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INTRODUCTION

Unit processes,
recirculation
system(RAS: central fish il ‘o r
culture tank, effluent | _
water remove waste, i ol |
converts the ammonia to BorL
nitrite and then to nltr_ate, |
removes carbon dioxide
and adds oxygen,

Overview of Unit Operations
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COMPONENTS OF
AQUAPONICS/FISH TANK
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COMPONENTS OF
AQUAPONICS/FISH TANK

Selection of fish tank type Is essential: fish tanks
could account 20 % total setup cost.
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COMPONENTS OF
AQUAPONICS/FISH TANK

Factors to considered :
A Tank material

A Shape and colour.

I Round flat base water
circulate consistently,
aggregate solid waste
tank centre using
centripetal force

I Square tanks with flat
bottoms good; not

efficient in solid waste
removal
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COMPONENTS OF
AQUAPONICS/FISH TANK

Circular Tanks (continuously mixed reactors) | Circular Tanks Are

Widely Used
= Excellent footprint utilization
* Good self cleaning

= Optimal velocities

* Less efficient footprint utilizations

* Husbandry tasks more difficult

Aguacutire Corterence 2015 Palobwans South Afhcs Aquecdiure Conference 2017 Polokwane South Adncs
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COMPONENTS OF
AQUAPONICS/FISH TANK

Corrugated Panels with Liner Concrete Tanks/ Raceways

Aluminum

Rearcdating Aquacukwe Systems Shoet Course Rearcdating Aquacukwre Systems Shoet Coarse
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COMPONENTS OF
AQUAPONICS/FISH TANK
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COMPONENTS OF

AQUAPONICS/FISH TANK
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~ SMALL AQUAPONIC DESIGNS

o

* Aquarium
» Stock Tank
» Half Barrel

» Rubber-
made Tub
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MEDIUM AQUAPONIC DESIGNS

e IBC - totes
(make sure you
know what was
in them before)

* Bath tubs

» Plastic, Steel
or Fiberglass

Stock Tanks

® Build your own

On behalf of:

& the environment
E:r’:s?rr;‘,e:ltshenes and the Environment A R C ° L N R

REPUBLIC OF SOUTH AFRICA Excellence in Research and Development

d Nucl Sfly

Apricutture, Land Beform and Reral Developman

| .@'l Degartiesr
L ¥
"'-\ ,." REPUBLIC OF SOUTH ATRICA

of the Federal Republic of Germany



BIG AQUAPONIC DESIGNS

Big Fish Tanks

* Open Ponds
» Large Stock Tanks
* Swimming Pools

» Fiberglass Tanks
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SMALL AQUAPONIC DESIGNS

Invented by Travis Hughey of
Faith and Sustainable Technologies (FAST)
Uses readily available, cheap 55 gallon barrels
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SMALL AQUAPONIC DESIGNS

Design can vary in configuration and size...

Invented by Travis Hughey of
Faith and Sustainable Technologies (FAST)
Uses readily available, cheap 55 gallon barrels &2

Fish above

Fish below

.
oYl el all l|4-l (RPN
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BIG AQUAPONIC DESIGNS
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Bl PONIC DESIGNS

fur Internationale and Nuclear Safety & the enVIr'Oﬂment
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BIG AQUAPONIC DESIGNS
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SMALL AQUAPONIC DESIGNS
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Aquaponics System Design
Layout
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HYDROPONIC/AQUAPONIC
SYSTEMS

Plant-growing sections :three major designs,

-media bed, substrate; nutrient film technique
(NFT), plants roots inserted wide pipes flowing
trickle of culture water;

-deep water culture (DWC)/floating raft, plants
suspended on water tank with floating raft
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HYDROPONIC/AQUAPONIC
SYSTEI\/IS

Media Based Culture:
A Reciprocating Systems
A (Ebb & Flow, Flood & Drain)
A Dutch Bucket
A Drip System - Rockwool Slabs

Water Based Culture:
A Floating Hydroponic Technique
U (Raft Culture, Deep water Culture) [S55%

Air Based Culture:
A Aeroponics
A Vertical Gardens
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HYDROPONIC/AQUAPONIC
SYSTEMS

A floating or raft hydroponic subsystem
IS ideal leafy green and other types of
vegetables. Long channels closed-cell
polystyrene sheets support vegetables
water surface roots suspended culture
water. maximum exposure roots culture
water and avoids clogging, although
suspended solids captured by the roots
can cause root death if concentrations
are high. The sheets shield the water
from direct sunlight and maintain lower B
than ambient water temperatures. A
disruption in pumping does not affect the ™
pl antés water suppl®
and NFT subsystems.
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HYDROPONIC/AQUAPONIC
SYSTEMS Cont .

The sheets are easily moved along the
channel to a harvesting point where they
can be lifted out of the water and placed
on supports at an elevation that is
comfortable for the workers. The UVI
system uses three sets of two raft
hydroponic tanks that are 30.5 m long by
1.22 m wide by 40.6 cm deep and
contain 30.5 cm of water...

A 2 agricultu re.
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HYDROPONIC/AQUAPONIC
SYSTEMS Cont
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Net pots are placed in holes in the raft
and just touch the water surface. Two
Inch net pots are generally used for leafy
green plants while 7.62 cm (3-inch) net
pots are used for larger plants such as
tomatoes or okra. Holes of the same
Size are cut into the polystyrene sheet. A
lip at the top of the net pot secures the
net pot and keeps it from falling through
the hole into the water. Seedlings are
nursed in a greenhouse and then placed
into net pots, and their roots grow into
the culture water while their canopy
grows above the raft surface

Hvdroponics — Raft System

Hydroponics /Aquaponics

Nelson & Pade, Inc

D Arensd Comall Recenubing Aquecudoare Shart Courne
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SECTION =3 — THE DEEPFP WATER CULTURE (DVWO) UNIT
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Swwirl filter + Bio filter + vwater pump

VWwater floww diagram

20 VWater flowws by gravitation from the fish tank to the swirl filter and biofilter.
Viater is pumped, using the submersible pump, from the biofilter to thhe fish tank (8096 of thhe flow) and
the DVWC canals (209 of thhe flow).

(=) Water flowws back from the canals to the biofilter.
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HYDROPONIC/AQUAPONIC
SYSTEMS

A Media bed system

A popular small-scale
Inert gravel or
expanded clay
substrate to support
plant roots in the grow &
bed . can be designed:
constant flow or flood-
and-drain system
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HYDROPONIC/AQUAPONIC
SYSTEMS

A Nutrient Film
Technique (NFT)

A shallow flow nutrient-rich
through horizontal pipes
Plants in the boreholes |
pipes roots access thin

flim of nutrient-rich water

.The NFT and DWC
standard utilized
commercial as financially

viable
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Strengths and weaknesses of the
aquaponics culture technique

Culture systems

Strengths

weakness

Media bed

media bed systems an inert media as
substrates used to support plant roots in a grow
bed such as gravel

-Can be easily operated
by beginners as sit is
simple design

-Suitable for growing all
type of plant and can

support  tall  fruiting
vegetables

-Low electrical energy
consumption

-Can use various media
type even

-Plants can have high
aeration

-It is very heavy depending
on the choice of used media
-The media cannot be readily
available and expensive

-t has higher rate of
evaporation than the NFT
and DWC

-It requires more
during building
-When there is lack of water
uniformity, performance of
plants may differ from bed to
bed

labour

-Captures and | -At high stocking density
mineralized solids. media can clog
-Drain-flood  system need
correct  water  volume
calculations
orbeter » el agriculture, land reform D : //
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Strengths and weaknesses of the
aguaponics culture technique

Culture systems Strengths weakness

Deepwater culture system (DWC) Foralarge scale they are | More  complex  filtration
This technique of deep water culture the plants | more cost effective method

need to be suspended in pOlystrene sheets and | -lIdeal for minimal | Very heavy unit

the roots The deep water culture (DWC) | evaporation and water | High dissolved oxygen

technique requires the suspension of plants in
polystyrene and submersion of roots in water

loss

-Light weight

Require less water
volume

-Studied well in

commercial hydroponics
venture
-Planting and harvesting

can be facilitate by
shifting raft there is
provision of  biofilter

surface area

-can be used for multiple
stocking densities

-water insulation
provided by polystyrene
rafts from heat loss or
gain maintaining
constant temperatures

required in the canal, and a
more sophisticated air pump
Is required

Plastic liners must be food-
grade

Polystyrene sheets are easily
broken

Tall plants are more difficult
to support

Large water volume
increases humidity and the
risk of fungal disease
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Strengths and weaknesses of the
aguaponics culture technique

Culture systems

Strengths

weakness

Nutrient Film Technique

The technique of Nutrient film shallow water
flow through horizontal pipes. Plants are grown
in long narrow pipes in order to have access to
the boreholes

Compared to media beds
they are more cost
effective on a larger
scale to suit different
plants pipes spacing can
be adjusted

-ideal for leaf green
vegetables and herbs
-require less water
volume

-harvest require minimal
labour

-harvesting method very
simple

-suitable for rooftoops
- weigh very less

More complex
filtration method

Water pump and air
pump are mandatory
Cannot directly seed

Low water wvolume
magnifies water
quality
issues

Increases variability
in water temperature
with stress on fish
Water inlet pipes can
easily clog
Vulnerable to power outages

-water loss by
evaporation very minimal
Well researched by
commercial
hydroponic ventures
On behalf of:
T Q‘%"k’s ;”““'l‘:'e' 'l"“" reform ¥k forestry, fisheries \ 30
rural development :
Al i e # & the environment v

4 ;
Deutsche Gesellschaft * for the Environment, Nature Conservation
fur Internationale and Nuclear Safety
Zusammenarbeit (GIZ) 6mbH

of the Federal Republic of Germany

Deogaitmest )
Agricuture, Land Belorm and Reral Developmant (A

A v
REPUBLIC OF SOUTH AFRICA V

Department:

Forestry, Fisheries and the Environment
REPUBLIC OF SOUTH AFRICA

ARC « LNR

Excellence in Research and Development



AQUAPONIC SYSTEMS
A Deep Water Culture

aguaponics unit o Wlesiasllassesilassss
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Bio filter + water pump *
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Fish tank Floating rafts

10 B H 88°0 &

 Swir filter + Bio filter + water pump

Water flow diagram
(1) Water flows by gravitation from the fish tank to the swirl filter and biofilter.
. Water is pumped, using the submersible pump, from the biofilter to the fish tank (80% of the flow) and
the DWC canals (20% of the flow).
(3 Water flows back from the canals to the biofilter.
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AQUAPONIC SYSTEMS

Table 5: Practical system design guide for small scale units

Fish tank | Max. fish Pump Filter Min. volume of :
) Feed rate . . Plant growing
volume | biomass (a/day) flow rate | volume biofilter media area (m?)
(Litre) (kg) SIEYE | (litrefh) | (litre) (litre)
Volcanic | _.
Tuff Bioballs
200 5 50 800 20 50 25 1
500 10 100 1200 20-50 100 50 2
1 000 20 200 2000 | 100-200 200 100 4
1500 30 300 2500 | 200-300 300 150 6
2000 40 400 3200 | 300-400 400 200 8
3000 60 600 4500 | 400-500 600 300 12
Source: FAD 2015
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SINGLE SYSTEM DESIGN

A

1 barrel fish tank around 200
litres, sawn in half = just under
100 litres)i 4 ornamental fish
per litre = 400 fish, or 6-8
fingerlings (catfish or tilapia)
per barrel, then grow them out
I est. 6 months from 50g to
500qg, 8 tilapia of 300g, use
about 40 g feed per day, and
waste products (based on feed)
can support 1 m2 of leafy
greens.
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DOUBLE SYSTEM

2 barrel grow beds i barrel surface area is approx. 0.5m2
I thus 8 fish could support both barrels. Planting ratios for
leafy greens is 20-25 plants/m2 (10-12 plants per barrel).
See table below for tomatoes (this is from the FAO
document)

A To do vegetables like tomato i will need to plant
fewer plants

A In 2012 a single system cost $350 (probably around
R6000 now, maybe a little more). One would scale as per
needs.
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BALANCING AQUAPONIC
SYSTEMS

Table 2: Planting density by plant type

Leafy green plants | Fruiting Vegetables
20 to 25 g of fish 4 plants per square
feed per square meter

meter

Source: FAQ 2015

Table 3: Fish feeding rate

Table 4: Fish stocking density

Fish stocking density

10 to 20 kg of fish per 1 000 litre of water

Source: FAD 2015

Fish feeding rate
1 to 2 percent of total body weight per day
Source: FAD 2015
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BALANCING AQUAPONIC SYSTEMS

Table 1: Daily fish teed by plant type Table 4: Fish stocking density
Leafy green plants Fruiting Vegetables Fish stocking density
40 to 50 g of fish 50 to 80 g of fish 10 to 20 kg of fish per 1 000 litre of water
feed per square feed per square Source: FAO 2015
meter meter

Source: FAQ 2015

Table 2: Planting density by plant type

Leafy green plants | Fruiting Vegetables Table 3: Fish feeding rate

20 to 25 g of fish 4 plants per square Fish feeding rate

feed per square meter 1 to 2 percent of total body weight per day
meter Source: FAO 2015

Source: FAO 2015

On behalf of:
e Y riculture, land reform v, -
' Deutsche Gesellschaft * o the Enton y ;8 |: 3 | ; t s g foreStry’ ﬁSherIes v\\ 36
7 for the Environment, Nature Conservation rural geveliopmen .
g I Z fur Internationale and Nuclear Safety <, P % & the environment
Zusammenarbeit (G1Z) GmbH f | Denetmen :»«,

\ ! ! e, form . Department: °
\ @ , ::"“’""o:""" °””';"'"°"‘MM QA Forestry, Fisheries and the Environment ARC LNR
V V REPUBLIC OF SOUTH AFRICA Excellence in Research and Development

of the Federal Republic of Germany



giz

UKZN AQUAPONIC SYSTEMS
DESIGN MODEL

ANhat is

wrong with
this figure
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AQUAPONIC SYSTEMS DESIGN
MODEL

CONCEPT MODEL [ — ]
Holding Tank

the partners of ARC the Mace Lab team at

University of KwaZulu-Natal, based in the l

School of Life Sciences. )

The design is composed of a modular entry Gravel Bed Media }

Unit small scale aquaponics system with a ) ﬁ

production capacity of about 300 kg food | Spnach

fish and 15 kg vegetables per production

cycle. The system is designed to produce [ Bell peppers

both ornamental (Koi & Gold fish) and food ‘

fish (Tilapia, catfish & carp) integrated with [ oo )

common vegetable crops (spinach, basil, ’

lettuce and peppers). [ ——
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UKZN AQUAPONIC SYSTEMS

DESIGN

SYSTEMS DESIGN AND OPERATION

Gravel bed aquaponics could be constructed
using plastic containers that can be
adapted for both the fish tanks and plant
grow media. One 10 000l tank for fish
made from (IBC tanks ) halved JOJO (or
equivalent tank) .

N
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UKZN AQUAPONIC SYSTEMS
DESIGN (economical

SYSTEMS DESIGN AND OPERATION.

The plant culture system will comprise
10000L flowbins where six pots of lettuce,
spinach, chilli and tomato seedlings in
each container will be grown using both
gravel bed design. The gravel bed design
requires the seedlings to be embedded
within the damped gravel as the water
circulates through the spaces between the

gravel rocks.

This will be a commercial operation and the
costs will be recovered in the revenue

generated.
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Aquaponics System

Flow Chart

Fish
Holding Tank
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Aquaponics System Design
Layout
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Aquaponics System Design
Layout

Swirl Filter

Aguaponics System Design - Using a Swirl Filter
https://www.youtube.com/watch?v=G5w-6pnjwIc

Custom Plastic Drum Swirl Filter
https://www.youtube.com/watch?v=G5w-6pnjwic&t=14s
Bell Siphon

How to Make a Bell Siphon & How Bell Siphons Work
https://www.youtube.com/watch?v=1a1BQFTaG7c&t=451s

How to Tune Your Aquaponics Bell Siphon
https://www.youtube.com/watch?v=X2HSis4QK94

Sump

Using Sump Tanks with Aquaponics & Hydroponics
https://www.youtube.com/watch?v=GYg2A904mZ0&t=39s
Why do | need a sump tank?
https://www.youtube.com/watch?v=NuDgU81Unhw&t=148s

Why You Should Be Using a Sump Tank
https://www.youtube.com/watch?v=1cnzJ8sD4nc&t=17s

Sump tank in Aquaponics
https://www.youtube.com/watch?v=XosFD93BHHc&t=18s
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https://www.youtube.com/watch?v=G5w-6pnjwIc
https://www.youtube.com/watch?v=G5w-6pnjwIc&t=14s
https://www.youtube.com/watch?v=Ia1BQFTaG7c&t=451s
https://www.youtube.com/watch?v=X2HSis4QK94
https://www.youtube.com/watch?v=GYg2A904mZ0&t=39s
https://www.youtube.com/watch?v=NuDgU81Unhw&t=148s
https://www.youtube.com/watch?v=1cnzJ8sD4nc&t=17s
https://www.youtube.com/watch?v=XosFD93BHHc&t=18s
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