1.0. DESCRIPTION OF THE AQUAPONICS INNOVATION

Aquaponics is a term used to refer to a combination of aquaculture and hydroponics
farming. It is an innovation in which rearing of fish is integrated with growing horticultural
crops such e.g. sweet pepper, tomatoes, egg plants, Okra, cabbages, peas, carrots, etc. These
may be reared/ grown in a closed-loop water recycling system that has a fish tank and grow-
beds containing a sand-gravel-aggregate medium for growing crops or it may be an open-
circuit single-water-reuse system. The grow-beds may be situated above the fish-tank or
aligned on the sides of the fish-tank (Photos 1&2 below).
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Photo 1: Option 1 Aquaponics unit with Photo 2: Option 2:Aquaponics unit with
grow-bed on top of the fish-tank owned by grow-beds on the sides of the fish-tank
Mrs. Gita a resident of Kawempe Division in owned by Mr. Denis Arinaitwe a resident
Kampala City of Busukuma Wakiso District

In a closed-loop system, fish waste-water is drawn from the fish-tank and used to hydrate
crops growing in the grow-beds. The grow-beds filter the waste-water removing the
suspended organic solids and creating a surface area on which the organic material
decomposes releasing nutrients necessary for plant growth. The filtered water is returned to
the fish-tank relatively cleaner and sanitized. This process is repeated several times, until the
water is considered unfit for fish survival and is discharged into the grass compound or
nearby gardens. In an open-circuit system, fish waste-water is drawn from the fish-tank and
irrigated to a crop in a nearby garden and the water is never recycled back into the fish-tank
i.e. a single reuse approach. Aquaponics relies on the relationship between the animals and
the plants to maintain a stable aquatic environment that experience a minimum of
fluctuation in ambient, nutrient and oxygen levels'.

L https://en.wikipedia.org/wiki/Aguaponics
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1.1. The Fisk Tanks

The Fish tank can be any size depending on the interest and financial capacity of the
proprietor. However, the minimum size can be 1.0cubic meters, which can hold 800-1000
liters of water (Photo 1 & 2). Other design options that were initially promoted by WGI
include a 7.5 cubic meter fish tank connected to 16 square meter grow-bed (Photo 3)* and a

75 cubic meter fish tank linked to an 8x24 square meter crop green-house (half acre garden)
(Option 4)°

Due to the relatively high costs of systems of options 3 & 4; customer demands and the need
to provide a cheaper and commercially viable Aquaponics option, WGI developed a
prototype Aquaponics unit (Option 5) that reduced to one-third the cost of the unit in
Option 3. The prototype is considered a semi-commercial unit and is suitable for urban and
peri-urban dwellers. It can be transformed into a commercial system by assembling multiple
tanks together. Each tank has a water capacity of 7500 liters and can be stocked with up to
900 catfish and 500 Tilapia fish at any single time.

2 The unit cost is US4,500
¥ The unit cost is US$4,500 per concrete pond
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Photo 3: Option 3:Aquaponics unit with a Photo 4: Option 4 Aquaponics unit with four
7.5 cubic meter fish-tank linked to 8 square 75 cubic meter fish-tanks linked to one acre
meter grow-beds owned by Mrs. Norah garden owned by Mrs. Alice Barisigara - a
Maridio a resident of Adjumani district resident of Busukuma Wakiso district

Photo 5: Option 5
Aquaponics Prototype 7.5
cubic meter fish-tank linked to
an 8 square meter grow-beds
owned by Mr. Mariama
Edinah - a resident of
Adjumani district

It is the prototype (option 5) together with the concrete tank systems (option 4) that are now
subject of commercialization. The one cubic meter IBC plastic fish tank system is

Page 3 of 8



considered a subsistence unit that now has limited marketing. The IBC system was also
found to have more administrative challenges compared to the larger units — another reason
for its limited marketing currently. Option 3 was found to be bulky, expensive and less
durable — reason why it has limited marketing.

1.2. The Fish Breeds, Feeding and Maturity

Freshwater fish breeds such as Tilapia and Cat Fish are most suitable for such systems.
Tilapia, although the most common and preferred fish breed in Uganda, is sensitive to water
quality and air circulation in the Tank, making it difficult to rear. Poor water quality can
lead to fish death, a reason why it is routinely replaced with fresh (recycled) water.

There are special fish feeds available on the market. It is important to look-out for good
quality fish feeds, because often what is on the market may be of poor quality and may not
trigger the desired growth rates. WGI has developed a feeding combination and routine that
guarantees high quality and low cost of feeds and is in the process of patenting the feed for
commercial production.

Care must be taken to avoid the feeds suffocating the fish. Organic feeds could also be used
as supplement.

1.3. Crop Grow-Bed

The crop grow-bed for an Aquaponics system may vary in size from one square meter to an
acre of land. In a closed-loop system, grow-beds are filled with an inert material/ growth
medium, preferably sand, stone and gravel layers that are permeable and connected to a
plumbing system that collects water into a centralized container from where it is pumped or
returned to the fish-tank. The growth medium needs to be 15-30cm in depth.

1.4. The Crops (Why Horticultural Crops)

Horticultural Crops are recommended for the system, because they usually have short tap
and fibrous root systems that will not require growth medium deeper than 30cm. They are
also preferred in Uganda, because they are high premium price crops that are usually not
easily affordable from the market by majority of the homes, yet they are important in
human diets.

1.5. How the System Operates

As the water percolates through the crop-bed, it becomes oxygenated — this is critical for the
fish. Also, the movement of fish in the tank helps oxygenation of the water, thus simulating
a natural lake environment, allowing the fish to thrive. Oxygenation may be further
augmented by adding an air-circulation pump to the system automated using grid electricity
or solar energy. In addition, the recycling of water in the system may be automated using
water-circulation pump. Automation allows higher fish stocking rates (fish per unit volume
of water) compared to the natural environment.

As the fish feed, they excrete wastes, which overtime changes the water quality, air retention

capacity and light penetration properties of the water. If not replaced, it can become murky
and unfit for fish survival. While Cat Fish may tolerate relatively high levels of murkiness,
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Tilapia fish are extremely sensitive to water quality. It is therefore important to have routine
refreshing through recycling or addition of fresh water in the system. It is advised to recycle,
replace and/or top-up at least 10%* of the water daily in manual systems and 100% of the

water in automated systems.

The growth medium serves as anchor to the crop; sieves the organic solids in the fish waste-
water and provides a surface onto which the organic material is decomposed or broken-
down into nutrients that are essential for plant growth. The plants take-up the nutrients and
thus clean or sanitize the water. The water that finally percolates back into the fish tank is in
a much cleaner form.

It is important to note that not all the nutrients in the recycled water are absorbed by the
crop, but some drain back into the fish-tank and serves as nutrition to the fish. However, if
not checked, it triggers nutrient accumulation and algae growth in the tank that may be
harmful to fish. Once algae have accumulated, it is important that it is washed and flushed

out of the system before refresh water is added taking care not to kill the fish.

Ideally fish mature within 6-8 months in the natural environment. This may be achieved, if
all feed and water requirements are met in an Aquaponics unit. However, in practice, WGI
has observed fish maturity within 10-14 months in Aquaponics systems attaining an average
body weight of 800gm. It is important to note that not all fish in nature and Aquaponics
systems attain maturity or desired 1.0kg body weight at the same time — this is a natural

phenomenon influenced by availability of fish species, feed, space and air.

1.6. Economics of the System
The costs of establishing manual and automated Aquaponics systems for options 1, 2, 3,4 &
5 are described in Table 2 below

Table 2: Specifications for the various Aquaponics units promoted by WGI

Specifications Option 1 Option 2 Option 3 Option 4 Option 5
Fish-tank volume | 1x1x1 1x1x1 3x2x1.2 10x5x1.5 3x2x1.2
(m?)

Grow-bed area 1x1 (1x1)x4units | (2x2)x 2units | 5000 (1x1)x 8units
(m?)

Cat Fish Stocking | 150 150 1200 7500 1200
Plant stocking 40 160 160 55,000* 1200
Setup Cost (US$) | 850 950 2200 4500%* 1750
Automated

System

Solar Panels Cost | 300%** 300*** 500 2500 500

(USS)

* . This is recommended to minimize the labor burden. This recycling regime will meet the plant’s daily water
requirement. The recycling may be done in the morning, afternoon and in the evening to avoid the crop becoming

water stressed.
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Water Circulation
Pump

150

800

150

Oxygenator Cost
(US$)

100

400

100

Revenue Range
(US$) per
production cycle

3,000 - 6,000

10,000 — 40,000

3,000 - 6,000

Source: WGI 2015-2018 Aquaponics project

NB:

*Plant spacing of 0.3m

** Cost per pond

***Not an advisable cost to incur

Apart from the one cubic meter aquaponics system, the other design options cited above
offer a benefit-cost ratio of 2.5 and above. This means that for every dollar invested, the
system generates at least 2.5 dollars, which is rare in many alternative investments such as
retail and wholesale businesses. It is important however to note that this ratio will decrease
slightly with the introduction of solar-energy solutions. Solar energy is not advisable for
options 1 and 2, because it makes them completely unviable. Option 4 and 5 are the focus of
this application.

1.7. Environmental Issues Related to Aquaponics

1.7.1. Impact on Geography, Topography and Vegetation

There is no evidence that the Aquaponics project will have an impact on geography and
topography. However, it could have physical impacts on vegetation, if the projects are large-
scale on a single given site. The individual Aquaponics units may also have collective
cumulative impact on vegetation, if many units are assembled together and located on land
previously covered by vegetation. In such a large-scale case, it will be important to
undertake Environmental Impact Assessment (EIAs) studies to explain the potential
impacts and design appropriate mitigation measures. Plants grown in Aquaponics units
could be alien and invasive in nature and leak into the environment, thus causing a
significant invasive crop/plant problem. Effort is always made to ensure that alien and
invasive species are avoided, except those certified by the Ministry of Agricultural, Animal
Industry and Fisheries (MAAIF) as admissible in Uganda.

1.7.2. Impact on Climate, Rainfall and Drainage in Uganda
The Aquaponics project has no known impact on drainage of a catchment. However, the
drainage characteristics of the project sites may influence the flow of wastes, crop and fish
species that might inadvertently or by commission escape the Aquaponics units and
introduce new species downstream the project area — this would especially be made worse
by the multiplicity of river systems that traverse the country. WGI trains the beneficiaries/
customers on how to avoid fish and plant species in Aquaponics mixing with the
surrounding environment. The introduction of alien species may occur, if there is cross-
border exchange of crop and fish species for the Aquaponics units. Such cross-border
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movement of plant and animal species is monitored and restricted by MAAIF, which helps
avoid alien species entering Uganda unnoticed.

Depending on size, the Aquaponics project, if large-scale, may have an ameliorating impact
on the micro-climate of the site where it is located. The impact of Aquaponics units on the
micro-climate is expected to be insignificant. However, if an assemblage of many or large
units are located within close proximity, they could contribute to ameliorating the
surrounding temperature and increase relative humidity conditions of the micro-climate.
They could also contribute to increased evaporation and moisture content in the
atmosphere, which could trigger unexpected rains. This impact is, however, expected to be
minimal compared to that originating from natural open water bodies in the project
districts. There is no clear evidence on the likely impact of the Aquaponics units on the
macro-climate (temperature, winds & rainfall) of a given area.

1.7.3. Impacts on Demography
If the project is widely adopted, it will discourage people migrating to fishing villages in
search of employment opportunities. This may reduce the observed emergence and rapid
growth of fishing villages on the shores of the many lakes in Uganda. The fishing villages
are not very desirable sites, because they are often characterized with overcrowding, vices,
no access to social goods and services; poor sanitation & hygiene; and are a source of
pollution to the lakes.

Aquaponics provides employment opportunities to people (especially the women & youth)
living in rural areas and mitigate their quest for rural-urban migration in search for jobs. It
increases the production levels and stocks of fish and horticultural products available for the
market and mitigates the current demand/pressure on natural lakes and rivers. There is no
mitigation measure envisaged for Aquaponics’ impacts on demography, because the
impacts are considered desirable.

1.7.4. Impacts on Soils in Uganda
No soil is required in Aquaponics systems apart from the sand, stone or gravel layers that
form the growth medium for the crops. The impact on soil is in the context of sand, stone
and gravel that is extracted to make the growth medium. The amounts of sand, stone or
gravel may be significant, if large (square mile) commercial Aquaponics units are setup. But
usually what is setup are much smaller systems that little or no impact on the sand, stone or
gravel in the environment.

1.7.5. Impacts on Water Availability, Access and Demand
Aquaponics is designed to take advantage of harvested and stored rain (flood) water. It is
also designed to recycle water in the system. By this, it encourages households/farms to
install rain (flood) water harvesting and storage infrastructure, thus making water readily
available at the homestead level. It is reviving an ancient useful practice of rainwater
harvesting and storage that was abandoned. Recycling and reuse of water ensures that
Aquaponics requires less water from the environment, therefore the total water take has
limited impact of water availability. Also, the demand for water is lessened. The waste-
water that 1s unfit for the system can be used to irrigate other crops in gardens. Introduction
of Aquaponics introduces a cost-effective access to water through rainwater harvesting and
storage. It will not require household members moving long distances and paying high
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tariffs to access water. In addition, Aquaponics saves water for other food value-chains and
other domestic and commercial needs. The only risk envisaged is poisoning by
unscrupulous individuals of rainwater harvested and stored in tanks at households/farms,
which could cause disease/death of the entire family and fish and crops in the Aquaponics
units. Fortunately, such cases have not yet been reported in Uganda, but this does not mean
that the project ignores such eventualities.

1.7.6. Impacts on Farming Systems

The impact on farming systems is the actual introduction of Aquaponics, a new concept and
practice to farming, which will be accompanied with additional attention and labor
requirements by the beneficiary households/farm. This risk is mitigated by automation of
the units using grid electricity or solar energy plus associated inputs. The other impact is the
likely introduction of pests and diseases not common to traditional farming systems. This
risk is managed by setting the units in screen-houses or areas isolated from the rest of the
environment. This notwithstanding, the introduction of Aquaponics has positive outcomes
in that it introduces alternative income sources and intensive, more efficient and productive
practices to traditional farming systems. There is increased productivity per unit area.

1.7.7. Impacts on Poverty in Uganda

There is evidence that Aquaponics is reducing poverty among beneficiary households/farms
that managed the systems well. However, it could escalate poverty in failure events
attributed to human error resulting in total loss of fish and crop in the system that they used
money to buy or setup. Also, inability to payback the loans acquired to establish
Aquaponics could worsen the poverty situation of the household. To avoid this, WGI
undertakes frequent beneficiary/ customer training exercises on how to manage the
Aquaponics well using a variety of approaches including awareness & sensitization
meetings; site visits & supervision; sharing print and electronic information and
handholding (after sales) services.

1.7.8. Impacts on Pests and Diseases Incidences in Uganda
Aquaponics has the risk of intensify pests and disease incidences, because they provide an
ecosystem that is not controlled by natural processes as would be in the ordinary
environment, thus creating a hotspot for pest and diseases infestation. This risk 1s mitigated
by screening-off the units and using pest and disease free materials. The risk of cross-border
entry of pest and diseases into Aquaponics is controlled by the MAAIF’s restrictions on
movement of plant and animal materials across the border.

1.7.9. Impacts on Malaria Incidences
The presence of stagnant water is a recipe for mosquitoes to breed and therefore trigger the
spread of Malaria disease. However, fish always eat the mosquito eggs and larvae and thus
preventing their breeding and subsequent spread of Malaria.

Page 8 of 8



