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Preface
This is the ﬁnal report of the aquaponics project done by ten students of Novia
Yrkeshögskolan that take part in the European Project Semester (EPS). The European
Project Semester is oﬀered in 18 diﬀerent universities in Europe, including Novia
University of Applied Sciences located in Vaasa, Finland. It is designed with engineering
students in mind, but students with a business or management background are
welcome as well. The EPS program is crafted to address the design requirements of the
degree and prepare students with all the necessary skills to face the challenges of
today’s world economy. Classes are oﬀered to students alongside their projects that
help deepen their knowledge of project management. Students participating in EPS
meet together as a group each day to build their engineering and management skills in
class and then meet in teams of 2-10 students to work on their dedicated projects.
The ten students that made this research report about aquaponics deﬁne themselves as
Hygrow. The students came up with this brand name because it perfectly summarizes
the project. In the aquaponic system, the objective is to grow plants and ﬁsh in a closed
loop of water (hydro).
The project was carried out in response to a project assignment from two teachers at
Yrkeshögskolan Novia and the University of Vaasa. Their request was to build an
aquaponic farm completely enclosed in a 20ft shipping container, to develop practical
knowledge of circular and sustainable natural farming.
Hygrow wants to especially thank Mikael Ehrs and Rayko Toshev for their guidance and
feedback. Next, we would like to thank Svenska Kulturfonden for sponsoring the Hygrow
aquaponic system. Furthermore, we would like to thank our other sponsors: Vaasan
Eläinkeskus, Yrkeshögskolan Novia, University of Vaasa, Konttivuokraus Oy, Fish shop R.
Cederberg and Suomen Bio Kierto Tuote Oy. We would also like to thank the Building
Coordinator at Technobotnia, Sebastian Ingberg, for helping us with getting a lot of
resources. Furthermore, we would like to thank Physics Teacher Anders Skjal, for
allowing us to use the laboratory. As well as Laboratory Engineer Hans Linden, for
providing us with electronic equipment.
Vaasa, December 2019
Berta Alonso Martínez, Bouke Boumeester, Marina Casades Cornet, Miguel Fernandez
Martina, Nino Koers, Simon Lex, Marleen van Loon, Stephanie Olumba, Pierre Trott and
Lode Verheyen
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Reading guide
This project will be completed using phases. These phases are researching, designing,
building and testing and results. Chapters found in this report are based on these
phases.
The report starts with an introduction to the project and the project goal. Next, chapter
2 is about the research that has been done. It is divided in aquaponics in general, the
types of aquaponics, hydroponics, aquaculture, water treatment, parameters, design
calculations, controlling aquaponics, aquaponics and 3D-printing, lightning, energy
supply, housing and life cycle assessment.
Chapter 3 is the design chapter. This chapter is based on all the research that can be
found in chapter 2. Therefore, the decision for the design of the setup can be found in
this chapter. Followed by the decision for the plants, ﬁsh, lights, coding, energy supply
and housing.
After the decisions were made, the building process could start. In chapter 4 the
building process is explained per subject. After building everything was tested and
logically results were obtained. This can be read in chapter 5.
In chapter 6 the previous ﬁndings are concluded and recommendations for the group in
the next semester are written.
At last the bibliography with all the used references can be found in chapter 7 and the
appendix in chapter 8.
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Abstract
The main goal was to design and build an experimental setup where aquaculture is
combined with hydroponics in a symbiotic environment in accordance with the wishes
of the supervisors. Since this assignment is too complex for one person to do alone, a
team of ten students was assigned to bring this project to a successful conclusion.
The Hygrow project team aimed to successfully complete the design and construction of
a functional and attractive aquaponic setup to present to the stakeholders. This
included making a hand-oﬀ package to show future students the exact procedures that
were carried out to make an aquaponic system.
First research has been done. This chapter contains information about key aspects of an
aquaponic system. These aspects are aquaponics in general, types of aquaponics, 3D
printing aquaponics, hydroponics, aquaculture, parameters, energy supply and
insulation. Sustainability and eco-friendliness were taken into account while doing
research.
After the research, the designs were made. The type of aquaponic system was chosen, it
contains deep water culture, nutrient ﬁlm in towers and media bed in 3Dponics. Energy
supply will be generated with renewable energy. The plants that are used are lettuce,
swiss chard, spinach, mint, basil and parsley. The best ﬁsh to use in an aquaponic
system in Finland are trout, perch, sturgeon or carp. In the system are perch that were
caught from the sea and African Cichlid from the pet shop because it was impossible to
catch more perch. Also shrimps or prawns could be used in the system. To light the
plants, the best option is to use addressable LED lights. Next, a wind turbine would be
the best option to power the system. And because the aquaponic setup needs to be
build in a 20ft container, the insulation is designed.
After designing, the building process could start. First the three perch were caught
together with local ﬁshermen. After the team started to try and catch more perch
themselves, it was decided to buy Malawi Cichlids from the pet shop. Next to the
obtained ﬁsh, plants were seeded. This went wrong a couple of times due to lights that
were not powerful enough. Next, the ﬁsh tanks were assembled together with the
settling tank and the bioﬁlter tank. After the ﬁsh were installed in this system, the deep
water culture was added. Above the deep water culture the LED stips were installed.
Then the setup was shown to future students that were visiting Technobotnia. After the
visit, the team started with mounting all the electronics in a special box. Because, the
DIY team ﬁnished the basic setup, they could start with building the tower system.
Herefore, the water supply needed to be mounted. Also the ﬁsh feeder needed to be
installed so the team did not have to feed them manually. Lastly the 3Dponics system
was built and installed.
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In the end, a lot of results were accomplished and the aquaponic setup was working on
its own. It was a challenge to supply the water to the towers due to pump speciﬁcations
that were not ﬁt. After a waterpump and an air pump were connected, the water could
be pumped two meters high.
For a long time, it was not possible to 3D print because the national post was on strike
and the university run out of ABS. In the end the team managed to print 110 bioballs.
The plants could not grow properly due to poor lighting and some of the plants were
infected with a parasite. In the end a few of the seeded plants could be added to the
deep water culture system. Some plants that were bought from the plant shop were
also put in the deep water culture and they managed to grow more roots in the water
and develop more leaves.
It was very diﬃcult to adapt the perch to artiﬁcial food. At some point they stopped
eating but after putting them back with the african cichlids they started to eat the
artiﬁcial food. Also an automatic ﬁsh feeder was installed.
The settling tank worked from the beginning. Although the water got cloudy sometimes
and needed to be changed. Therefore, the water cloudiness should be monitored and
changed every two weeks if necessary. The water evaporation is estimated to be 15
liters per week, therefore this needs to be regularly checked and ﬁlled.
There was not enough time to obtain results for the hydroponic systems. However, the
deep water culture system is working well. When the aquaponic setup is installed in the
20ft container, it is recommended to use insulation material with 150mm thickness.
In the end, the project was successfully due to the project goal that was completed.
Unfortunately the setup is not completely functioning yet. Therefore, the team
recommends the next group to start with obtaining ﬁsh as soon as possible. This has
been found very diﬃcult and a critical part of the aquaponic setup. It is recommended
to use carp because these ﬁsh are optimal to be grown in Finland.
The second crucial part of the aquaponic system are the plants. It is recommended to
start seeding the plants in the beginning of the semester with the right light supply.
To ﬁlter the system, the settling tank and the bioﬁlter tank with the bioballs are working
great. It is recommended to buy extra bioballs but it is not necessary to buy more
bacteria since there is still plenty left.
Finally for the setup in the 20ft container it is recommended to implement the deep
water culture and the vertical towers. The deep water culture is easy to build and
maintain and it works good. Next, the vertical towers are preferred because compared
to the 3Dponics it is easy to clean and a higher density of plants can be grown.
It is important to start building the system as soon as possible because an aquaponic
setup can not be built in a couple of weeks.
Lastly, it is recommended to not overuse 3D printing. For many parts it is time
consuming and mostly also has higher costs than buying the products from a shop.
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Abbreviations
Abbreviation

Explanation

3D

Tridimensional

ABS

Acrylonitrile Butadiene Styrene

AC

Alternating current

CPU

Central processing unit

CSP

Concentrated solar power

CSS

Cascading Style Sheets

DC

Direct current

DIY

Do-It-Yourself

DNA

Deoxyribonucleic acid

DO

Dissolved Oxygen

DWC

Deep Water Culture

EC

Electrical conductivity

EPS

European project semester / expanded polystyrene

Etc

Etcetera

FCR

Food conversion rate

GUI

Graphical User Interface

GWP100

Greenhouse Warming Potential over a timescale of 100 years

HDPE

High-Density Polyethylene

HID

High-intensity discharge

HMI

Human-machine interface

HPS

High-Pressure Sodium

HTML

HyperText Markup Language

IR

Infrared radiation
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ISO

International Organization for Standardization

IoT

Internet of Things

ISS

International Space Station

LED

Light-emitted diode

LCA

Life Cycle Assessment

Li-ion

Lithium-ion

Li-ion polymer

Lithium-ion polymer

MBBR

Moving bed bioreactor

MBC

Media Bed Culture

MH

Metal Halide

NFT

Nutrient Film Technique

PETT

Polyethylene terephthalate

PAR

Photosynthetically active radiation

pH

Power of hydrogen

PLA

Polylactic acid

ppm

parts per million

PVA

Polyvinyl alcohol

PVC

Polyvinyl chloride

RAS

Recirculation Aquaculture System

TAN

Total Ammonia Nitrogen

TSR

Tip speed ratio

UML

Uniﬁed Modeling Language

UV

Ultraviolet
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1 Introduction
This introduction contains information about the necessity of this project, the goal of
the project, the goal of this project team, the deliverables, and the diﬀerent ﬁelds of
study that can be found within this report.
Most information which is given in this report is a brief summary or conclusion of
everything which has been done, so a lot of references will be made to other reports
which can be found in the “hand-oﬀ package”.

1.1 Motivation
As a project for the European Project Semester (EPS), an aquaponic system will be
made. Aquaponics is a system in which aquaculture (raising aquatic animals) is
combined with hydroponics (cultivating plants in water) in a symbiotic environment. The
study of aquaponics is becoming more important for its beneﬁts. With this type of
farming, less water, land and labour is used in comparison with traditional agriculture,
producing is free of pesticides and herbicides. Producing can be done even in the
hardest environments (Nelson and Pade, n.d.-b) (Theaquaponicsource.com, n.d.). To
achieve such a goal, one has to make an experimental setup. This paper is the
documentation of how such a goal is achieved.

1.2 Goal
The goal is divided into two diﬀerent parts. On the one hand the main goal and on the
other hand the project goal.
Main Goal:
The main goal is to design and build an experimental setup where aquaculture is
combined with hydroponics in a symbiotic environment in accordance with the wishes
of the supervisors. Since this assignment is too complex for one person to do alone, a
team of ten students is assigned to bring this project to a successful conclusion.
Project goal:
The project goal is to successfully complete the design and construction of a functional
and attractive aquaponic setup to present to the stakeholders. This includes making a
hand-oﬀ package to show students the exact procedures carried out to make an
aquaponic system.
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Fields of Study:
As each team member has a diﬀerent educational backgrounds and diﬀerent
knowledge of several topics, the ﬁelds of study found in this report are categorized as
shown in Figure 1.

Figure 1 Categorized ﬁelds of study
Physical science: this can be deﬁned as Ecology, Chemistry and Physics. This ﬁeld of
science related to the physical environment around the aquaponic.
Science of living things: this is split into Biology Agronomy and Botany. This ﬁeld of
science represents the living components of our aquaponic.
Applied sciences: this consists of Mechanics, Electrical Engineering, Computer Science
and Thermo-dynamics. This ﬁeld of study is more technical than the others. They are
related to external- man-made components that will help maintain the aquaponic
system.
Social sciences: this is split into Human Science and Business. This ﬁeld of science
involves human inﬂuence, interaction with and utilization of the aquaponic.
These ﬁelds of sciences represent each group members’ strengths and areas of
knowledge. They are important as they cover all studies relating to this aquaponic
system and its design.
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2 Research
This chapter contains research types of aquaponics, 3D printing aquaponics,
hydroponics, aquaculture, parameters, energy supply and insulation. Sustainability and
eco-friendly were taken into account while doing research. This chapter will be used in
the design part as information to support decisions that are made.

2.1 Aquaponics in general
Below, the general process and concept of aquaponics are discussed. Additional
information or extensive research can be found in the handoﬀ package/02. aquaponics
research/ 02. aquaponics research

2.1.1 General process overview
Aquaponics can be categorised as a sustainable agricultural production system, a
system which closely resembles a natural ecosystem and tries to close its nutrient cycle.
It is a symbiosis of a recirculation aquaculture system (RAS) and a hydroponics system,
where these two technologies are combined into one closed-loop system. In Figure 2 the
aquaponic system is explained in more detail.
The ﬁsh get fed and excrete waste nitrogen in the form of ammonia, that gets dissolved
in the water to ammonium. A pump drives the circulation of the water in the system.
The water exits the ﬁsh tank and goes to the hydroponic stage. Here, bacteria convert
the ammonium to nitrite and then to nitrate. Nitrate is the type of nitrogen which the
plants use in photosynthesis for foliage development. After the water has passed the
hydroponic stage, it is mostly puriﬁed of nutrients. So the ﬁsh receive freshwater
through natural ﬁltration. A separate bioﬁlter tank can be added to improve the
ﬁltration. (Goddek et al., 2015) (Junge, König, Villarroel, Komives, & Jijakli, 2017) (Rakocy,
Masser, & Losordo, 2016)
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Figure 2 Visualisation of an aquaponic system.
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2.2 Types of aquaponics
Aquaponics is a form of agriculture that combines breeding ﬁsh in tanks with soilless
plant culture, also known as hydroponics. An aquaponic can be built in diﬀerent ways.
Therefore, the diﬀerent types are introduced and discussed in this chapter.

2.2.1 Main types
There are diﬀerent types of aquaponics system designs. Most of these designs are
evolutions and/or combinations of the three basic setups for aquaponics: Nutrient Film
Technique (NFT), Media Bed, and Deep Water Culture (DWC). These designs do not diﬀer
on the aquaculture side, but on how the crops are grown.
Nutrient ﬁlm technique
Nutrient Film Technique or NFT is a hydroponic irrigation technique. In an NFT system, a
very shallow stream of water containing all the dissolved nutrients required for plant
growth is recirculated past the bare roots of plants in a watertight channel. The main
goal with this system is to provide a constant ﬁlm of water, hence the name 'nutrient
ﬁlm', so that the plants their roots can develop into thick mats at the bottom of the
channel. The upper surface of the roots should be moist and in contact with the air, as
can be seen in Figure 3. (Aquaponicsexposed.com, n.d.) (Aquaponics.fandom.com, n.d.)
(Aquaponics.com, n.d.)

Figure 3 Nutrient Film Technique (NFT).
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Strengths:
The main advantage of this system is that roots get an abundant supply of oxygen,
water and nutrients. Therefore, these setups yield high-quality production over an
extended period of cropping. By their design, NFT setups are popular in the commercial
industry because of their space eﬃciency, easy access and lower labour costs. Setting
up this style of system is beginner-friendly. Furthermore, they oﬀer the possibility of
future expansion. This system works with a constant ﬂow of water, which prevents
clogging and the growth of algae and funguses. It is easy to check on how the roots are
growing since looking inside the channels to look for obvious problems that may impact
the health and growth of the plants. (Aquaponics Exposed, n.d.) (Aquaponics.fandom.com,
n.d.) (Aquaponics.com, n.d.)
Weaknesses:
Some other form of ﬁltration must be integrated into the system. This design is best
suited for leafy greens but not for large fruiting plants. The roots are not as well isolated
from the temperature ﬂuctuations. The ﬂow rate must be constant for the plants to
grow. This aquaponics installation has little to no buﬀering against interruptions, so a
power outage, for instance, could ruin the culture. Routine maintenance is really
important to prevent a water pump failure or clogging of the pipes and channels.
(Aquaponics Exposed, n.d.) (Aquaponics.fandom.com, n.d.) (Aquaponics.com, n.d.)
Media bed
The media bed is a type of aquaponics in which the plants are grown in containers ﬁlled
with rock media, generally gravel or expanded clay to support the roots of the plants.
The bed is constantly ﬂooded and drained with the nutrient-rich water coming from the
ﬁsh tanks. The media bed setup can be seen in Figure 4. (Aquaponics.com, n.d.)

Figure 4 Media Bed.
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Strengths:
In this system, the plants are supported by the media which also acts as both a
mechanical and bioﬁlter to capture and breakdown wastes in the plant bed. It is easy to
operate, hence why it is best used for backyard gardeners and beginners. Large root
mass plants such as fruit, ﬂowering plants, vegeTables and root vegeTables can be
grown. (Aquaponics.com, n.d.)
Weaknesses:
This setup usually produces less than the Nutrition Film Technique or the Deep Water
Culture. It is also not space eﬃcient and requires more labour than the other setups. On
a large scale, the media is very heavy and can be very expensive. (Aquaponics.com, n.d.)
Deep Water Culture (DWC)
In a Deep Water Culture (DWC) that is shown in Figure 5, the plants are grown on rafts.
These are usually polystyrene boards that ﬂoat on top of the water. This tank is
separated from the ﬁsh tank and a continuous ﬂow is established between the two with
ﬁltration components. (Aquaponics.com, n.d.)

Figure 5 Deep Water Culture (DWC)
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Strengths:
The large volume of water used in this method reduces stress on the ﬁsh and water
quality problems as it provides a buﬀer, allowing the temperature to be more sTable. It
optimizes ﬂoor space by creating a process line; therefore, it is a highly productive
setup. Plant seedlings are transplanted on one end of the raft tank. This setup is more
lenient as it allows larger margin of error compared to the two other methods. It is
inexpensive to build, it can grow bigger plants than the Nutrient Film Technique and
removing grown plants is much easier than the Media Bed technique. (Aquaponics.com,
n.d.)
Weaknesses:
The larger volume of water in the system implies that energy must be used to heat or
cool the water if needed. This system requires a higher feed input (more ﬁsh ) than the
other methods to have enough nutrients diluted in the large volume of water. As the
roots are immersed in water, they might not receive the right amount of oxygen.
Therefore, this setup needs supplemental oxygen to the plants also external ﬁltration is
needed. The lack of media means that some other form of ﬁltration must be integrated
into the system, for instance, a separate bioﬁlter. (Aquaponics.com, n.d.)
Vertical aquaponics
Vertical aquaponics is a way of making the most of the space to grow plants. The
challenge of building a vertical aquaponics is to ensure that each plant has enough
room, light and nutrients to grow while trying to minimize the space between them.
These types of systems can grow as much biomass in a 1.5 m tower than in 5 m² of
horizontal aquaponics. (Brooke, n.d.)
Vertical aquaponics is space-eﬃcient and can be built with cheap materials. For example
basic plumbing elements, PVC pipes, 3D printed parts. (Aqualogue.org, n.d.)
Even though the ﬂow of water is higher, vertical Aquaponics is a subcategory of nutrient
ﬁlm technique. Therefore they share the same strengths and weaknesses. (The School of
Aquaponics, 2017)
Another problem to keep in mind while building the setup is the circulation of
nutrients/oxygen. It is diﬃcult to ensure that all the plants get the right amount of
nutrients/oxygen as the topmost plants get more than the lower ones. To avoid this
problem small tubes and outlets can be used to supply water directly to each plant. With
their small diameter, these small tubes clog fast so ﬁltration is really important.
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The lighting of the plants can also be more challenging than in a horizontal setup
because LEDs above the aquaponic will not provide light to all the plants equally.
Therefore ‘light towers’ must be installed around the setup to provide the necessary
light for the plants to grow. Another downside is that the size of the crops that can be
grown in this aquaponics is limited. (The School of Aquaponics, 2017)
Zipgrow uses a combination of the nutrient ﬁlm technique and the media bed technique.
In their towers, displayed in Figure 6, the water drips down into an inert polymer foam,
which is assembled between a square-shaped aluminium proﬁle. The plants themselves
are placed in between the two sides of the foam, sticking out on only one side of the
tower. This makes it easier to light the entire tower. An advantage of this technique is
that there are fewer temperature ﬂuctuations because of the growing medium. Of
course, most of the abovementioned disadvantages are still present in this tower
system as well. (ZipGrow, 2019)

Figure 6 Zipgrow Tower. (ZipGrow, 2019)
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2.2.2 Existing state-of-the-art systems
The existing state of the art systems are more hydroponics related. Therefore, the
discussed state of the art systems are to get inspiration for the Hygrow aquaponic
system.
EDEN ISS

Figure 7 EDEN ISS Greenhouse at Neumayer Station III, Antarctica. (EDEN ISS, 2019)
The goal of the EDEN ISS project is to further develop controlled environment
technologies, to implement them into the ISS and future space missions. Their
greenhouse, shown in Figure 7, is currently running on Antarctica. They are also still
working to convert their existing Antarctica greenhouse design to a lunar and martian
design.
The system is in its essence a high-tech hydroponic greenhouse. It consists of two
sections: a greenhouse- and service section. In the greenhouse section, they grow leafy
greens like lettuce, swiss chard and red mustard plants, also herbs like basil and
coriander and furthermore tomatoes, cucumbers and peppers. The plants use no soil
and are continuously provided by nutrient-rich water through the technique of
aeroponics. A high performance LED lighting-system makes photosynthesis possible.
The service section consists of all the controlling systems and a workbench with a sink to
keep everything clean. It contains a nutrient-control system, atmosphere management
system and the central control system. In the central control system, all the inputs from
the sensors enter the computer modules. These inputs are then all controlled by a
computer with a predeﬁned algorithm. This algorithm outputs commands back to all the
subsystems, which in its turn is basically able to control the greenhouse. (EDEN ISS, 2019)
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This installation can be described as the most advanced hydroponic system in existence.
Remarkable characteristics, like a central control system to automatically direct all of the
diﬀerent subsystems which allows the plants to grow in an almost optimal manner,
combined with the harsh climate it functions in, makes it an example in the world of
hydroponic plant growth.
Freight Farms

Figure 8 Greenery by Freight Farms. (Freight Farms, 2019)
Freight farms is a company that creates and exports hydroponic farming containers,
aimed at urbanized local food production. The company is made out of three sections:
Greenery, Grown and Farmhand. Greenery, which is displayed in Figure 8 is their own
hydroponic container, fully optimized to be productive and eﬃcient. Grown is a service
they created to eliminate all the pain points users could encounter when starting their
farm. Farmhand is an Internet of Things (IoT) management and automation platform
which users can use to monitor their farm on the go. The container consists of two main
areas, a nursery station and a cultivation area. In the nursery station, seeds can grow
out to small plants, which can then grow in the cultivation area. They use an ebb and
ﬂow media bed system for this germination process. The correct water level and
nutrient concentration are all controlled by sensors and the central Farmhand system.
For their cultivating area, they use a vertical drip irrigation system, able to irrigate up to
8800 plants at once. The rows can be conﬁgured depending on the vegetable mix that is
grown. The irrigation system is automated using smart drip emitters. The container
itself is very well isolated and accommodated with all necessary climate control systems,
like a dehumidiﬁer, airﬂow regulators and a CO2 regulator. (Freight Farms, 2019)
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Other state-of-the-art companies
When it comes to the cutting edge in non-conventional farming, the above-mentioned
systems truly are the state of the art in hydroponic indoor plant growth. The concept of
aquaponics and aquaculture in general is still quite new, this does not mean that there
are not any aquaponic or hydroponic companies who operate at a high tech level.
Aerofarms, for example, considers itself as a leader in indoor vertical farming (AeroFarms,
2019). Growtainer is another example of a company that is trying to push the boundaries
in hydroponics by using container-sized modules, emphasizing on portability of the
system. They use an ebb & ﬂow media bed system (Growtainer, 2019). Aquaponics Iberia
is an example of a consulting company in aquaponics. These kinds of companies are
emerging more and more, often created by aquaponic experts who want to educate
more people on the subject, to make aquaponics more widespread (Aquaponics Iberia,
2019).
Twenty more examples could be given of these sorts of companies. They are all built on
the existing research on aquaponics and hydroponics that is already out there. That is
why it is good to take inspiration from these companies and technologies that are
pushing the boundaries.

2.2.3 Existing 3D printed aquaponics
Although 3D printing aquaponics is a recent option and there is limited literature and
research about it, there are some companies that have worked on similar projects.
The British architect, Mihai Chiriac from DS 10 Studio at The University of Westminster,
designed an aquaponically self-sustaining house that can be 3D printed with
plant-based bioplastic; all without creating waste and producing more food per square
meter than any other agriculture method, see Figure 9. This material can be created at
home by vegeTable scratch (Laylin and Laylin, 2016).

Figure 9 Design of a 3D printing aquaponically self-sustaining house. (Hunt, 2016)
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3Dponics is a company founded in 2014 that oﬀers free designs of hydroponic systems
that can be downloaded from their webpage and customized. (3Dponics, n.d.) In 2015,
3Dponics designed the ﬁrst 3D prinTable hydroponics system for medical marijuana
(Hoopes, 2015). Some more information about 3Dponics and examples of pieces can be
found in hand oﬀ package document 02. aquaponics research report.
Cascaqua designed a small but static aquaponic system, see Figure 10. This was
designed with small waterfalls to mask the sound of the pump. It can be printed in just 8
hours and requires to be printed with ABS (Avooq.com, n.d.).

Figure 10 Cascaqua aquaponic system. (Avooq.com, n.d.)

2.3 Hydroponics
Hydroponics is the method of growing plants without soil (SimplyHydro, 2008). There are
diﬀerent ways of growing plants hydroponically. In one popular method, the plants are
placed upright in a plastic trough and a nutrient solution seeps past their roots. In
theory, almost any plant can be grown hydroponically but some plants inevitably grow
better than others (Woodford, 2019). It is possible to avoid using fertilizer generally if
plants are added to the system at a later date during the start-up process while the right
nutrient levels are establishing.

2.3.1 Plants
Plants tend to die in new aquaponic systems since bacteria need time to develop in such
a system. Fertilizer can be added to help plants grow in the ﬁrst phases. Some fertilizers
can damage other organisms, so the fertilizer must be chosen taking the system into
account. (Kishor, 2018)
In the literature could be found a number of plants which tribes the best, but this is only
a small selection and is not connected to valuable system-individual argumentations.
Crop Diversiﬁcation Center in Brooks, Alberta, has reported growing over 60 diﬀerent
food crops in their aquaponics trials, including leafy green vegeTables, herb crops,
fruiting crops, beans and ﬂowers. Because of this huge number of growable plants in
aquaponic systems, the decision of plants for the system is more based on ﬁnding
something which summarizes plants in diﬀerent similarities. This is usually connected to
the grower its objectives and the targeted design. (Nelson, Pade, & Inc., 2010)
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The ﬁrst classiﬁcation should be based on system design. Some plants like tomatoes
and corn are mostly grown in media bed systems to provide a structure for the roots
and systems which are suiTable for bigger ﬁnal sizes. Therefore they should not be
considered to be used in comparing diﬀerent systems. Bigger ﬁnal sizes mean that
those plants are more recommended for ﬂat system designs. If space is limited and it
should be made the best use of the room, like a container or an industrial hall, plants
with a lower ﬁnal size are to be preferred. This allows for achieving more plants per
volume in a vertical system.
After this categorization, it is necessary also to take the targeted ﬁsh species into
account. The room temperature is often connected to the water temperature and
therefore this is the decision about the climate for both. Because of the demand for
heating and cooling the climate is often connected with the surrounding climate and
thereby also to the available ﬁsh species. This leads to the next sorting of the plants into
temperatures where they thrive best for example in cold (15-22 °C), middle (20-25 °C)
and warm (24-30 °C). At least now it is necessary to include the economic factor. For
example, to make a proﬁt the crops should have a high market value or also a short
harvesting time. Herbs like basil, chives, cilantro and parsley are good options because
they all have harvest times between 25 and 40 days and have a high proﬁTable value in
the market. Also, diﬀerent kinds of salad are often grown in commercial aquaponic
systems. Salad has a low market value but a short harvesting time a high reliable
harvest for economical calculations and low requirements to grow. Therefore the
reliability versus diversity of produced crops should be considered. For example, crops
do not have a fruiting stage, the nutrient requirements stay consistent and the harvest
becomes more reliable. Other leafy green vegeTables that have similar properties as
lettuce are swiss chard, pak choi, Chinese cabbage, collard and watercress.
This shows that diﬀerent plants have diﬀerent demands which should always be kept in
consideration. In the start-up, plants have a low ammonia demand and the uptake of
some nutrients like potassium or trace elements in the fruiting stage could change.
Because the ﬁsh feed keeps usually the same and often does not contain the special
nutrient concentrations for plants. This could lead to the case that the water in the
system will accumulate or run out of some nutrition. A combination of diﬀerent
vegeTables like herbs and leafy green plants could be a solution for changes in the
nutrition demand. Another classiﬁcation that should not be forgotten is the diﬀerent
disease susceptibility and pest resistance. (Nelson, Pade, & Inc., 2010) (Somerville, et al.,
2014) (Kishor, 2018) (Kim, 2018) (Martin, 2017) (Grove, 2016)
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The last classiﬁcation which breaks down the huge number of plants in a few plant
species is the decision on plants which are good to start-up and for operators who are
new in the ﬁeld of aquaponic systems. In the beginning, it should be concentrated on
the functionality of the system. Therefore plants should be avoided which have a high
disease susceptibility like tomatoes and cucumbers. In order to have a smooth start-up
of the system without bigger changes of nutrient concentrations, it is advisable to
choose plants which have the same nutrient requirements throughout their cultivation
and may also require less overall consumption. Plants with fruiting stages like tomatoes,
melons and peppers undergo diﬀerent stages of growth, from the formation of the leaf
mass to the fruit. Between the stage, the nutrition requirements are varying and
therefore they should be avoided for the ﬁrst system to be designed. There is also a
higher risk of diseases and pests in fruiting plants. Plants who have low nutrient
demands are from herb species and from the family of swiss chard or spinach. (Nelson,
Pade, & Inc., 2010) (Martin, 2017)
To summarize all above-described argumentations about important points of the plant
decision the Table 9 in ‘Handoﬀ package/02. aquaponics research/02’. aquaponics
research’ shows the described classiﬁcation and more examples of plants used in
aquaponic systems.

2.3.2 Growing media
Another important part of the hydroponic part of aquaponics, is to choose the right type
of growing media. There are several conventional substrates for hydroponic seedling
production. The target of every material is to provide good physical contact with seeds.
The substrate source could be based on organic and mineral components or also on
synthetic media like plugs, cubes and blocks. The selection is often based on the local
availability, how quickly they decompose and the amount of additional solids needed.
Grow media should consist of mineral components and synthetic media. (Kim, 2018).
Some systems, such as NFT or DWC, require a container and grow up material for the
plants to keep them in their spot and to ensure the support of the roots. This task is
usually done by plastic pots or cups and nets with an extra-wide lip. Additionally, there
should be both enough holes, to ensure a good root growth, and enough holes, to hold
back the substrate. (Sean, 2019)
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2.3.3 Nutrient demand
Diﬀerent species have diﬀerent nutrient demand. Especially if the species which should
be farmed together are from diﬀerent ﬁelds like plants and animals. If the system
should be run in a cycle and the only nutrient input is the feed for ﬁsh, some necessary
nutrients for plants will run out and some from plants unused nutrients will accumulate
in the system. Therefore it is important to know the nutrient demand for plants and
which nutrients should be supplemented to avoid losses in required concentration. In
an aquaponic system, this is often the case for iron (Fe), calcium (Ca), magnesia (Mg) and
potassium (K). Iron could be added with a source of chelated Fe like a solution of
Fe(III)-EDTA. The concentration of Ca and Mg can be maintained with Ca(OH)2 as solution
or with CaCO3 as powder or crushed shells and MgCO3 or Mg(OH)2. Through the
hydroxide this could be used also to maintain the pH. (Thorarinsdottir, 2015)

2.3.4 Humidity demand
Humidity is a factor of the system which is connected to the ventilation system, this is
only important for the hydroponic part. Humidity is connected in the plant to the
self-priming system of taking water from the ground or in an aquaponic system from
the water. This also depends on the receptiveness of CO2 from the air. To achieve the
optimum growing conditions it is necessary to provide the humidity level plants thrives
the best. Because there are some diﬀerences between plant species it is recommended
to provide a level which is most convenient for all plants. Usually, plants can grow in
humidity levels between 45 and 75 % and tropical plant species which need a higher
temperature also need a higher humidity level. ‘Handoﬀ package/02. Aquaponics research/ 02.
Aquaponics research

2.4 Aquaculture
The term aquaculture refers to the cultivation of aquatic animals in controlled aquatic
environments for commercial, recreational or public purpose. Aquaculture is one of the
fastest-growing forms of food production in the world. Since harvest from many wild
ﬁsheries has spiked globally, aquaculture is widely recognized as an eﬀective way to
meet the seafood demands of a growing population. (National Oceanic and
Atmospheric Administration, 2011)
There is a rule of thumb which easily shows the advantage of connecting aquaculture
with hydroponics to the system aquaponic (Martin, 2017):
“In aquaculture you produce 1 kg of ﬁsh meat for each kg of ﬁsh food given, but in
aquaponics you produce 1 kg of ﬁsh meat plus 5-10 kg of vegeTables (remember that
most of the mass of plants come from ﬁxing CO₂) for each kg of ﬁsh food given (Rakocy
et al. 2006).”

Final Report | Aquaponic System

28

2.4.1 Types of ﬁsh
Fish are the elementary component of the Aquaponic system which means the starting
point of the cycle. The ﬁsh will be fed by the people who work on the system and nature
will do the rest, although they should be watched every day to control their well being.
To choose which type of ﬁsh is the best for the project, it should be ﬁxed is they are only
there to support the plants or if they should be edible. This means that economics and
marketing options of the aquaponic system should also be taken into account. Just as
how much care the species need, how much is desirable to raise and sell and what
climate conditions are prevalent. (Kishor, 2018)
Fish decision
The types of ﬁsh that are chosen depends on various factors. These can be the type of
plants that are willing to grow, warm (24-30 °C) or cool (16-24 °C) water ﬁsh, and the
breeding of the ﬁsh. Also, the legality of diﬀerent species and their availability should be
taken into account. Friendly aquaponics says “getting ﬁsh can be the hardest part; get
some “gold” instead!” (Friendly Aquaponics, n.d.). Beside most used ﬁsh for aquaponics,
there should be also thought about the availability and possibilities of using local ﬁsh
(Kishor, 2018).
Because in the literature there are many diﬀerent ﬁsh species recommended to use for
aquaponics. It is important to ﬁnd the most suiTable species for each individual system.
This means that tilapia, the most recommended ﬁsh species generally for aquaponics, is
not always the most suiTable for the system to be developed. At ﬁrst, it is necessary to
know which climate surrounds the system to make a classiﬁcation of the species in cool
and warm water. If the aquaponic system is to be operated in northern European cold
climate, it is advantageous to grow cool-water ﬁsh to avoid a high expenditure for
heating. Recommended cool water species for aquaponics for these regions are trout,
sturgeon and carp.
Another inﬂuence on the decision is the optimisation for one region or for regions
worldwide in diﬀerent climates. Worldwide means to ﬁnd species which are mostly
distributed in the world and have nearly everywhere a high availability. For this system
design tilapia would be the ﬁsh of choice. However, it could happen that it still is not
available in each country like in Finland. Therefore it is to be expected that the
ﬁngerlings for stocking must be imported and often only in large numbers. Under these
circumstances, it may be decided for locally available ﬁsh species.
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Another advantage of local ﬁsh is the economical point of view. At ﬁrst, it could be
cheaper to buy local ﬁngerlings than imported often used tilapia. Furthermore, the
proﬁt of the system is inﬂuenced by the market value of the ﬁsh to be sold. Tilapia has
generally a high market value. But now it is also with the availability, in some regions like
Finland tilapia is not very well known and widespread. This means that entering the local
market is diﬃcult and therefore often possible to produce local ﬁsh species with a much
higher market value. In northern countries, carp and trout are very common and
proﬁTable grown in ponds. To ﬁnd local suiTable species for aquaponic systems for a
special area it could help to compare in this region in ponds grown ﬁsh species with
recommended species for aquaponics in the literature. Sturgeon is also a cool water ﬁsh
species which has a high market value and is known in most European countries, but
because of its high acquisition costs, beginners should consider which maximum
expenses can be risked at the beginning for the start-up.
Inﬂuence on the ﬁsh species is also based on the nature of the aquaponic system itself.
During the start-up to reach a sTable operating point or also during operation it is
possible that higher changes in water quality parameters can occur. In this regard, it is
advantageous to opt for species which can stand higher changes like tilapia for warm
water and carp for cool water. Trout is on the other side in terms of water quality a very
demanding ﬁsh and therefore not recommended for beginners. Another inﬂuence is the
maximal growable density. If the goal is to accommodate the system in a space-saving
way to maximise the outcome of a special volume of room, it is necessary to choose a
ﬁsh species for growing in high density. Fish for high density are tilapia and carp and not
recommended are trout and because of the bigger size sturgeon.
Also considered should be the adaptability to the new environment in the aquaponic
system or to other ﬁsh species. For example, tilapia can be grown together with carps.
The advantage of diﬀerent species is minimizing risk by allocating the quantities of sales
per ﬁsh species and increasing the food diversity to be oﬀered. Connected to growing
diﬀerent species in one tank is the kind of feed for the ﬁsh. It is possible to grow
omnivore species and herbivore species with the same feed, but not herbivore and
carnivore. Another aspect of the ﬁsh feed which is associated with the decision for a
species is the availability. In northern European countries like Finland, it could be
possible that both the ﬁsh as well the feed must be imported. Because aquaponics is is
one closed water cycle, the decided ﬁsh species inﬂuences with the temperature range
the assortment of plant species which could be grown. Most diﬀerent plants species can
be grown in a temperature range between 20 and 25 °C. The least diversity of plants can
be grown with cool water ﬁsh like trout where the optimal temperature is around 16
and should not exceed 18 °C. (Kishor, 2018) (Aquasi, 2019) (Editorial Staﬀ, 2019) (Connolly,
K., Trebic, 2010)
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Especially for aquaponic systems in smaller scale, it could happen that it becomes
almost impossible to ﬁnd ﬁsh sources of local ﬁngerlings in small numbers. To avoid this
insight in too advanced a time, it could be useful to screen at the beginning of the
prospective region for freshwater ﬁsh farms. If there could not be found any freshwater
farm means to put at ﬁrst most time in ﬁnding sources of ﬁngerlings at accepTable
conditions. In very small aquaponic systems only a small number of ﬁsh is needed. In
this case, it is also possible to catch ﬁngerlings of the right local ﬁsh species in
surrounding natural waters. If it was decided for this way it should be calculated some
time to change the feed from a natural source like worms into an artiﬁcial source.
Especially diﬃcult can it be for carnivore ﬁsh species, because of their natural stimulus
for moving living food. This could be avoided when the source of ﬁsh is a pet store like a
species of goldﬁsh. Goldﬁsh are usually everywhere for a cheap price available and easy
to keep. They can stand changes in water quality and temperature and therefore often
recommended for beginners. But because the sense of an aquaponic system is to raise
ﬁsh and grow plants in the same time and to beneﬁt from both as food, goldﬁsh should
be only used for the beginning until other sources of ﬁsh are found. (Editorial Staﬀ, 2019)
(Kishor, 2018)
Tilapia for Aquaponics
Because an aquaponic system is not always easy to maintain, changes in all parameters
can occur. To minimize the risk of high ﬁsh losses, species that can survive under wide
ranges, like tilapia, are often used. (Connolly, K., Trebic, 2010). Furthermore, they are also
suiTable for a large diversity of plants in aquaponic systems. It is the fastest-growing
species, has a high stocking density and its meat is very appreciated in the US. Because
of these beneﬁts, most research results on tilapia in aquaponics systems are available.
(Connolly, Trebic, 2010) (Editorial Staﬀ, 2019)

2.4.2 Shrimps and their Beneﬁts in Aquaponics
“Using freshwater shrimps to create a better aquaponics nutrition cycle.” (Brooke, n.d.).
One interesting approach in the literature was to combine usual growing ﬁsh and
prawns or shrimps in the same aquaponic system. In theory, all nutrients which enter
the system by feeding the ﬁsh completely transferred into usable components for plant
growth. However, after some time it is found out that solid waste accumulates in the
system. Shrimps live more at the water its ground and therefore, they pick up all
residual organic material which cleans the ﬁsh tank. This also means that they
accelerate the decomposition process of organic material and therefore, less
maintenance is needed. (Somerville, et al., 2014). Another advantage is that shrimps oﬀer
an easy way to expand the aquacultural food production variety of an aquaponic
system.
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2.4.3 Fish feed
Once the team has the ﬁsh, it is important to know how to feed the ﬁsh to be sure that
they will be healthy and strong. In this chapter is explained which type of food the ﬁsh
should eat, how often the team should feed them and if it is possible to grow ﬁsh food
inside the aquaponics system.
Which type
When it comes to feeding, ﬁsh can be divided into diﬀerent categories, for example in
herbivores, omnivores and carnivores. They can also be categorised by method of
eating, depending on the depth level in the tank where they eat. There are top feeding
ﬁsh, middle feeding ﬁsh, bottom-feeding ﬁsh and grazers (ﬁsh which search for food on
the surfaces of the aquarium). Furthermore, it is possible to distinguish commercial
from non-commercial feed in terms of shape and form. (Home Aquaria, 2014) This is
shown in Table 1.
Table 1 Commercial vs. non-commercial ﬁsh feeds
Commercial

Non-commercial

Flakes

Granules

Discs

Frozen

Crisps

Pellets

Gel foods

Freeze-dried

Living

Home made

Amount and frequency
The amount and frequency of feeding is dependent on the ﬁsh species and on the size
of the ﬁsh. Generally speaking, small larval ﬁsh should be fed plenty and quite
frequently because they have a high energy demand. As ﬁsh mature, feeding rates and
frequency should be decreased, as well as protein content in the food. It is not
necessary to switch feeds entirely, giving less of the proteïn-rich food is also possible.
The precise amount of necessary feed that needs to be given can be calculated by the
formula in chapter 2.7.1 Calculations ﬁsh and plant ratios, but a good way to do this
without calculating is to see whether the ﬁsh eat the fed within 15 minutes of feeding. If
they do, a bit more can be given, if they do not, a little bit less can be given. (Craig, 2017)
Fully closing the loop
An idea came up during one of the brainstorming sessions in the team. “What if the
aquaponic cycle could be fully closed?”. There would be no need to buy industrially
made ﬁsh feed if one would use the waste products of the plants (roots, leaves…) as ﬁsh
feed. This would save a lot of money. The key to achieving this depends on two factors:
choosing the right plant species and making sure there is enough organic matter being
produced to feed the ﬁsh.
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The ﬁrst criteria is most likely possible, but it highly depends on the type of ﬁsh species.
Each species has its own feeding requirements. This includes the nutrition like proteins
and vitamins for example. For most aquaponic ﬁsh it is possible to ﬁnd a matching plant
that can be grown to feed them. Not all the nutrients needed for the ﬁsh to grow
optimally will be present in a purely plant-based diet. So if one wants to build an
aquaponic system focused on ﬁsh production, this method will not be possible. (FAO,
2019) (Tilapia Feed Formulation and Feeding Technique, 2019)
The second criteria for this fully closed system to work, is making sure that there is
enough matter to feed the ﬁsh. The problem here is that the ratio between the growth
rate of the plants and the feed consumption of the ﬁsh will not be in balance. A plant
simply grows to slow to support this system. (Mann, T. 2015)
Achieving these two elements within an aquaponic system in a container is not realistic.
However, producing your own ﬁsh feed is possible if you do it externally. Growing these
amphibious plants in combination with black soldier ﬂy larvae has successfully been
done by other people. Adding some more elements to this ﬁsh feeding mixture could
result in a highly nutritious feed. It would be a very good option in terms of
sustainability.

2.5 Water treatment
In theory, the input of the aquaponic system is completely transferred into ﬁsh and
plant growth. This means that the water treatment is only needed to convert from ﬁsh
unused nutrients into a plant-available form. This task is done by bacteria in the
bioﬁlter. Another source of solids are some inorganic compounds of ﬁsh food . At least
the inorganic compounds enter the system and have to leave it as dead mass. To avoid
an accumulation of unchanged particles in other parts of the system, a mechanical ﬁlter
has to be implemented to remove solids.

2.5.1 Without separate water treatment
As described in chapter 2.2.1 Main types it is also possible to build an aquaponic system
in which the hydroponic part can take over the task of water treatment. The most
common way is the media bed culture that contains gravel. In this case, also solids
which could not be broken down are collected in the media bed. Those zones could
bring the system to a standstill or could be clogged.
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2.5.2 Solids removal
In the literature diﬀerent designs about removing solids from water could be found. The
easiest way with the function of removing solids is to use a settling tank. The
maintenance is reduced to a minimum. Because the settling of solids is driven by gravity
the turbulence should be very slow. To reach a high eﬃciency it needs a lot of space.
In ‘Handoﬀ package/02. Aquaponics research/02. Aquaponics research’ it is explained
how diﬀerent settling tanks work. (Thorarinsdottir, 2015) (Rakoczy, et al, 2006) (Strzelecki,
Tidwell, 2012)
To increase the eﬃciency of the solid removal, additional centrifugal forces can be
implemented through leading the inlet water stream on a centrifugal ﬂow. The
centrifugal drives the particles to the wall and the gravity forces to the bottom. This
separates particles and the water faster. On the other side the clean water ascends and
reaches the exit in the middle on the surface.

2.5.3 Bioﬁltration
It is possible to determine certain bacteria for special tasks. But usually there is always a
huge number of diﬀerent bacteria involved in converting nutrient sources or supporting
the main working bacteria. This bacteria collection is named bioﬁlm and can grow on
nearly each surface which is not antibacterial. It is also necessary to buﬀer the system
and stabilize the pH. pH measurement is one of the most important parameters to
control. (Sterzelecki, Tidwell, 2012)
After releasing the ﬁrst ammonia into the aquaponic system, ammonia and ammonium
concentration peaks as shown in Figure 11. Because bacteria (Nitrosomonas) have to
grow to the necessary number to use the newly won feed for them. This happens in the
same way to the conversion from nitrite to nitrate (Nitrobacter). (Sterzelecki, Tidwell,
2012)

Figure 11 Resulting nitrogen cycle after start-up the aquaponic system with adding ﬁsh to the
tank. (Sterzelecki, Tidwell, 2012)
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In most aquaponic systems it is necessary to stop the nitrogen cycle at the point of
nitration because this has to be used by the plants. If the concentration of nitrogen in
the system reaches a level that is too high for the ﬁsh, it can also stop the function of
the bacteria. In this case it is necessary to continue the natural way.
Nature uses a nitrogen cycle, which is driven by bacteria and includes nitriﬁcation and
denitriﬁcation. One part of the nitrate is directly used for plants and the other part is
converted through bacteria in the denitriﬁcation to nitrogen. In an aquaponic system
the cycle stops after the nitriﬁcation. This allows to use all the produced nitrate for
growing plants. (Martin, 2017)
To visualize the senns of using bacteria in the system Figure 12 shows the ﬂow of
converting nutrients from the ﬁsh food into usable nutrients for the plants. (Somerville,
et al., 2014)

Figure 12 Implementation of the nitriﬁcation process in an aquaponic system. (Somerville, et
al., 2014)
Like ﬁsh and plants also bacteria have conditions where they reduce working or die. The
overall working conditions for bacteria are between 17 and 34°C, a pH value of 6 to 8.5,
less than 3 mg/L of ammonium and nitrite, less than 400 mg/L of nitrate and between 4
and 8 mg/L of dissolved oxygen.
To convert the produced amount of ammonium, the right amount of bacteria is needed.
One way to make sure that there is enough bacteria is to implement an aerated moving
bed bio reactor (MBBR). In this type of bioﬁlter it is possible to provide a huge value of
surface area per volume with bio balls. Figure 13 a) show a running MBBR and Figure 13
b) shows an example for commercial available bio balls. (Somerville, et al., 2014)
(Sterzelecki, Tidwell, 2012)
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Figure 13 Aerated moving bed bioreactor (MBBR) (a) containing plastic ﬁlter medium (b)
(bio-balls). (Somerville, et al., 2014)
If the MBBR is implemented in the aquaponic system there should be a mechanical
solids separation device, as described in chapter 2.5.3 Bioﬁltration and must be
connected like Figure 14 shows. This prevents that solids accumulate in the MBBR tank.
(Somerville, et al., 2014)

Figure 14 Combination of a cylindrical mechanical solids separator (right) with a bioﬁlter
(MBBR) (Somerville, et al., 2014)

2.5.4 Additional ﬁsh and plants for clarifying
Besides the clarifying devices that are described before, it is possible to support this task
by using additional clarifying options. One way is already described in chapter
2.4.2 Shrimps and their Beneﬁts in Aquaponics. In other literature is written about
ﬁngerlings ﬁsh which are used to avoid cloning of the connecting pipe between ﬁsh tank
and ﬁrst clariﬁer tank. Those small ﬁshes reduce settled solids in the pipe and settling
tank. Another way of reducing too high concentrations of nitrate in the system is to use
duckweed. (Rakocy, et al, 2006) (Somerville, et al., 2014) (Martin, 2017)
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2.6 Parameters
It is very important to maintain diﬀerent parameters in the water to make sure the
plants and ﬁsh stay healthy. “Parameters are deﬁnable, measurable, and constant or
variable characteristic, dimension, property, or value, selected from a set of data or
population because it is considered essential to understanding a situation or in solving a
problem” (BusinessDictionary.com, n.d.). Important water quality parameters include:
dissolved oxygen, pH, temperature, total nitrogen, and water alkalinity (Fao.org, 2015).
These parameters and the parameters that are important for plants are further
discussed in this paragraph. (Thorarinsdottir, 2015)

2.6.1 Species-dependent Parameters
In the literature general values of parameters for an aquaponic system were often
mentioned. However, each system is designed for diﬀerent species of plants and ﬁsh.
Therefore, each parameter has an optimal value for each part of the system which could
be species-dependent in further considerations. The discussed parameters are only an
example and should be selected individually for each system design. The main focus in
this chapter is on the inﬂuences of each parameter. This is important to understand the
chemical functionalities of the system and rational interventions in case of deviations.
Figure 15 visualises the temperature dependence of plants, bacteria and ﬁsh, divided for
warm and cool regions. It is not possible to reach the optimal conditions for each
component. Especially for the temperature range of cool weather plants and ﬁsh up to
21 °C does not match the bacteria. This leads to a decrease of eﬃcient converting
nutrients.. The optimal conditions for ﬁsh and plants should be taken serious to
maintain their health.

Figure 15 Temperature dependence of plants, bacteria and ﬁsh.
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2.6.2 Temperature
In chapter 2.4.1 Types of ﬁsh, diﬀerent types of ﬁsh are discussed. Every type of ﬁsh has
a diﬀerent origin and are therefore used to living in diﬀerent environments. For
instance, there are warm water ﬁsh and cold water ﬁsh. Depending on what type of ﬁsh
is used, the temperature of the water should be adjusted, otherwise the ﬁsh can suﬀer
or die (Thescientiﬁcﬁsherman.com, n.d.).
In Small-scale aquaponic food production is mentioned: Water temperature is an
important parameter for bacteria, and for aquaponics in general. The ideal temperature
range for bacterial growth and productivity is 17-34 °C. (Somerville et al., 2014)
Temperatures between 18 ºC and 30 °C are suiTable for plants to grow (Fao.org, 2015).
For all these reasons listed above the water temperature must be controlled and
maintained.

2.6.3 Dissolved Oxygen
“Dissolved oxygen (DO) is one of the most important parameters for growing ﬁsh and is
also critical to the beneﬁcial nitrifying bacteria that convert ﬁsh waste into nutrients
plants can use” (Sallenave, 2016). Without oxygen, the nitrifying reaction will stop.
(Fao.org, 2015). Therefore, the processes in the aquaponic will get disturbed, which can
cause the death of ﬁsh and plants through reaching toxic nutrient levels. Plants could
also experience root-rot, this can cause the roots to die and fungus to grow. (Fao.org,
2015)
The following Figure 16 shows the temperature dependence of soluble oxygen in water.
At higher temperatures less oxygen is soluble.

Figure 16 The oxygen solubility in water at diﬀerent temperatures (fao, 2015)
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2.6.4 pH-Value
One of the most important water parameters is the power of hydrogen (pH) (Fao.org,
2015). “pH is a measure of hydrogen ion concentration, a measure of the acidity or
alkalinity of a solution. The pH scale usually ranges from 0 to 14. Aqueous solutions at
25°C with a pH less than 7 are acidic, while those with a pH greater than 7 are basic or
alkaline.” (Helmenstine, 2019). pH inﬂuences many other parameters (Sallenave, 2016). “It
is important to maintain pH at levels that are accepTable to both ﬁsh and plants.”
(Sallenave, 2016). “If pH levels get too low, nitriﬁcation will slow down or stop and
ammonium will accumulate in acidic solutions to levels that are toxic to the ﬁsh.”
(Sallenave, 2016).
As visible in Figure 17 in a basic solution ammonia is chemically preferably formed.
Especially at higher temperatures more ammonia is un-ionized. To avoid a loss of ﬁsh
due to toxic concentrations the pH-level should be maintained to stay below 7.5.

Figure 17 Dependency of ammonia and ammonium balance (Editorial, 2019)
Because of the pH-dependency of the balance between ammonia (NH3) and ammonium
(NH4+) the overall concentration of nitrogen in both compounds is often characterized as
total ammonia nitrogen (TAN). The highest impact of the TAN value can be reached at
high temperatures (32 °C) and high pH (8.4), where already 0.1 ppm could be toxic.
“The pH is the most important parameter for plants in an aquaponic system because it
inﬂuences a plant its access to nutrients.” (Fao.org, 2015). If the pH goes outside the
tolerance range, plants experience nutrient lockout. However, it is not possible to
maintain an optimal pH for all nutrients. In contrast, ﬁsh can tolerate a wide range of
pH, but can not handle changes of pH in a short period of time. Therefore, it is
important to keep the pH level as sTable as possible.
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To prevent the ﬁsh dying and the plants experiencing a nutrient lockout, it is necessary
to maintain and measure the pH daily. For small-scale aquaponics a net-bag with
crushed shells can be used as buﬀer system (Fao.org, 2015)

2.6.5 Nitrogen: Ammonia, Ammonium, Nitrite and Nitrate
Nitrogen enters the aquaponic system from the ﬁsh food as a protein. Some of the
protein is used by the ﬁsh to grow, whereas the rest is released as waste in the form of
ammonia (NH3) and ammonium (NH4+). Bacteria converts the ammonia in the ﬁrst step
into nitrite (NO2-) and in the second into nitrate (NO3-). (Fao.org, 2015)
Ammonia is toxic to ﬁsh. Some of the most common symptoms of ammonia poisoning
are: loss of equilibrium, impaired respiration, convulsions, red colouration and
inﬂammation on the gills. Ammonia poisoning leads will eventually kill the ﬁsh. High
levels of ammonia or lower levels over a long period, can result in ﬁsh stress, increased
incidence of disease and ﬁsh loss. Therefore the ammonia level should be close to zero
at all times.
Similar as ammonia, nitrite is also toxic to ﬁsh. High levels of nitrite prevent the
transport of oxygen within the bloodstream of ﬁsh. Low levels over a long period have
the same eﬀects on the ﬁsh as ammonia. Nitrate is the most accessible form of nitrogen
for plants because it is far less toxic than ammonia and nitrite. High levels of nitrate like
300-400 ppm (Connolly, Trebic, 2010) leads to excessive vegative growth and hazardous
accumulation of nitrates in leaves, which is dangerous for human health. (Fao.org, 2015)
It is very important to convert ammonia and nitrite to nitrate. As a cause of that it is
necessary to control the ammonia, ammonium, nitrite and nitrate levels to make sure
that the tolerating levels are not being exceeded and the conversion through the
bacteria is eﬃcient and ongoing.

2.6.6 Additional parameters
Nitrogen-depending parameters and functionality of bacteria should be checked with an
online measurement. One robuste option to check the overall nutrient concentration in
the system is an electrical conductivity sensor. Bacteria could be checked with a
redox-potential sensor. With daily online measurements trends can be earlier evaluated
and reacted to it.
The above mentioned parameters like temperature, oxygen and pH also can be
followed with daily online measurements.
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2.6.7 Parameter suggestion - northern European climate
The following Table 2 is a suggestion of parameters for an aquaponic system in north
Europa. It summarizes the chapter 2.6 Parameters and could be used as a general
recommendation for designing a system which should operate in Finland. Species of
cool water ﬁsh and cool weather plants should be selected so that they have optimal
growth conditions. Concentrations of ammonia, ammonium, nitrite and nitrate mainly
concern the ﬁsh and may diﬀer depending on the species. The parameters in Table 2
are already given in low concentrations, as they are generally lower for cold water ﬁsh
like described in chapter 2.4.1 Types of ﬁsh.
Table 2 Possible ranges of important parameters for an aquaponic system in northern
European climate
Cool water
Fish

Cool weather
Plants

Bacteria

Cool water
Aquaponics

Unit

Temperature

10 - 22

16 - 25

17 - 34

18 - 22

°C

pH

6 - 8.5

5.5 - 7.5

6 - 8.5

6.5 - 7

-

Dissolved oxygen

4-8

>3

4-8

>6

Ammonia (NH3)

< 0.1

-

-

< 0.1

<1

< 30

<3

< 0.5

Nitrite

< 0.1

<1

<3

< 0.1

Nitrate

< 400

-

< 400

5 - 150

Parameters

Ammonium (NH4+)

ppm

2.7 Design Calculations
To calculate the overall system design and to size the diﬀerent parts of the aquaponic
system this chapter contains calculations, recommended ratios and values of each
component. Like the parameters also the design calculations are species dependent,
especially the stocking of plants and ﬁsh. For example, carp can be stocked in a higher
density than trouts and salat needs a higher nutrient demand than parsley.
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2.7.1 Calculations ﬁsh and plant ratios
In the literature could be found many diﬀerent ways to calculate the stocking density for
ﬁsh and associated with it the necessary plant mass to clean the water. Some
calculations start from the available area for plants to calculate the mass of ﬁsh through
the necessary amount of nitrogen for the plants and from this the mass of ﬁsh feed. The
ﬁsh feed deﬁnes ﬁnally the mass of ﬁsh. Another way is to calculate the area for plants
starting from a given mass of ﬁsh. Hereby the calculation is based on the targeted
achievement of the aquaponic system. Also the size of the pond or tank could be the
limiting factor and therefore calculations should start from recommended ﬁsh/water
ratios. (Lennard, 2012)
Also important to know for calculations is that an Aquaponic system should be brought
after the start-up into a sTable phase. This means that all parameters keep the same
and the nutrient demand and supply stays sTable. All parts of the system have to each
time the same load rate and could be designed for this case. To reach such a system the
Nitrogen input (ﬁsh feed) and output (ﬁsh and plants) should keep steadily. In order to
capture this value of the system, it is necessary to stock ﬁsh and plants in diﬀerent sizes,
depending on the individual growth rate. If one part of the system is harvested and
restocked there should always be enough material in the system to maintain
approximately the targeted values of parameters.
Feed conversion rate
The feed conversion rate (FCR) “is the mathematical relationship between the input of
feed that has been fed and the weight gain of a population” (Aquaneo-Techna, n.d.) and is
calculated by dividing the given feed through the animal weight gain. The animal weight
gain could be obtained by subtracting the stocking mass from the ﬁnal end mass of all
ﬁsh. Figure 18 shows FCRs of diﬀerent ﬁsh species and shrimps. It could be used to
calculate the necessary feed in diﬀerent growing stadiums and refers to the individual
weight.

Figure 18 Comparison of FCR among diﬀerent ﬁsh species and shrimps (Aquaneo-Techna,
n.d.)
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Fish ratios
Each ﬁsh species needs a diﬀerent ﬁsh/water ratio. Another dependency of the stocking
density is the ﬁsh length. Because the ﬁsh grow with time and if it is not targeted to
move them the stocking density Ddensity in formula 1 could be also named harvest
density. C density is a ﬁsh species dependent empirical value and L is the length of the ﬁsh
which should be stocked or harvested. (Sterzelecki, Tidwell, 2012)
Nitrosomonas:
Ddensity =

L
C density

[1]

The unit of ﬁsh density is usually k g /m3 . Formula 2 shows an example calculation for a
trout species with a C density of 0.34 m3 · cm/kg (for L in cm ) and a stocking length of 5 cm
(ﬁnger length).
Ddensity =

5 cm
0,34 m3 ·cm/kg

= 14, 7 kg /m3

[2]

Growing ﬁsh in maximum density require expert management skills. To avoid high ﬁsh
losses, it should be mentioned that new growers should start with half of calculated ﬁsh
density. (Sterzelecki, Tidwell, 2012)
Plant ratios
In the case of dimensioning the system based on the mass of ﬁsh, there are again
diﬀerent possibilities to calculate the total mass of plants in the system.
VegeTables per ﬁsh
The ﬁrst method uses an empirical studies in which 0.5 to 10 kg of plants per kg of ﬁsh
can be grown. This is a very big span but usually it is possible to produce with a ratio
higher than 5. With knowing the mass of plants and the type of vegeTables to grow it is
possible to calculate the necessary area which should be provided for the water
treatment or expressed otherwise to use the produced nutrients. (Martin, 2017)
Fish food per square meter
The second method uses the NH3 cleaning area of the roots. The ratio of this calculation
is then based on the input of food which will be transformed partly into ammonia.
Without including the eﬃciency of the bacteria (temperature-dependent) and diﬀerent
ﬁsh metabolism which is connected to changes of protein content (Nitrogen) in the ﬁsh
food, it is a very approximate ratio. In the literature it is recommended to use a ratio of
60 - 100 g ﬁsh food/m2/day, using 80 g for a saver calculation. With the mass of ﬁsh
which is to be achieved per year mﬁsh/year and the feed conversion rate F CR related to
ﬁsh species, the necessary surface of growing area Plants could be calculated. The
surface forms the basis for calculating the mass of vegeTables for diﬀerent plant
varieties. Formula 6 shows the calculation of the growing area with a ﬁsh food rate.
(Martin, 2017)
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Aplants = mf ish, year ·

1
365 yrd

· F CR ·

1
g
80 m2 d

[6]

By starting the calculations from the hydroponic side, named ratios could be also used
to calculate the amount of ﬁsh and the species dependent necessary volume of water.
To summarize above discussed and described possibilities to calculate the stocking of
ﬁsh and plants, in the following Table 3 are listed important concepts and units of each
component.
Table 3 Important concepts and units for calculating the mass of ﬁsh and plants for stocking
an aquaponic system
Mass of ﬁsh

●

Ammonia as basis (ﬁsh feed)
○
Feeding rate
○
FCR
○
Empirical values

●
●
●

NH3 cleaning area of roots
kg plants / kg ﬁsh
Fish feed / m2 / day

Mass / area of plants

●

Plants / m2

Watervolume

●
●

kg Fish / m3 water
individuums shrimps / m2
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2.7.2 Calculations water treatment
Bioﬁlter tank
The goal of the bioﬁlter is to convert the ammonium into plant available nitrate. It
follows that the design is based on the mass of ammonium produced and thus ﬁrst the
ammonium has to be calculated which enter the system via the food.
Nitrogen is found in ﬁsh food as a source of protein. Fish food can contain 5 to 50 % of
protein but usually studies work with 32 % of proteins. The average content of N in
proteins is 0.16 g N per gram protein. From this mass of Nitrogen will enter the water 61
%, 55 % in the form of urea and 6 % in undigested food, which is not used by the ﬁsh. To
close the transformation of nitrogen, in the end 1.2 gram of NH3 is produced per gram
N. If the normal growing ratio for aquaculture of 1% per day should be achieved, it is
necessary to feed the ﬁsh with a mass of about 2 % of their weight. With the previous
values it is possible to calculate the mass of produced ammonium in kg/day, which
forms the basis for calculating the surface area of necessary bacteria for the conversion
into nitrate.
Depending on the environmental conditions the activity of the bacteria varies usually
between 0.2-2 g NH3 /m2 surface/day. Because this is a big span of eﬃciency, 0.57 could
be used to be on the safe side. For the calculation of the ﬁnal amount of bioﬁlter
material the last needed value is the surface area per bioﬁlter material unit. The unit
could be a dimension of weight, volume or the number of used material. The following
Table 4 gives some examples of used materials for bioﬁlters for a rough idea of their
surface areas. (Martin, 2017)
Table 4: Surface areas for used bioﬁltration materials and necessary volume per g of ﬁsh feed
(Martin, 2017)
Material

Surface area per unit
(m2/m3)

Volume required
(Liter material / g of ﬁsh feed)

Bio balls (design dependent)

300-600

0.5

300

1

volcanic gravel

To calculate the exact amount of ammonium, it is necessary to know the ﬁnally used ﬁsh
food, which is related to the choice of the ﬁsh. Because the bioﬁlter is the part in the
system which converts the most ﬁsh-toxic un-ionized ammonia into less toxic nitrate the
bioﬁlter should be always oversized. So the exact calculation of bioﬁlter size plays a
subordinate role. (Martin, 2017)

Final Report | Aquaponic System

45

Settling tank
The size of the settling tank depends on the settling eﬃciency. In the literature there are
recommended diﬀerent designs. In smaller scale aquaponic systems it is common to
use the same size as used for the bioﬁltration tank. Both parts of the water treatment
are usually oversized to be on the safe side and to avoid high maintenance for this part
of the aquaponic system. If it is recognized that the eﬃciency of the settling tank is too
low, it can be increased by implementing more surface If the The following Table 5
summarises above discussed calculations for the water treatment design.
Table 5 Important concepts and units for calculating the size of settling and bioﬁlter tank
(Thorarinsdottir, 2015)
Settling tank

●
●
●

Settling eﬃciency (design dependent)
stocking density of ﬁsh
Small scale: same size as bioﬁlter

Bioﬁlter

●
●

Surface area / m3 (design dependent)
Conversion eﬃciency of bacteria
(temperature dependent)
○
Temperature
○
Water salinity
○
Water exchange rate in bioﬁlter tank
○
Fish stocking density
○
Fish feed content
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2.7.3 Calculations water supply
Generall water circulation
The calculation of the water pump size to circulate the overall water value is based on
the stocking density. For a high stocking density of 30 kg ﬁsh/m3 an overall water cycle
of two times per hour is recommended. This means that for a tank of one m3 a water
ﬂow of 2000 liter per hour is needed. If the ﬁsh stocking is lower the circulation could be
reduced to its half. (Martin, 2017)
Flow rate for diﬀerent systems
It is also necessary to calculate the ﬂowrate that plants need for optimal growth
conditions. In the literature diﬀerent ﬂow rates for DWC, NFT, MBC and for the vertical
tower could be found. Often the ﬂows of the hydroponic system is connected to the ﬂow
which is provided for the ﬁsh tank. The ﬂow rate is usually dependent on the length of
the NFT or towers and measurements of the MBC or DWC.
Water pump
A common water pump is the usual way to move water in an aquaponic system. In
aquaponic systems it is possible to have also a higher concentration of solids and parts
of algae in the water. Therefore a robust pump should be used. Because it is one of the
most expensive parts, it is possible to replace the water pump with an airlift. Airlifts have
no moving parts and are less susceptible to clogging. However the implementation
needs some knowhow and practical tests. Therefore it is recommended to use a
standard water pump for starting up a new system. (Storey, 2016-b)
Airlift
In the literature there could be found some examples for calculating the air needed for
pumping a special volume of water to a special height. However this calculations are
only examples because there are many diﬀerent designs that have very diﬀerent
eﬃciencies. Important to know is that airlifts have the best eﬃciency if these are used
for pumping water between small diﬀerences in water levels or just to circulate water
on the same level through ﬁlter systems. Another economic factor is that it is only
necessary to buy an air pump instead of an additional water pump. Also combinations
of a small low energy consuming water pump and an airlift could be used. (fao, 2015)
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2.7.4 Calculations air supply
Calculation for DWC
In a deep water culture the roots are submerged into the water they have a lack of
oxygen supply (2.2.1 Main types) and therefore optimal growing conditions can only be
achieved by supplying oxygen in form of air to the DWC tank.
Calculation for ﬁsh tank
The air supply in the ﬁsh tank for dissolved oxygen (DO) is the most important part.
Depending on the ﬁsh species the minimum DO-level should be between 4 to 6 mg/L
and is therefore the ﬁrst limiting factor. Up to a stocking density of 45 kg/m3 oxygen
supply by aeration with air is suﬃcient. In literature this is marked with aeration. DO
supply with pure oxygen is then used for higher stocking densities (Strzelecki & Tidwell,
2012)
Calculation for bioﬁlter
Also the bioﬁlter requires air supply. Bacteria converts the ammonium produced by the
ﬁsh with oxygen into nitrite and in a second step into nitrate. In the literature there
could be found general ratios for the air supply. Another possibility is to calculate
roughly the amount of oxygen for converting a special amount of ammonium into
nitrate and from this the volume of air.
Calculation for airlift
If an airlift should be used instead of a water pump it signiﬁcantly increases the amount
of air to be provided. Because without practical experience it is diﬃcult to estimate the
necessary ﬂow of air, the air pump should be oversized to avoid a collapse of the
system. Calculation programs like “Airlift Basic Calculation” from M. Eljammal could be
used (https://de.scribd.com/document/206903835/Airlift-Basic-Calculation).
Additional information could be found in:
● “A new method of selecting the airlift pump optimum eﬃciency at low
submergence ratios with the use of image analysis” from Ligus, Zając &
Masiukiewicz
(https://pdfs.semanticscholar.org/c5e5/224dacb06de31977e1469f173e3c5655b3
40.pdf).
● “An experimental analysis of two phase ﬂow for air lift pump design” from Awari,
Ardhapurkar & Wakde
(https://www.witpress.com/Secure/elibrary/papers/AFM04/AFM04027FU.pdf).
● “Air-Lift History and Air-Lift Pumps” from Johnson
(http://www.northidahokoikeepers.com/sitebuildercontent/sitebuilderﬁles/air-lift
presentation.pdf).
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Table 6 Summary of possible components to calculate for the air and water pump
Air pump

●

●
Water pump

●
●
●

Oxygen supply
○
Fish tank
○
DWC
○
Bioﬁlter
Airlift (design dependent)
Water circulation
pumping hight
○
Tank volume cycle 2x / hour
Flow rates for diﬀerent systems
○
DWC, NFT, MBC

The Table 6 above shows the components of an aquaponic system which should be
generally considered for calculating the water and air pump. Because these are the key
factors of an aquaponic, both is recommended to be always oversized. For the ﬁsh tank
and bioﬁlter it is important to provide enough oxygen to convert the ammonium, for the
water pump to reach a high enough ﬂow for cleaning the system and moving solids and
nutrients. Especially if an airlift should be implemented, a separate inﬁnitely variable air
pump is practical.

2.7.5 Practical system design for small-scale
The following Table 7 shows a practical system design for small-scale aquaponic
systems, recommended from fao. This could be used as general calculation values for
ﬁsh and plant stocking. However it should be known, it is not species-dependent and
therefore only as an approximation to evaluate.
Table 7 Practical system design for small-scale aquaponic units (fao. 2015)
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2.8 Controlling aquaponics
Checking and controlling the aquaponic system regularly is very important to detect
potential problems and solve them before they damage the plants and/or ﬁsh. Visual
checks of plants and ﬁsh is required, but there are other elements that can be checked
without being physically next to the aquaponic thanks to sensors. The control system of
the project can be divided into six modules: a data acquisition unit, an alarm unit, a
system rectiﬁcation unit, processing units, a graphical user interface and a data storage.

2.8.1 Data acquisition unit
The data acquisition unit is made of various sensors which continuously collect data
from the aquaponics. The main sensors needed for the project are a water temperature
sensor, a water ﬂow rate sensors, a light sensor, a pH level sensor that collects the pH
level in the system, an air temperature and humidity sensor, a dissolved oxygen level
sensor, a soil moisture sensor, and an electrical conductivity sensor to check the
nutrient and salinity levels

2.8.2 Alarm unit
Problems are detected by deﬁning a range of accepTable values for a sensor and alert
when the sensor detects a value outside of this range. There are diﬀerent means to alert
the user, such as a buzzer or an alert on the graphical user interface.

2.8.3 System rectiﬁcation unit
When a sensor reads a value outside of its range, the system can either alert the user or
rectify the system on its own. At that time is when the system rectiﬁcation unit is
needed. It can adjust the system by activating diﬀerent actuators, such as a water
heater, a secondary water pump, and one Servo-Motor that dispenses ﬁsh food at
certain moments of the day to ensure ﬁsh growth.

2.8.4 Processing units
First, the diﬀerent sensors used can only transform a physical quantity (pH,
temperature, humidity…) into an electric current. This current then needs to be detected
and transformed into something understandable for the user. To do so, the information
will go through two processing units. The ﬁrst one is a microcontroller. In this project,
Arduino microcontrollers will be used. Arduino boards can be ﬁtted with shields that
allow the user to add functionalities. For instance, a Grove Mega Shield will help to
reduce the number of connections on the breadboard.
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Arduino boards operate with a 5V energy supply, it is then impossible to control electric
equipment that use more than 5V (12V, 24V, 230V…) by wiring it directly to the Arduino
board. To do so, relays can be used. This allows to control higher voltage actuators by
switching on and oﬀ the respective electric circuits.
Microcontrollers are great to read the data from the sensors, but they are not made to
store or present the data to the user. To do so, a real computer is needed as the Central
Control Unit for the entire system. A popular solution is to use a Raspberry Pi, it is a
small and inexpensive computer. The Raspberry Pi will act as the central node of the
network, actuators, motors and sensors. It will be the interface between the sensors and
the user. The recent versions of Raspberries (Raspberry Pi 3B+ for example) have Wiﬁ
and Bluetooth built-in so this could be the best option for the microcontrollers to send
the data. For the user to see the data, a Graphical User Interface is needed. To do so, a
screen, a mouse and a keyboard can be connected to the Pi or a website can be hosted
on it. (Ya Kyaw, T., Keong Ng, A. 2017)

2.8.5 Graphical User Interface (GUI)
The Graphical User interface (GUI) is the connection between the user and the
aquaponic system and all of its sensors. A GUI usually shows the state of diﬀerent
sensors, their history and the ability to control diﬀerent actuators. All these elements
are generally compiled into a dashboard.
To make the aquaponics easy to use, a GUI must be integrated into the system. The ﬁrst
objective was to create a GUI that would be accessible through the internet. So that a
physical access to the aquaponic is not required to monitor it. The ﬁrst option that came
to mind was building a website. This method, especially the web server, requires a lot of
knowledge and can be diﬃcult to learn as a beginner. so, other options that would allow
the group to do the same thing but without spending as much time learning the
language.
Python is a programming language that is often considered as “beginner-friendly” as it is
well documented with a lot of online resources and already made libraries . Python is a
good ﬁt for the project. There is a library to create a GUI connected to the Raspberry Pi.
If an online version of the dashboard is needed, Python can also be used. This will of
course take more time and eﬀort, but a “web version” of the dashboard can be created
using Django. Using Django as the back-end is not as common as using Node.js for
example but it is used for websites such as Instagram or Mozilla.
The ﬁrst objective will then be to program the local GUI using Python and if time and
resources are available, a web version and/or a mobile application of it can be
programmed. This will allow the user to display sensor values and remotely control the
actuators.
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2.8.6 Data storage
All the data from the sensors must be kept and stored into a system. This data could be
useful to have a better understanding of how the aquaponic behaves and evolves over
time. After research, RethinkDB is the best suited option. RethinkDB is a free and
open-source database. It has been developed especially for real time applications, which
is exactly what the setup will consist of: it will receive data from the sensors and send it
back to the user through the GUI in real time. This database solution is compatible with
either Python or Node.js if the back-end changes in the future for whatever reason.
(RethinkDB, n.d.)
A simpliﬁed idea of our setup is shown in the following Figure 19.

Figure 19 Setup idea.

2.8.7 IoT and cloud-based solutions
Nowadays, smart and connected objects are becoming more and more present in our
society. To monitor the IoT (Internet Of Things) elements, diﬀerent solutions exist. For
instance, Wapice (Wapice, n.d.), Arduino IoT Cloud (Arduino, n.d.), Thingsboard.io
(Thingsboard.io, n.d.), Thinger.io (Thinger.io, n.d.) or Temboo (Temboo, n.d.).
The main advantage of using these technologies is that most of the programming work
is already done. There are already programmed parts of code to perform diﬀerent tasks
that can be combined and used to suit the project. The open-source solutions are
generally preferable as they are usually well documented, regularly updated and do not
rely on a corporate company to work.

Final Report | Aquaponic System

52

2.9 Aquaponics and 3D printing
For the project, 3D printing oﬀers many advantages compared to conventional
manufacturing techniques. In this chapter, some prinTable parts and systems that can
be used in the Hygrow project are described. For more information about 3D printing,
see ‘Handoﬀ package/02. Aquaponics research/02. Aquaponics research/6 3D printing’.

2.9.1 PrinTable parts and systems
3Dponics system
The following Figure 20 shows a hydroponic system available at 3Dponics website that
uses 3D printed parts and waterproof material that is really easy to get. With the help of
an air pump and a rubber tub, the water can go to the top of the system that is held
with bamboo sticks. On this point, the water starts falling to the ﬁrst vegeTable that is
planted with the help of a cut bottle. This one has a hole above so the water can ﬂow
until the last plant below. There is a tank where the water stays until is pumped again to
the top. (Zoe, 2015), (3dponics.com, 2015), (Grunenwald, S. J., 2015).

Figure 20 3Dponics system. (3dponics.com, 2015)
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Materials:
●
●
●
●
●
●
●
●
●
●
●
●
●

3D printer
4 empty plastic bottles (can be printed)
Hagen Marina 200 Quiet Aquarium Air Pump
10 feet of rubber tubing
20 zip ties
2 bamboo sticks
Support structure with a top hook (e.g. a coat stand)
Growth medium (e.g. gravel)
4 small plant of choice (e.g. tomatoes, peppers, herbs)
8 l reservoir
Scissors
Knife
Hole punch

The empty plastic bottle can be downloaded and 3D printed from Thingiverse. In the
next Figure 21 it shows in detail a 3D CAD design of the cut bottles.

Figure 21 Detail of the empty plastic bottle. (Snabel_a, 2019)
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In the next Table 8 below there are some comparisons about the system.
Table 8: Strengths and weaknesses of the 3Dponics system.
Strenghts
●
●
●
●
●
●

Weaknesses

Easy to build
Cheap
Easy maintenance
Light weight
Little space
Done before - success guaranteed

●
●
●
●
●

Light diﬃcult to control around all the plants
No ﬁsh – try both systems
Less plants
Water ﬂow 24h/day - energy 24h/day
Done before - not a challenge

To summarise, this system is easy to build and cheap, but not suiTable in big scale
because it cannot be used to grow a large number of plants. The 3D CADs from the
team are freely available on their website and they just occupy a small space. It is a
suiTable system to start for hydroponics beginners.
Filters
Other possible pieces to print can be some ﬁlters for the ﬁsh tank and for the debris of
the plants, as the ones of the following Figures: Figure 22, Figure 23 and Figure 24. Not
many ﬁlters have been founded and their sizes are limited, so the team concluded that
the best choice would be a team its design.

Figure 22 Filter 1. (DrLex,
2017).

Figure 23 Filter 2. (DrLex,
2017).

Figure 24 Filter 3. (The
Walrus, 2017).

Spray nozzle
Having a spray nozzle is necessary to move the water more and and force the debris to
go to the ﬁlter tank, and as a consequence, helping the bacteria to grow. For this piece,
there are also options online as the one below Figure 25.

Figure 25 Nozzle 3D CAD. (Robots-dreams, 2013).
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Pots
There are also some pots that can be downloaded and printed, as Figure 26, Figure 27
and Figure 28. However, the team can design them into their exact sizes.

Figure 26 Pot 1. (Planmaker,
2019).

Figure 27 Pot 2. (Cochayuyo,
2019).

Figure 28 Pot 3. (Torres,
2019).

Bioballs
Bioballs are the basic material to put into the bioﬁlter tank, with the help of them,
bacteria will grow faster. In the internet there are some examples of bioballs that can be
downloaded and 3D printed. Here are some examples: Figure 29, Figure 30 and Figure
31.

Figure 29 Bioball 1. (JHelzer,
2014).

Figure 30 Bioball 2. (Lalo
101097, 2016).

Figure 31 Bioball 3.
(Amedrano, 2014).

Compost shredder
A composTable shedder in an aquaponic system is used to chop the residues that come
from the plants. If it can produce a bigger moment, it will be able to mince harder waste.
The following Figure 32 and Figure 33 show the available design, that can be printed
with a moment of 25Nm or 70Nm depending on the size. This second version it is
known that can chop any vegeTable and fruit and also chicken bones. The price to print
all the parts is less than €55.
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The material needed are 23 screws of diﬀerent normalized sizes, two square pipes, four
ball bearing and 1kg of PLA ﬁlament. If the price is compared to other products on the
market, this shredder is at least 50% cheaper. All the parts are open source and there
are also instructions that explain how to build it. (Krassenstein, E., 2014), (F, W., 2015).

Figure 32 Compost shredder example 1.
(Jones, J, n.d.).

Figure 33 Compost shredder example 2.
(Jones, J, n.d.).

2.9.2 Conclusion
3D printing is a good option for some customized pieces from the aquaponics. However,
standard and big pieces should be purchased. The pieces that do not have to be
transparent should be made of ABS. If it is a requirement of the design that a piece
ﬂoats, HDPE can be used, but the ﬁnal product will not have the same quality as an ABS
one. When a see-through material is required, PETT is a good option, although it has
special requirements in the way it should be 3D printed. Finally, PLA can be used for the
parts that are not going to be in contact with the water. In the following Table 9 the
materials are compared in order to have their characteristics in a more visual way.
Table 9: 3D printing materials comparison.

After surﬁng the Web, some designs of pieces have been chosen as the most suiTables
for the aquaponics. Probably not all of them can be used in the project, and it is a task
of the group deciding the best ones. In any case, there is also the option of modifying
some sizes of them or being inspired by them to design other elements.

Final Report | Aquaponic System

57

2.10 Lighting
The aquaponic system needs light for the well being of the ﬁsh and to support the
growth of the plants. Relatively normal lighting can be used for the ﬁsh, but the plants
need speciﬁc light frequencies and intensity for optimal growth. Fish need to be able to
tell the diﬀerence between day and night, while plants need a speciﬁc amount of hours
of light per day.

2.10.1 Light for plants
Requirements
Plants use light as an energy source during photosynthesis. Their requirements
regarding indoor growing can be broken down into three sections: required
wavelengths, intensity and photoperiodism (amount of light hours per day).
Wavelengths
Conventional plant growing uses sunlight as a lightsource. However, plants are exposed
to much more than just visible sunlight. Figure 34 displays the emitted radiation
frequencies of the sun.

Figure 34 Emitted radiation frequencies of the sun. (Fondriest, 2019 - a)
It is clearly visible that the radiation which reaches the earth is largely composed of
visible light an infrared (IR) light, combined with only a small amount of ultraviolet (UV)
light. It is also useful to know that the color temperature of the sun is 5900 Kelvin (K) on
average, with a peak irradiation at 500 nm. ("Principles of Remote Sensing", 2019)

Final Report | Aquaponic System

58

The question that now arises is whether plants actually need all of these wavelengths.
The short answer is no. To understand this, Photosynthetically active radiation (PAR) has
to be included in the research. PAR is the part of the solar radiation spectrum that
plants can use during photosynthesis. The PAR spectrum is equal to the visible light
spectrum for humans, 400-700 nm. This excludes UV and IR radiation. UV light cannot
be used because of its higher energy density, which can lead to the destruction of
molecular bonds. This can aﬀect DNA or other crucial parts of plants. IR light on the
other hand has an energy level which is to low that it does not have enough energy to
activate molecules for photosynthesis.
Within plants, chlorophyll ‘a’ and ‘b’ are the most important pigments when it comes to
capturing and using the light. Figure 35 shows the wavelengths in which they operate.

Figure 35 Light Absorption for Photosynthesis. (Hyperphysics, 2019)
It is visible that chlorophyll operates in the 400-500 nm (blue) and the 600-700 nm (red)
band. Extra pigments such as carotenes, take up and use some of the green light.
However most of the green light is still reﬂected, which causes humans to perceive
plants as green. In Figure 36 is the rate of photosynthesis displayed in relation to the
wavelength. It is apparent that blue and red light are favourable for plant growth.
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