
Introduction. Long before the appearance of 
vertical farms, architectural practice developed 

many techniques and principles that implement the 
idea of integrating architecture and nature. The history 
of vertical agriculture began with the advent of the first 
cities. The most ancient civilizations used methods of 
hydroponic plants cultivation. Huge gardens and fields 
were an element of the ancient cities landscapes. One 
of the Seven Wonders of the World - Amitis (orSemiramis) 
Hanging Gardens has become a well-known example 
of the use of the concept of vertical agriculture, which 
has come down to us from history. The cultivation of 
plants in water is described in Egyptian hieroglyphic 
records.

In 1915, Gilbert Ellis Bailey coined the term 
“vertical farming” and wrote a book with the same 
name. He argued that agriculture in a controlled 
vertical environment would provide economic and 
environmental benefits. In the early 1930s, William 
Frederick Guerique became a pioneer of hydroponics 
at the University of California in Berkeley. In the 1980s the 
Swedish farmer Oke Olsson proposed vertical agriculture 
as means to produce vegetables in cities. He invented 
the spiral rail system for growing plants. Using advanced 
greenhouse technologies such as hydroponics 
and aeroponics, a vertical farm could theoretically 
produces fish, poultry, fruits, and vegetables. The 
industrial revolution and urbanization accelerated 
the separation of functions between urban and rural 
workers. But the rising problems of the shortage of fertile 
land, the shortage of labor in the agricultural sector, 
the increasing demand for food, pose new challenges 
for the organization of agricultural production in large 
settlements.

Inherently, vertical farms are highly automated 
agro-industrial complexes of mixed use, which can be 
combined with ahousing function or exist as a separate 
complex located in a specially designed high-rise 
building(in figure 4)[9].

Methods. There are three types of vertical farming.
The first type is high-rise structures with several levels, 
which are illuminated by artificial light. Many cities 
have implemented this model in new and old buildings, 
including warehouses. These include existing vertical 
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farms like Sky Greens (Green Sky) in Singapore (in figure 
1)[6]. This is the first commercial vertical farm in the world. 
Plants are grown on a 38-tiered tower, which resembles 
the letter "A".The towers rotate around aluminum beams, 
which provide the correct distribution of water, sunlight 
and air for plants. Sky Greens is capable of producing 
one ton of fresh vegetables every other day [2]. 

The underground plant center of the Tokyo Metro is 
located under the Tokyo Metro railway and is engaged 
in farming under the “Tokyo Salad” brand. In this 
sealed space adhere to strict hygienic rules: there is no 

Fig.1. Singapore’s Sky Greens Farm
(source: Sky Green Website)

fertilizer or soil. Instead, seven tiers of plants are grown 
hydroponically.

Mirai Corp in Japan is the largest vertical farm in 
the world with an area of 25,000 m 2.A farm needs 40% 
less energy, 80% less fertilizer, and 99% less water than a 
regular farm. And productivity increased by 100 times 
- 10,000 heads of lettuce are produced per day [3]. 
Swedish-American companyPlantagon International 
is promoting a new kind of greenhouses, which they 
call “plantagon”. The construction of the first complex 
began in Linköping, Sweden. It contains a spiral 
structure located in the center of a spherical building 
and elongated vertically along which the plants move 
up to the ripening period.

The second type of vertical farming is the roofs of old 
and new industrial and residential buildings, as well as 
terraces and kitchens. A notable object of this type was 
the residential complex “One Central Park” (First Central 
Park) in Sydney(in figure 2)[7]. Residential building in 
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Sydney representing the trend of the future of agriculture 
- vertical farms within the city limits.This complex was the 
best in the world thanks to an innovative project in the 
field of eco-technology.

High-rise buildings, originally not intended for 
agriculture, can already be converted into large vertical 
urban greenhouses, thereby meeting the citizens' 
demand for products.The potential for profitable use 
of square meters in high urban buildings is very high.
Creating several vertical sites with controlled climate 
allows to adapt to almost any climate for growing low-
growing crops.

The third type of vertical farming is the futuristic multi-
storey building of the future. In the last decade, we have 
seen a greater number of serious prophetic proposals of 
this type. In fact, the architects propose to reinvent the 
vertical building, both structurally and functionally, as 
well as environmentally and energetically. It is necessary 
to note the connection between these three types, the 

Fig.2. One Central Park in Sydney
(source: ArchDaily Website) 

success of moderate-sized vertical farm projects and 
growing technologies will likely pave the way for a 
skyscraper farm typology.

A good example of the development of this 
technique can be a global conceptual project of the 
smart city “2050 Paris Smart City”, compiled in Paris(in 
figure 3)[8].Its essence lies in the idea of building towers of 
eight types with different environmental characteristics, 
providing themselves with renewable energy that 
brings minimal emissions of harmful substances into the 
atmosphere. The project presents new types of structures 
that completely transform the familiar landscape ofParis. 
Their plan is reducing 75% of greenhouse gas emissions 
in the next 35 years [4].

Mountain towers represent bioclimatic peaks that 
combine different renewable sources of energy. During 
the day, photovoltaic and thermal shields will be able to 
generate electricity and hot water. Numerous balconies 
of towers with greenery will serve as a filter for residents.

The next type of towers - “Honeycomb towers” - 
honeycomb towers will be able to increase living space 
in already existing houses in the center of Paris. Steel 
structures will be mounted on chimneys. On the roofs, 
photovoltaic panels will be installed that will generate 
electricity for street lighting.

"Bamboo nest towers" - these skyscrapers are 
conceived as thermodynamic tower gardens wrapped 
in bamboo bio-meshes. It will be grown fruits and 
vegetables, as well as install windmills inside them.

Antismog towers are conceived as a 23-kilometer 
corridor passing through the center of Paris along 
abandoned railway lines, which will be converted into 

park zones, bicycle paths and urban gardens. Towers 
will be built along them to filter atmospheric smog. These 
structures will produce electricity through axial wind 
turbines and flexible photovoltaic panels. 

In the towers of the Farmscraper towers (Farmers' 
skyscraper) will be located farms that can provide food 
to neighboring areas [4].

The technological structure of a modern vertical 
farm can consist of several sectors with different 
technological methods of cultivation:

1) aeroponics - growing in air without using soil. Due 
to aeroponics it can be grown many crops nearby. And 
the vertical method of cultivation saves space, so that 
completely different premises, even basements and 
warehouses, can be allotted for aeroponics.

2) hydroponics - growing in artificial medium without soil;

Fig.3. Paris of the future – The Smart City 2050 
(source:Freshdesignpedia Website)

3) aquaponics - growing in water.These sectors are 
fueled by alternative energy sources, increasing the 
sustainability of the product.

Results. According to the UNICEF (United Nations 
International Children's Emergency Fund), the urban 
population in the world will become equal to 105 million 
people by 2020, its share will be 75%, and by 2030 it will 

Fig.4. Diagramming a vertical farm (source:Pinterest Website)
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grow to 99 million people, which will be 77% of the total 
population of the planet. In the face of increasing global 
population, reducing the share of the rural population 
and the growing problem of hunger, the agrarian 
sector requires new solutions implemented only with 
the help of new technologies. The transition to vertical 
agriculture  can be as example of it. Its main difference 
from traditional greenhouses is an intensive approach 
to the use of the territory, vertical multi-tiered planting. 
Plants grow faster all year round and also consume less 
water. Theoretically objects can be built in any places. 
According to analysts, by 2022 the global market for 
vertical farms will reach $ 6 billion.

Now residents of high-rise buildings can grow rice, 
maize and wheat with a minimal amount of water and 
soil in their own greenhouses. Talking about the benefits 
of these fields, you can call the following:

1. A green wall with an area of one thousand square 
meters occupies about 60 to 70 centimeters of the soil 
surface, thereby significantly saving territorial space.

2. 800 square meters of green space can absorb 
about 400 tons of harmful gases per year, level the 
harmful effects of 2 kilograms of heavy metals, produce 
enough oxygen to consume 500 people per year and 
absorb pollution from 450 vehicles.

3. Every 2 square meters of a vertical green wall 
corresponds in its performance to a 15-meter tree [5].

Despite the complex technical and practical 
problems in the application of vertical farms today they 
exist and produce various types of crops in China, South 
Korea, Japan, Singapore, the United Arab Emirates, 
Holland, Italy, the United Kingdom, the United States 
and Canada [2].

Discussions. Obviously, vertical farming is an attempt 
to reconcile urban and rural life to form the future eco-
cities. The ecological city of the future should focus on 
the reintegration of the farm function on an urban scale, 
emphasizing the role of urban agriculture in the use and 
reuse of natural resources and biodegradable waste 
in order to loop the ecological chain in order to avoid 
asphyxiation of the planet. There will be possible not 
only to grow food, but also to help develop sustainable 
solutions for better use of energy, heat, waste and 
waterin  the vertical farms [1]. Vertical agriculture 
includes the next features:

• the possibility of lack of reference to cultivation in 
the soil, lakes, rivers, pastures, etc .

• minimization of the used area, but maximization of 

the used volume of farms;
• creating digital ecosystems to manage vertical farms;
• the use of new architectural and engineering 

solutions, information and communication technologies, 
selection methods and technologies for the production 
of agricultural products;

• the sale of fresh products by placing in proximity to 
consumers.

Projects of the future city focus cities on reintegrating 
farm functions on a city scale, which will transform the 
urban landscape with the help of a new typology of 
“green” buildings not only in individual urban areas or 
districts, but also completely familiar urban landscapes 
turning their “smart cities” [1].

Conclusions. Scientists, who work on urban growth 
and development around the world, believe that 
urbanization threatens global biodiversity, but cities 
can reconcile biodiversity by creating environmentally 
sustainable conditions. During combining food 
production and architecture, not only a completely new 
typology of a multifunctional agro-industrial building 
appears, the potential of which is demonstrated by 
the projects reviewed, but also the prospects of many 
social and environmental benefits. This will undoubtedly 
lead not only to architectural and spatial changes in the 
usual urban landscapes, functional connections, but 
also to an increase in the viability of cities, a continuous 
cycle of providing residents with products, as well as a 
possible normalization of ecosystems [5].

Vertical farms will allow turning cities into centers 
for growing products, using urban conditions, provide 
a favorable environment, and create new jobs. In 
addition, vertical farms can really be useful in extreme 
situations, for example, when creating refugee camps. 
Ensure the stabilization of the economic crisis in the third 
world countries.And in the future they can get rid of 
armed clashes in the struggle for natural resources for 
farming, such as water and land.

In conclusion, we can say that vertical agriculture 
is a prospective direction in the development of the 
agrarian sector, requiring new technological solutions 
and large capital investments. First of all, its distribution 
imagines on the territory of smart cities, in countries with 
a high level of technological development and high 
population density.Vertical farming brings benefits not 
only for the producer, but also for the environment as a 
whole, and therefore can be considered the preferred 
option in the future.
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