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Preface

The aquaponics is the only farming system that guarantees food
security for the present and the future generations. It is
environmental friendly and economically viable technology, not
only for the developing, but also for the developed countries of our
planet. This technology has the advantages like economic benefits,
community upliftment, most adaptable farming method, food
security, environmentally friendly, reduces the reliance on the
traditional supply chain, market loyalty, green education for farming
in peri-urban and urban areas, less time-consuming and can produce
premium quality food. It is the technology of the development and
would bring green revolution in the 21st century. In draught-prone
areas, it is the ‘Oasis in Desert’.

This Course Book will help in training farmers as well as
teaching students right from high schools, colleges, institutions and
universities. It would help the policy makers, corporators,
government administrators and NGOs.

Aquaponic system design and application can be considered as
a highly multidisciplinary approach drawing from environmental,
mechanical and civil engineering design concepts as well as aquatic
and plant related biology, biochemistry and biotechnology. A farmer
must know the automatic control and computer science education to
run the sustainable aquaponic farm for more profit.

This book will be useful for courses in agriculture,
environmental science, biology, life science, mechanical and civil
engineering design concepts as well as to aquatic, plant related
biology, microbiology, biochemistry and biotechnology, computer
science, commerce, economics and social sciences.



Belsare’s Model of
Aquaponic Farm
Near Water Body

Introduction
Belsare (2017) introduced new technology of aquaponic

farming using cage culture in small water bodies in Peninsular India,
especially where draught prone areas occur. In this model, such
farms are designed around small ponds or lakes where cage culture
of fish is practiced and waste of fish is collected in attached plastic
trough from where the water is pumped by submersible pump to the
growbeds of plants through biofiter by PVC pipe. The growbeds are
supplied with bell filter for automatic siphoning of water [Design of
Siphon: Outer tube of radius 5 cm, height 12.5 cm (5 cm more than
the bed height), inner tube of radius 1 cm and height 8.5 cm]. The
growbeds are placed in greenhouse constructed on the edge area of
the pond or lake.

Aquaponics is the production system of fish, vegetables and
fruits through recirculation of water from fish tank through biofilter
to plant growbeds. A biofilter provides a converter of fish waste and
leftover food particles that produce ammonia which is converted
into nitrite and nitrate by bacterial action of nitrification. The water
containing nitrite and nitrate travels through plant growbeds and the
plants’ roots take up these nutrients for their growth. The water free
from nutrients is returned to the fish tank purified. Thus, the fish,
plants and bacteria thrive symbiotically in this system.



Figure 1

Cage in which Fish Fingerlings are kept

Figure 2

Mooring System of Cages

Figure 3

Grow Bed Containing Small Stones for Anchoring Plant Saplings



Material and Methods
Small (1 to 5 acres) ponds were used for cage culture, with

provisions for water exchange or emergency for aeration.

The cage had three main parts. The outer part which floats on
the water surface made of 2-3 HDPE tubes. The diameter of the
tubes was 250 mm. They composed of upper floating base to which
the fish growing net was tied. The second component was the net,
where the fish were kept for culture. The net was completely
submerged under water in a depth as determined by the farm’s
requirements. The third component was the mooring system located
at the bottom of the lake which anchored the cage system to the
designated location above water surface. The mooring system was
anchored to the bottom with heavy anchors. Each of the mooring
system carried 4 cages.

The fingerlings of fish were stocked in cages at the rate of 60
per cubic meter.

Results
Ebb-and-flow aquaponics is based on a “flood-and-drain”

concept in which fish effluent water is pumped through a solid
hydroponic support medium (e.g., gravel, expanded clay balls, or
cinder rock). As this nutrient-rich water is cycled through the system,
the medium is completely flooded and is then drained at short
intervals. The solid support medium serves the dual purpose of
providing structure for plant roots to grow in and surface area
allowing proliferation of aerobic nitrifying bacteria, which are
essential for converting nitrogen in the effluent to form suited to the
plants’ nutrient uptake. The saplings of plants or seeds are planted in
growbeds. The density of saplings varies.

Flood-and-drain cycling in ebb-and-flow aquaponic systems
can be controlled by electronic timers, which regulate the activity of
water pumps, or by non-mechanical devices called automatic
siphons. These “autosiphons” start and stop on their own, depending



on the level of the water surrounding them. One of the simplest and
most reliable types of autosiphon is called the bell siphon.

The ideal pH level for fish is 8.0, but since the fish and plants
share the same water, a pH level of 6 or 7 is suitable for such
culture.

Raising fish in cages is a successful system. The first and most
important advantage is the unlimited amount of water surrounding
the cages. This unlimited water supply provides vast amounts of
oxygen and running water, which is necessary for productive fish
farming. In addition to that, the financial investment in such
a system is much lower. This system of cages is simpler in daily
operation in comparison to any other commonly used method of
growing fish.

After one year, each cage yielded 1000 kg of fish. The spinach
yield was 800 kg.

Discussion
The cage culture can be attributed to the following advantages:

1. It can be applied in any water body without any alteration
in their state or function.

2. The production in small units (cages) as well as their quick
and simple harvest render the method capable, both for
flexible adaptation to the actual market demands and for
continuous supply.

3. Cages are a convenient means of wintering.

4. Due to the high stocking density of enclosures, the direct
observation of fish and immediate intervention, if
necessary, are possible.

5. Harvest is simple and quick, and the technological steps
can be mechanized.



6. Investment necessary to produce a unit of fish meat is
30-40 per cent of that invested in a conventional fish pond
system.

7. Production of carnivorous fish in monoculture is also
feasible.

8. By producing seed for stocking natural waters in cages,
building nursery ponds can be avoided.

9. An indirect advantage is that by utilizing existing natural
waters, land areas for fish ponds can be used for growing
food crops like fruits, vegetables, rice, wheat and millets.

10. The in situ construction of cages is quick and simple. So,
both the location and dimension of cages are easy to
change.

References
Lecture delivered by Dr. D.K. Belsare at the International

Conference on Fish Culture at Central Institute of Inland Fisheries at
Barrackpore (Kolkata) held on 6-8 June, 2017.
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1
Introduction

Aquaponics is the production system of fish, vegetables and
fruits through recirculation of water from fish tank through biofilter
to plant growbeds. A biofilter provides a converter of fish waste and
leftover food particles that produce ammonia into nitrite and nitrate
by bacterial action of nitrification. The water containing nitrite and
nitrate travels through plant growbeds and the plants’ roots take up
these nutrients for their growth. The water free from nutrients is
returned to the fish tank purified. Thus the fish, plants and bacteria
thrive symbiotically in this system. The Aquaponics can be more
productive and economically feasible under certain situations,
especially where land and water are limited.

How Aquaponics Works?
The fish are fed food and produce ammonia-rich water. Too

much waste substance is toxic to the fish, but they can withstand
high levels of nitrate. The bacteria, which are cultured in growbeds,
break down ammonia into nitrites and then nitrates. Plants take up
nitrates as nutrients for their growth. The plant roots filter water
which is recirculated in the fish tank. The oxygen enters the system
through air pump and is essential for plant growth and fish survival.
In aquaponic systems, plant nutrient input from the fish tank contains
dissolved nutrient rich in fish waste (from gill excretion, urine and
faeces), comprising of both soluble and solid organic compounds
that are solvable to ionic form in water and are assimilated by the
plants. To sustain adequate plant growth, the concentrations of
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micronutrients and macronutrients need to be monitored.
Periodically, some nutrients may need to be added to adjust their
concentration; for example, iron is often deficient in fish waste
(Damon et al., 1998, Rakocy et al., 2004). The optimal ratio between
fish and plants depends on the feeding ratio which is the amount of
feed per day per square meter of plant varieties needs to be identified
to get the right balance between fish nutrient production and plant
uptake in each system (Rakocy, 2007). Hence, finding the right
balance necessitates fundamental knowledge and experiences with
regard to the following criteria:

1. Types of fish and their food use rate.
2. Composition of the fish food; for example, the quantity of

pure proteins converted to Total Ammonia Nitrogen (TAN).
3. Frequency of feeding.
4. Hydroponic system type and design.
5. Types and physiological stages of cultivated plants (leafy

greens vs. fruity vegetables).
6. Plant sowing density.
7. Chemical composition of the water influenced by the

mineralization rate of fish waste (Goddek et al., 2015).

History of Aquaponics
There is evidence from Rock-Shelter Painting at Bhimbetka

near Bhopal (India) that some 10,000 years B.C., the tribes were
cultivating rice on bamboo rafts floated on lake water (Belsare,
2000). The ancient Chinese during 5000 years B.C. were cultivating
rice with fish in paddy fields. These are the first forms of aquaponics
for agricultural use. During 6th century, the Chinese used to raise
ducks, fish and rice plants in paddy fields. The Peking ducks kept in
the rice paddies would eat insects, pests and small fish. The nutrient-
rich duck waste were eaten by the fish (most commonly oriental
loach and/or swamp eel). The fish waste were broken down by
nitrifying bacteria, and the rice plants would clean this nutrient
‘waste’ and thrive on it. During 1150-1350 B.C., the Aztec tribes in
the Central South America came about rather differently in using
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aquaponic technique (Turcios and Papenbrock, 2014). Whilst the
Chinese farmers freely experimented to improve their crops out of
choice, the Aztecs were forced into aquaponics by necessity. The
capital – Tenochtitlan – was surrounded by swamp land, which was
useless for normal farming, forced the Aztecs to build large, artificial
floating islands using mud, decaying plant material and woven reeds.
These islands called Chinampas, were fixed in place, or were
movable for growing crops such as maize, beans and squash, and
thus large areas of previously useless lake and swamp lands were
used for food crops. In this system, the islands were built in already
flourishing ecosystems thriving with fish populations (and therefore
nutrient-rich water). The planted crops were benefited from the
nitrates in the water and grew rapidly. This is in contrast to the
Chinese rice paddy systems, in which the farmers had much greater
control over the components, and often introduced fish and other
wildlife artificially.

Development of Modern Aquaponics
During 1970, a Recirculating Aquaculture Systems (RAS) was

developed in USA (Love et al., 2015). The advantage of this system
is that the fish can be stocked in much more densely, thus using only
a fraction of the water and space to grow the same amount of fish as
pond or netting based systems. The term aquaponics is attributed to
the Ark of the New Alchemy Institute established in 1969 at the
North Carolina State University (Rakocy, 1989). The Ark was a
solar-powered, self-sufficient, bio-shelter designed to accommodate
the year-round needs of a family of four using holistic method to
provide fish, vegetables and shelter. At the same time in the 1970s,
research on using plants as a natural filter within fish farm system
began by Dr. James Rakocy at the University of Virginia Islands.
In 1997, he developed the use of deep water culture hydroponic
growbeds in a large-scale aquaponic system. Meanwhile, in the mid-
1980s, Mark McMurtry and Professor Doug Sanders created the
first-known closed loop aquaponic system in which the effluent from
fish tanks was used to trickle-irrigate tomato and cucumber plants in
sand growbeds that also functioned as biofilters as the water drained
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from the sand growbeds was recirculated back into the fish tanks
(McMurtry et al., 1993, 1997). McMurtry’s research and findings
confirmed much of the background science that underpins.

Commercial Farms
The first large-scale commercial aquaponics in Bio-shelters in

Amherest (USA) was established in the mid-1980s, and it is still in
operation today. Then in the early 1990s, the Missouri farmers, Tom
and Paula Speraneo introduced their ‘bioponics’ concept. They grew
herbs and vegetables in ebb and flow gravel growbeds irrigated by
the nutrient-rich water from a 2200 litre tank in which they raised
Tilapia. This was the first effective aquaponic farming system (Deni,
1992, Vern, 1998). Later on, the home-based aquaponics was started
on the basis of Speraneo’s technique. Tom Speraneo realized that he
could take the flood and drain growbed (long used in hydroponic
circles) and adapt it to capture and mineralize the fish solids that
would facilitate nitrification and aeration for grow plants. Tom
Speraneo’s choice of tilapia as the fish species was a success of the
model. The species breeds easily and survives in water of sub-
optimal quality for backyard food production. He also formulated his
concept to include component ratios, growbed depth and stocking
density guidelines. This made it easy to replicate the model and to
scale it up or down.

Meanwhile, Canada saw a rise in aquaponic set-ups throughout
the 1990s, predominantly as commercial installations raising high-
value crops such as trout and lettuce.

In Australia, the interest in aquaponics probably took off
because it showed growers an effective way to solve both water
restriction problems and the poor soil conditions. Malcom (2006) led
the movement by starting a popular forum, “Backyard Aquaponics”
writing a book on creating backyard aquaponic systems designed
specifically for home-owners. Lennard (2010) focused on optimizing
the aquaponic process in terms of maximum plant growth and
nutrient removal for the Australian Cod fish species and the Green
Oak lettuce variety. This was done by using a scientifically
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replicated experimental aquaponic system. He proved that an optimal
balance of fish to plants can be achieved, so that the same water may
be used perpetually within the system.

The Caribbean island of Barbados created an initiative to start
aquaponic systems at home, with revenue generated by selling
produce to tourists in an effort to reduce growing dependence on
imported food.

In Bangladesh, Dr. Salam of Bangladesh Agricultural University
developed low-cost aquaponic system to provide chemicalfree
produce and fish. This initiative was focused on people living in
adverse climatic conditions such as the salinity-prone southern area
and the flood-prone harbor area in the eastern region of Bangladesh.

Community Aquaponics in USA
The Growing Power Foundation at Milwaukee built a series of

greenhouses that use aquaponic technology to raise 10,000 lake
perch and over a 500,000 kg of produce every year. By using their
own compost to heat the greenhouses, the Growing Power runs year
round, making them what might be the most productive year-round
farm in the Midwest. The Whispering Roots is a non-profit
organization in Omaha, Nebraska that provides fresh, locally grown,
healthy food for socially and economically disadvantaged
communities by using aquaponic, hydroponic and urban farming.

In January, 2010, the Aquaponic Gardening Community was
formed, and it has since become the largest online gathering place
for aquaponics in North America.

In September, 2011, the book “Aquaponic Gardening” by Sylvia
Bernstein was introduced at the first annual Aquaponics Association
Conference in Orlando, Florida. It was the first time that a complete
guide to designing, building, starting and maintaining a media-based
aquaponic system was available. At that same conference, the
Aquaponics Association was officially created with Gina Cavaliero
of the Green Acre Aquaponics and Sylvia Bernstein of the
Aquaponic Source as the founders and inaugural Chair and Vice
Chair. The Association’s mission is to promote aquaponics, and to
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continue holding annual conferences of aquaponic practitioners from
around the world by gathering once a year to exchange ideas and
learn from each other.

The recent survey done by Love et al. (2014) is as follows:

Aquaponics is being practiced in at least 43 countries around the
world and on every continent. The majority of respondents were
from the USA. The mean age of respondents was 47 years, which
may represent recruitment into farming ranks, although most
respondents were not full-time farmers, but were practicing
aquaponics as a hobby, had three years or less of experience with
aquaponics, and were knowledgeable about maintaining their own
system infrastructure, fish and crops. There were several other
groups of respondents, including educators who practiced
aquaponics in primary and secondary schools, vocational training
centers, colleges and universities. The non-profit organizations that
operated aquaponic systems and commercial operations, and
consultants that sell goods, materials and services were also
interviewed.

Aquaponic Systems Ranged in Size
The largest commercial system was built on 1.9 ha of land. The

average aquaponic system was designed by the respondent and
housed on his/her property either indoors or in a greenhouse. The
average system contained 500 gallons of water and took up 15 m2 of
space. These findings indicate that, currently, aquaponics is primarily
a niche or “backyard” activity; the most common method for raising
crops was a media bed. Almost a third of respondents used two or
more methods to raise crops, and a total of seven methods were used
by respondents. The major inputs for aquaponic facilities are water,
energy and fish feed. We found that respondents primarily filled their
systems using community piped water or well water, ran mechanical
systems using electricity from the power grid, and fed animals
a commercial pelletized fish feed. Respondents were open to
supplementing conventional water, energy and feed sources with
sustainable alternatives. 39 per cent of respondents used rainwater
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capture to supplement water use, 57 per cent of respondents used
a form of renewable energy to supplement electricity from the grid,
and 50 per cent of respondents used some form of alternative feed
(primarily live feed or aquatic plants) to supplement fish feed. These
findings are in consistent with respondents’ attitudes. The average
respondent strongly agreed that environmental sustainability was
a personal priority for his/her work.

Studies on economics of renewable versus non-renewable
energy sources are also needed. From a policy perspective,
agricultural or energy policies that promote renewable energy use
may find attraction among aquaponic operators.

Respondents raised edible crops with leafy greens, herbs and
tomatoes reported as the most popular. The average respondent
strongly agreed that growing his/her own food was a personal
priority. Tilapia and catfish were the most common fish raised by
respondents. Tilapia are a model species used by many in the
aquaponic community because they have the advantage of being able
to survive in poor water quality, handle well, and can grow to high
density in confinement. They are also an omnivorous fish species,
which can be viewed as an advantage for environmental
sustainability.

Three types of aquaponic producers were identified in the
survey (commercial producers, hobbyists and educators) that deserve
further exploration, and in future analyses, we will focus on factors
that influence profitability of commercial operations, consumption of
aquaponically-grown produce and fish among hobbyists, and how
educators use aquaponics in their classrooms.

Future of Food Production
The technology of production of plant produce will change

drastically in future. In order to make a profit on farmland or in
greenhouse, one will have to become more efficient. Water and
energy are becoming more expensive and harder to obtain. High
density growing has become standard in the agricultural and
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horticultural industry. Even though production has increased in the
fields and in greenhouses, there are still 500 small farms and
greenhouses going out of business every month. Steps need to be
taken now to improve the efficiency of your farm or greenhouse to
avoid becoming one of these statistics. Never before has there been
a growing system that matches the cost and production possible with
an EzGro high density vertical growing system. No other hydroponic
or organic system can be installed as easily as the EzGro vertical
towers of a high density vertical garden, which is the only practical
outdoor or indoor hydroponic system. Production is not only earlier
in the fall, but also earlier and later in the spring and summer, even
in northern climates. This unique system is a fraction of the cost of
many of the current hydroponic systems. The EzGro high density
vertical growing system will grow anything you want to grow.
It gives a new dimension to high-density production for crops. The
system now used is a new concept of tomato “trees”, vegetables and
even herb “trees”. Basically, the plants hang down rather than
growing up. Therefore, no daily pruning is required. Using this
growing technique, the fruit never touches the ground or floor. The
labour is significantly reduced. Vertical growing is the way many
crops will be grown in near future (EzGro Garden and Miami Florida,
May, 2016).

Benefits of Aquaponic Farming

1. Economic Benefits
Municipalities throughout the world are interested in bringing

jobs and an increased tax revenue base to their areas. They are
responding not only to the pressure to use less water and create less
waste, but also their constituents’ pleas to have access to healthier,
yet affordable food. Private landowners and local banks are
demonstrating interest in installing aquaponic systems because they
realize its potential. The government and private grants assist in
funding commercial-sized place units.
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2. Community Upliftment
Aquaponic projects provide jobs and increased tax revenue.

Each 1000 square metres will keep 5 individuals working 40 hours
per week on routine operations and maintenance. They generate well
over 7,50,000 tons worth of fresh produce and fish fillets annually.
In aquaponics, there is no soil, weeds, soil pests or pathogens. This
implies less labour because there is no tilling, cultivating, fertilizer
spreading, compost shredding, manure spreading, plowing in cover
crops or even irrigation. Seeding and a large part of harvesting
labour can be done by sitting in the shade.

3. Most Adaptable Farming Method
The aquaponic farms can be assembled or disassembled. This

reality alone is turning this method to one of the most adaptable
farming techniques. It can be placed anywhere in your residence or
garage, and is simple to transfer. If you are moving to a new home,
you can take the method with you to your new residence. You can
have your personal natural farm at home for growing fruits and
vegetables.

4. Food Security
Aquaponic produces both fish and vegetables, and improves

food security by adding years of reliable, immediate access to
nutritious produce like protein and low fat. It avoids the use of
pesticides, herbicides, fungicides and fertilizers for the plants or the
use of hormones or antibiotics for the fish. It virtually eliminates the
risk of E. coli or Salmonella outbreaks. Planting densities are
increased dramatically (4 to 6 times as dense as planting in-ground)
and produces vegetables in half the time than growing in-ground
would require. It also uses only 2 per cent of the water used for
in-ground farming. The combination of the aforementioned factors
results in an aquaponic system producing 8 to 9 times the amount of
organic produce compared to the same area of in-ground produces.

5. Environmentally Friendly
Aquaponics is environmentally friendly because it requires less

water and does not produce waste. Hence, there is no water pollution.
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The environmental impact of tremendous water consumption and
waste is avoided. If water is already scarce, you will still be farming
productively long after others have been forced to quit. It can be
started in drought-stricken environments. It is like an oasis in the
desert.

6. Logistical Independence
Aquaponics reduces the reliance on the traditional supply chain

(such as containers from overseas and cross-country trucking), which
are facing increased transportation costs and the ever-present chance
of substantial disruptions due to strikes or security measures. It can
produce up to 8 times the amount of organic produce compared to
produce grown conventionally in the ground. Vegetables usually
grow twice as fast and at 3 to 4 times the density without ever
depleting the nutrients. Its soil counterpart depletes nutrients with
every planting, and farmers struggle to replace them with synthetic
fertilizers. The aquaponic farm does not require farmland with fertile
soil or even land with soil for that matter. Another huge benefit of
aquaponic farming is that it grows 100 per cent organic produce.
You do not require certificate of organically produced crops. It
cannot be cheated! If any chemical pesticides, herbicides or
fertilizers are used, then the fish could die, effectively killing your
system nutrient generator! Even most approved organic pesticides
would kill the fish. The farming organically on a commercial
in-ground conventional scale uses the amount of petrochemical
energy as conventional farming, and has higher labour costs. This is
why, organic produce in the market costs more. While chemical
fertilizers and pesticides used in conventional farming take
a tremendous amount of petrochemical energy for power tractors,
compost shredders, spreaders, cultivators, plows and the organic
pesticide sprayers. It is a huge cycle of oil consumption and a far cry
from “green”.

7. Market Loyalty
Aquaponic anchors establishments such as restaurants, retail

stores, farmer’s markets or shopping centres, thereby fitting easily in
current or future urban development plans; provides a viable solution
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to replace old and unoccupied commercial buildings and unused
farms or small holdings that no longer serve the community.

8. Green Education
Aquaponics offers an opportunity for education in urban

gardening and issues related to raising and harvesting vegetables and
fish, which can effectively tie into school programmes or community
garden development efforts. It creates a ‘green’ tourist attraction and
local destination, driving positive local and national media coverage
by utilizing 21st-century food production ‘best practices’ built on
sustainability. Aquaponics can be solar or renewable energy-
powered and can leverage regulatory permit requirements of the
local municipality and watershed protection.

9. Less Time-consuming
The most impressive part of aquaponically-grown food is that

after the system is up and functional, it only requires about
20 minutes per day of work to ‘farm’ up to 40 square metres of grow
trays. That is enough to feed 16 adults year-round forever – even a
teenager or housewife can do the work.

10. Can Produce Premium Quality Food
Aquaponics has the potential to fill requirements for premium

quality food and can produce staple food for a small community or
village in a developing country. Most commercial systems use
greenhouses to house the plants and fish against harsh environmental
conditions like pests and insects. A greenhouse is considerably more
expensive to set up in comparison to an open system. Therefore,
maximizing floor space is necessary to reduce costs and increase
production.

A strict, balanced diet for the fish is the mark of a successful
system. The simplest approach is to duplicate a standard system or
scale a standard system down or up, keeping the components
proportional.
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World Food Urban Farming: Cost-Benefit Analysis
The majority of people today live in urban environments. It is

estimated that future population growth will be concentrated in urban
areas of less developed countries, while global rural population is
expected to decline after 2020 (UN, 2010). By growing food in or
near urban areas, one could more effectively deliver food to people
and reduce the environmental costs of agriculture (Despommier,
2011), especially the costs involved in transporting food (Deelstra
and Girardet, 2000; Perkins, 1999; UNDP, 1996).

The urban farming is generally defined as the practice of
growing crops and grazing livestock in urban, suburban and peri-
urban areas (UNDP, 1996), and is often proposed as an
environmentally friendly agricultural production method, providing
food in the place of highest demand with available labour
(Satterthwaite et al., 2010; Smit and Nasr, 1992). It is generally
practiced on communal gardens, in private backyards, or on idle land,
balconies or rooftops (Duchemin et al., 2009).

The amount of space available per capita is a major limiting
factor for the urban farming, which is in agreement with empirical
studies highlighting the importance of land availability and access
(Lynch, et al., 2001; MacRae et al., 2010). This potential
contribution of urban farming to food consumption is likely much
higher for less densely populated urban areas and for cities where the
relative economic value of land is lower. Secondly, in many poor
countries, space itself severely limits the role of urban farming in
meeting the recommended vegetable consumption. However, the
urban farming can meet a larger share of urban vegetable demand in
richer countries, but not in the poorest countries (Yu et al., 2010).
It is usually associated with large cities like New York or Tokyo and
its promoters often focus on rethinking large cities of USA in order
to inspire people to adopt and develop more sustainable lifestyles
(Thibert, 2012). However, the clustering analysis shows that small
and medium sized urban areas constitute most of the total urban area
in the vast majority of countries, as well as globally, and can thus
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contribute substantially to urban farming production (Martellozzo
et al., 2014).

The vertical farming, i.e., the hydroponic production of food in
artificially heated and lit greenhouses in high-rise buildings has
however received increasing attention as a high-tech and futuristic
means of food production (Vogel, 2008; Despommier, 2011). It is
based on the idea of growing food on small areas, with very high
yields and using advanced technologies, making food production
virtually independent from land and soil. Farming will look very
different by then; vertical farming is one possible way to increase
food production per unit area in the cities in future. Though this
solution is completely theoretical at this point, vertical farming could
become an important solution for highly developed urban areas with
a high budget.

Aquaponic System Design
A single common kind of method, which uses grow media,

is frequently referred to as a flood and drain system. Another type of
aquaponic method, which does not use develop media, is called
a steady movement method.

In a flood and drain method, the water in the hydroponic
develop mattress is cycled in and out of the developed media. An
advantage of this method is the flooding and draining of the develop
mattress helps minimize root rot. This method also gives the
expanding plants with a consistent quantity of vitamins and minerals.
These organisms convert ammonia into nitrates which are required
for crops to expand.

The flood and drain is the programme of selection for numerous
residence aquaponic system gardens. In a continuous movement
programme, the plant roots are suspended in a tank of water. The
water inside the tank is regularly flowing. In some techniques,
styrofoam trays are utilized to keep the crops. The crops sit in the
trays with their roots submerged in the water of a circulation channel.
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Marine Aquaponics
There is a considerable interest in marine aquaponics and its

main advantages are reduced dependence on freshwater (limited
resource); practiced in a controlled environment (in land and/or
indoor); opportunity to reuse of waste, virtually eliminating sea
pollution; intensive productions, quantitatively comparable with
conventional systems; high food safety standards (Boxman et al.,
2015). Moreover, due to its versatile configuration and low water
requirement, marine aquaponic can be built on fertile coastal areas as
well as in arid deserts, or in urban and peri-urban settlements
(Pantanella, 2012). An additional advantages of marine aquaponics is
that the fish and vegetable production is represented by species of
high commercial value such as European Sea Bass (Dicentrarchus
labrax) and Gilthead Sea Bream (Sparus aurata). The common
tomato (Lycopersycon esculentum), the cherry tomato (Lycopersycon
esculentum var. Cerasiformee) and basil (Ocimum basilicum) can
achieve remarkable productions up to 4 g/L of the sea salinity
(Pantanella and Bhujel, 2015).

Zanella (2009) summarizes the basic components of seawater
farming: a shrimp production facility, a mangrove forest, wetland
systems, and field of the halophyte Salicornia. Each component must
meet specific criteria in the ecosystem of the integrated farm. The
shrimp production facility must be made in concrete ponds to
prevent the seeping and contamination of saltwater into the aquifer
beneath. After the seawater is channeled into the shrimp and fish
farm, the mangrove forest is flood-irrigated with the effluent from
the shrimp and fish farms. Some water is filtered and return to the
sea, while the rest is used to irrigate the wetlands, the Salicornia
fields and the mangrove trees.

In addition to eradicating hunger and poverty, seawater
integrated farming holds promise to solve climate and energy
problems. Recent studies have also suggested that the farmed
halophytes such as Salicornia can be used to make biofuels.
A NASA study shows that farming Salicornia on the area equivalent
to Sahara desert can meet 90 per cent of the energy demand of the
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world. Currently, Seawater Global Inc., a for-profit corporation that
spins off from Seawater Foundation, is marketing-processed biofuels
made from Salicornia.

Economic Aspects of Aquaponics

Other equipment $ 1,500

Total capital required $ 18,788

30% down payment $ 5,638

70% loan $ 13,150

(Based on Jose G. Pena Extension Economist – Management, Texas A&M
University, 2016 Estimate of Capital Requirements for Initial Construction for 2880
square feet Greenhouse)

This equipment could support a larger greenhouse operation.

Assumption
A grower contemplating to establish a greenhouse would need

approximately $ 1.96 per square feet to obtain 70 per cent loan of
$ 4.57, ft2.

Estimate of Annual Production Costs

One Unit (2880 feet) Fixed Cost

Interest expenses $ 1,644

Equipment 3 years $ 3,957

Taxes $ 0.4

Insurance $ 200

Total fixed cost $ 5,841

Variable expenses $ 5,427

Total $ 11,313

*Variable expenses ranged from $ 1 to $ 3per square feet.

Fixed Cost
Interest expense was calculated at 12.5 per cent on a five-year

note for $ 13,150 as assumed borrowed on a 70 per cent loan.
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Depreciation was calculated on 5- and 3-year straight line basis for
the greenhouse and the equipment respectively. Taxes and insurance
costs were extrapolated directly from survey data.

Variable cost included operating expenses associated with the
payment for purchase of repairs, marketing, labour, utilities and
miscellaneous supplies.

Labour Requirement
Respondents indicated that utilities and labour expenses

comprised over 60 per cent of the variable operating costs. Labour
requirements varied from 8-28 hours per week per greenhouse
module. The larger operations were more labour-efficient since
crews can specialize in specific functions. An average of the more
efficient labour requirements were used to calculate the labour
expense. The cost estimate is based on 75 per cent of the required
labour consisting of hired labour and 25 per cent provided by the
owner/operator.

The larger more efficient operators indicated that a greenhouse
operation consumes approximately 3 men/acre (7.4 men/ha) to
operate/maintain the greenhouse and an additional man is needed to
package and ship for a total of 4 men/acre (9.9 men/ha).

Cost Per Plant Space
The total overhead costs will approximate $ 8.00 fixed and

$ 7.50 variable for a total cost of $ 15.50 per year per plant space
with a plant density of 3.95 square feet per plant.

Estimated Annual Entrepreneurial Profit
Average yields of 8 kg and an additional 1 kg of salable culls,

for a total of 9 kg of salable tomatoes per plant space were reported.
Growers were receiving 1.76 per kg during 84-85 seasons with
salable culls selling at half price. The income statement shows gross
income of $ 13,724 and net income of $ 2,411. In addition,
respondents indicated that prices received on direct sales approach
and often exceeded wholesale prices due to high demand for high
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quality tomatoes, which could be obtained by direct customers at less
than retail prices.

Break-even Cost
The only true measure of risk is to compare break-even costs to

produce a commodity to the price expected from the sale of the
product.

If the total fixed and variable costs of $ 11,313 are divided by
the total production of 8940 kg, then determine break-even
production cost of $ 1.27 per kg.

Cash Flow Projection

The total revenue from tomato sales used in this comparison is
the same income calculations as shown in the income statement.
An analysis of sources and uses of funds provides a potential
producer a better idea of the actual operating cash generated from
an operation. Many new businesses are able to show a net profit but
often run into problems by not having the cash on hand to actually
pay bills. A cash flow projection is different to a profitability
analysis in that only cash inflow/outflow is taken into consideration.
Non-cash outlays such as depreciation is not considered.

The cash flow projection appears more attractive than the
profitability estimate and shows that sufficient cash would be
available to service debt. If yields, however, dropped to below 7.3 kg
per plant space, it would be difficult to generate sufficient funds to
service debt even if the product is sold for $ 1.76 per kg.

Break-even Analysis
The minimum number of kilograms of tomatoes must be

produced to cover fixed and variable costs. For example, if the
average sale price for greenhouse tomatoes is $ 1.76 per kg, a grower
must produce and sell 8.8 kg to cover the total costs before any profit
can be realized.
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This table again emphasizes that unless yields in excess of 9.1 kg per
plant space can be produced and sold for at least $ 1.76 kg.

Estimated Return to Labour Management
When risk and opportunity costs of the investments are

introduced and the potential yield levels vary, we identify a new
dimension for a prospective investor. The analyses, the investment in
a greenhouse venture from a profitability and the cash flow point of
view profitability analysis on a per square foot uses risk and
opportunity costs to equate the profitability of the investment. The
opportunity cost calculation subtracts from income the revenue
which would be generated by seeking other investments for the
average amount of capital which would be tied up in a greenhouse
production enterprise. The risk calculation measures the amount of
additional monetary gains expected for the higher investment risk
associated with a greenhouse investment. Risk factors of 3 per cent
are common for normal agricultural production operation. A risk
factor of 5 per cent was chosen because a greenhouse venture carries
higher risk and an operator should seek higher compensation. The
lowest yield level considered in this analysis is 9.1 kg per plant space
since lower yields fall below the break-even level. The interest
expense was not included when calculating income and the net
income is divided by the average hours of annual management
labour per greenhouse module. A grower must produce more than
9.1 kg per plant space in order to exceed minimum wage
compensation.

The hourly wage compensation in the cash flow analysis
increases to $10.64 per hr since expenses do not include non-cash
outlays, such as a depreciation deduction. It should also be noted,
however, that the hourly requirements per module are increased to
14 hours/unit/week instead of 11 hours/unit/week which would be
required under the assumptions made initially. This adjustment is
made only in the hourly calculations since it is difficult to achieve
higher labour efficiency in small one unit operation. The 5 hours
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provided by the owner/operator would comprise approximately
36 per cent of the total labour requirement.

The net income estimate in the profitability analysis can be used
to establish investment parameters. For example, if an owner/
operator requires approximately $ 50,000 in annual income,
he should plan to establish the equivalent of approximately
14 greenhouse modules, assuming that he is able to produce at least
11.3 kg per plant space, and can sell the product for at least $ 1.76
per kg. The number of required modules drops to less than 10 units
with the same assumptions if the grower reviews the investment
from a cash flow point of view, he could generate approximately
$ 52,700 in annual income from one acre greenhouse complex.


