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VERTICAL 
FARMING: 
A GREEN REVOLUTION 
FOR VEGETABLES
Priyanka Khairiya, Akshita Bisht and Mondeddula Dhathri

The agricultural landscape has undergone a 
notable transformation in recent years towards 
sustainable and innovative agricultural 
practices. Vertical farming has evolved as a 
ground-breaking method to modify how we 
grow vegetables in a world where population 
growth, climate change, and the need for 
sustainable agriculture are major issues. 
This forward-thinking agricultural approach 
promises to address issues with food security, 
resource conservation, and urbanization. 
This piece will delve into the fascinating 
world of vertical farming and examine how it 
has the potential to completely transform the 
way vegetables can be produced.

Depending on the size, density, level of 
control, layout, building type, location, and 
intended use, vertical farming has been 
defined in a variety of ways. Vertical farming 
is therefore perceived differently depending 
on the stakeholder, ranging from a marginal 
crop producing activity to a system that is 
necessary for ensuring future food security. 
In simple words, vertical farming is the 
practice of producing crops in precisely 
regulated indoor conditions with the right 
amount of light, nutrients, and temperature 
which involves stacking growing plants in 
layers that may be several floors high. 
According to size and use, vertical farms are 
divided into:
•	 Plant factory with artificial lighting 

(PFAL), an industrial-scale vertical farm 
located in a devoted building.

•	 Container farm, a modular vertical farm 
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contained in a shipping container.
•	 In-store farm, a vertical farm located at 

the place of consumption or purchase 
(i.e., retail and restaurants).

•	 Appliance farm, a vertical farm appliance 
integrated into a home or office.

Vertical farming is a different approach to 
traditional agriculture, as it cultivates plants 
in stacked layers using modern technologies 
like hydroponics, aeroponics, and 
aquaponics, often in controlled environments 
like warehouses or skyscrapers. How vertical 
farming is causing a stir is as follows:
1.	 Year-Round Production: Unlike 

traditional farming, which is season-
dependent, vertical farms can grow 
crops year-round. This ensures food 
availability and ensures a steady supply 
of fresh vegetables throughout the year, 
minimizing seasonal variations.

2.	 Resource Efficiency: In comparison to 
conventional farming, vertical farms 
utilize a lot less water. Water is recycled 
using precision irrigation systems, 
reducing waste and conserving this 
precious resource.
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3.	 Optimal Space Utilization: Land is expensive and restricted in urban areas with high 
densities of population. Crops are stacked vertically to maximize space, enabling high-
density production while freeing up 
area for other uses.

4.	 Reduced Herbicides and Pesticide Use: 
Controlled environments in vertical 
farms limit the need for pesticides. 
Pest and disease management can 
be achieved through technology and 
precise monitoring.

5.	 Climate Resilience: Vertical farming's 
controlled environments protect crops 
from extreme weather events and 
provide a stable climate for growth, 
reducing the vulnerability of agriculture 
to climate change.

6.	 Climate friendly: The usage of tractors 
and other heavy agricultural equipment 
that are often employed on outdoor 
farms is reduced or eliminated when 
crops are grown indoors, which lowers 
the amount of fossil fuel that is burned. 
Large-scale use of vertical farming 
might significantly reduce CO2 
emissions and air pollution. 

7.	 People friendly: Accidents involving 
the use of heavy, dangerous farming 
equipment and exposure to toxic 
chemicals are two major work dangers 
that are avoided in vertical farming.

	ӆ Hydroponics : 
In hydroponics, plants are grown without soil using a water-based fertilizer solution. Growing 
medium used in this method can include aggregate substrates like vermiculite, coconut coir, 
or perlite. Small farmers, amateurs, and commercial enterprises all use hydroponic production 
systems. According to studies, the production was 11 times higher than on conventional farms 
while using 13 times less water. As a result, the most popular technique for vertical farming is 
hydroponics. 
In a hydroponic system, mineral nutrients (N, P, K, Ca, Mg, S, Fe, Mn, Zn, B, Cu, Mo, and 
Si) are delivered to the roots of the plant either through a stagnant aerated nutrient solution 
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(deep water culture), a continuous flow of 
nutrient solution (nutrient film technique), 
alternating water levels (ebb and flow), 
a nutrient mist (aeroponics), or by drip 
irrigation. Organic (e.g., peat, coir pith, wood 
fiber) or inorganic (e.g., mineral wool, perlite, 
sand) growing media provide root support, 
a balance between water and air in the root 
zone, and a buffer for pH and nutrients. 
This stable rooting environment is especially 
critical during seedling germination and 
development.	   
Recirculation of nutrient solution can also 
cause the accumulation of phytotoxic organic 
acids released by the roots. To remove 
phytotoxic substances from the nutritional 
solution, various methods are employed, 
including electrodegradation, gradual sand 
filtering, and activated charcoal. Pathogens 
can spread to other plants more readily 
through the nutrient solution in hydroponic 
systems even though their prevalence is lower 
than in soil production methods. Therefore, 
the use of disinfection techniques such as 
hydrogen peroxide, filtration, heat, ozone, 
and UV radiation to inhibit microbial growth 
in nutritional solutions can be adopted.
 

	ӆ Aquaponics 
The name "aquaponics," which refers to the 
coexistence of plants and fish, comes from 
the words "aquaculture" (the practice of 
raising fish in a sealed environment) and 
"hydroponics," which refers to the practice of 
growing plants typically without soil. Fish are 
raised in indoor ponds, and the excrement 
they produce is nutrient-rich, serving as a 
source of food for the plants in the vertical 
farm. The effluent is filtered and cleaned by 
the plants before being recycled into the fish 
ponds. Since it simplifies the economics and 
production issues and maximizes efficiency, 
most commercial vertical farm systems do 
not include an aquaponics component, even 
though it is used in smaller-scale vertical 
farming systems. However, new standardized 
aquaponic systems may help make this 
closed-cycle system more popular.

	ӆ Aeroponics 
This novel indoor growing method was 
created by the National Aeronautics and 
Space Administration (NASA). In the 1990s, 
NASA developed the word "aeroponics," 
which is described as "growing plants in an air/
mist environment with no soil and very little 
water." NASA was interested in discovering 
effective techniques to grow plants in space. 
This is different from hydroponics, where 
plant roots are immersed in a solution of 
water and nutrients. Aeroponics systems are 
still unusual in the field of vertical farming, 
but they are generating a lot of curiosity. 
In aeroponics, the roots have more access 
to oxygen, which leads to healthier plants, 
noticeably quicker growth rates, and higher 
yields. With up to 90% less water usage 
than even the most effective hydroponic 
systems, an aeroponic system is by far the 
most effective plant-growing technology for 
vertical farms. 

The future of vertical farming is intertwined 
with cutting-edge technology. Here are 
some technological innovations shaping this 
agricultural revolution:
1.	 LED Lighting: The ideal spectrum of 

light for plant growth is provided by 
energy-efficient LED lighting systems. 
The photosynthesis process can be 
enhanced by customizing these systems 
to resemble natural sunlight.

2.	 Automation and AI: Robots and artificial 
intelligence (AI) algorithms keep an eye 
on and tend to crops, making real-time 
adjustments to things like temperature, 
humidity, and nutrient levels. This degree 
of accuracy lowers labor expenses while 
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Vertical farming has potential, but it also has 
challenges, such as high setup costs, energy 
usage, and the necessity for renewable energy 
sources. But research and development are 
being used to overcome these difficulties. 
The perceived challenges of vertical farming 
are listed below:
•	 Building and Land Costs: Vertical 

farms can cost a lot to set up in urban 
areas. Some of the existing vertical farms 
are located in vacant warehouses, run-
down neighborhoods, or Superfund sites 
since these locations can be more cost-
effective for building.

•	 Energy Use: The energy used for 
artificial lighting and climate control 
in a vertical farm can add significantly 
to operating costs, even though 
transportation costs may be significantly 
lower than in conventional agriculture.

•	 Limited Number of Crops: The 
current vertical farm crop strategy is 
centered on high-value, quickly growing, 
small-footprint, and quick-turnover 
crops like lettuce, basil, and other salad 
ingredients. Grains and vegetables with 
a slower growth rate aren't as productive 
in a commercial vertical farming system.

increasing yields.

3.	 IoT (Internet of Things): Plant health, 
growth rates, and environmental variables 
are all tracked through sensors. In order 
to optimize crop development, growing 
conditions are fine-tuned using this data.

4.	 Vertical Farming Software: Every part 
of vertical farming is managed by 
specialized software, including resource 
allocation, crop health monitoring, and 
crop planning and scheduling.

Vertical farming has a bright future. Vertical 
farms are projected to become more accessible 
and economical as technology develops and 
economies of scale are realized. They will play 
a crucial role in local food systems, which will 
lessen the demand for long-distance travel 
and its related carbon footprint.

Growing vegetables vertically is not the only 
aspect of vertical farming; it also signifies a 
major change in the way we view agriculture. 
It provides a way to a future where food 
production is more resilient and sustainable 
by transforming vegetable cultivation. 
Vertical farming appears as a ray of light, 
revealing the route toward a greener and more 
sustainable society as the globe struggles to 
feed a growing population while reducing 
environmental effect.

•	 Pollination Needs: Since insects 
are typically kept out of the growing 
environment, crops that need insect 
pollination could be disadvantages to 
grow in vertical farms. Plants that need to 
be pollinated might have to be done so by 
hand, requiring staff time and labor.


