
(European Commission, 2025). The analysis considers
the specifics of the distribution of funds from the EU
Cohesion Fund, as well as the level of investment in
the development of smart farming technologies in dif-
ferent countries.

RESULTS

Analysis of economic models for integrating smart
farming into urban ecosystems. Smart farming is an
emerging trend in the agricultural sector that uses in-
novative technologies to increase the efficiency and
sustainability of agronomic activities. In the context of
urban ecosystems, smart farming is particularly impor-
tant as it can meet the needs of urban areas for the
production of environmentally friendly products, re-
ducing dependence on agricultural products supplied
from rural areas. In the context of urban ecosystems,
smart farming can be represented by several economic
models that are adapted to the specific conditions of
the urban environment and can meet the food security
needs of urban communities. For example, hydroponics
and aquaponics are soilless methods of growing plants
that use aqueous solutions for nutrition. Hydroponics
involves growing plants in special systems where the
roots of the plants are in water with dissolved nutri-
ents. Aquaponics combines hydroponics with fish farm-
ing, creating a closed ecosystem where fish waste is
used as fertiliser for plants and plants filter water for
fish. Consider integrating hydroponics and aquaponics
in urban ecosystems (Fig. 1).
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Figure 1. Integrating hydroponics and aquaponics in urban ecosystems

Source: created by the authors
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This diagram shows the relationships between the
different components of hydroponic and aquaponic
systems, emphasising their integration into a closed
ecosystem for efficient plant and fish production in
urban environments. Generally speaking, hydroponics
is a system of growing leafy vegetables such as let-
tuce and spinach in special pipes or containers where
the roots of the plants are immersed in a water solu-
tion with the necessary nutrients. Such systems typ-
ically use networked solution flow technologies or a
grid system. Aquaponics is implemented, for example,
in urban greenhouses, where fish, such as tilapia, are
grown in containers and their waste is used to fertil-
ise plants, such as tomatoes or cucumbers, grown in
the same conditions. The water in such systems circu-
lates between the fish and plants, creating an efficient
closed ecosystem that reduces water and fertiliser
consumption.

Shebanin et al.

Vertical farms, on the other hand, are another in-
novative model of smart farming that is being actively
integrated into urban ecosystems (Kunakh et al., 2021).
They involve the use of vertical structures on which
multi-tiered systems for growing plants are placed.
This allows for significant space savings, which is an
important factor in urban environments where land is
limited. Such farms use effective growing methods such
as aeroponics (a soilless method of growing plants in
which the roots of plants are suspended in the air and
regularly moistened with a water solution containing
nutrients), ensuring maximum productivity in a mini-
mum area. Vertical farms are capable of producing a
wide range of crops, from vegetables to fruits, and help
reduce the cost of transporting products by localising
production. For a better understanding, it is worth com-
paring productivity indicators for traditional and verti-
cal farming (Table 1).

Table 1. Reference productivity indicators for traditional and vertical farming

Option Traditional farming (field cultivation) Vertical farming
Reference production per year (kg) 907,184.7 907,184.74
Labour per kg (man-hours/kg) 0.014 0.066666667
Energy consumption per kg (kWh/kg) 0.575 5.75
Water consumption per kg (l/kg) 250 20
Yield (kg/m?/year) 4 150.23
Land ratio for production of 1 kg per year (m?/kg) 0.25 0.006656307

Note: man-hours - the number of hours that one person spends on the production of one kilogram of product

Source: F. Moghimi and B. Asiabanpour (2021)

In other words, vertical farms outperform conven-
tional agriculture in terms of yields, water consumption
and land use efficiency. However, they require more en-
ergy,which is also an important factor in their economic
and environmental assessment. For example, entrepre-
neur Viktor Shuleshko, founder of Green Future, creat-
ed one of the largest vertical farms in a bomb shelter
in the city of Dnipro (One of the largest vertical farms
in Ukraine..., 2024). After losing his previous farm to a
rocket attack, he built a new one, 7 times larger, which
enables to grow up to 3 kg of greenery per m2.

In turn, loT systems for agricultural management
are becoming an important element for optimising and
automating processes in smart farming. loT helps to
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integrate various devices and sensors that collect data
on environmental conditions (temperature, humidity,
light, soil pH and other parameters), as well as on the
condition of plants and animals. This data is used to
monitor, forecast and manage agricultural processes in
real time, which helps to increase production efficiency
and reduce the cost of resources such as water, energy
and fertilisers. An important factor in the development
of such technologies is the overall growth of the loT
market, which reflects the level of investment and in-
novation in various industries. In this context, it is use-
ful to consider the projected growth of the loT market
in Europe, as it directly affects the implementation of
such solutions in the agricultural sector (Fig. 2).

150 200 250 300

Figure 2. Forecasted size of the loT market in Europe for 2025-2029

Source: Statista (n.d.)
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The forecast shows a steady growth of the loT
market in Europe. It is expected to increase from USD
196.85 billion in 2025 to USD 284.26 billion in 2029,
representing a compound annual growth rate of ap-
proximately 9.62%. This indicates the active integra-
tion of loT into various industries, including the ag-
ricultural sector, where these technologies contribute
to increased production efficiency. In general, in urban
ecosystems, the use of loT in smart farming allows for
maximum adaptation of agricultural systems to the
limited conditions of urban space. loT can be used
to automate watering, temperature and light control
in vertical farms or hydroponic systems, making the
process of growing plants much more efficient. For
example, loT-based technologies can automatically
adjust water and energy consumption depending on
environmental conditions, reducing the environmental
footprint of agricultural production. The integration of
[oT into agricultural management also opens up new
opportunities for processing large amounts of data, al-
lowing for crop forecasting, optimising logistics and re-
ducing risks. With the help of 10T systems, farmers can
receive analytical reports that allow them to respond
quickly to changing conditions and make informed de-
cisions aimed at improving production results and the
sustainability of agricultural systems. One of the most
promising models is the use of rooftop farms, which

allow for the most efficient use of urban spaces. Such
farms can be located on the roofs of residential and
commercial buildings, as well as on industrial facilities.
Not only do they provide access to fresh local produce,
but they also help to improve the microclimate, reduce
the heat load on buildings, reduce noise and increase
air humidity. They can also be integrated with rainwa-
ter harvesting systems and solar panels, making them
more energy efficient.

In addition, there are urban models of innovative
agricultural clusters, such as agro-industrial parks.
These are special agricultural parks that combine
high-tech greenhouses, agricultural processing cen-
tres, crop research laboratories, educational parks and
sales markets. Such clusters help to create new jobs,
reduce logistics costs, develop small and medium-sized
enterprises, and intensify cooperation between the ag-
ricultural sector, research institutions and municipal
authorities. Thus, the considered smart farming models
have their advantages and limitations (Table 2). Each
of them adapts to the urban environment in different
ways, taking into account factors such as spatial con-
straints, resource consumption and cost-effectiveness.
The choice of the appropriate model depends on spe-
cific conditions, including resource availability, local
community needs, environmental requirements and
economic opportunities.

Table 2. Benefits and limitations of smart farming models in urban ecosystems

Model Benefits

Limitations

Reduced water consumption

High cost of system installation

Hydroponics and Fast cultivation

The need for energy resources

aquaponics

High space efficiency

Sustainable process with minimal environmental footprint

Difficulty in balancing the ecosystem

High yields on small areas

High initial cost

Vertical farms

Reduced transport costs

Conservation of resources (water, land)

High energy costs

Increased efficiency through monitoring and automation

Data security issues

loT systems for
agricultural management

Reduced resource costs

Precise management of agricultural processes in real time

High cost of implementation

Efficient use of urban space

Limitation of space for placement

Rooftop farms

Improving the microclimate

Access to fresh products

Dependence on building design features

Creation of new jobs

High initial investment

Development of high technologies

Need for government support

Agro-industrial parks

Reduction of logistics costs

Difficulty in coordination between different

Stimulation of the local economy

actors

Source: created by the authors

Thus, the optimal choice of model depends on
the specific conditions of the urban environment. Hy-
droponics and aquaponics models are best suited for
confined spaces where production speed and efficient
water use are important. Vertical farms are effective
in tall cities with limited land space, particularly for
growing vegetables and herbs. loT systems are useful
in the context of large farms or innovative agri-parks,

Scientific Horizons, 2025, Vol. 28, No. 7

where automation and monitoring are required. Roof-
top farms are most appropriate for use in highly ur-
banised cities, where it is important to maximise the
use of available space and ensure sustainable devel-
opment. In addition, agro-industrial parks are prom-
ising for regions with a high level of technological
development, where it is necessary to create jobs and
reduce logistics costs.




The impact of smart farming models on the res-
toration of territorial communities in Ukraine and
the EU. In the modern world, there is an active im-
plementation of smart farming technologies aimed at
addressing the problems of growing demand for food,
climate change, lack of natural resources and the need
to ensure the sustainability of agriculture. The use of
technologies such as vertical farms, hydroponics and
aquaponics allows crops to be grown in limited space
and with minimal water use. Moreover, smart farming
plays a key role in increasing the efficiency of the ag-
ricultural sector by automating processes, reducing
resource use and improving product quality. In par-
ticular, loT technologies allow for precise monitoring
of soil conditions, moisture, temperature and other
parameters, which contributes to more efficient man-
agement of agricultural processes. Another important
aspect is the use of Al for crop forecasting and produc-
tion management, which helps to reduce losses and
increase the profitability of agricultural enterprises
(Yerzhanova et al., 2021).

In other words, the introduction of smart farming
technologies in the agricultural sector is a key factor
in increasing production efficiency. To quantify the
impact of such technologies on agricultural produc-
tivity, an extended model can be used that takes into
account various aspects of innovation (Kosinska, 2019).
For example, before the introduction of smart farming
technologies, the level of production was 100 units. Af-
ter the introduction of the technology, production in-
creased to 120 units. Implementation costs amounted
to 50 units, investment in training - 10 units, and sav-
ings from reduced resource use - 5 units. The efficiency
is then calculated as follows (1):

_ (120-100)X (50+10+5)

Shebanin et al.

Thus, the effectiveness of the introduction of smart
farming technologies can be assessed by increasing
productivity per unit of inputs. In the example above,
each unit of inputs brought an additional 2.6 units of
output, which indicates the high efficiency of such tech-
nologies in the agricultural sector. This means that the
introduction of smart farming technologies has a sig-
nificant potential to increase agricultural productivity
and also has the potential to have a significant impact
on the recovery of local communities. By reducing in-
puts, improving product quality and creating new jobs,
these technologies contribute to economic growth and
infrastructure rehabilitation in regions affected by con-
flict or economic hardship. As a result, smart farming
is not only a factor in increasing productivity, but also
in stabilising local economies in various countries and
regions, such as Ukraine and the EU.

Ukraine has significant potential for the develop-
ment of smart farming, but the pace of adoption of new
technologies can vary significantly depending on the
region and level of economic development. In recent
years (2020-2025), there has been a trend towards
more active adoption of innovations such as vertical
farms, hydroponics, aquaponics and rooftop agriculture,
especially in economically developed regions. At the
same time, a number of regions face low levels of in-
vestment, limited resources and a lack of infrastructure,
which slows down the pace of smart farming adoption.
To better understand the spread of innovations in dif-
ferent regions of Ukraine and their impact on economic
development, it is worth considering data on region-
al economic activity, such as GRP, exports and imports
(Fig. 3). This helps to determine which regions have the
greatest potential for the development of smart farm-
ing technologies and where additional efforts should

E = x 100% = 260%. (2) be focused to improve the efficiency of innovation.
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Figure 3. Regional production and international trade in Ukraine in 2019

Source: National Bank of Ukraine (n.d.)

According to the data provided, the highest GRP val-
ues are observed in Kyiv (USD 9,268.5 million), Dnipro
(USD 16,550.2 million) and Kharkiv (USD 10,494.4 mil-
lion) regions. This indicates the high economic potential

of these regions, which have developed infrastructure
and significant production. Higher GRP also indicates a
greater potential for the integration of smart farming
technologies, as these regions have more resources for
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innovation and the development of new agricultural
models. At the same time, the highest exports are ob-
served in Dnipropetrovska region (USD 7,907.2 million),
which may indicate the importance of this region for
foreign trade. In terms of smart farming, high exports
in these regions may provide an additional opportuni-
ty for the development of agricultural technologies, as
the demand for innovative agricultural products abroad
may stimulate the development of new technologies.
In addition, in the most economically developed re-
gions, such as Kyiv and Dnipro, imports are much higher
(USD 4,112.3 million and USD 5,522.2 million accord-
ingly), which may indicate a dependence on external
suppliers to meet the needs for technology, equipment
and raw materials. For smart farming, it is important to
understand these flows, as imports of technology and
innovations can be a key factor for their adoption in
Ukraine. Thus, regions with high GRP and exports, such
as Kyiv, Dnipro and Kharkiv, have a greater potential for
integrating smart farming models, as their economic
activity and foreign trade support the development of
new technologies. In contrast, less developed regions,
such as Chernivtsi or Luhansk regions, may face chal-
lenges in adopting such technologies due to limited

20000.00

resources. This also highlights the need to concentrate
resources on supporting innovation in less economi-
cally developed regions to ensure sustainable develop-
ment and recovery of communities throughout Ukraine.

On the other hand, the EU is witnessing an active
adoption of smart farming technologies, including hy-
droponics, vertical farms, integration of loT into agri-
culture, and the use of drones and Al to optimise agri-
cultural production. Countries such as the Netherlands,
Germany and France are leading the way in introducing
innovative technologies that can significantly increase
production efficiency and reduce the environmental
impact of the agricultural sector. The importance of
understanding the financing of smart farming technol-
ogies in the EU is that it enables to assess the extent
to which countries are actively investing in the devel-
opment and implementation of innovative agricultur-
al practices. The financing system that supports such
projects is a key factor for the development of smart
farming, particularly in countries that are leading the
way. Therefore, the total amount of investment allocat-
ed to various areas of agro-innovation, including hydro-
ponics, vertical farms and loT technologies, should be
demonstrated (Fig. 4).
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Figure 4. Total funding from the EU Cohesion Fund for projects in EU countries (2015-2024)

Source: European Commission (2025)

Although these data cover different types of pro-
jects, they are important for the introduction of inno-
vative technologies, including smart farming, in the ag-
ricultural sector. For example, Cohesion Fund funding
grew between 2015 and 2024, exceeding EUR 150 bil-
lion in 2024. This indicates sustainable funding for
infrastructure and technology development, including
smart farming initiatives. It is important to note that
it was in the period from 2015 to 2024 that many EU
countries increased their investments in innovation,
particularly in the agricultural sector. Poland, the Czech
Republic, and Romania received the most funding. This
may indicate that these countries have significant po-
tential for the development of smart farming projects,
as the funding received can be used for innovations in

Scientific Horizons, 2025, Vol. 28, No. 7

the agricultural sector. For Poland, for example, a signif-
icant increase in funding for agricultural projects could
facilitate the widespread adoption of smart farming.
Countries such as Malta or Cyprus received much
less funding, which may indicate their limited econom-
ic potential for large-scale adoption of smart farming
technologies. However, even these countries can use
the funds to develop small and medium-sized pro-
jects in the agricultural sector. Overall, funding from
the EU Cohesion Fund plays an important role in the
development of innovations, including smart farming
technologies. Given the large sums allocated to pro-
jects in Poland and the Czech Republic, it can be noted
that these countries are actively integrating the latest
technologies, including agricultural ones, to support




sustainable development. This contributes to the resto-
ration of regional communities and improves economic
stability in rural areas, and the inclusion of EU funding
can be important for the recovery of local communities.

It is worth noting that smart farm technologies are
being actively implemented not only in Ukraine and
the EU, but also in many other regions of the world,
contributing to the recovery and development of local
communities. For example, in Africa, there is a growing
interest in implementing innovative agricultural prac-
tices. Due to limited water resources and the need to
improve food security, the continent is actively develop-
ing hydroponics and vertical farms. These technologies
make it possible to use limited resources efficiently and
provide the population with the necessary products. In
turn,Asia, in particular in countries such as Japan, South
Korea and Singapore, is witnessing rapid adoption of
smart farming technologies. High population density
and limited land resources encourage the use of verti-
cal farms and hydroponics. These methods allow for ef-
ficient food production in urbanised areas, reducing de-
pendence on imports and improving food security. For
their part, South American countries such as Brazil and
Argentina are seeing the integration of loT and drones
into agriculture. These technologies help farmers moni-
tor the condition of crops, optimise the use of resources
and increase yields. As a result, there is an increase in
productivity and an improvement in the economic situ-
ation of rural communities.

Overall, the adoption of smart farming technolo-
gies has the potential to significantly improve the ag-
ricultural sector in various regions of the world, con-
tributing to economic development and the recovery of
communities. However, successful implementation de-
pends on access to finance, technological infrastructure
and training of local farmers.

DISCUSSION

The results obtained confirm that the integration of loT
into smart farming helps to increase crop yields, re-
duce water consumption, and optimise the use of land
resources, making agriculture more sustainable and
efficient. The study by M.K. Pasupuleti (2024) consid-
ered the overall impact of loT on precision agriculture,
urban infrastructure, and digital security, with a focus
on real-time monitoring and the cybersecurity of loT
ecosystems. That is to say, the results are consistent,
as both studies confirm the importance of 10T in the
development of the agricultural sector, but the research
conducted here specifically focuses on the economic ef-
ficiency of smart farming models in urban ecosystems.
Similarly, the study by K. Bakirov et al. (2024) exam-
ined the implementation of loT in hydroponic vertical
farming, demonstrating the effectiveness of dynam-
ic management of water and energy resources based
on sensor data, which led to a 50% increase in yield
thanks to the integration of smart irrigation and solar
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photovoltaic panels. In this regard, the current results
confirm that loT is a key factor in increasing the pro-
ductivity of smart farming, reducing water consump-
tion, and improving energy efficiency. Consequently, the
current work emphasises a comprehensive economic
analysis of the implementation of technologies in ur-
ban ecosystems, whereas the reviewed work focused on
the mathematical modelling of resource optimisation.

This research focuses on the economic efficiency
of implementing smart farming technologies in urban
ecosystems, such as vertical farms and agro-industri-
al parks, which allows for increased productivity and
reduced resource costs. At the same time, the study by
AA. Zhahir et al. (2024), in developing a conceptual
model for the adoption of technologies in smart urban
farming, focuses on the social and economic factors in-
fluencing the implementation of innovations in urban
agriculture, without considering the technological as-
pects in detail. In turn, the results of the work by M. Ab-
bas et al. (2025) are focused on the application of loT
and cloud technologies to optimise dairy farm manage-
ment, which shows the effectiveness of sensor technol-
ogies in reducing costs and increasing productivity. This
aligns with the current results, as in both studies, loT
plays an important role in enhancing the efficiency of
agricultural processes, although the research conduct-
ed here emphasises the application of technologies in
urban agro-systems, while the mentioned study focuses
on dairy farming.

This research focuses on the economic models of
smart farming, such as hydroponics, aquaponics, ver-
tical farms, and loT for agricultural management, and
has revealed the high efficiency of these technologies
compared to traditional agriculture in terms of yield,
water consumption, and land use efficiency. The study
by A.M. Rosario and A.C. Boechat (2024) confirms the
significance of smart technologies for the sustainable
development of urban ecosystems, particularly the use
of loT and Al to optimise resources, which corresponds
to the main aspects of the current research. On the
other hand, the work by J. Prochazka and A. Kubaco-
va (2024) analyses the implementation of loT solutions
in the Czech Republic through Smart Post Boxes, which
also highlights the effectiveness of technologies for
sustainable development, but the research conducted
here examines smart farming in the context of various
EU countries, and not just the Czech Republic.

The analysis carried out showed that vertical farms
demonstrate a yield of 150.23 kg/m? compared to
4 kg/m? in traditional farming, and water consumption
was reduced to 20 litres/kg compared to 250 litres/kg
in conventional agricultural production. In contrast to
the study by C. Pereira de Sa et al. (2025), which con-
siders organic farming and strategies for product cer-
tification through transparent governance and public
procurement, the current research focuses on compar-
ing smart farming models in agro-systems, where the
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main goal is to increase efficiency and reduce resource
costs, rather than certification strategies. Furthermore,
according to the results of the current analysis, the
integration of smart farming technologies into urban
agro-systems contributes to a significant reduction in
energy and water consumption, which are key aspects
of the sustainable development of urban ecosystems.
Whereas the study by G.M. Ostanaqulova (2025) uses
regression models and the analytic hierarchy process
to assess technological innovations in smart cities, the
research conducted here applies economic models to
assess the effectiveness of technologies in the agricul-
ture of urban ecosystems, specifically to compare dif-
ferent smart farming models and determine their eco-
nomic feasibility in the context of different regions of
the EU and Ukraine.

The research conducted has shown that the inte-
gration of smart farming into urban ecosystems con-
tributes to increased resource efficiency, optimised
food security, and the recovery of local communities,
particularly through the implementation of loT tech-
nologies and vertical farms. In turn, G.R. Pradyumna and
R. Hegde (2024) emphasise the role of smart sensors
and devices in improving the monitoring of urban eco-
systems within blue-green infrastructures, while also
drawing attention to cybersecurity risks and the need
to use digital twins for real-time optimisation of urban
processes. While the current work focuses on the in-
tegration of smart farming into urban ecosystems, the
study by X. Kuai et al. (2024) highlighted the importance
of combining urban data through the development of a
Smart City Ontology Framework. This framework pro-
vides semantic compatibility for loT, Building Informa-
tion Modeling, and Geographic Information Systems in
urban management. In this regard, the current research
considers the need for data standardisation for the ef-
fective implementation of smart farming models, which
contributes to increasing the productivity of urban agri-
culture and the sustainable use of resources.

The results obtained also showed that vertical
farms significantly outperform traditional agriculture in
terms of land use efficiency - 0.0066 m?/kg compared
to 0.25 m?/kg, which confirms their competitiveness in
urban conditions. This is consistent with the study by
M.T. Abdelfatah (2025), which demonstrates that the
Vertical Urban Oasis model helps to optimise land re-
sources, ensure sustainable food supply, and promote
economic development, although high initial costs and
social barriers remain the main challenges. Additional-
ly, the analysis of hydroponics in the current research
showed its advantages in urban agricultural production
due to minimal water use,automated parameter control,
and increased yields. This is confirmed by the work of
K. Kueh Yung Shin et al. (2023), which presented Smart
Grow - an loT-oriented hydroponic system that provides
efficient management of plant water balance. How-
ever, unlike the mentioned work, the current research
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focuses on the economic analysis of the large-scale
implementation of hydroponics in urban ecosystems.

The efficiency of using smart farming technologies
significantly exceeds traditional agricultural methods;
in particular, yields in hydroponic and aquaponic mod-
els reach 120 kg/m?, which is several times higher than
under traditional conditions (Poloviy et al., 2024). This
indicates the high productivity and economic benefit of
such technologies. However, compared to the study by
S. Raj et al. (2023), which focuses on data integration
for smart cities and the optimisation of agricultural
services, it should be noted that while these technolo-
gies contribute to sustainable development, the issues
of efficient use of digital resources and ensuring con-
fidentiality are important for further development. The
research conducted also showed that investments in
agricultural projects in the EU exceeded EUR 150 bil-
lion between 2015 and 2024, with Poland, the Czech
Republic,and Romania receiving the most funding. This
indicates a significant potential for the development of
smart farming in these countries. At the same time, the
study by P-A. Langendahl (2021) noted that in Sweden,
the implementation of smart farming promises to re-
duce costs and increase food security. However, its real
effect is often limited, and in the EU, despite large in-
vestments, the effectiveness of agricultural initiatives
often remains limited and in many cases does not lead
to radical changes in traditional production methods
(Shahini et al., 2023).

Overall, this research compared the economic in-
dicators of traditional agriculture and smart farming
technologies, and the results showed significant ad-
vantages of such technologies, particularly in increas-
ing yields, reducing water consumption, and improv-
ing land use efficiency. At the same time, the study by
N.Khan et al. (2024) obtained similar results regarding
the high efficiency of smart farming in conditions of
urbanisation and limited resources. However, unlike
the provided research, the current results analyse in
more detail the economic prerequisites for the imple-
mentation of such technologies in different regions,
particularly in Ukraine. The study by M. Bakhar and
E. Evanita (2021) also confirms the benefits of ag-
ricultural innovations, particularly in the context of
reducing the use of natural resources and increasing
productivity. However, unlike their analysis, the current
results emphasise the importance of factors such as
infrastructure support and the level of investment for
the effective implementation of smart farming at the
level of urban ecosystems.

Thus, the research results confirm that the imple-
mentation of smart farming technologies and models,
such as hydroponics, aquaponics, vertical farms, and
loT, significantly increases the efficiency of agricultural
production, reduces resource costs, particularly water
consumption, and optimises the use of land resources,
which are key to the sustainable development of urban




ecosystems. Moreover, smart farming is capable of sig-
nificantly enhancing food security and supporting the
recovery of local communities through the integration
of modern technologies into the urban environment.

CONCLUSIONS

An analysis of economic models for integrating smart
farming into urban ecosystems has confirmed the high
efficiency of technologies such as hydroponics, aqua-
ponics, vertical farms, loT systems, rooftop farms and
agro-industrial parks. Vertical farms have shown yields
of up to 150.23 kg/m?, which is higher than tradition-
al farming, where yields are only 4 kg/m?. Water con-
sumption in vertical farms is 20 litres/kg of produc-
tion, which is significantly less than the 250 litres/kg
in conventional farming. In addition, they occupy only
0.0066 m? per 1 kg of produce, which is more efficient
than conventional methods that use 0.25 m? per 1 kg.
Hydroponics and aquaponics also contribute to a sig-
nificant reduction in water consumption compared to
traditional agriculture, ensuring more efficient use of
water resources. In addition, loT systems that optimise
agricultural management can reduce energy and wa-
ter costs, providing better control and efficiency. Roof-
top farms make use of limited urban land resources,
reducing the need for additional land for agricultural
production, and agro-industrial parks provide an op-
portunity to integrate different agricultural technolo-
gies and enterprises in an urban environment. These
technologies help to increase productivity, reduce wa-
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analysis showed that in developed regions such as
Kyiv, Dnipro and Kharkiv, the introduction of smart
farming models such as vertical farms and loT systems
can significantly increase the efficiency of agricultural
production. In EU countries such as the Netherlands
and Germany, innovative agricultural technologies are
being actively used to increase not only productivity
but also reduce environmental impact. Investments in
smart farming projects in the EU, including through
the Cohesion Fund, exceeded 150 billion euros in
2024, which demonstrates support for innovation in
the agricultural sector. This demonstrates the high po-
tential for the development of smart farming, which is
an important element for ensuring food security and
sustainable development of urban agricultural sys-
tems in Ukraine and the EU.

The main constraints to the introduction of smart
farming technologies and models are high initial costs
for infrastructure and equipment, as well as the lack of
sufficient technical training among farmers, which can
slow down the process of adopting innovations. In ad-
dition, the legal and regulatory frameworks to support
such technologies need to be modernised, especially in
Ukraine. To overcome these barriers, it is recommended
to develop state support programmes and subsidies for
farmers, increase investments in education and train-
ing, and strengthen cooperation between the govern-
ment, research institutions and business to stimulate
innovation in the agricultural sector.
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AHoTauif. MeTol [oCnigkeHHs OyB aHani3a eKOHOMIYHMX Mofenei iHTerpauii po3ymHoro 3emnepobctea B
MiCbKi €KOCMCTeMM Ta iX BMJIMB HA BiAHOBMIEHHS TepuUTOpiaNbHUX rpoMaf B YKpaiHi Ta €Bponelicbkomy Cotosi. Y
npoueci 6yno npoeefeHo AeTanbHUI OrNsL Cy4acHUX TEXHOMOTIM Ta MOAeNei po3yMHOro 3eMnepobcTBa, TakKnx
SK FiApOMNOHiKa, akBanoHiKa, BeEpTUKaNbHi hepMu, a TaKoX CUCTEMU |HTepHEeTY pedelt AN ynpaBaiHHS CilbCbKUM
rocnoAapcTeoM, AdaxoBi depmu Ta arpornpomMucnosi napku. OCHOBHI pe3ynbTaTh BK/IOYANM MNOPIBHANBHUA
aHanis NpPoAyKTMBHOCTI TPAAMLIMHOrO Ta BEPTUKaNbHOro 3emMnepobcTBa. BiH mokasas, WO BepTuKanbHi Gepmu
nepeBepLUYOTb TPaAMLIiHE CiflbCbKe FOCMOAAPCTBO 3@ BpoxalHicTio (150,23 kr/mM? npoTu 4), CNOXMBAHHAM BOAM
(20 n/kr npoTn 250) Ta edekTUBHICTIO BMKOpUCTaHHs 3emni (0,0066 kr/m? npotu 0,25). Y cBoto yepry, NporHos
puHKy loT B €Bponi nokasae cTabinbHe 3pocTaHHda 3 196,85 mnpp ponapis CLA y 2025 poui po 284,26 mnpna
nonapis CLUA 'y 2029 poui, Lo CTaHOBUTb CYKYMHUIM PiYHUIA TEMN 3POCTaHHA 9,62 %. Pe3ynbTaTu TakoX nokasanu,
o iHBeCTMLIT B cibcbkorocnogapcbki npoekt B €C nepesuwmam 150 minbapais eBpo mix 2015 i 2024 pokamwu,
npuyomy lMonblua, Yexis Ta PyMyHia oTpuManu Haibinbwe @iHaHCYBaHHSA, WO CBiAYMTL MPO BEMKMIA NOTEHLian
[N po3yMHOro 3emMnepobcTBa B LMX KpaiHax. Kpim Toro, BU3HaueHo, WO perioHn YKpaiHuW 3 BUCOKMM BasioBUM
perioHanbHuM npoaykToM (BPI), Taki gk Kuis (9,268,5 mnH gonapis CLUA), AHinpo (16,550,2 mnx ponapis CLUA)
Ta XapkiB (10,494,4 mnH ponapis CLUA), MatoTb GinblwimMid NoTeHUian AN BNPOBAAXKEHHS TEXHOMOTIA PO3YMHOr0
3eMn1epobCTBa 3aBASAKM CBOEMY BMCOKOMY EKOHOMIYHOMY MOTEHLiany Ta po3BUTKY iHDpacTpykTypu. MNpakTuyHe
3HAYEeHHS [OC/NIIKEHHS NONAraEe B OOrPyHTYBaHHI e(eKTUBHOCTI BMNPOBAIXEHHS TEXHOJOTiA PO3yMHOro
3eMnepobCcTBa AN NiABULLEHHS NPOAYKTUBHOCTI CifIbCbKOr0 rocnoAapcTBa, ONTUMI3aLii BUKOPUCTAHHS pecypciB
Ta CNPUSHHSA EKOHOMIYHOMY PO3BUTKY MiCbKMX arpocucTem
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