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INTRODUCTION:
The aquaponic system is a coupled aquaponic system with koi and watercress. It is 230cm
long, 75cm large and 150cm high. It has been designed, built and managed in Todmorden,
England, between August and October 2018, by Romain CAMBON, BSc student of the Ecole
Supérieure d’Agricultures, France, as part of his internship studies under the supervision of
Paulo MARINI, founder and project developer at the Aquaponics Lab. The aim of this project
is to develop an experimental aquaponic system that produces watercress with a decent yield,
using Koi carp waste as nutrients.
Aquaponics Lab develops and implements open source technologies and techniques for local,
sustainable and automated food systems. Its objectives are to implement community food
systems capable of producing of local, healthy and affordable food using the best available
technology and to teach food production techniques enabling communities to feed
themselves and creating business opportunities.
This document describes the different steps of the conception and construction of this small
coupled aquaponic, as well as the establishment of the species (nitrifying bacteria, plants and
fishes) in the system. By sharing our experience building this system, we want to help people
who would like to design their own aquaponic system. It is also the opportunity for us to get
comments and advice from other people who built their systems.
NB: Our technologies are developed and released using an open source license for the benefit
of the collaborative commons and therefore are free to be used by any organisation,
consequently reducing the business costs related to patents, royalties or/and licenses.
They are free to be studied, modified and shared fostering constant innovation.
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1. DESIGN AND SIZING OF THE SYSTEM
1.1. THE HYDROPONIC POLE
The hydroponic pole is made of two troughs (200*40*20cm), with a growing surface area of
200*40=8000cm²=0.8m².
In each trough will be placed plastic trays (40*20*10cm) where the watercress will grow.

1.2. SPECIES AND QUANTITY OF FISH
1.2.1. FEED RATE RATIO
The feed rate ratio is the daily amount of food fish that should be given to support one unit of
growing area.
According to the FAO1, the feed rate ratio is 40-50g of fish feed/day/m² of grow bed for leaf
green vegetables and 50-80g of fish feed/day/m² of grow bed for fruiting vegetables.
However, this ratio varies between 5 and 120g/day/m² depending on the solid particle
filtration design, fish food quality, plant varieties and the daily light integral (DLI) of the
location and/ or season.
For the watercress, based on our location (England) and season (late Summer), we have
decided to use a ratio of 40g/day/m², but 30g/day/m² would be enough. With a growing
surface of 0.8m², the daily amount of feed to put in the system is 40*0.8=32g.
1

Somerville, C., Cohen, M., Pantanella, E., Stankus, A. & Lovatelli, A. 2014. Small-scale aquaponic food
production. Integrated fish and plant farming. FAO Fisheries and Aquaculture Technical Paper No. 589.
Rome, FAO. 262 pp. (page 17)

1.2.2. FISH SPECIES
The main fish species used in aquaponics are tilapia, carp, koi and trout.
Tilapia is very resistant and can be reared at high densities with a low mortality rate. They are
tropical fish and need warm water (31-36°C)2 all year round. Although they can survive at
temperatures as low as 11°C, the production will drop consistently.
Trout require cold water (between 10°C and 20°C), are less resistant than tilapia and their
flesh is very delicate.
Carp and koi are resistant to considerable daily temperature fluctuations and high densities of
growing. Koi can be eaten but are usually kept as ornamental fish.
NB: These are freshwater fishes, but you can also try saltwater aquaponics with marine species
like shrimps. However, it is newer and more complex.
In our case, we will rear koi carps, as they can easily be found locally. We will move them to a
larger system at the end of the 3 months. Once they have reached a fair size, they will be sold
as ornamental fish.
2

LIKONGWE J.S., STECKO T.D., STAUFFER Jr J.R., CARLINE R.F.; 1996.Combined effects of water
temperature and salinity on growth and feed utilization of juvenile Nile tilapia Oreochromis niloticus
(Linneaus). Aquaculture, 146(1-2), 37-46 (abstract)
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1.2.3. DETERMINATION OF THE INITIAL MASS OF FISH
To determine the mass of fish to put in the system, we need to know the feed rate, which is
the amount of food a fish can eat per day, in percentage of its body weight.
It is usually around 2% of the body weight per day for fingerlings at a suitable temperature.
More precise information can be found on the FAO Fisheries and Aquaculture Department
website (http://www.fao.org/fishery/en) for many cultured fish.
We will buy koi fingerlings because they are more resistant than fries but still quite affordable.
According to Abdul-Nabi Nasir and al.3, they eat 3% of their body weight per day in a 20°C
water, but we will assume they only eat 2% of their body weight per day to determine the
worst-case scenario.
The initial mass of fish to put in the system is:
𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑓𝑖𝑠ℎ = 𝑑𝑎𝑖𝑙𝑦 𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑓𝑖𝑠ℎ 𝑓𝑒𝑒𝑑 ∗ 𝑓𝑒𝑒𝑑 𝑟𝑎𝑡𝑒
- daily amount of fish feed = 32g (calculated in 1.2.1.)
- feed rate = 2%
𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑓𝑖𝑠ℎ = 32 ∗ 2% = 1600𝑔
We will have to buy 1600g of fish.
3

ABDUL-NABI NASIR N., HAMID AL-HAMADANY Q., HAMEED SALEH J.; 2013. Effect of feed additives
utilization of carp fingerlings on growth, survival rate and feed (Cyprinus carpio L.). Continental J.
Fisheries and Aquatic Science, 7(2), 1-6

1.2.4. CORRELATION BETWEEN FISH LENGTH AND WEIGHT
In order to buy the right amount of fish without having to weight them (to avoid stressing
them), we could estimate their weight thanks to their lengths.
We have found several equations of equations for carps on the Internet.
Source

Correlation

Study on the Adaptability Status and Reproductive Success of W=0,014*TL^2,97
Oreochromis niloticus L. (Pisces: Cichlidae) and Carp (Cyprinus
carpio L., 1758) in a Tropic Reservoir (Fincha, Ethiopia) 4
Age, Growth and Mortality of Common Carp (Cyprinus carpio W=0.0049*TL^3.3191
Linnaeus, 1758) Population in Almus Dam Lake (Tokat- Turkey)5
Estimation of growth parameters and mortality rate of common W=0.00003*(FL*10)^2.8947
carp (Cyprinus carpio, Linnaeus 1758) population in the southern
Caspian Sea6
Growth Comparison of Israeli Carp (Cyprinus carpio) to Different W=0,0696*e^(0,0682*TL*10)
Breeding Combination7
W: weight(g); TL: total length(cm); FL: fork length (cm)
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4

DEGEFU F., TESFAYE G. ; 2012. Study on the Adaptability Status and Reproductive Success of
Oreochromis niloticus L. (Pisces: Cichlidae) and Carp (Cyprinus carpio L., 1758) in a Tropic Reservoir
(Fincha, Ethiopia). International Journal of Aquaculture, Vol.2, No.10 65-71
5

KARATAŞ M., ÇİÇEK E., BAŞUSTA A., BAŞUSTA N. ; 2007. Age, Growth and Mortality of Common Carp
(Cyprinus carpio Linneaus, 1758) Population in Almus Dam Lake (Tokat- Turkey). Journal of Applied
Biological Sciences 1 (3): 81-85
6

FATEMI S.M., KAYMARAN F., JAMILI S. , TAGHAVI MOTLAGH S.A., GHASEMI S. ; 2009. Estimation of
growth parameters and mortality rate of common carp (Cyprinus carpio, Linnaeus 1758) population in
the southern Caspian Sea. Iranian Journal of Fisheries Sciences, 8(2), 127-140.
7

HWANG J., BON GOO I., KIM J.E., KIM M.H., KIM D.H., HYUN IM J., CHOI H-S., LEE J-H. ; 2016. Growth
Comparison of Israeli Carp (Cyprinus carpio) to Different Breeding Combination. Development and
Reproduction, 20(4), 275–281.

The last equation should not be taken into account because the study focused on fries, which
leads to abnormal weight once the length is higher than 5cm.
The three other equations are close and can be a good estimation of the weight-length
relation for carps, but we have to keep in mind that the studied carps were grown in lakes,
and that it could be slightly different for tank-raised carps.
You can also find a lot of calculators online:
- Larry Lunsford, Take Stock of Your Pond:
http://www.rmkc.net/articles/Take_Stock_of_Your_Pond.pdf
- Clearpond calculator: https://www.clearpond.com.au/how-to/online-calculators/pond-volume
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1.2.5. ESTIMATION OF THE FISH GROWTH
The estimation of the fish growth requires to know the food conversion ratio (FCR), which is
the amount of fish feed necessary to produce one kilogram of fish.
According to different studies8,9, the food conversion ratio for koi is around 2.45. However,
the food conversion rate is likely to change depending on water quality (temperature, pH,
density of O2 and fish growing conditions (stresses due to noise, handling).
Quantity of food
eaten by the fishes

The total mass of fish after 1 day (W1) is :
𝑊1 = 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑓𝑖𝑠ℎ +

𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑓𝑖𝑠ℎ ∗ 𝑓𝑒𝑒𝑑 𝑟𝑎𝑡𝑒
𝐹𝑒𝑒𝑑 𝐶𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 𝑅𝑎𝑡𝑒
Quantity of this food that the fishes
transform into biomass

𝑊1 = 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑓𝑖𝑠ℎ ∗ (1 +

𝑓𝑒𝑒𝑑 𝑟𝑎𝑡𝑒
)
𝐹𝑒𝑒𝑑 𝐶𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 𝑅𝑎𝑡𝑒

After n days, the total fish mass (Wn) is:
𝑊𝑛 = 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑓𝑖𝑠ℎ ∗ (1 +

𝑛
𝑓𝑒𝑒𝑑 𝑟𝑎𝑡𝑒
)
𝐹𝑜𝑜𝑑 𝐶𝑜𝑛𝑣𝑒𝑟𝑠𝑖𝑜𝑛 𝑅𝑎𝑡𝑒

- initial mass of fish = 1600g (calculated in 1.2.3)
- feed rate: amount of food a fish can eat per day in percentage of its bodyweight. In our case,
the feed rate is 2% =0.02 (determined in 1.2.3.)
- Food Conversion Ratio (FCR) = 2.45
- n: the number of days that has passed after the introduction of the fishes. In our case, n=90
days as the system will be running for three months.
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1600 ∗ 0,02 90
)
𝑊𝑛 = 1600 + (
2.45
𝑊𝑛 = 3336𝑔
After 3 months, all fish in the system will weigh a total of about 3.3kg. The fishes will then eat
Wn * feed rate = 3336 * 0,02 = 67g of food per day.
8

Ibrahim Diler, A. Adem Tekinay , Derya Guroy , Betul Kut Guroy and Murat Soyuturk , 2007. Effects
of Ulva rigida on the Growth, Feed Intake and Body Composition of Common Carp, Cyprinus
carpio L.. Journal of Biological Sciences, 7: 305-308
9

Qi-hui Yang, Xiao-qiu Zhou, Jun Jiang, Yang Liu, 2008. Effect of dietary vitamin A deficiency on growth
performance, feed utilization and immune responses of juvenile Jian carp (Cyprinus carpio var. Jian).
Aquaculture Research, 39(8): 902-906

At the end of the 3 months, the growing surface for 67g of food should be daily mass of fish
feed/feed rate ratio = 67/40 = 1.675m3. As the project won’t last long, we will not increase it
and it will remain 0.8m2.
If you plan to run an aquaponic system long-term, you should consider increasing it as your
fish grows. The maximal surface of growing depends on the maximal mass of fish you expect
in your fish tank.
If you harvest most of your fish at some point, the mass of fish feed introduced in your system
shall drop and your plants might not be sustained with enough nutrients. To avoid this
problem, you can harvest your fish and plants at the same time.
In commercial aquaponic farm, they grow several lots of fish of different sizes, so the total
mass of fish in the system remains more or less the same even after harvest.

1.3. DESIGN AND SIZING OF THE AQUACULTURE PART
The aquaculture part is a recirculated aquaculture system, made of a fish tank, a mechanical
filter, a biological filter and a sump in which the pump is set. The sump allows to control the
volume of water in the system. It took us about two weeks to build it.
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1.3.1. STOCKING DENSITY AND FISH TANK VOLUME
FISH DENSITY
Source

Aerated systems

SRAC, Recirculating Aquaculture
Production systems – Aquaponics10

Tank

Wilson Lennard, Fish tank shape and
design11

Direct oxygen
injection systems

≤ 60kg/m3 (0.50
pound/gallon)
≤ 50kg/m3

≤ 150kg/m3

The densities above are the densities not to overcome in your fish tank. This system, like many
other small-scaled systems, is aerated thanks to air stones. The direct oxygen injection
systems are industrial systems that rear fish at higher densities.
We want a density of 20 kg of fish/m3 in the fish tank, because this stock density presents a
reasonable management challenge without requiring more complex filtration systems. If
building your first system, we recommend that a fish density below 10kg/m 3 so systems
management is simpler and, if air pump fails, water oxygen level would be acceptable.
Once the fish density has been chosen, it is possible to calculate the volume of the fish tank:
𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑎𝑙𝑙 𝑓𝑖𝑠ℎ𝑒𝑠
𝑉𝑓𝑖𝑠ℎ 𝑡𝑎𝑛𝑘 =
𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑜𝑓 𝑓𝑖𝑠ℎ
- maximum mass of fish = Wn = 3.3kg (calculated in 1.2.5.)
- density of fish = 20kg/m3
3300
𝑉𝑓𝑖𝑠ℎ 𝑡𝑎𝑛𝑘 =
= 0,165𝑚3 = 165𝐿
20
Our fish tank needs to be able to contain at least 165L of water.
10

MASSER M.P., RAKOCY J.E., LOSORDO M. T. ; 1999. Recirculating Aquaculture Tank Production
Systems: Management of Recirculating Systems. SRAC, 452
11
Wilson LENNARD ; 2012. Aquaponic System Design Parameters: Fish Tank Shape and Design

1.3.2. FLOW RATE AND RETENTION TIME
For a rearing density that exceeds 15kg/m 3, the flow rate in the system must be at least equal
to the volume of water in the fish tank per hour. If the density is below 15kg/m3, the flow rate
can be divided by 212.
12

Wilson LENNARD ; 2012. Aquaponic System Design Parameters: Solid Filtration, Treatment and Re-use
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The retention time is the time within all the water of the fish tank is renewed/filtered. It
depends on the different system designs and requirements.
According to the FAO13, the retention time is 35 minutes for a 50kg/m3 density. In the Beit
Qad system, the retention time is 42 minutes for densities up to 37.5kg/m3.
By extrapolation, the retention time is 52 minutes for a 20kg/m3 density.

13
14

Jacob Bregnballe ; 2015. Recirculation Aquaculture. FAO and Eurofish International Organisation
Philip Jones; 2013. Beit Qad Commercial Aquaponic System – Technical Guide

The flow rate in the system is a function of the volume of water in the fish tank and of the
retention time.
𝑉𝑓𝑖𝑠ℎ 𝑡𝑎𝑛𝑘
𝑓𝑙𝑜𝑤 𝑟𝑎𝑡𝑒 =
∗ 60
𝑟𝑒𝑡𝑒𝑛𝑡𝑖𝑜𝑛 𝑡𝑖𝑚𝑒
- Vfish tank: volume of the fish tank. In our case, it is 165L (calculated in 1.3.1.)
- retention time = 52 minutes
- 60: turns the flow rate unit from L/min to L/h
𝑓𝑙𝑜𝑤 𝑟𝑎𝑡𝑒 =

165
∗ 60 = 190𝐿/ℎ
52

To renew the 165L of water in the fish tank within 52 minutes, the flow rate in our system
should be at least 190L/h.
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1.3.3. SIZING OF THE MECHANICAL FILTER
To remove the biggest particles out of the system, we will use a radial flow filter, which is up
to 30% more efficient than a swirling filter or a settling mechanical filter. The maximum flow
rate for an effective radial flow filter is 10m3/m²/h.15 This means that, for a system with a flow
rate of 10m3/h, the minimum surface of the filter should be 1m 2.
15

Philip Jones; 2013. Beit Qad Commercial Aquaponic System – Technical Guide

from Gary Donaldson; 2017. The Urban Aquaponics Manual 4th edition: p.67
The formula to calculate the surface of the radial flow filter depending on the system flow rate
is:
𝑓𝑙𝑜𝑤 𝑟𝑎𝑡𝑒
𝑆𝑢𝑟𝑓𝑎𝑐𝑒𝑓𝑖𝑙𝑡𝑒𝑟 =
𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑓𝑙𝑜𝑤 𝑟𝑎𝑡𝑒𝑓𝑖𝑙𝑡𝑒𝑟
- flow rate: the flow rate in the system = 190L/h = 0.19m3/h (calculated in 1.3.2.)
- maximum flow ratefilter: the maximum flow rate at which the mechanical filter is effective =
10m3/m2/h.
0.19
𝑆𝑢𝑟𝑓𝑎𝑐𝑒𝑓𝑖𝑙𝑡𝑒𝑟 =
= 0.019𝑚2 = 190𝑐𝑚2
10
The minimal surface of our radial flow filter should be 190cm². To build it, we will use a black
bin which diameter is 54cm. Its surface is π*(54/2)² = 2290cm², which is well above the
minimum surface area requirements.
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1.3.4. SIZING OF THE BIOLOGICAL FILTER
To size the biofilter, we need to know the daily production of TAN, called PTAN. TAN, for Total
Ammonia Nitrogen, is the amount of ammonia NH3 and ammonium NH4+, which is then
converted into nitrate NO3-.
According to Masser and al.16, the formula to calculate PTAN is:
𝑃𝑇𝐴𝑁 = 𝑓𝑜𝑜𝑑 𝑝𝑒𝑟 𝑑𝑎𝑦 ∗ 𝑓𝑜𝑜𝑑 𝑝𝑟𝑜𝑡𝑒𝑖𝑛 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 ∗ 0.092
- food per day: daily quantity of feed given to the fish per day = 67g (calculated in 1.2.5.)
- food protein content = 45% (=0.45) in our case
𝑃𝑇𝐴𝑁 = 67 ∗ 0,45 ∗ 0.092 = 2.8𝑔/𝑑𝑎𝑦
The daily production of TAN in our system should be close to 2.8g per day.
16

Ebeling J.M., Timmons M.B., Bisogni J.J.; 2006. Engineering analysis of the stoichiometry of
photoautotrophic, autotrophic, and heterotrophic removal of ammonia–nitrogen in aquaculture
systems. Aquaculture, 257 (1-4), 346-358

In our system, we will use a fluidized bed reactor, which is the most efficient biofilter. A
medium (sand, gravel, clay balls, etc.) is diluted in water so that the biofilter bed is a mix
between a liquid and a solid phase.

From https://en.wikipedia.org/wiki/Fluidized_bed_reactor
Assuming 2.5% of the fish feed turns into TAN, a fluidized bed reactor can convert between
20 and 40 kg of fish feed per day and per cubic meter of medium, depending on the
temperature, the composition of the food and the size of the medium 17. This means that a it
can transform between 0.5 (= 20*2.5%) and 1kg (= 40*2.5%) of TAN per day and per cubic
meter of medium.
17

LOSORDO M. T., MASSER M.P., RAKOCY J.E. ; 1999. Recirculating Aquaculture Tank Production
Systems: A Review of Component Options. SRAC, 453
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As the temperatures in England are not optimal for nitrification (optimal temperatures are
close to 30°C18) and considering we will use gravel with a small specific area (200m 2/m3), we
will consider that our fluidized bed only transforms 500g of TAN per day.
If 500g of TAN are removed daily by one cubic meter of substrate, we can determine the
volume of medium we need to remove our daily production of TAN (PTAN), which is 2.8g/day.
18

Jacob Bregnballe ; 2015. Recirculation Aquaculture. FAO and Eurofish International Organisation

𝑃𝑇𝐴𝑁

𝑉𝑚𝑒𝑑𝑖𝑢𝑚

𝑆𝑅𝐴𝐶 𝑠𝑦𝑠𝑡𝑒𝑚

500g/day

1 m3

𝑂𝑢𝑟 𝑠𝑦𝑠𝑡𝑒𝑚

2.8g/day

2.8 ∗ 1
= 0.0056𝑚3
500

We will use the same bin for the biofilter and the mechanical filter. It can be described as a
cylinder which diameter is 54cm (0.54m) and height is 70cm (0.7m). It will be filled with limefree gravel, as lime increases water pH. The volume of medium would be:
𝑉𝑚𝑒𝑑𝑖𝑢𝑚

=𝜋∗(

0.54 2
) ∗ 0.70 = 0.16𝑚3
2

This is well above the 0.0056m3 theoretically required to convert all the TAN in our system.

The hydraulic loading rate influences the ammonia removal rate. The lower the hydraulic
loading rate, the lower the TAN removal rate.

From L.S. Enterprises, Sizing a biofilter: http://biofilters.com/websize.htm
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Specific Surface Area

Minimum Water loading
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From L.S. Enterprises, Sizing a biofilter: http://biofilters.com/websize.htm
As the specific surface of the gravel we will be using is 200m 2/m3, the hydraulic flow rate in
the biofilter should be at least 1L/min/m2. The surface of our biofilter, which diameter is 54cm
(= 0.54m), is S = π*(0.54/2)2 = 0.0729m2. Thus, the minimum hydraulic flow rate in the biofilter
should be equal to 1L/min/m2 *0.0729m2 = 0.0729L/min.
In our system, the flow rate is 190L/h (calculated in 1.3.2.), which is 190/60 ≈ 3L/min. This is
well over the minimum hydraulic flow rate required for the optimal functioning of the biofilter.

1.3.5. MINIMUM WATER VELOCITY AND PIPE DIAMETER
In wastewater treatment plants, there is no sedimentation if the water velocity is over
0.45m/s. Furthermore, a water velocity over 0.1m/s is enough to avoid sedimentation if the
water only contains fine sediments, as it should be the case in this aquaponic system after the
radial flow filter19.
19

SVENSSON H., WILSON I. ; 2013. Minimum Pipe Velocities and Sediment Behaviour in Wastewater
Transport. Stockholm: KTH Royal Institute of Technology, Master thesis.
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The water flow is determined by the retention time in the fish tank. It is 52 minutes in this
system (calculated in 1.3.2.) but is likely to vary from 30 minutes to 2 hours.
The table below shows the minimum diameter of the pipe for different retention times, flow
rates and water velocities.
Fish tank
retention time (h)
2
2
2
0.5
0.5
0.5

Water flow
(L/h)
82.5
82.5
82.5
330
330
330

Water flow
(m3/s)
2.29*10-5
2.29*10-5
2.29*10-5
9.17*10-5
9.17*10-5
9.17*10-5

Water velocity
(m/s)
0.7
0.45
0.1
0.7
0.45
0.1

Surface (m2)
3.27*10-5
5.09*10-5
2.29*10-4
1.31*10-4
2.04*10-4
9.17*10-4

Pipe diameter
(mm)
6
8
17
13
16
34

- Water flow (L/h) : q = Vfish_tank / fish tank retention time with Vfish_tank = 165L (calculated in
1.3.1.)
- Water flow (m3/s): Q = (q/1000)/3600
- Water velocity (m/s): V was chosen arbitrarily
- Surface (m2): S= Q/V
𝑑 2

𝑆

- Pipe diameter (m): 𝑆 = 𝜋 ∗ (2 )  𝑑 = 2 ∗ √𝜋
- Pipe diameter (mm): d’= d/100

In the worst-case scenario (retention time=30 minutes, flow rate=330L/h and velocity of
water=0.1m/s), the pipe diameter should be 34mm. However, such a scenario should not
happen, and we will use pipe with a 21.5mm diameter, which are suitable for any other
scenarios.
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1. CONCLUSION
The hydroponic part is composed of two troughs, for a growing area of 0.8m².
The fish tank has a volume of 165L and a retention time of 52 minutes, so the water flow is
190L/h. We will use kois.
The mechanical filter is a radial flow filter with a surface of 2290cm². The biofilter is a fluidized
bed reactor, filled with 0.16m3 of lime-free gravel with a specific area of 200m²/m3, which is
well above the 0.0056m3 required.
The water velocity must be higher than 0.1m/s to avoid sedimentation and the pipe diameter
is 21.5mm.
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2. THE CONSTRUCTION OF THE SYSTEM
The system was built in a 20m² greenhouse. The construction lasted 2 weeks.

2.1. THE AQUACULTURE PART
The aquaculture part is a recirculated aquaculture system. It is composed of a fish tank, a
mechanical filter, a biofilter and a sump with the pump inside it. We built this part first because
it then needs to be colonized by the nitrifying bacteria.
2.1.1. THE FISH TANK
The fish tank is 80*60*40cm big, which means a maximal volume of 0.192m3 = 192L. It is built
out of poly(p-phenylene), also called PP. This plastic is harmless for human health.
The fish tank has been washed with anti-bacterial free washing up liquid to remove all the
substances that could slow the development of the nitrifying bacteria, then carefully rinsed.
The fish tank is transparent. It can be a source of stress for the fish, which prefer a shaded
white-painted tank.20 It can also create problems as it doesn’t stop the light and enables the
growth of algae, that eventually clog the system, reduce the water quality and the uptake of
nutrients from the water solution. However, in order to reuse the fish tank, we did not paint
it. Instead, we built and placed a wooden box around the tank. It creates a shady environment
in the fish tank.
20

PAPOUTSOGLOU S.E., MYLONAKIS G., MILIOUA H., KARAKATSOULI P., CHADIO S.; 2000. Effects of
background color on growth performances and physiological responses of scaled carp (Cyprinus carpio
L.) reared in a closed circulated system. Aquacultural Engineering, 22(4), 309-318.

In each corner of the tank, there is an air stone that aerates the water. Each of them is linked
to an air pump. The air pump is a ET60 with a capacity of 50W and 12 outlets.
The water exits the tank through an elbowed pipe placed in the middle of the fish tank. Its
base lies on the bottom of the tank and sucks the water out, removing the precipitated
particles and the uneaten fish feed, thus clearing the water. The base is covered by a net,
preventing the fish from getting into the pipe and escaping the tank. At the other end is
plugged a pipe that takes the water to the mechanical filter. It goes through one of the fish
tank sides at a 32cm height, so that there would always be at least 80*60*32cm = 0.153m 3 =
153L of water in the fish tank if the water pump stops. The fish density in such a case would
then be a little bit above 20kg/L once they have reached their maximum size.
A hole has been drilled at the level of the elbow, denying the siphon effect.
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2.1.2. THE MECHANICAL FILTER
The mechanical filter is composed of a 70cm high bin, with a diameter of 54cm. This bin is
black, opaque and made of poly(p-phenylene).
The radial flow filter is made of a 14cm wide and 27cm long pipe. The water from the fish tank
arrives in the middle of this pipe thanks to another system of pipes. It is then forced down to
exit the pipe, then up to reach the outlet to the biofilter, drilled through the top of the bin. The
bigger particles are precipitated and drop at the bottom of the mechanical filter and are
removed from the system thanks to a pipe ending with a valve.
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2.1.3. THE BIOFILTER
The fluidized bed reactor was built with a bin similar to the one used for the mechanical filter.
The water comes in at the middle of this bin, filled with gravel. Only two third of the gravel
are underwater. The water slowly streams through the gravel, where the bacteria mineralize
the organic matter. At the bottom of the biofilter lies a holed pot, turned upside-down. It
prevents the outlet from getting stuck with the gravel.
Mineralization requires oxygen, provided by air stones that are also placed inside the pot.
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2.1.4. THE PUMP
The pump is an OASE Universal Classic 1000 with a capacity of 15W, which can move a cubic
meter of water every hour at a height up to 1.5m. It lies in a 50cm high and 15cm wide bucket.
It is the lowest point of the system, allowing the management of the volume of water in the
system. The water then goes back to the hydroponic part.
Once the aquaculture part was built, we started the colonisation phase (see 3.). It is better to
start this phase once the whole system is built but we could not do that because of our
schedule.

2.2. THE HYDROPONIC PART
The hydroponic part was built between the sump and the fish tank. It is the highest point in
the system.
It is composed of two troughs (200*40*20cm) made out of black PP and filled with about 67L
of water. We have painted the the outside of the troughs in white and displayed white sheets
in the greenhouse to reflect light and maximise the watercress growth.

Many hydroponics methods use medium as a support for the plant, like clay balls or coconut
fibres. In this system, we use no media. In each trough are placed 4 trays (40*20*10cm) where
the watercress is disposed.
The water from the sump comes in at one end and exits the troughs at the other, then go to
the fish tank. Elbowed connectors allow to control the level of water in the troughs.
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2.3. PIPES AND CONNECTORS
We used six meters of pipe that are 21.5mm wide, made out of PP. We also used some 27mm
and 32mm wide segments.
The pipes are linked thanks to twelve elbowed connectors and two “T” that are 21.5mm wide,
seven 27mm wide and two 32mm wide elbowed connectors and one 32mm wide “T”
connector.
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2. CONCLUSION
The system contains about 350L and uses 65Wh. Its construction costed a bit less than £850.
Because Aquaponics Lab already had many of the components, particularly the troughs, it
costed only £200.
However, the materials that support the system and the cost of the water and electricity must
also be taken into account. For the management of the system (see 3.), test stripes, fish feed,
a pHmeter, a thermometer and an ECmeter are also required. It usually costs more than £200.
Component

Price

1 fish tank (80*60*40cm)

£18

1 water pump (OASE Classic Universal £90
1000)
2 bins (70*ø54cm)

£9,95 each

8 trays

£0 (can be got for free in the restaurants)

2 troughs (200*40*20cm)

£115 for a 1m long trough
(we will assume a 2m long trough costs twice
more)

White paint

£8,95

8 watercress bags

£1 each

White-reflecting sheet

£11 per roll (500*70cm)

13 kois (12,5-15cm)

£54

Air pump (ET60)

£60

8 air stones

£6 for 2

2 buckets (15*ø50cm)

£5 each
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Pipes (PP, ø21,5mm)

£3,40 for 3m

12 elbowed connectors (ø21,5mm)

£1 each

2 « T » (ø21,5mm)

£1,22 each

7 elbowed connectors (ø27mm)

£1,30 each

2 elbowed connectors (ø32mm)

£0,79 each

1 « T » (ø32mm)

£1,06 each

10 lime-free gravel bags (10L)

£4 each

1 pot

£1,40

TOTAL

£834,83
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3. THE ESTABLISHMENT OF THE SPECIES IN THE SYSTEM
3.1. THE COLONIZATION PHASE
The colonization of the system by the nitrifying bacteria is an essential step in aquaponics. The
nitrifying bacteria purify the water by turning the toxic ammonia from the fish waste into
nitrite, then nitrate that is harmless for the fish and can be used by plants.
The fish must not be introduced in the system before the ammonia and nitrite levels reached
0ppm (mg/L). In our case, it took a bit more than one month.
To allow the development of the bacteria, pure ammonia is introduced in the system.
However, pure ammonia is quite expensive and cannot be purchased in developing countries.
This experimental system was used by Aquaponics Lab to test the colonization using grinded
fish feed.
The objective is to introductive the quantity of food necessary to reach a TAN rate between 2
and 5ppm. As mentioned in 1.3.4., TAN stands for Total Ammonia Nitrogen and is the amount
of ammonia NH3 and ammonium NH4+
The formulas to calculate the mass of fish feed to introduce in your system to reach your
expected TAN rate is:

𝑓=

1
2729.92
−𝑝𝐻
𝑇

100.09011821+

𝑇𝐴𝑁 𝑟𝑎𝑡𝑒 ∗ 𝑉 ∗
𝑓𝑖𝑠ℎ 𝑓𝑒𝑒𝑑 =

+1

14
18 − 𝑓

% 𝑝𝑟𝑜𝑡𝑒𝑖𝑛
∗ 0.16
100

- f: fraction of NH3 in the TAN
- T: water temperature (°K = °C + 273.15)
- pH: water pH
- fish feed: the mass of fish feed to put in the system (g)
- TAN rate: the expected TAN rate in your system (usually between 2 and 5ppm)
- V: the volume of water in the system (m 3)
- % protein: the percentage of protein in the fish feed (%)
Although these equations might look complex, they are easy to understand once they are
broken down.
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The first step is converting the TAN rate in TAN mass, using the equation:
𝑇𝐴𝑁 𝑚𝑎𝑠𝑠 = 𝑇𝐴𝑁 𝑟𝑎𝑡𝑒 ∗ 𝑉
- TAN mass: the mass of TAN to introduce in the system (g)
- TAN rate: the expected TAN rate in your system (usually between 2 and 5ppm)
- V: the volume of water in the system (m 3)
Once the TAN mass has been determined, it must be converted into a mass of fish feed. In the
fish feed, almost all the nitrogen is contained in the amino acids that compose the proteins.
The amino acids need to be metabolized by the bacteria to become TAN. This phenomenon is
faster when the food is ground.
Atom/Molecule
Nitrogen (N)
Hydrogen (H)
Ammonia (NH3)
Ammonium (NH4+)
TAN weighs between

17
14

= 1.21 and

Atomic mass (mass of one atom/molecule)
14 Da
1 Da
17 Da
18 Da
18
14

= 1.29 times more than nitrogen, depending on its

composition, which is the [NH3]/[NH4+] rate. This rate varies related to the pH and the water
temperature and is given by the following equation from Emerson and al. 21
21

EMERSON K., LUND R.E., THURSTON R.V., RUSSO R.C.; 1975. Aqueous ammonia equilibrium
calculations: effect of pH and temperature. J. Fish. Res. Board Can., 32, 2379-2383.
2729.92

𝑝𝐾𝑎 = 0.09011821 +
1
𝑓=
10𝑝𝐾𝑎−𝑝𝐻 + 1

𝑇

- pKa: pH at which [NH3]/[NH4+] = 1
- T: water temperature (°K = °C + 273.15)
- f: fraction of NH3 in the TAN
- pH: water pH

pKa = 9.26 at T = 25°C
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The graph above shows an estimation of the [NH3]/[NH4+] rate in a 25°C water. According to
Julio Fernandes22, in pH lower than 2, we can say that there are only ammonium ions. From 2
up to 6, there is 99,9% of ammonium ions and from 6 up to 7, 99,5%.
22

https://www.researchgate.net/post/Is_there_another_way_to_measure_only_NH4_ions_not_NH3_
in_water_besides_ion_chromatography

Now, we know the composition of the TAN thanks to f. We can now calculate the mass of
Nitrogen to put in the system to reach the required mass of TAN.
14
𝑁 𝑚𝑎𝑠𝑠 = 𝑇𝐴𝑁 𝑚𝑎𝑠𝑠 ∗
18 − 𝑓
- N mass: the mass of Nitrogen to put in the system (g)
- TAN mass: the mass of TAN to put in the system (g) to reach the expected TAN rate
- f: fraction of NH3 in the TAN
Now that the mass of nitrogen is calculated, it has to be converted into in mass of fish feed.
As previously written, all the nitrogen in the fish feed is in the proteins. On average, protein is
composed of 16% (=0.16) of nitrogen.
𝑁 𝑚𝑎𝑠𝑠
𝑓𝑖𝑠ℎ 𝑓𝑒𝑒𝑑 =
% 𝑝𝑟𝑜𝑡𝑒𝑖𝑛
∗ 0.16
100
- fish feed: the mass of fish feed to put in the system (g)
- N mass: the mass of Nitrogen to put in the system (g)
- % protein: the percentage of protein in the fish feed (%)
In our case, water pH is roughly 7 and temperature is around 20°C so f = 3.94*10-3. Our
expected TAN rate is 5 ppm, the volume of our system is 350L = 0.35m3 and the protein
content in the fish feed we use is 45%, so fish feed = 18.90g

The decomposition/mineralization of the fish feed into ammonia (and other inorganic
minerals) can be performed quicker in a small highly aerated container (we used a 10-20L
bucket), because the enhanced oxygen concentration speeds up the breakdown reactions and
helps aerobic bacteria. We put 18.90g of fish feed every day in this bucket until the
concentration of ammonia reaches 6mg/L (= ppm). This quickly builds up a high concentration
of TAN and nitrite that selects the nitrifying bacteria that use them as nutrients and kills the
other bacteria for which these compounds are toxic. Then, we poured the bucket in the
system.
After this kickstart, the quantity of fish feed put in the system daily should slowly increase.
Based on Paulo’s experience, 25% of the quantity calculated above (18.90g in our case) should
be introduced for the first 5 days, then 50% of this quantity for the following ten days.
Eventually, the whole quantity can be added and the fish can be introduced in the system once
the ammonia and nitrite concentration reached zero.
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pH and ammonia, nitrite and nitrate concentrations must be measured daily to make sure the
colonization phase is going well. We used a pH meter and test strips. If the ammonia or nitrite
rate is over 3ppm, the input of food must be reduced as these molecules become toxic even
for the nitrifying bacteria. At rates over 6ppm, a part of the water of the system should be
changed.
Between the 9th August and the 27th September, we have measured these factors daily in
the fish tank. The results are shown below.

15/08: mineralization
now takes place in
the system

09 – 15/08:
18.90g
food/day

15 – 19/08:
4.8g food/day
(25% of 18.90g)

15/08: mineralization
now takes place in
the system

20 – 24/08:
9.5g food/day
(50%)

06/09: aeration
in the fish tank

25 – 29/08:
0g food/day

29/08 –
07/09: 4.8g
food/day

30/08 and 02/09: part
of water changed
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08 – 20/09:
18.90g
food/day

Nitrification increases pH. The optimal pH is 7.2-7.8 for Ammonia Oxidizing Bacteria (which
turns NH3 into NO2-) and 7.2-8.2 for Nitrite Oxidizing Bacteria (which turns NO 2- into NO3-).23
The target for aquaponics is 7, as plants require a pH around 6 for an effective nutrient uptake.
On the 6th September, the onset of the aeration in the fish tank led to a strong decrease of the
pH, but it rose back to 7.1 after a few days and stayed stable until the introduction of fish (see
3.3.).
23

SOMMERVILLE C., COHEN M., PANTANELLA E., STANKUS A., LOVATELLI A. ; 2014. Small-scale
aquaponic food production. Integrated fish and plant farming. FAO Fisheries and Aquaculture Technical
Paper No. 589. Rome, FAO. 262 pp.

At the beginning of the experience, the nitrate rate is not equal to zero because of the natural
presence of nitrate in the water. On the 15th August, the ammonia rate dropped as we poured
the water from the bucket into the system. We put 4.8g of food daily for five days, then 9.5g
for the five following days. As the ammonia concentration reached 6ppm, we stopped adding
food for five days. The ammonia concentration would not decrease, so we changed about half
of the water of our system on the 30th August and added 4.5g of food for the following days.
On the 2nd September, we changed a smaller portion of our system water again as ammonia
concentration was back to 6ppm. However, we continued to add food because the nitrite and
nitrate concentrations were increasing, showing that the nitrifying bacteria were settling.
Soon after, ammonia concentration was down to 0 so we added 18.90g of food daily until the
fish were introduced in the system. Nitrite concentration reached 0 about ten days after the
ammonia concentration did. At this point, on the 14th September, the colonization phase is
finished and fish can be introduced into the system as long as pH is suitable (around 7).
At the beginning of September, nitrate concentration becomes very high, from 100ppm up to
over 250ppm. We started to grow watercress on the 8th September and the concentration
dropped to 100ppm.

3.2. THE INTRODUCTION OF THE WATERCRESS
The watercress has been “planted” on the 8th, 12th and 14th August in 8 trays (40*20*10cm).
It comes from watercress bags bought at the supermarket. The content of a bag (85g) has
been placed in one tray. The watercress has previously been pruned.
After two days, the stems started to face up, roots appeared and started to grow. Our goal is
to multiply the watercress the first month, then to harvest it every two weeks.
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3.3. THE INTRODUCTION OF THE FISH
The introduction of the fish is a delicate operation. The goal is to limit the stress of the fish.
It is better to buy fish in a reliable and local shop, to limit the transport.
It is better not to put the fish directly in the system but to slowly add some water from the
system into the fish bag until the pH in the bag and in the system are the same.
You should manipulate the fish carefully and with wet hands, not to damage their skin.

4. THE MONITORING OF THE SYSTEM
4.1. WATER QUALITY CONTROL
4.1.1. pH
The pH of the water must be between 6.5 and 7.5 in aquaponics. If it drops below 6, it is
necessary to rise it thanks to a pH7 buffer solution. Another cheaper way to do it is adding
ground eggshell, rich in Calcium Bicarbonate CaCO3.
In the case of this system, the introduction of fish has induced a quick decrease of pH, which
reached 5.8 the 27th September.
On the Internet, we have seen that adding 10g of eggshell for every 6000L of the system
increase the pH by 0.1, which means 10/6000=0.001667g=1.667mg of eggshell rises the pH of
one litre of water by 0.1.
We wanted to increase the pH to a value of 6.5, which is an increase of 0.7 point of pH. Our
system has a volume of 350L, which means we theoretically had to put 7*350*0.1667 ≈
4000mg = 4g of eggshell.
Eggshell had previously been heated at 200°C for 30 minutes to kill every microorganism,
potentially harmful for one of the species of the system, and to make them easier to grind.
The evolution of pH is shown below.
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After adding 20g of eggshell in the system, the pH has only raised by 0.2. From our experience,
28mg of eggshell raises the pH by 0.1. Unfortunately, measurements stopped on this day
because Romain had to leave the following day, so we do not have further information on pH
evolution.
4.1.2. AMMONIA, NITRITE AND NITRATE CONCENTRATIONS
Ammonia and nitrite rates must be close to 0ppm, because they are toxic to the fish. The
nitrate rate can be higher than 250ppm.
If ammonia and nitrite concentrations start to rise, you should stop feeding the fish and looks
for any problem in the system. If the ammonia or nitrite rates are over 3ppm, the water should
be changed partially, and totally if the rates are over 6ppm.
4.1.3. CHLORINE
If the water of the system is tap water, chlorinated, it is better to aerate it with air stones so
the chlorine goes off into the atmosphere. If the chlorine concentration is higher than 0.8, the
bacteria and fish development will be slowed down.
Collecting rainwater is a good alternative if it is not polluted by streaming on roofs for
example.

4.2. FISH HEALTH
4.2.1. FEEDING
A few days after the fish introduction, once they are used to their new environment and less
stressed, the real daily quantity of food to give them can be determined. This amount will vary
largely with temperature. To find out this quantity, you should feed the fish ad libitum. Put
in a small quantity of food and as soon as the fish finish it, put in a little bit more until they
lose interest in the food and there is food left uneaten in the tank.
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The total mass of food given to them is the daily amount of food they will eat. You can use it
to recalculate the growing area and check if the size of your mechanical and biofilters is large
enough.
The smaller the fish are, the smaller their stomach is and thus, is filled and emptied quickly. It
is better to feed the young fish several times a day with small quantities of food every time
and, as the fish grow, to reduce the number of feedings per day but increase the quantity of
food per feeding.
It is important to feed your fish ad libitum from time to time to follow the evolution of their
food consumption as they grow.
4.2.2. STRESS AND DISEASES
It is very important to make sure the fish are as less stressed as possible. Indeed, the stress
slows fish growth and favours the apparition of diseases. The main causes of stress and the
way to detect them are detailed in the table below.24
Causes of stress

Symptoms of stress

Temperature outside of range, or fast Poor appetite
temperature changes
pH outside of range, or fast pH changes (more Unusual swimming behaviour, resting at
than 0.3/day)
surface or bottom
Ammonia, nitrite or toxins present in high Rubbing or scraping the sides of the tank,
levels
piping at
surface, red blotches and streaks
Dissolved oxygen is too low

Piping at surface

Malnourishment and/or overcrowding

Fins are clamped close to their body,
physical injuries

Poor water quality

Fast breathing

Poor fish handling, noise or light disturbance

Erratic behaviour

Bullying companions

Physical injuries

24SOMMERVILLE

C., COHEN M., PANTANELLA E., STANKUS A., LOVATELLI A. ; 2014. Small-scale
aquaponic food production. Integrated fish and plant farming. FAO Fisheries and Aquaculture Technical
Paper No. 589. Rome, FAO. 262 pp.

The behaviour of a stressed and ill fish is similar.
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Depending on the disease, there can be symptoms on its skin (ulcers on body surface,
discoloured patches, white or black spots, cotton like lesions on the body), fins (necrosed,
decayed or ragged fins, exposed fin rays), gills (necrosis) and eyes (wollen, popped out eyes
due to a disease called exophthalmia). Abnormal body configuration, twisted spine, deformed
jaws, extended abdomen, swollen appearance are also symptoms of disease.
If a decent number of fish shows signs of stress, it is probably due to their environment (bad
water quality, stocking density, etc.). On the contrary, if only a few fish are affected, it is
probably due to a disease and these fish must be isolated from the others to avoid the
contamination. A close inspection is necessary to identify the nature of the disease, its cause,
and its treatment.

4.3. PLANT HEALTH
4.3.1. NUTRIENT DEFICIENCIES
In small-scaled aquaponics, parasites do not affect plants too much because they are grown
on a small surface, usually in greenhouses. On the contrary, they are very sensible to
deficiencies because fish wastes do not provide all the nutrients they need, and often not in
sufficient quantities, especially when the fish are young. It is sometimes necessary to add
nutritive solutions in the system, but these solutions must not be toxic to the fish.
The main deficiencies are calcium, potassium and iron deficiencies. They are respectively
treated with eggshell, potassium sulphate and iron chelate. Magnesium and phosphorous
deficiencies can also happen but are less common.
More information about plant nutrient deficiency symptoms can be found at
http://landresources.montana.edu/nm/documents/NM9.pdf.
In our system, watercress suffered from a lack of sulphur, which led to a yellowing of the
younger leaves. However, sulphur deficiencies are rare in aquaponics because sulphur is
present in the form of sulphate in many nutritive solutions.

1-week old watercress showing signs of sulphur deficiency (yellowing of young leaves)
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CONCLUSION
It took us two months to build this system, from the bibliography, which lasted two weeks, to
the end of the colonization phase, which lasted one month, through the 2-week long
construction of the system.
It is a challenging experience, but it is very enriching and rewarding when you finally see your
system running and your plants and fish growing, and we encourage you to build your own
system.
The sizing of an aquaponic system is difficult because based on estimations (feed rate ratio,
feed rate, fish growth, etc.). Once your system is built, you might find out that these
estimations were wrong, so it is necessary to build a system which is a bit bigger that what
you have calculated as a safety margin.
We stopped measuring pH and ammonia, nitrite and nitrate after the 27th of September and
the system was demolished soon after, so we do not have a long-term feedback on our system
design, for example on the pH variations after the introduction of koi. However, we hope that
you have learned from this experience like we did, and that it will help you. Please give us your
feedback!
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