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Vertical farming seeks to ensure the sustainability of our cities proactively by addressing food
security to the world’s ever-increasing urban population. In principle, it is a simple concept;

farm up rather than out. The body of literature on the subject distinguishes between three types

of vertical farming. The first type refers to the construction of tall structures with several levels
of growing beds, often lined with artificial lights. This often modestly sized urban farm has
been springing up around the world. Many cities have implemented this model in new and old
buildings, including warehouses that owners repurposed for agricultural activities. The second
type of vertical farming takes place on the rooftops of old and new buildings, atop commercial
and residential structures as well as on restaurants and grocery stores. The third type of vertical
farm is that of the visionary, multi-story building. In the past decade, we have seen an increasing
number of serious visionary proposals of this type. However, none has been built. It is important,
however, to note the connection between these three types, the success of modestly sized
vertical farm projects and the maturation of their technologies will likely pave the way for the
skyscraper farm.

Environmentalists, urban farmers, architects, agronomists, and public health experts, among
others, have been joining this mini revolution as they partner to work out a way to salvage a
food-scarce, ultra-urbanized future. A wide number of technology experts have converged on
the concept of vertical farming, advancing the fields of robotics, aeroponics, aquaponics, and
hydroponics.
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Aquaponics is a bio-system that integrates recirculated aquaculture (fish farming) with
hydroponic vegetable, flower, and herb production to create symbiotic relationships between
the plants and the fish. It achieves this symbiosis through using the nutrient-rich waste from
fish tanks to “fertigate” hydroponic production beds. In turn, the hydroponic beds also function
as bio-filters that remove gases, acids, and chemicals, such as ammonia, nitrates, and
phosphates, from the water. Simultaneously, the gravel beds provide habitats for nitrifying
bacteria, which augment the nutrient cycling and filter water. Consequently, the freshly cleansed
water can be recirculated into the fish tanks. In one experimental project, aquaponics consisting
of wetland pools containing perch and tilapia, whose waste provided nutrients for greens, solved

the principal problems of both hydroponics and aquaculture as mentioned above.



Researchers envision that the aquaponics system has the potential to become a model of
sustainable food production by achieving the 3Rs (reduce, reuse, and recycle). It offers
bountiful benefits, such as:

e C(Cleaning water for the fish habitat;

e Providing organic liquid fertilizers that enable the healthy growth of plants;

e Providing efficiency since the waste products of one biological system serves as
nutrients for a second biological system;

e Saving water since water is re-used through biological filtration and recirculation. This
feature is attractive particularly in regions that lack water;

¢ Reducing, even eliminating, the need for chemicals and artificial fertilizers;

e Resulting in a polyculture that increases biodiversity;

o Supplying locally-grown healthy food since the only fertility input is fish feed and all
of the nutrients go through a biological process;

o Facilitating the creation of local jobs; and

¢ (Creating an appealing business that supplies two unique products—fresh vegetables and
fish—from one working unit.

Vertical farming represents a proactive thinking approach that aims to ensure the
sustainability of cities by addressing the issue of food security. The urban population already
faces food shortages, and food prices are skyrocketing due to increases in oil prices, shortages
of water and the diminishment of other agricultural resources. The current practices of
supplying food to urban areas suffer from environmental and economic problems, such as the
inefficient practice of transporting food great distances. As an answer to these problems, the '
vertical farm will grow food efficiently and sustainably by saving energy, water, and fossil fuels,
reducing toxins and restoring ecosystems, as well as providing new opportunities for
employment. We have seen the rapid growth of modest-scale vertical farming, and these
projects have provided excellent examples of adaptive reuse of vacant industrials spaces.

Therefore, the vertical farm may offer opportunities in the three pillars of sustainability:
environment, society, and economy. It can offer a sustainable food-production model that
supplies crop year-round with no interruption due to climate change, season, or adverse natural

events (e.g., hurricane, drought, and flood). It has also the potential to provide greater yield per



space unit—the ratio is 1:4-1:6, depending on the type of crop. Further, the high-tech
cultivation methods of the vertical farm reduce demand on potable water. They are often
efficient in irrigating plants, by targeting plant roots and reducing evaporation. They may also
recycle wastewater (grey, even black water) and harness rainwater. When fish farms are
integrated, fish removes waste (esp. fish filet). The vertical farm can also produce energy by
burning methane from compost. For example, the Plant Vertical Farm in Chicago and the

Republic of South Korea VF factory convert waste to energy.

(Hi#4: Al-Kodmany, K. The vertical farm: A review of developments and implications for the
vertical city. Buildings. 2018, 8(2), 24 % —¥BikE)
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