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Abstract: Agriculture is currently a significant contributor to the Sri Lankan economy, but there is still a lack of
integration of modern technology with agriculture. Over the past few decades, many people are moving away from
agricultural occupations due to urbanization. As a result, the higher portion of the food items in the urban areas has to
be transported from distant agrarian lands. This has led to creating several issues such as food getting damage by
transportation, quality reduction, and the increment of food wastage. As a consequence, customers are experiencing
high food prices. Moreover, using water for agriculture has become a widely concerning matter worldwide,
especially in urbanized areas. To overcome the emerged problems, Aquaponic systems for urban cultivation can be
introduced. Aquaponics is an innovative and sustainable production system and plays a critical role in the
environmental and socio-economic sustainability of the agricultural sector. Aquaponics system can be producing
healthy local, fresh food products with a short supply chain in terms of a pesticide-free environment. This will be the
best solution for highly urbanized areas, and it is already successful in many parts of the world. Therefore, this article
mainly focuses on introducing an eco-friendly aquaponic system design for highly urbanized areas in Sri Lanka.
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1 INTRODUCTION

As the population grows over 7 billion [1], the world continues to run out of space. People try to build high
rises buildings, and parallelly, vegetation and farming space are steadily thinning, and humans are forced to
develop solutions to sustain the legacy of farming [2]. Food consumption has also increased in proportion
to the growing population. So food has become a consumptive substance immediately. Therefore, it is
essential to have a sustainable system. This is where Aquaponic systems have become the most suited
technology to tackle urban agricultural limitations. Aquaponic systems primarily target people who lived in
apartments or in houses with insufficient space for agricultural activities [3].

The Aguaponics term is derived from the concept of aquaculture and hydroponic. Aquaculture can
be identified as raising aquatic species (fish, molluscs, aquatic plants, algae, and more ) under a specific
control mechanism. Besides, hydroponic is a widely applicable common method in soilless culture, and this
can be identified as a method of growing agro plants without any soil medium. Here, instead of soil
medium, various substrates can be used as the supportive method for plant growth. Thus, aquaponics is a
combination of applying both these concepts into one integrated system [4].

The basic process behind aquaponics is that recirculating aquaculture products into the hydroponic
system. Here, aquaculture fish waste provides an organic food source for the plant's growth in the
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hydroponic systems, and the plants naturally filter the water for the fish [5]. So, fish and plants contribute
as the primary participants to effectively operate the system. Besides that, microbes (especially nitrifying
bacteria) act as the third participants for the system operation. These bacteria convert ammonia from fish
waste into different forms of nutrients. Plants in the hydroponic system can uptake these nutrients and use
them for their growth. Besides, solid fish waste is also turned into vermicompost, which also acts as plant
growth material [6].

Moreover, Aquaponics capitalizes benefits and ultimately eliminating the drawbacks of both
hydroponic and aquaculture systems. There are multiple benefits related to the aquaponic systems, such as
less space, fewer maintenance requirements, and minimum inspection to operate. Moreover, the aquaponic
systems run on the automation concept, which can be further utilized for small-scale/ domestic and fresh
commercial food production. Therefore, this research mainly focuses on finding out the suitability of
aquaponic systems and introducing a new system for domestic usage in Sri Lanka. Here, it has been
investigated the basic principles of aquaponic systems, common drawbacks and further gives some points
of view to overcome the existing limitations by promoting new design.

2 AQUAPONIC SYSTEM OPERATION

The basic principles under aquaponics are that the waste from one biological system can be used as a
resource for another biological system. Therefore the fish and plant culture can be combined to produce
several products at once, and water can be reused through biological filtration and recycling processes.
These systems mainly encourage the local food production process, and it provides access to healthy food
and improves the local economy [7].

The process is mainly started with the fish waste effluent, and this nutrient-rich effluent from fish

tanks is used to fertigate the hydroponic production beds in the aquaponics system. Here, waste material
(fish excreta, waste residuals) containing ammonia particles will be released into the tank, and nitrifying
bacteria (ammonia-oxidizing bacteria) start to convert ammonia into nitrite. Furthermore, nitrite-oxidizing
bacteria begin to convert nitrite into nitrate for plants [8]. This process is called the nitrification process and
ultimately provides nutrients for the plant's growth. Similarly, this causes to eliminates ammonia and nitrite,
which can be toxic for system conditions.
Nevertheless, hydroponic beds act as a biological filter by removing ammonia, nitrate, nitrite, and
phosphorus. Therefore, purified water can be reused again for the fish population[8]. Similarly, the
nitrifying bacteria where live in the gravels (along with the plant roots) play a crucial role in nutrient
cycling because the system will inactivate without them. So, this primary biofiltration process or
nitrification process is illustrated in Fig. 1.
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Fig.1. Schematic representation of aquaponic biofiltration process
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3 DRAWBACKS OF EXISTING SYSTEMS AND SUGGESTED MODIFICATIONS

Plants, fish, water can be considered the main elements of the aquaponic system, and each of these was
having specific problems in terms of its operation [9]. Therefore, concerning all these aspects are much
essential for successful system operation.

3.1 Plants

The plants' growth rate may be reduced, and even plants' leave color might be changed due to the lack of
nutrition [10]. So, balancing the aquaponic ecosystem is the recommended solution to overcome these
consequences because there are practically determined ratios for plants and fish stock. Also, plants can
affect various deficiencies and toxicity conditions because of some nutrients [11]. Therefore, farmers
should encourage to grow plants that can survive in different nutrition prosses, which may occur with the
fish waste. However, the plant should have enough resistance against some pathogens. Sometimes the
leaves of plants can turn yellow despite the high nitrate level because of many reasons. It can be because of
the exposure to less sunlight or may due to the variant nutrient deficiencies [10]. It can be recommended to
check the quality of the water, nutrient concentration, the amount of sunlight level periodically and adjust
them to the desired level. In such a context, selecting locally available plant species and accurate system
conditions can ensure healthy plant growth.

3.2 Fish

Fish feed is an essential requirement for their growth, especially for the nutritional process. It should have a
correct balance of protein, carbohydrates, fats, vitamins, and minerals. Therefore, special attention should
be given to homemade fish feeds for better operation [10]. Sometimes, fish refuse their food, and mostly
this is occurring due to the inappropriate water quality.

The water temperature also can affect the fish's rise because fishes have less ability to adjust variant
temperature ranges. But, in Sri Lanka as a tropical environment condition, and it can be evaded easily. Also,
properly acclimatizing fish to the new water is a more critical process because adapting fish to new tanks
can be a very stressful process for the fish, particularly people who practice transporting fish via polythene
bags or using small tanks [12]. In such a scenario, temperature and pH changes in original water and new
water become the most dominant factors that cause stress when acclimatizing fish. It was estimated that if
the pH difference between the culture water and transfer water values is more than 0.5, then fish need at
least 24 hours to adjust to the new environment. This problem can be minimized by floating sealed
transport bags containing fish in cultured water, allowing to equilibrate the temperature slowly [13].

However, the optimal balance of fish biomass and the biofilter size is the most important factor to
adequately convert ammonia into nitrite. Moreover, excess fish and plants can result in insufficient
nutrients concentrations to cover the plant's demand. Therefore, it is recommended to adjust the correct
ratios of fish and the size of the biofilter.

3.3 Water

Water is the most dominant medium by which fish received the oxygen and nutrients transport to the plants.
The pH change of the existing water is one of the critical problems in aquaponics. This may cause because
the high ammonia concentration in existing water. Therefore the filter can use natural pebbles and shells,

and then the pH can be maintained with the desired level. Increased nitrate and nitrite levels are also an
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issue when considering water quality. So it can be minimized by adding charcoal or aquatic plants like
water hyacinth to the fish tank [10].

The growth of algae can also be a problem in the aquaponic system [9]. Often it can be caused by
sunlight. Thus, it can be recommended to add shrimps or algae-eating fishes to overcome the issue.
Dissolved oxygen, pH, temperature, total nitrogen, and water alkalinity are the most dominant water quality
parameters in aquaponic systems. Each of these parameters having its impact on the fish, plants, and
bacteria in the system. Therefore, it is crucial to have adequate knowledge and periodical water testing
methodology to determine the changes of each parameter. For example, the low dissolved oxygen
concentration is affected for both plants and fish, which can be minimized using aeration pumps. Because
good water circulation in the aguaponic system ultimately enhancing the high concentration of dissolved
oxygen [10]. Furthermore, experimentally identified fish species that can survive in different environments
will be the most vital solution for many issues in both water and fish.

Concerning all these aspects, it is essential to identify proper requirements for the proposed system
design.

4 REQUIREMENT ANALYSIS OF PROPOSED SYSTEM

Plants and fishes selection for the aquaponic system is the most crucial aspect of the aquaponic system
setup. Fishes and plants are the primary and living creatures of the system. The size, weather conditions in
the selected location, and the system's expectations are the most dominant factors that need to be
considered for plant and fish selection. Typically, urban aquaponics system size can be limited to several
square feet. Those types of systems can implement 63 - 108 square feet in an open space [14]. Plants and
fish need to match with the tropical environment. Sri Lanka is a tropical and quite hot country, so the
weather has not changed very much over the year [15]. Thus Sri Lanka is the more suitable place to
establish aquaponics systems.

4.1 Fish selection

There are multiple types of fish that can adapt well to being raised in an aquaponic system. Aquaponics fish
should be chosen based on their disease resistance, the ease of raising them, and growth time [7]. Multiple
fish species had already been recorded by showing excellent growth rates in aquaponic units, including
‘Tilapia, Trout, Common carp, Pacu, Silver carp, Grass carp, Barramundi, Jade perch, Catfish, Arctic
char, Salmon, Murray cod, and Bass.’ They can survive in different temperature conditions [8].

Among them, Tilapia is the most common species that can be seen in commercial aquaponics
systems. Since they are edible fishes and most countries, tend to produce fishes from their home tanks to
add to their diet [16]. Since most Sri Lankans do not tend to Kkill fish on their home tanks, they can farm
fish as pets or as a vendible production in Sri Lanka urban aquaponics.

Besides that, enough awareness and knowledge regarding fish farming is a key requirement for
successful operation. Moreover, Catfish and the Gourami species can also be considered the most suitable
species for aquaponics systems in Sri Lanka. They have a great survival rate with variant temperature,
oxygen, dissolved solids, and pH changes [17]. Therefore, both these species can be proposed for our
system design. The important point is that the Gourami species are herbivores and the Catfish species are
carnivores, but for survival, Catfishshows omnivore's behaviors [18]. So, it is not mandatory to have a wide
range of knowledge on aquaponics to maintain both these species. Table.1 shows the comparison of the
required operating conditions for both fishes [19] [20].
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Table 1. Optimal water qualities for catfish and gourami

Type of conditions Catfish Gourami
Temperature 80 -85 °F 73 -84 °F
pH 6-9 6.8-8
Salinity 500 - 3000 ppm --
Dissolved oxygen 5-15 ppm > 2 ppm
Nitrite 0 ppm <0.5 ppm
Hardness (CaCO3) 20 - 400 ppm 50 - 100 ppm
Ammonia <0.2 ppm <1ppm

4.2 Plant selection

The selection of plant species for hydroponic culture (in the aquaponic system) is related to fish stock
density and nutrient concentration after aquatic wastewater. In general, fast-growing plants with a low
nutrient demand are well adapted to the aquaponics systems in the first few seasons [8]. After two to three
seasons, the system will be well-established, and it is ready to yield fruiting vegetables that higher
nutritional demand [7].

Typically, greenhouse plants (swiss chard, pak choi, Chinese cabbage, collard, watercress, Lettuce,
tomatoes, cucumbers, eggplant, okra) and herbs (basil, cilantro, chives, parsley, portulaca, and mint) are
planted on an aquaponic system [21]. For Sri Lankan urban aquaponics, we can apply vegetables like bell
peppers, tomatoes, chilies, cabbage, and fruits like strawberries and watermelon, etc. Those are mainly
suitable substitutes for daily usage and trusted organic consumption with some economic feasibility. Apart
from that, culinary herbs such as Basil, Parsley, and Mint can also be identified as adaptive crops for Sri
Lankan urban aquaponic [16]. Since they are costly, it gives much economic value with small amounts of
production.

5 PROPOSED SYSTEM DESIGN

The main function of an aquaponics system is to circulate water between plants and fish tanks. The system
has 3 functional parts for processing as a fish tank, cultivation trays, and filter. The proposed system's main
features and measurements are mentioned below Table. 2.

Table 2. Components of the Proposed system

Features/ Description with measurements
Functional parts
Fish tank e 5x2x2ftd PVC tank can be used as the fish tank and it should be filled with
water up to 1.5 ft.
Growing beds e This is used for crop cultivation and can be designed using 4 x 4 in? square-

shaped PVC pipes. Nine PVC pipes can be recommended.
e Clay balls are used as the filling material for growing beds.
Filter o 1ft diameter and 2ft height of barrel can be recommended for the filter.
e The barrel is divided into two parts, a submersible water pump (having 1800 L/h
of flow rate) can be mounted at the left corner of the barrel and a separate filter
system can be used for other corners.
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The schematic design model for the proposed aquaponics system with the components is shown in Fig.2.
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Filter

Fig.1. Main components of the proposed Aquaponic system design

The standard ratio between growing beds and fish tank volume is 1: 1 [22]. But there are times when this
ratio changes to 1: 3 [23]. Therefore, in this design, it is recommended to change the ratio from 1: 1 to 1: 2;
it is more effective to change the length of the PVC pipes in the growing bed trays from 20 feet to 10 feet.

The growing bed acts as a biological filter, and the clay balls in the ever-increasing bed provide a
surface for Nitrosomonas and Nitrobacter bacteria to inhabit. Growing beds have a dark environment that
promotes bacterial activity and leaves enough space for plant growth. Compare with the other substrates;
clay balls perform effective results because of their lightweight.

Here, the separate filter system can be mounted at the right corner of the filter tank, which is
supposed to be connected with the growing bed effluent pipeline. This can be used for the further increment
of purification process efficiency. This is proposed to be prepared by using 3 layers, including the rocks and
shells layer (at ground level), coconut shell charcoal layer (second layer), coir net ( top layer), respectively.
The ground-level layers can be used to reduce the acidity of the water and act as another biological filter.
The second layer can be used to remove toxins from the water, while the top layer can be used to avoid the
movement of solid waste to other units/ components in the aquaponic system. Then, filter waste can be
easily removed through the drain tap at the bottom. Fig.3 illustrates the plan view of the whole proposed
aquaponics system with nine growing beds.
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Fig.2. Plan view of the Aquaponics system

One of the significant drawbacks of aquaponics is high energy for water circulation [10]. However, the
water is often flowing under gravity pressure from this proposed system, and a timer and a floating switch
control the water pump. The timer can give a specific period to operate the filter throughout the day
(typically 10 hours or 15 hours ). At the same time, the floating switch activates the water pump following
the water level in the filter. So, even though there is no water in the filters, the system will automatically
stop. Thus, it is an adequate energy (electricity) saving method, and it avoids motor damage in such
incidents. Other than that, there are air pumps to aerate the system for the conventional aquaponics system.
Still, here we proposed increasing the height of the filtered water carrying line to enhance the natural
aeration efficiency. Thus, it does not require an additional power source to aerate the water in the fish tank.
We recommend that it is enough to supply sufficient O2for the selected fish stock. As we recommend this
system for the outdoor environment (especially for balconies, slabs, open spaces, etc.), it is unnecessary to
apply growing light.

Consequently, outdoor aquaponic primarily increase the water evaporating rates from the system.
Therefore, it is recommended to mounting a shade net on the top of the system. This will reduce water
evaporating rates, protect plants from excess sunlight, and further protect the fish tank from predators.

6 CURRENT STATE AND FUTURE PERSPECTIVES FOR URBAN AQUAPONICS

The present study with the proposed system design shows that aquaponics is a more suitable concept for the
urban areas of Sri Lanka. However, this would be a good option even for rural areas to get fresh, fully
organic food production with assurance. So it supplies two agricultural products (fish and plant) using one
nitrogen source.

The proposed system combines both fish and plant cultivation by recirculating the ecosystem inside
the system. The system consists of a low waste generation concept, and all fish wastes are recycling back to
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the system. So, natural nitrifying bacteria play a critical role by converting waste into plants' nutrients.
Thus, it's unnecessary to add additional water, chemicals, or fertilizer for plant growth. So this has the
potential to reduce agricultural water consumption by up to 90%. Therefore it can recommend these
systems for the people who do not have sufficient water for their agricultural works or either people who
pay for water. But, in the future, we can develop this concept for the dry zone areas as a commercial/
domestic agriculture system.

Apart from that, lack of soil availability and lack of space for agriculture are some emerging
problems in highly urbanized areas. Therefore, people need to encourage to grow plants without any soil
medium using the proposed design. Alternatively, clay pebbles can only be used as structural support and
can be reused multiple times with more plants. Furthermore, providing good mental health is another
advantage of urban aquaponics.

When it comes to the vulnerability of that system, the initial implementing cost can be pretty high.
But that whole system can be used for more than 5 years; thus, it reduces vulnerability.

7 CONCLUSION

Aguaponics is a modern and sustainable agricultural concept that relies on primitive energy and material
inputs rather than traditional production methods. Also, aquaponic systems adapt well to the principles of
the circular economy with their circular process and minimize the impact of the agro-food sector on the
environment. This aquaponics system is well adapted to the existing social and economic systems of Sri
Lanka and has the potential to be used sustainably for urban cultivation. This simple design can be used as
a basis for that. This can be started as a pilot project to educate the public about aquaponics. This could
later be developed as a productive, innovative farming industry than the current economically and
technologically enhanced agricultural lands. Therefore, utilizing this alternative method can secure the Sri
Lankan agriculture and food sector. In such an initiative, we need to be on the right track with this novel
farming method to create sustainable nature.
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