
INTRODUCTION
Crop production facilities, such as greenhouses, play an es-
sential role in ensuring food security and growing plants in 
various climatic conditions. These unique facilities create 
optimal conditions for plant production, which allows in-
creasing yields and diversifying the range of products on 
the market. One of the critical advantages of greenhouses 
is the ability to control temperature, humidity, and indoor 
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Abstract. The relevance of this study is manifested in the need to adapt architectural solutions to changing climatic 
conditions and anthropogenic factors. The purpose of the study was to examine modern principles in the formation 
of structures for the production of crop products and identify critical aspects that are crucial for optimising this 
process. Methods of analysis, synthesis, deduction, and induction were used to achieve this goal. The findings indicate 
that architectural solutions must be adapted to varying climatic conditions in order to optimise plant growth. This 
necessitates adjustments to temperature control, lighting, and water management systems. Specific architectural 
examples, including the Urban Vertical Farm of Brightfood in Shanghai and Vertical Farm Beijing, are presented as case 
studies to demonstrate these principles. The Urban Vertical Farm incorporates terraces with edible plants, advanced 
hydroponic systems, and transparent materials that maximise sunlight. Similarly, Vertical Farm Beijing integrates a 
closed-loop water system and efficient LED lighting to minimise energy and water consumption, thereby promoting 
urban food security. These examples illustrate the importance of adapting architectural designs to environmental and 
urban constraints. The study provided an opportunity to understand the importance of architectural and engineering 
solutions in crop production, which can lead to the development of more efficient and sustainable plant-growing 
systems, which in turn can increase the productivity and quality of agricultural products
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lighting. This is especially important in regions with cold 
winters or extreme climatic conditions where tradition-
al field farming is limited. Such structures protect plants 
from adverse weather conditions and also help to extend 
the growing season, which allows crops to be grown year-
round. The problem of the study is the need to adapt fa-
cilities for producing crop products to changing climatic 
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integrated within CAP guidelines play a pivotal role in en-
hancing the resilience and adaptability of rural infrastruc-
ture. The adoption of analogous architectural and planning 
methodologies in Kazakhstan could serve to reinforce the 
structural integrity of its agricultural facilities, enhance re-
source efficiency, and facilitate the modernisation of rural 
areas. This would, in turn, reinforce productivity and com-
petitiveness in the agricultural sector.

M. Hassan & H.H. Silleli (2024) believe that the designs 
of modern cultivation facilities should provide the neces-
sary biological conditions for growing plants, contributing 
to the production of a large volume of products through 
the possibility of organising a mechanised labour process 
and meeting all operational requirements. The modern 
technologies listed in the authors’ study complement each 
other and allow approaching such an ideal scheme in which 
the agricultural complex will become environmentally 
friendly, waste-free, and economically very profitable.

According to A. Askarova et al. (2020), the organisation 
of agricultural lands and their arrangement, considering 
their regional natural-climatic features, is of the greatest 
importance in the modern conditions of Kazakhstan. The 
authors believe that the organisation of crop rotations and 
the design of the main elements of their arrangement are 
especially relevant since the arrangement of the arable 
land is the territorial basis for introducing modern soil and 
water protection technologies. The orderly use of pastures 
to prevent their degradation is of great importance, there-
fore, the methodology of organising pasture rotations and 
their arrangement was considered.

The main purpose of the study was to examine modern 
methods of forming plant structures and develop them.

MATERIALS AND METHODS
The study is based on a comprehensive analysis of existing 
architectural solutions and methods of growing plants, as 
well as an examination of current trends in agriculture and 
architecture. A review of the literature, including academic 
papers, as well as architecture publication ArchDaily (Stou-
hi, 2021; Tovar, 2024), was undertaken to identify effective 
contemporary methods and architectural solutions in crop 
production. In order to situate this study within a practical 
context, two prominent architectural examples were ex-
amined: the Urban Vertical Farm of Brightfood and Vertical 
Farm Beijing. Both facilities exemplify innovative design 
that integrates environmental considerations with urban 
food production needs, demonstrating sustainable archi-
tectural approaches in high-density urban areas.

In this study, an analytical method was employed to 
systematically examine the interrelationship between nat-
ural climatic factors and the architectural solutions uti-
lised in crop production facilities. Furthermore, the analy-
sis method was employed to ascertain the interrelationship 
between internal factors, such as the types of plants culti-
vated and the methods of cultivation, and the architectural 
design of crop production facilities. The analysis method 
was employed to ascertain how architectural solutions 

conditions, resource instability, and urbanisation. Existing 
approaches to architectural solutions for crop production 
facilities are often insufficiently effective and do not al-
ways consider all aspects that affect the productivity and 
sustainability of crop production.

In the most recent publication by B.E. Singleton (2023), 
he addresses challenges in urban planning that are analo-
gous to those encountered in agricultural policy, particu-
larly the inadequate budgetary allocation for social spend-
ing, the geographical remoteness of agricultural regions 
from major markets, and the insufficient infrastructure for 
rural self-governance. The author emphasises the necessi-
ty for more robust governmental interventions to support 
these rural areas.

Z. Haghighi et al. (2021) examine the discrepancy be-
tween the financial resources required for rural develop-
ment and the actual levels of funding available. They iden-
tify key challenges, such as the demand for comprehensive 
services in rural populations and the territorial access to 
vital services. This discrepancy between the elevated costs 
for agricultural producers and the necessity for social adap-
tation serves to illustrate the precarious state of food secu-
rity. The authors also posit that the enhancement of rural 
infrastructure, including the establishment of specialised 
facilities for plant cultivation, is a crucial step in address-
ing these disparities and fostering agricultural growth.

W.  Yang  et al.  (2024) investigate the role of innova-
tion in agriculture, emphasising the significance of mod-
ern infrastructure that facilitates advanced technological 
developments. The authors put forth a series of pivotal 
strategies for fostering innovation, including the estab-
lishment of dedicated scientific and technological hubs, 
technoparks, and the implementation of incentives for in-
vestors. The authors posit that this approach could also be 
applied to the design and construction of controlled-en-
vironment buildings for plant production. Widespread in-
novation adoption would enable medium-sized agricultur-
al enterprises to access cutting-edge equipment, expand 
operations, and modernise the agro-industrial complex, 
thereby enhancing sustainable development in the sector 
(Radchenko et al., 2023).

A. Amirbekova et al. (2023) place considerable empha-
sis on the importance of sustainable design in the con-
text of residential and agricultural structures. The study 
demonstrates that architectural adaptations to environ-
mental factors, particularly in the design of greenhouses 
and other plant-growing structures, can significantly en-
hance agricultural productivity. The research highlights 
the vital importance of sustainable development principles 
in the creation of resilient facilities that can withstand cli-
mate and resource challenges, thereby enhancing both the 
efficiency and resilience of agricultural systems.

M. Guth et al. (2020) concentrate on the part played by 
architectural design and spatial planning in promoting the 
economic sustainability of agricultural enterprises within 
the context of the European Union’s Common Agricul-
tural Policy. It is emphasised that architectural strategies  
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might be adapted to accommodate these factors, taking 
into account the impact of urbanisation, environmental 
pollution, and resource availability.

An analysis of parameters such as temperature, pre-
cipitation, humidity, solar radiation, and wind conditions 
in the region under study was conducted to determine the 
impact of climatic factors on architectural solutions. An 
analysis was conducted to assess the impact of tempera-
ture changes, which allowed determining the need to adapt 
heating and air conditioning systems in crop production 
facilities. The study included an analysis of the amount 
and distribution of precipitation affecting water supply 
and drainage in crop production facilities. Architectural 
solutions that allow controlling humidity inside structures 
to ensure optimal conditions for plant growth and develop-
ment were analysed. Methods for optimising the availabili-
ty of sunlight, such as the use of transparent materials and 
orientation systems, were considered to ensure optimal 
conditions inside the structures.

In this study, the synthesis method was used to inte-
grate various aspects and components related to the archi-
tectural design of structures for crop production to create a 
comprehensive and integrated methodology. As a result of 
the synthesis of climate data, engineering solutions aimed 
at solving problems related to climatic conditions were de-
veloped. The synthesis of all the data led to the creation 
of an integrated approach to the architectural design of 
structures for crop production. This synthesis method con-
tributes to developing effective architectural solutions that 
optimally match climatic conditions and ensure sustaina-
ble and effective crop production in various regions.

The method of deduction was also used in the study; 
principles and theories were initially generalised, after 
which specific conclusions were derived from them. Initial-
ly, the general statement about the importance of archi-
tectural solutions in crop production was considered, and 
then this statement was deductively applied to the analysis 
of specific aspects, such as the influence of climatic factors, 
internal factors, and anthropogenic influences on the ar-
chitecture of structures.

The induction method was used to identify general 
patterns and conclusions based on specific observations 
and data. The study analysed specific factors such as cli-
matic conditions, internal factors, and anthropogenic in-
fluences and then inductively drew general conclusions 
about the importance of architectural solutions for opti-
mising crop production facilities.

RESULTS
Architectural solutions of crop production facilities are 
crucial for the successful cultivation of plants, especially in 
a changing climate. Climatic factors such as temperature, 
precipitation, humidity, solar radiation, and wind condi-
tions play a critical role in determining the efficiency and 
productivity of such structures (Muzdybayeva et al., 2022).

The temperature conditions in the region have an 
important impact on the architectural solutions of crop 

production facilities. Temperature changes may require 
the adaptation of heating and air conditioning systems in 
greenhouses and the selection of plants resistant to spe-
cific temperature conditions. The amount and distribution 
of precipitation affect water supply and drainage in crop 
production facilities. Consideration of the type and inten-
sity of precipitation is essential to determine the need for 
water supply management systems such as rain collec-
tors and artificial irrigation systems. Air and soil humidity 
play a crucial role in plant health. Architectural solutions 
should consider humidity control inside structures to en-
sure optimal conditions for plant growth and development 
(McClements & Grossmann, 2021). The intensity and du-
ration of sunlight during the day affect photosynthesis and 
plant growth. It is essential that architectural solutions 
are designed in a way that enhances sunlight availability 
within crop production facilities, thereby ensuring optimal 
conditions for plant growth. This can be achieved through 
the judicious selection and placement of transparent ma-
terials, such as double-glazed glass, which provide thermal 
insulation while allowing maximum light penetration. The 
orientation of the structure should be designed in a man-
ner that captures the highest amount of natural sunlight, 
taking into account the geographic location of the build-
ing. This can be achieved through the strategic angling of 
facades to maximise exposure during peak daylight hours. 
Furthermore, the utilisation of diverse glass types, such as 
low-emissivity glass, can be implemented in specific areas 
to regulate heat gain without impairing light transmission, 
thus maintaining an optimal indoor environment for plant 
growth across varying seasons and conditions.

The choice of materials for the construction of crop 
production facilities may depend on climatic conditions. 
For example, in cold regions, thermal insulation materials 
(e.g., polyurethane foam, mineral wool) may be necessary, 
and in hot regions – materials that protect from solar radia-
tion (e.g., reflective coatings, UV-resistant glass) (Zhangab-
ay et al., 2023). In regions with cold winters or hot summers, 
heating and air conditioning systems may be necessary to 
maintain optimal temperatures inside structures (Kalet-
nik et al., 2020). Water collection and distribution systems 
can regulate the availability of moisture to plants, espe-
cially in regions with limited rainfall. Artificial lighting can 
be used to compensate for the lack of sunlight, especially 
during periods of insufficient insolation. Architectural el-
ements such as wind walls or barriers can be used to pro-
tect plants from strong winds. Climate change creates new 
challenges for crop production facilities. Extreme weather 
conditions, higher temperatures, and unstable precipita-
tion may require more advanced architectural solutions. 
Effective management of climatic factors is becoming a 
key aspect of successful agriculture and crop production.

It is important to understand that internal factors 
such as the type of plants grown, care methods, production 
goals, resource availability, and technical capabilities sub-
stantially affect the form and function of these structures. 
Different types of plants have different requirements for 
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the height of the premises. Tall plants, such as some tree 
species, may require tall greenhouses or other structures 
with a large volume for vertical growth. Growing field crops 
such as grains and vegetables may require flat or low struc-
tures to ensure maximum lighting and access to the soil. 
The use of hydroponic systems and vertical farming pro-
vides opportunities to optimise the use of space and may 
require specific architectural solutions, such as vertical 
cultivation systems. The use of artificial lighting to support 
plant growth may require special overhead lighting sys-
tems and optimal placement of light sources. Heating, air 
conditioning, and humidification systems may require cer-
tain architectural solutions to distribute heat and moisture 
evenly. Irrigation and water supply management systems 
should be integrated into the architecture of the struc-
ture to ensure efficient water consumption. Architectur-
al solutions for commercial plant production can include 
maximising productivity and space efficiency. Facilities for 
scientific research of plants should be designed to provide 
controlled conditions and accurate measurements. In ed-
ucational institutions, architectural solutions may include 
educational elements that allow students to study the pro-
cesses of growing plants.

The implementation of innovative architectural de-
signs in the construction of crop production facilities ex-
emplifies the feasibility of integrating sustainable design 

principles with the practical aspects of food production in 
urban settings. The global array of vertical farming struc-
tures exemplifies the efficacy of integrating architectural 
and environmental solutions to address the challenges 
posed by urban density, resource limitations, and climate 
conditions. Two noteworthy projects serve to exemplify 
these principles in practice: the Urban Vertical Farm of 
Brightfood in Shanghai, China, and Vertical Farm Beijing, 
situated in the heart of the Chinese capital (Shao et al., 2021).

The Urban Vertical Farm of Brightfood, designed by 
Stefano Boeri and situated in Shanghai, China, represents 
a significant urban agriculture initiative that integrates 
food production with urban spaces, with the objective of 
addressing the challenges inherent to urbanisation (Fig. 1). 
The structure, which covers approximately 110,000 square 
meters, embodies the concept of a “vertical forest”, with 
terraces and balconies planted with fruits and vegetables. 
This enhances biodiversity and creates visual appeal in the 
cityscape. The 12 terraced greenhouses, constructed from 
ETFE film, a lightweight and recyclable material, are ori-
entated to maximise sunlight exposure for optimal plant 
growth within the urban environment. The integration 
of greenhouses with office spaces engenders a distinctive 
synergy between work and agriculture, enabling employ-
ees to engage directly in the farming process and develop a 
stronger connection to food sources.

Figure 1. Urban Vertical Farm of Brightfood
Source: D. Stouhi (2021)

Furthermore, the Urban Vertical Farm of Brightfood 
exemplifies notable environmental benefits. The imple-
mentation of advanced hydroponic systems within the 
farm has the potential to reduce water usage by up to 90% 
in comparison to conventional agricultural practices. Fur-
thermore, by situating the food production process within 
the city limits, this project serves to enhance local food 
security while simultaneously reducing the carbon foot-
print associated with long-distance food transport. As a 
pioneering urban agriculture initiative, the Urban Verti-
cal Farm of Brightfood serves as a model for sustainable 

practices in both urban planning and food production. It 
responds effectively to the challenges of urban density 
while promoting ecological resilience.

The Vertical Farm Beijing, situated on the campus of 
the Chinese Academy of Agricultural Sciences (CAAS) in 
central Beijing, is an urban agricultural project designed 
by Van Bergen Kolpa Architects in collaboration with 
AgriGarden and CAAS (Fig.  2). The facility, which spans 
3,500 square meters, serves as both an educational and 
a production centre for urban horticulture. The architec-
tural design incorporates a faceted glass façade, which 
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serves to create a distinctive visual presence within the 
urban environment. This facade allows natural light to 
permeate the interior while also offering views of the 
cultivation areas. The facility is organised around a cen-
tral atrium, with three floors dedicated to the cultiva-
tion of different crops. The first two floors utilise pur-
ple LED lighting for the cultivation of fruits, berries and 

leafy vegetables, while the third floor relies on natural 
daylight for the growth of tomatoes and cucumbers. An 
educational route within the building provides an insight 
into the diverse cultivation methods employed, includ-
ing automated vertical lettuce systems and open-ground 
fruit trees. This allows visitors to observe innovative ag-
ricultural practices in action (Xu, 2024).

Figure 2. Vertical Farm Beijing
Source: E. Tovar (2024)

Sustainability is a fundamental aspect of the Vertical 
Farm Beijing project. The facility utilises a closed-loop 
water system, whereby irrigation water is recycled and 
reused, thereby reducing the generation of waste. The cli-
mate control system is managed through the use of natural 
ventilation and evaporative cooling, with passive heat ex-
traction from sunlight and residual heat from LED lighting 
employed to regulate temperature. Furthermore, the build-
ing exemplifies resource efficiency through the capture of 
nutrients from sewage and carbon dioxide from the atmos-
phere, thereby promoting a circular economy approach to 
urban agriculture. Vertical Farm Beijing represents a signif-
icant advancement in sustainable urban food production, 
demonstrating how cities can integrate food production 
within urban landscapes to meet local demands and ad-
dress ecological challenges.

The available budget may limit the choice of materials 
and technical solutions when designing crop production 
facilities. The qualifications of staff and their knowledge 
in the field of plant cultivation can influence architectural 
decisions, as complex systems may require more advanced 
knowledge and skills. Local anthropogenic factors, in-
cluding urban development, air pollution, changes in land 
use, and resource availability, can affect the architecture 
and functionality of crop production facilities. Air pollu-
tion from emissions and transport may require special fil-
tration and ventilation systems to ensure clean air inside 
structures. The availability of high-quality water for irriga-
tion and hydroponic systems is a key aspect of the design 
of crop production facilities, especially in polluted water  

conditions. Climate change may require updating archi-
tectural solutions to adapt to new temperature conditions, 
precipitation levels, and extreme weather events. Crop pro-
duction facilities may require additional safety measures, 
such as protection from hurricanes, floods, and other natu-
ral disasters (Xu et al., 2022).

Solving the problem of air pollution and providing 
quality water for crop production facilities may include the 
following steps. Development and implementation of high-
ly efficient filtration and ventilation systems for structures 
to minimise the impact of emissions and transport pollu-
tion. This may include the use of innovative air filtration 
technologies and low-emission ventilation systems. Im-
plementation of water purification systems to ensure the 
availability of high-quality water for irrigation and hydro-
ponic systems. Using advanced water purification and re-
cycling technologies can mitigate the problems associated 
with contaminated water (Dovgal et al., 2024). Updating ar-
chitectural solutions of crop production facilities consider-
ing climate changes. This may include the development of 
buildings with more efficient thermoregulation adapted to 
new temperature conditions and extreme weather events. 
The introduction of additional security measures, such as 
protective systems against hurricanes, floods, and other 
natural disasters. The development and implementation 
of infrastructure capable of coping with extreme environ-
mental conditions can reduce the risks to crop production 
facilities. Energy supply for heating, air conditioning, and 
lighting systems may require effective solutions to re-
duce costs and environmental impacts. The treatment and  
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disposal of waste from crop production facilities is be-
coming an important aspect of sustainable agricultural 
production. Protected soil crop production enterprises are 
essential in providing food in a changing climate and ur-
banisation (Ozpinar, 2023). They are modern agrotechnical 
systems, including greenhouses, where plants are grown 
under controlled conditions.

Agriculture and crop production play an important 
role in ensuring food security and meeting the needs of 
the population. Modern architectural and design solutions 

that consider the features of crop production facilities are 
needed for the efficient production of crops. This study 
considers the modern principles of the formation of struc-
tures for the production of crop products and the features 
of architectural and constructive solutions that correspond 
to them (Weingaertner & Moberg, 2014). Various types of 
structures are used for growing crops, including green-
houses and warehouses for storing crops and machinery. 
Each of them requires specific architectural and design 
solutions (Table 1).

Type of system Semi-closed Closed Closed

Irrigation system Land irrigation Hydroponics Hydroponics
Light source Natural and artificial light Artificial light Artificial light

Spatial distribution Horizontal Horizontal and vertical Vertical
Climate management Ventilation and heating Automated climate control Automated climate control

Energy costs Medium High High
Water use efficiency Medium High High

Efficiency Medium High High
Spatial efficiency Medium High Very high

The complexity of the service Medium High High

Table 1. Types of structures and their architectural-design features

Source: compiled by the authors

Modern requirements for sustainability and energy 
efficiency have an impact on architectural and structural 
solutions in crop production facilities. For example, the use 
of insulation materials and specialised materials to reduce 
energy consumption and create more stable climatic con-
ditions; the use of solar panels and other alternative ener-
gy sources to reduce dependence on conventional energy 
sources; the use of water treatment and recycling systems 
to reduce water consumption and negative environmental 
impacts. Modern crop production facilities also include 
automated control systems that help optimise production 
processes and control the conditions for plant growth. 
The use of monitoring and control systems for tempera-
ture, humidity, lighting, and other parameters. Automat-
ic irrigation, fertilisation, and cleaning systems are used. 
Integration of management systems into digital platforms 
for data monitoring and analysis for more effective deci-
sion-making. An important aspect of achieving efficiency 
and sustainability in crop production is the development 
of modern architectural-structural solutions that consider 
the engineering infrastructure and its impact on the spatial 
planning solutions of the main buildings.

The choice of location for agricultural facilities and 
crop production enterprises depends on the availability of 
engineering infrastructure such as water, electricity, and 
sewerage systems. This affects spatial planning solutions, 
as the availability of communications and resources deter-
mines the possibilities for expansion and development of 
production. Engineering water supply and irrigation infra-
structure is crucial for successful crop production. Modern 
architectural and design solutions include systems for col-
lecting, storing and distributing water and innovative ir-
rigation methods such as drip irrigation, which efficiently 

use water resources and provide plants with water in ex-
act quantities (Bacon et al., 2012). The engineering infra-
structure includes energy supply and energy management 
systems. Modern crop production facilities actively use 
alternative energy sources such as solar panels and wind 
turbines to reduce dependence on conventional sources 
and the environmental footprint. The engineering infra-
structure includes air quality control systems, critically 
important for preventing plant diseases and ensuring high 
yields. Filtration and ventilation systems provide optimal 
conditions for plant growth and reduce the risk of infec-
tions. The engineering infrastructure also includes digital 
technologies and automation systems that allow monitor-
ing, managing production, and resource optimisation. This 
affects spatial planning solutions, as modern structures 
must be ready for integration with digital systems.

Urban planning placement of crop production facili-
ties in the structure of a settlement poses a number of tasks 
related to the optimal use of land resources, considering 
the needs of the population and ensuring environmental 
sustainability. The basic principle of urban planning of 
plant-growing enterprises is to consider the needs of the 
population in terms of products and their accessibility. The 
location of crop production enterprises is close to populat-
ed areas can substantially reduce transportation costs and 
increase the availability of fresh products (Xue et al., 2024). 
It also contributes to the development of the local econ-
omy and job creation. Urban planning of crop production 
facilities near settlements has the advantage of minimis-
ing transportation costs. This is important to reduce CO2 
emissions and environmental impacts, save resources, 
and reduce product costs. When placing crop production 
enterprises in the structure of settlements, it is important 
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to consider the principles of sustainable development and 
environmental protection. The use of modern technolo-
gies and methods, such as green roofs, wastewater treat-
ment, and reduction of soil pollution, helps to reduce the 
negative impact on nature and neighbouring settlements 
(Czyżewski et al., 2019).

The climatic and natural conditions of a particular re-
gion should be considered in the formation of the struc-
ture. This includes determining optimal planting seasons, 
microclimatic features, and landscape features. For exam-
ple, greenhouse complexes can be located in such a way as 
to maximise the use of solar energy in the region. Ration-
al master plans should ensure the maximum use of land 
resources. This includes choosing the optimal locations 
for planting areas, minimising crop losses, and maximis-
ing yields per unit area. The preparation of master plans 
also includes the structuring of production processes. For 
example, observing crop rotation and planning places for 
storing crops and equipment. Optimisation of transport 
routes and logistics is also an important aspect. Rational 
master plans should include consideration of modern tech-
nologies and innovations. This includes using automation, 
digital technologies, and control and monitoring systems 
to optimise production processes and increase efficiency.

The examination of architectural solutions in crop 
production and their adaptation to climatic conditions is 
of great importance, especially in light of climate change. 
The approach to designing buildings for crop production 
should consider factors such as temperature, humidity, and 
lighting to ensure optimal conditions for plant growth and 
yield. An analysis of the influence of these climatic factors 
on the architectural parameters of structures was conduct-
ed, and a new design methodology is proposed. High tem-
peratures may require cooling, ventilation, and thermal 
insulation systems inside greenhouses or other crop pro-
duction facilities. Cold climates require effective insula-
tion, heat pumps, and air heating (Mysak et al., 2016). Hu-
midity control inside structures plays an important role in 
preventing plant diseases and creating optimal conditions 
for their growth. Humidification and drainage systems may 
be necessary to regulate humidity inside structures. De-
pending on the climate and time of year, artificial lighting 
may be required to ensure the necessary daylight hours for 
plants. Architectural solutions should consider the place-
ment of windows and transparent walls and the possibility 
of using LED lighting. A new design methodology that con-
siders climatic factors may include the following elements:

1. Integrated climate control systems: automatic tem-
perature, humidity, and lighting control systems can be 
configured to optimise growth conditions in real-time, de-
pending on climate data.

2. Effective insulation and ventilation: using modern 
insulation and ventilation materials can help maintain sta-
ble conditions inside the structure.

3. Renewable energy use: the integration of solar panels 
and other renewable energy sources can reduce energy costs 
and make climate management systems more sustainable.

4.  Modularity and flexibility: structures should be 
modular to adapt to different climatic conditions and plant 
species.

5. Data monitoring and analysis: it is important to col-
lect data on climatic conditions and plant growth to con-
tinuously improve the design methodology.

By synthesising these elements, it is possible to devel-
op architectural solutions that optimally match climatic 
conditions, ensuring sustainable and efficient crop produc-
tion in different regions. This may include creating mul-
tifunctional greenhouses, using innovative materials and 
technologies, and active resource management to mini-
mise adverse environmental impacts.

DISCUSSION
The study highlights the necessity for implementing adap-
tive architectural solutions in crop production facilities 
to facilitate resilience in the context of evolving climatic 
conditions and urbanisation trends. The study’s principal 
conclusions highlight the necessity of climate-sensitive ar-
chitectural designs and the incorporation of green technol-
ogies to guarantee the sustainability of crop production. 
Similarly, as demonstrated by D.  Karamanis  et al.  (2024), 
the incorporation of green building elements, such as pho-
tovoltaic panels and greenery, can enhance urban sustain-
ability. The present study also suggests crop production 
facilities could benefit from such integration to improve 
environmental performance and energy efficiency. Such an 
approach would not only optimise the use of sunlight but 
also assist in regulating internal temperatures, particularly 
in regions characterised by extreme climates.

By the findings of Z. Wu et al. (2024), which indicated 
that the integration of green spaces within urban infra-
structure could serve to mitigate the Urban Heat Island 
effect, the study proposes that crop production facilities 
should consider the incorporation of analogous architec-
tural elements to maintain optimal internal climates. The 
installation of green roofs and walls could assist in stabi-
lising temperatures, reducing cooling costs and providing 
additional insulation, which is of paramount importance in 
maintaining a stable environment for crop growth.

Moreover, Um-e-Habiba  et al.  (2024) emphasise the 
significance of integrating smart systems to enhance en-
ergy efficiency in buildings. Similarly, the study lends 
support to the integration of smart technologies, such as 
automated climate control systems and LED lighting, to 
improve energy management within crop production fa-
cilities. The implementation of these technologies has the 
potential to markedly reduce energy expenditure and ad-
vance sustainable practices in agriculture, particularly in 
urban and semi-urban regions where resource efficiency is 
of paramount importance. This study is also in accordance 
with the findings of A. Gamal et al. (2023), who presented a 
framework for vertical greening systems to enhance urban 
resilience in hot, humid climates. For facilities engaged in 
crop production, vertical greening represents a sustainable 
solution for urban agriculture, offering improvements in 
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spatial efficiency and resource utilisation. By optimising the 
use of vertical space, facilities could achieve the dual objec-
tive of maximising crop yields while minimising land usage, 
which is particularly relevant in densely populated areas.

A.  Maciejewska  et al.  (2024) examined the role of 
greenery in enhancing the quality of life of urban resi-
dents. Similarly, the incorporation of green architectural 
solutions within crop production facilities serves not only 
to enhance agricultural productivity but also to confer 
societal benefits, namely the promotion of green spaces 
that improve air quality and biodiversity in urban environ-
ments. In a similar vein, Y.-H. Jung & Y.-S. Park (2023) in-
vestigated the potential of eco-corridors in urban settings, 
which is consistent with the findings on the design of crop 
production facilities that integrate natural ventilation and 
sunlight. The findings of their study lend support to the 
concept of utilising eco-corridors or open-air designs in 
crop production facilities. This approach could enhance 
natural airflow and light, thereby reducing reliance on me-
chanical systems for climate control.

The study by J.  Bosch Abarca  (2024) on single-row 
planning models in German cities provides insights into 
optimising spatial distribution for sustainability. In a sim-
ilar context, the research proposes the implementation of 
modular and scalable architectural designs for crop pro-
duction facilities, which can adapt to various environmen-
tal conditions and urban layouts. Such flexible planning 
can support both large and small-scale operations, thereby 
aligning with the sustainable urban development goals. In 
contrast to conventional designs that may fail to consider 
environmental sustainability, the study proposes a more 
integrated architectural approach. In alignment with the 
findings of A. Maciejewska et al. (2024), it is imperative to 
emphasise that architectural designs must be adapted to 
align with local climatic and urban conditions to facilitate 
sustainable crop production. To illustrate, the closed-loop 
water system described in Vertical Farm Beijing represents 
a model for the implementation of water recycling solu-
tions within crop production facilities, particularly in re-
gions with limited water resources (Xu, 2024).

Additionally, the findings underscore the impact of 
intrinsic factors, including crop varieties, production ob-
jectives, and cultivation techniques, on the architectural 
necessities associated with these plants. The environmen-
tal conditions required by different plant species are dis-
tinct, and these can be met through the implementation 
of specific architectural adaptations (Mero et al., 2023). For 
instance, crops that are of considerable height may neces-
sitate vertically spacious structures, whereas those that 
are low-growing or cultivated hydroponically may benefit 
from modular designs that are horizontally efficient. In 
addition, local anthropogenic factors, including urbanisa-
tion and pollution, have an impact on the architectural and 
operational aspects of crop production facilities. Special-
ised filtration and ventilation systems must be employed 
to maintain optimal air quality within these structures, 
particularly in urban settings where pollution levels are  

elevated (Hezentsvei & Bannikov, 2020). In a similar man-
ner to the environmental performance framework pre-
sented by A. Gamal et al. (2023), the research proposes the 
implementation of adaptable and resilient architectural 
solutions to mitigate the impacts of urban and climatic 
changes on crop production.

This study serves to reinforce the idea that any archi-
tectural solutions for crop production facilities must give 
priority to sustainability, adaptability and efficiency to 
meet the challenges posed by climate change and urban 
expansion. The incorporation of intelligent technologies, 
energy-efficient systems and environmentally conscious 
design features can facilitate the attainment of sustainable 
agricultural output within urban environments, thereby 
ensuring the dual objectives of food security and environ-
mental resilience.

CONCLUSIONS
This study highlights the significance of adaptive architec-
tural solutions in optimising the efficiency, resilience and 
sustainability of crop production facilities in response to 
the evolving climatic and anthropogenic challenges. The 
findings demonstrate that external environmental factors, 
including temperature fluctuations, precipitation patterns, 
humidity levels, and sunlight exposure, as well as internal 
variables such as plant type, care methods, and production 
goals, have a significant impact on the architectural design 
and operational functionality of these structures.

The study demonstrates that regional temperature con-
ditions are a key factor in determining the selection of in-
sulation materials and the integration of heating and cool-
ing systems, with the objective of creating optimal growth 
environments. Similarly, the architectural design must take 
into account local precipitation and humidity levels, which 
affect water supply needs, irrigation system integration, 
and overall moisture control within the facility. The utilisa-
tion of transparent materials and structures orientated in a 
strategic manner serves to enhance the availability of sun-
light, thereby supporting essential photosynthetic process-
es. Furthermore, wind conditions are taken into account 
in the structural design of buildings in order to maintain 
stability and safety, which is becoming increasingly impor-
tant in regions that are prone to extreme weather events.

The findings underscore the significance of sophisti-
cated architectural techniques, such as vertical farming 
and hydroponic systems, in enhancing spatial efficiency 
and resource utilisation. The implementation of closed-
loop water recycling systems, energy-efficient lighting, 
and climate control technologies has the dual benefit of 
reducing water and energy consumption while also fa-
cilitating sustainable crop production within urban and 
resource-limited settings. Notable examples such as the 
Urban Vertical Farm of Brightfood in Shanghai and the Ver-
tical Farm Beijing demonstrate the viability of integrating 
food production within urban areas, promoting biodiver-
sity, and achieving substantial resource savings through 
innovative architectural design.
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In conclusion, the study demonstrates that the ap-
plication of sustainable design principles to crop pro-
duction facilities enhances food security, minimises en-
vironmental impact and ensures long-term agricultural 
productivity. It is recommended that future research 
explores emerging technologies, such as artificial intelli-
gence for climate monitoring and renewable energy solu-
tions, in order to further improve the adaptability of crop  

production facilities to meet the demands of diverse and 
challenging environments.
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Сучасні принципи формування об’єктів  
для виробництва рослинної продукції

Анотація. Актуальність цього дослідження проявляється у необхідності адаптації архітектурних рішень до 
змінних кліматичних умов та антропогенних факторів. Метою дослідження було вивчення сучасних принципів 
формування структур для виробництва рослинної продукції та виявлення критичних аспектів, що мають 
вирішальне значення для оптимізації цього процесу. Для досягнення цієї мети були використані методи аналізу, 
синтезу, дедукції та індукції. Результати дослідження показують, що архітектурні рішення мають бути адаптовані до 
різних кліматичних умов, щоб оптимізувати ріст рослин. Це потребує коригування систем контролю температури, 
освітлення та управління водними ресурсами. Конкретні архітектурні приклади, зокрема Міська Вертикальна 
Ферма компанії Brightfood у Шанхаї та Вертикальна Ферма в Пекіні, представлені в якості тематичних досліджень 
для демонстрації цих принципів. Міська Вертикальна Ферма компанії Brightfood включає тераси з їстівними 
рослинами, сучасні гідропонічні системи та прозорі матеріали, що максимально використовують сонячне 
світло. Подібним чином, Вертикальна Ферма в Пекіні інтегрує систему водного замкненого циклу та ефективне 
світлодіодне освітлення для мінімізації енергоспоживання та витрати води, сприяючи тим самим продовольчій 
безпеці міста. Ці приклади ілюструють важливість адаптації архітектурних проектів до екологічних та міських 
обмежень. Дослідження дало можливість зрозуміти значення архітектурних та інженерних рішень у виробництві 
рослинної продукції, що може привести до створення більш ефективних та стійких систем вирощування рослин, 
що, у свою чергу, може підвищити продуктивність та якість сільськогосподарської продукції

Ключові слова: оптимізація врожайності; природно-кліматичні фактори; інноваційні агротехнології; структури; 
системи культивації
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