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While vertical farming has no official definition, it refers primarily to space-
efficient plant farming. Most vertical farms are practical and economical 
in producing high-value crops in a controlled environment. So-called 
“greens” (leaves of plants eaten as vegetables) are predominantly grown 
in these systems. In addition, virtually all vertical farms use hydroponic or 
aquaponic growing systems, also called soil-less systems. Since no soil is 
used, it is much more space-efficient, easier to scale vertically, and more 
straightforward to design and build.

One of the most significant advantages of vertical farming is agricultural 
production in urban areas. Vertical farming is cost-efficient because it has a 
high output per square meter, offsetting the high real estate costs in urban 
areas. In addition, there are more advantages such as reduced usage of 
water, reduced waste, shorter transport time, and constant and consistent 
production due to its controlled environment. As the resources recirculate, 
these systems can efficiently function as stand-alone units and are infinitely 
scalable.
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2.1  Introduction to an Aquaponic System 

2.2  Components of an Aquaponic System



Traditional aquaponics requires plants stacked on top of the fish tank, but 
most of the world's largest aquaponics farms utilize the deep water culture 
system (DWC). However, the DWC system is still a compact production 
method, as many aquaponic farms are located inside urban areas and 
rooftops. 

Of the various advantages growing food in a recirculating system brings, 
the most notable is the reduced waste the system releases. In addition, 
raising fish and plants together ensures that using harmful compounds 
is prevented. For example, substances such as traditional pesticides that 
are harmful to humans are detrimental to fish. As a result, conventional 
pesticides cannot be used on plants because they may kill the fish. Many 
commercial aquaponic systems have organic certification. 

A significant downside of aquaponics is that the initial costs can be costly, 
as vertical farming systems require complex and careful planning.

Table 1. Strengths and Weaknesses of Aquaponic Food Production

Major Strengths  
of Aquaponic Food Production

Major Weaknesses  
of Aquaponic Food Production

Sustainable Expensive to start (compared to soil 
vegetable production/hydroponics)

Two agricultural products (fish and 
vegetables) produced from one nitro-
gen source

Requires knowledge of fish, bacteria, 
and plant production to produce 
successfully

Water-efficient Fish and plant requirements do not 
always align

No soil required Mistakes or accidents can cause 
severe destruction to the system

No fertilizers or chemical pesticides 
used

Requires daily management and is 
energy demanding (reliable access 
to electricity, fish seed, and plant 
seeds)

Higher yields and qualitative produc-
tion

Increased biosecurity and lower risk of 
outer contaminants
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Table 1.  Source: FAO
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Major Strengths  
of Aquaponic Food Production

Major Weaknesses  
of Aquaponic Food Production

Less waste released

Applicable in non-arable land (i.e., 
desserts, degraded soil, salty, sandy 
islands)

An aquaponic system uses wastewater from the fish tank to grow plants. 
Nutrients in fish feed enter the tank, are converted into biomass as fish grow, 
or remain in the water (if fish does not consume the fish feed) along with 
other water produced. Some waste produced, such as nitrogen in chemical 
compounds, cannot be used on plants in this form. Therefore a biofilter in the 
system converts these nutrients into plant-available nutrient forms. Plants 
absorb these nutrients, preventing a buildup of waste that may be harmful to 
fish. 

Figure 1. Biological Componenets in the Aquaponic Process: Fish, Plants, 
and Bacteria

Fish
The aquaculture component is more straightforward. It consists of nothing 
more than a fish tank. Water flows from the fish tank to the rest of the 
system and returns to the fish tank. Nutrients (fish feed) enter the aquaponic 
system when water enters the fish tank. However, the system's capacity to 
absorb and convert nitrogen from the fish feed is limited, and excessive feed 
will lead to a buildup of harmful waste such as ammonia and nitrite.

Components of 
an Aquaponic 
System

Table 1.  Source: FAO

Figure 1.  Source: FAO
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Fish feed typically has a high protein content (up to 50%). Nitrogen is a 
significant building block of amino acids and protein (since amino acids 
are building blocks of protein). As a result, fish waste consists primarily of 
ammonia (NH3), which is toxic to fish and plants (in high concentrations).

Biofilter / Bacteria
Bacteria solve the problem of toxic ammonia and nitrite in the system. 
Bacteria and biofilters are arguably the most crucial part of aquaponics. 
Ammonia (NH3) is converted into nitrite (NO2−), then to nitrate (NO3-) by 
bacteria. Nitrite is highly toxic to fish and can harm plants. However, when 
nitrite is converted to nitrate, it becomes less harmful to fish and becomes 
available to plants as nitrogen. The two commonly used bacteria that 
facilitate this procedure are Nitrosomonas and Nitrobacter. However, there 
can be countless other bacteria involved in a similar process, but because 
most of these bacteria occur naturally and is not necessary to bring them 
into the system. It takes time for bacteria to spread and settle in the system, 
and nitrite levels are unpredictable, especially in the first 30 days.

The primary function of the biofilter is to provide a habitat for the bacteria 
in the system. The capacity of the biofilter is often measured in terms of 
total surface area. Based on the biofilter's entire surface area, the amount 
of ammonia that ammonia can convert to nitrate from fish feed is estimated. 
The number of fish and plants to cultivate is determined through the 
estimation.

Figure 2. Nitrogen Flow Chart in an Aquaponic System

Figure 2.  Source: FAO
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Plants
As most nutrients enter the system as fish feed, the composition of fish 
feed will determine the nutrients supplemented. For example, the protein 
content of fish feed indicates the quantity of nitrogen entering the system. 
In addition, the fish feed usually contains sufficient phosphorus for optimum 
plant growth. On the other hand, potassium is supplemented in most 
aquaponic systems because there is generally insufficient potassium for fish 
and plants.

Most micronutrients also enter the system through fish feed. However, 
micronutrients that are often deficient and are supplemented include iron, 
calcium, and magnesium. When plants are harvested, these nutrients are 
removed from the system, thus in a perfectly balanced approach, only water 
is lost through evapotranspiration and converted into plant biomass that 
needs to be supplemented. It is estimated to be as little as 1% of the total 
water volume per day.

Since many aquaponic systems are closed and controlled, they are less 
prone to insect and pest damage. However, in case of an outbreak, the use 
of conventional pesticides may harm or even kill fish. Therefore, cultural and 
mechanical control are much more common than chemical control. In most 
systems, plants are grown in deep water culture, nutrient film technique, 
media-based systems, or any combination and variants.

Deep Water Culture
In deep water culture, the roots of the plants hang in the water and allow 
the roots to absorb nutrients from the water. Therefore, water must be well 
oxygenated to prevent root diseases such as root rot. In addition, a biofilter 
is necessary to provide an area for bacteria to colonize.
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Figure 3. Deep Water Culture

Nutrient Film Technique
In a nutrient film technique, plants are grown in pipes or tubes where the 
water flows. A bulk of roots hang in the air, promoting oxygen uptake and 
lowering the chances of waterborne diseases. It is a widespread technique 
commercial aquaponics and hydroponics use.

Figure 4. Nutrient Film Technique

Figure 3.  Source: DIY gardening and 
better living

Figure 4.  Source: DIY gardening and 
better living
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Media Bed Systems
Small and hobby aquaponic systems usually implement media bed systems. 
A significant advantage of media bed systems is that media beds, where 
plants grow, act as biofilters. Furthermore, taller and upright plants can 
grow more easily in this system because the media provides a solid anchor 
for the roots.

Figure 5. Media-based System

Water Quality and System Balance
The primary concern when balancing the system is the system's capacity 
to absorb nitrogen that enters the system. Once the capacity is identified, 
the farmer can calculate the number of fish and plants to grow and balance 
the system.

Many other factors need to be considered in an aquaponic system. 
Dissolved oxygen in system water is crucial for fish and plant growth. Plants 
can only absorb nutrients within a specific pH range, and wide pH swings 
can be fatal to fish. The water temperature should suit the fish and plants 
reared in the system. Any compounds added to the system must be "fish 
safe" and not upset the balance of the system.

Figure 5.  Source: FAO



Figure 6.  Source: FAO
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Figure 6. Balancing an Aquaponic System
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It is widely accepted that aquaponics will play a significant role in 
sustainable food production in the future. The FAO has published nearly 
3,000 publications on aquaponics alone. Many of these research articles 
show how aquaponics can increase food security, alleviate poverty, 
localize food production in developing regions, and many other countless 
socio-economic advantages. 

Aquaponic systems are undeniably very efficient in resource-scarce 
environments, such as arid areas. Furthermore, production becomes 
decentralized, which means small, medium, or large-scale farms can 
supply surrounding communities with fresh produce. As fresh produce is 
locally produced, the supply chain is significantly shortened, with fewer 
imports and simpler logistics. The theoretical evidence that aquaponics 
can alleviate hunger and bring food security to poor regions is well 
researched and undeniably true. Yet, in reality, nearly all successful 
commercial aquaponic systems are in developed areas, and few have had 
any success in developing regions. 

Some factors that prevent aquaponic expansion in developing areas 
are the initial cost, technical expertise, extremely costly running costs. 
Coldwater fish, like trout, can take as long as two years to grow to a 
marketable size. Even warm water fish like tilapia will seldomly reach 
market size before six months. As a result, products produced in 
aquaponics are usually high-value products with a premium price tag. 
However, the price remains a decisive determinant in developing areas 
instead of healthy eating. For example, Superior Fresh sells salmon at 
USD 50/kg, which may not suit developing regions. 

The risk factor is also extremely high. A clogged pipe, a short power 
outage, a failed pump, an unclosed valve, or any minor errors in the 
system can lead to substantial financial losses by wiping out all the fish 
and plants. Although monitoring the water quality is required, there may 
not be a stable supply of inputs necessary. 

Nevertheless, aquaponics will undoubtedly play a significant role 
in food security in the future. There have been many technological 
advancements in the last few decades, and most of the largest 
commercial aquaponic farms have been built in the previous five years. 
In addition, most commercial systems have organic certification or similar 
food safety certification and rely on customers willing to pay a premium 
for sustainable and safe food. As a result, high-income areas will drive 
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Figure 7.  Source: FAO

commercial aquaponics soon. For example, Les Nouvelles Fermes, arguably 
Europe’s largest aquaponics farm, prides itself in that its products are sold 
in only a 20km radius around the farm, relying on a “buy local” sentiment 
among its customers.  

The versatility and scalability of aquaponics make them a popular choice 
for hobbyists and backyard farmers, where profit is not always the number 
one concern. Building a single IBC tank system is a weekend project, and 
materials could cost less than USD 250. It takes up just 1 m2 of floor space, 
and hundreds of video tutorials are available on the internet. A neat small-
scale/hobby system with three IBC tanks and a 4 m2 growing area can be 
built using the detailed instruction in the FAO’s Small-scale aquaponic food 
production manual. 

Figure 7. Media-based Aquaponics System (4m2)

As these systems are easy to build and scale, aquaponic farms can range 
between 1 m2 and 15,000 m2 (the world's largest aquaponics systems). 
One of the significant goals of aquaponics is to localize and decentralize 
food production, meaning production from these systems is for home 
consumption or to sell to neighbors or friends. Under proper conditions, 
small and medium scale units can be run by a single person and are 
profitable. Various aquaponics consulting firms promote the idea of having 
an aquaponics system in every school or every rooftop around the globe. 
While this makes sense, not many parties have lived up to the hype. 
However, more farmers are getting involved as aquaponic production is 
gaining traction. As more farmers are involved in aquaponics, it can drive 
further innovations and developments, eventually leading to practical 
applications of aquaponics matching the theoretical forecasts. 

The plant production enterprise is usually the most important on a value 
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basis. However, since there is a wide variety of systems, system designs, 
and market dynamics, it is different for virtually every scenario. However, 
taking the world’s largest aquaponics farm, Superior Fresh, as an example, 
the value of plant production makes up roughly four-fifths of the total value. 

Theoretically, any plant can be grown in aquaponics, but some plants 
do much better commercially than others. Hobby farmers can choose 
from various crops ranging from dwarf fruit trees, ornamental flowers, 
and animal feed. However, there are fewer crop choices for commercial 
aquaponics, and most commercial farms focus on greens. Concentrating 
on plants that take up little space have a high turnover and yield, and suit 
commercial aquaponic farms. As a result, leafy vegetables have become a 
popular option. The world's largest aquaponics farm majorly grows greens. 
Other small-statured plants, such as herbs (i.e., basil), are also popular in 
commercial aquaponics farms. For example, BIGH, one of Europe's largest 
aquaponics farms, successfully grows tomatoes, chilies, peppers, and 
other fruiting plants. Another popular choice for both hobby growers and 
commercial systems is strawberries (small size and high yields).
 
The species of fish reared in aquaponic systems depend on many different 
factors. In theory, as with plants, farmers can raise any fish species in 
aquaponics. Even saltwater fish are reared in some (although primarily 
research-based) systems. For example, the world’s largest aquaponics 
farm, Superior Fresh, rears Atlantic salmon in Wisconsin, more than 1,500 
km away from the Atlantic Ocean. Crustaceans are also known to be raised 
successfully by hobby farmers. Ultimately, various factors will determine the 
suitable fish species for the system.

Growing tilapia is a popular option for commercial, small-scale, and hobby 
farms in tropical and warmer climates. It is popular among small-scale and 
hobby farmers because few fish can tolerate poor water quality and low 
oxygen levels. Catfish is another popular choice because the farmer does 
not have to manage the water quality strictly. However, commercial systems 
rear mostly high-value fish., such as trout. When customers are willing to 
pay a premium for products that meet their needs, more expensive fish 
species are the most profitable.  
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Location: Wisconsin, US

Website: https://www.superiorfresh.com

Fish reared: Atlantic salmon, trout

Plants cultivated: Greens

Plant cultivation: Deep water culture

Super Fresh was established in 2017 and is currently regarded as the 
world's largest aquaponics farm. The farm produces about 100mt of 
fish (salmon and trout) and 600mt to 1,000mt of greens annually. The 
area dedicated to fish production and plant production is 3,700m2 and 
11,500m2. Fish tanks are supplemented with pure oxygen, and the internal 
environment of the greenhouse is strictly controlled. Factors to be 
managed include light exposure, humidity, and carbon dioxide. One of the 
most noticeable features of the greenhouse is the supplemental lighting 
the farm uses to control light exposures of plants. The automated system 
gives the greenhouse a pinkish glow in the evening.

Superior Fresh sells salmons at a premium because their salmon have 
non-GMO certification, salmon welfare certification (by Greener World), 
and BAP certification. Salmon fillets sell for about USD 50/kg on their 
website. 

Leafy greens are USDA organic, and SQF certified. The leafy green mixes 
are also sold at a premium for about USD 3.50/100g in retail partners.
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https://www.superiorfresh.com
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Figure 8. Media-based Aquaponics System (4m2)

Location: Bordeaux, France

Website: www.lesnouvellesfermes.com

Fish reared: Trout

Plants cultivated: Greens and other vegetables, fruit

Plant cultivation: Deep water culture

Les Nouvelles Fermes launched their first aquaponics farm, Pauline, in 
2019. Once the launch was successful, the startup gathered funding 
of EUR 2 million to construct Europe's largest aquaponics farm, Odette. 
Constructions started at the end of 2021, and the farm will be 5,000m2. 
Odette's production capacity is unknown, but Pauline, about 1,000m2, 
produces 2.5mt of rainbow trout and 20mt of fruit and vegetables annually. 
Their leafy green mix sells for USD 1.70/100g on their website.

Les 
Nouvelles 
Fermes

Figure 8.  Source: Superior Fresh

http://www.lesnouvellesfermes.com
https://www.superiorfresh.com
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Figure 9. Media-based Aquaponics System (4m2)

Location: Brussels, Belgium

Website: https://bigh.farm/about/ 

Fish reared: Trout

Plants cultivated: Herbs, tomatoes, peppers, and other vegetables

Plant cultivation: Various

Located on the roof of Foodmet, a well-known fresh food market in 
Brussels, BIGH's aquaponics farm confirms that aquaponics can be localized 
in urban areas. The greenhouse and fish farm were completed in 2018 and 
began operations at the end of 2018. The farm has a 2,000m2 greenhouse 
and 2,000m2 outdoor growing area, all located on rooftops. BIGH's products 
are sold through retail partners in Brussels.

Figure 9.  Source: Les Nouvelles 
Fermes

BIGH

https://bigh.farm/about/
https://www.facebook.com/paulineairfarm/
https://www.facebook.com/paulineairfarm/
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Figure 10. Media-based Aquaponics System (4m2)

Location: Bangalore, India

Website: http://landcraftagro.com/

Fish reared: Freshwater fish (unspecified)

Plants cultivated: Greens, herbs, fruits

India has a vibrant aquaponic industry with countless small-scale growers. 
Many startups have come and gone under again. Some sizeable commercial 
aquaponics farms are found near big cities. Landcraft Agro is one of the 
largest commercial aquaponic farms in the country. The total area dedicated 
to aquaponics is around 8,400m2, with expansion plans.

Prices are much cheaper than in other countries, and 100g of lettuce from 
Landcraft Agro costs only USD 0.45 on its online sales platform.

Figure 10.  Source: Salesguide

Landcraft Agro

http://landcraftagro.com/
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Figure 11. Media-based Aquaponics System (4m2)

Location: Virgin Islands, US

Website: https://bit.ly/3qPl3c4

Fish reared: Tilapia

Plants cultivated: Greens, basil, okra, and other vegetables

Plant cultivation: Deep water culture

The University of the Virgin Island’s Commercial Aquaponic System (UVI 
CAS) is widely regarded as the bridge between theoretical aquaponics 
and commercial aquaponics. The system has been in operation since 
1997 but has undergone at least six major updates since then. While this 
system is comparatively small and even outdated compared to the modern 
farms mentioned above, it is still regarded as the original transition from 
a theoretical production system to a commercial aquaponics production 
system. The UVI system does not use a greenhouse, which means the 
environment is not controlled as strictly as modern methods. Nearly all 
modern aquaponic systems are an improved/modernized version of the  
UVI CAS. 

The UVI CAS produces 5mt of tilapia, 33,700 to 42,120 heads of lettuce, 
5mt of basil, and 2.9mt of okra yearly. Other vegetables are also grown as 
part of research initiatives. 

Figure 11.  Source: Tridge

UVI CAS

  https://bit.ly/3qPl3c4
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Figure 12. Media-based Aquaponics System (4m2)

Figure 12.  Source: UVI
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