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Abstract

The purpose of my Automatic Aquaponics engineering project is to provide a way for people to

grow fresh and healthy foods, while saving as much water, time and energy as possible. The best way to

accomplish this is by automating aquaponics. In this case, automating means to convert to automatic

operations, using electronic devices that take the place of human labor once the system has been built

and set up by a person. Aquaponics is a food production system that combines the growing of plants

with raising fish. I was able to automate an aquaponics system that I built by using an Arduino

microcontroller, Bluetooth module, temperature sensor, water level sensor, servos, relays, and a real time

clock. Then, I built a garden bed from the top portion of a plastic drum and filled the top with lava rocks

to hold the plant roots in place.
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Introduction

Aquaponics is a mix of aquaculture (raising fish) and hydroponics (growing plants without soil).

Aquaponics is a symbiotic relationship of a growing system where raising fish and growing plants takes

place at the same time (North, 2016). As fish live, they generate waste and that waste has ammonia in it,

which is then turned into nutrients for the plants because of beneficial bacteria that happens to be in the

aquaponics system (Bacteria's Role In Aquaponics, 2022).  Beneficial bacteria grow and live in the

biofiller, which is an area in the bottom of the growing tank, and this is where ammonia gets turned into

nutrients for plants to grow (Aquaponics Biofilter: What Is It and How Does It Work?, n.d.). Then as the

plants grow, they pull the nutrients out of the water, helping fish to be healthier because they are living

in a cleaner environment (North, 2016).  But before the plants can use the fish waste as nutrients, it has

to go through a process called nitrification (Bacteria's Role In Aquaponics, 2022).

Nitrification is a process where the ammonia from the fish waste becomes covered in turn with

nitrosomonas and then becomes nitrites. The nitrites then become nitrates because of nitrobacter.

Nitrobacter is a bacteria that eats away at nitrites, and as this happens nitrites are becoming nitrates.

Plants grow really fast and well, when they absorb nitrates. Too much nitrites can kill fish and too little

nitrates can kill fish, so it is really important and in an aquaponic system nitrites are always becoming

nitrates. It is also important that an aquaponic system has a dark space, with good water, satisfactory

food, and oxygen, or nitrification might not happen. (Bacteria's Role In Aquaponics, 2022). There are

many other factors that have to happen for an aquaponics system to work, such as the pH of the water,

temperature of the water, dissolved oxygen, general and carbonate hardness of water, ammonia, nitrites

and nitrates.

The pH of the water in an aquaponic system is also very important. The pH of the water needs to

be a pH that plants, fish, and bacteria live and do well in. For fish, the best pH for them to live and do
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well is pH levels from 6.0 to 6.5. For bacteria and fish, the best pH for them is pH levels from 6.0 to 8.5.

So, the best pH range for an aquaponics system is from 6.8 and 7.2. If the pH level of an aquaponic

system is too low, this will cause the fish stress and slow down the nitrification process.  The pH of an

aquaponic system may drop because of the plants being grown in the aquaponics system, something

with the nitrification process went wrong, a growth in the water, and/or the type of water being used in

the aquaponic system. If the pH level of an aquaponic system is too high this will stop the nitrification

process. Reasons why the pH of an aquaponic system may drop is most likely because of carbonate

buildup. Sodium hydroxide is commonly used to raise the pH level in an aquaponics system and

phosphoric acid is commonly used to lower the pH level in the water in an aquaponics system (The

Importance of pH in Aquaponics, 2021).

General and Carbonate Hardness of water in an aquaponics system need to be just right. General

hardness of the water affects pH, but carbonate hardness affects the pH of an aquaponics system even

more. Carbonate Hardness acts as a sponge that soaks up acid and/or base in an aquaponics system. It is

better to have a higher level of carbonate hardness than a lower carbonate hardness. This is because the

more carbonate hardness that is in an aquaponics system means that you have more of a buffering

capacity, and that means that you have a better chance of pH adjusting in a good way in an aquaponics

system, so that your plants, fish, and bacteria are healthy and continue to grow (Sawyer, 2019).

Carbonate Hardness is commonly known as KH, is the amount of carbonates and bicarbonates in water.

KH should be around 70-140 parts per million for an aquaponics system. General Hardness, known as

GH is the amount of calcium and magnesium ions in aquapon’s water. GH should be about 70-210 parts

per million for an aquaponics system (The Fish Keeper's Guide to pH, GH, and KH | Water Chemistry

101, n.d.).
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The temperature of water in an aquaponics system is also another very important factor that

needs to be just right for an aquaponic system to function properly. Water temperature affects the health

of the fish, plants, and bacteria. But, water temperature also affects the breakdown rate of waste in the

water and the uptake of nutrients of the plants. For tropical fish the best water temperature is between

71-89 °F. For cold-water fish the best water temperature is between 50-64°F.  For most vegetables the

best water temperature is between 64-86°F, however vegetables like lettuce and cucumber need the

water temperature 46-68°F, and leafy greens need the temperature to be right around 78°F. For bacteria,

the best temperature is 62-93°F. Based on what type of fish is being used and what type of plant is

grown, the best water temperature range for aquaponics is anywhere from 68°- 86°F  (The Effects of

Water Temperature in Aquaponics, 2021).

Dissolved oxygen is not only an indicator of water quality in an aquaponics system, but without

dissolved oxygen the fish would not be able to breath under the water. Not only do fish need dissolved

oxygen to breath, but the plants and bacteria need it too. Plants need dissolved oxygen for respiration, to

be able to strengthen their roots, and for nutrient uptake. Bacteria need dissolved oxygen for the

nitrification process to happen and for respiration. Most fish need the range of dissolved oxygen to be

4-5 mg/liter. Warm water fish need about 5 mg/liter of dissolved oxygen, and coldwater fish need about

6.5 mg/liter of dissolved oxygen. Plants need about 3 mg/liter or less of dissolved oxygen, or things like

root rot can happen. Bacteria need levels of dissolved oxygen to be about 4-8 mg/liter. Factors like the

temperature of the water, weather, uneaten fish food, and the growth of algae can affect the amount of

dissolved oxygen in an aquaponic system. (The Importance of Dissolved Oxygen in Aquaponics, 2021)

The level of ammonia in an aquaponics system is very important, as too much can kill fish and

too low can cause the plants to die. Ammonia is what starts the nitrogen cycle and without the nitrogen

cycle plants would never be able to grow. Without ammonia, the nitrogen cycle would not be able to
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happen and the plants would not even be able to live. Ammonia is most commonly known to come from

fish waste and it does, but it also comes from a fish’s gills (The Role of Ammonia in Aquaponics

Systems, 2021). Ammonia is a gas that has nitrogen and hydrogen in it and if there is too much

ammonia, ammonia poisoning can take place. Ammonia poisoning is the most common disease for fish

that do not live in the wild. One of the most common signs of ammonia poisoning is chemical leaves

stains on a fish, this can happen on a fish's eyes, gills, or fins (Ammonia Poisoning - a Toxic Killer for

Koi and Other Fish, n.d.).

Nitrites and nitrates are also very important for an aquaponics system. Without nitrites and

nitrates, the nitrogen cycle could not happen. Then there would be too much ammonia and the fish and

plants would both die. Nitrates are needed in an aquaponic, so that plants can grow. Nitrogen is needed,

so that plants and the fish can live and continue to grow. Nitrates reduce the amount of  concentration of

ammonia and help to prevent ammonia poisoning. Nitrogen is also needed for chlorophyll for a plants'

photosynthesis (The Role of Nitrates in Aquaponics Systems, 2022). Chlorophyll makes food for

photosynthesis, so that it can take place (Peters, 2022). According to nationalgeographic,

“Photosynthesis is the process by which plants use sunlight, water, and carbon dioxide to create oxygen

and energy in the form of sugar” (Photosynthesis, 2022). The ideal nitrate level to have in an aquaponics

system is 300 to 400 mg (The Role of Nitrates in Aquaponics Systems, 2022).
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Materials

● Plastic food-safe 55 gallon barrel (the one I am using is a clean, recycled blue container that

originally held vinegar)

● Water (from harvested rain and/or home garden hose)

● Water temperature sensor, water level sensor, resistor

● Breadboard for building temporary circuits and LED lights for testing

● Arduino Microcontroller and Bluetooth module

● App Inventor and smart phone with the app installed on it

● Servo, Relay, and H-bridge

● Hook-up wire and small wood board to hold the electronics

● Soldering iron and solder (to join wires together to complete circuits)

● Safety wire and hooks

● DC water pump, no-pressure ball valve, and clear plastic water tubing

● Hot Glue Gun and Glue Sticks

● Extension cord to supply electricity from outlet to electronic parts (a solar power panel could

also be used)

● Lava rocks and shovel

● Power drill and jigsaw

● Wire cutters and screwdriver

● Sharpie marker, ruler, scrap cardboard, scissors, work gloves, safety goggles

● Goldfish, approximately 10, purchased from pet supply store and fish food

● Small Lettuce plants from garden center - all dirt gently rinsed away from roots

Methods

There are different types of sensors that are used to measure things in water. These sensors

include sensors for measuring pH of the water, temperature of the water, level of the water in the tank,

dissolved oxygen, general and carbonate hardness of water, ammonia, nitrites and nitrates. Most of these

sensors are not needed for a basic aquaponics system to become automatic and they are expensive. The

only types of sensors that are really needed to be used for automating an automatic system are a

temperature sensor and a water level sensor. However, if a person would want to make an automatic
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aquaponics system for marketing purposes, someone would most likely want to use all of these sensors

to not have to spend the time to test the water of all of these things that are very important and have to

be just right for an aquaponics system. According to my research, the parts that are needed to make an

aquaponics system automatic are a microcontroller, Bluetooth module, temperature sensor, water level

sensor, servo, and relay.

An Arduino is a type of microcontroller that is made by the brand called Arduino. A

microcontroller is an integrated circuit and a self contained computer that work together to be able to

create many different things. (Babu & Tomy, 2020). A Bluetooth module for an Arduino would be

needed to send and receive data through an app on a phone to the microcontroller. App Inventor was

made by MIT and allows anyone to be able to make apps for any type of Android phone (What Is App

Inventor?, n.d.). A Bluetooth module uses Bluetooth to communicate with an Arduino and anything else

that the microcontroller is connected to. Bluetooth is a type of radio communication used as a wireless

alternative to other different types of radio communication (Pelayo, n.d.).

A water level sensor module would be needed to be able to tell the microcontroller that the grow

bed is full of water, and then make the next steps on the program happen. A temperature sensor would

be used to measure the temperature of the water in the aquaponics system, to make sure that the

temperature of the water is a healthy temperature for both the fish and the plants. A water level sensor

would be used to tell the arduino that the grow bed is full of water and then the next steps of the program

need to happen. A real time clock would be used to keep track of when to flood and drain the

aquaponic’s  grow bed. A real time clock uses a battery to keep the real time at all time and even if

power were to be cut from the rest of the system for years, it would still keep the real time (Real Time

Clock Module Hookup Guide - SparkFun Learn, n.d.).
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A servo is a type of motor that rotates forward or backward in part of a rotation to a position

based on input. A servo does not continue to spin as a normal motor would. There are two different

types of servo: an AC (alternating current) servo motor and a DC ( direct current) servo motor (The

Purpose of Servo Motors | Fuji Electric Product Column, n.d.).  I will use it to control the fish feeder, by

having the servo move PVC pipe that is inside another pipe with fish food inside of it, moving back and

forth feed to the fish. A relay is a type of electric switch that converts small electrical currents into large

currents using electromagnetism (Johnson, 2019). A relay will be used for helping the microcontroller

control power the water pump and the water valve, which needs a lot more power than what the

microcontroller can give, which is 5 volts and the needed amount of volts is 12 volts to power a DC

water pump. My relay will be used like an on/off switch. An H-bridge is used for applying amounts of

power to other types of devices, such as a motor or in this case a no-pressure ball valve that is going to

be used for draining the growbed (H-Bridges, n.d.). In my system, the H-bridge connects to the power

supply.

I built my automatic aquaponics system by cutting off the top of the barrel, flipping the top

portion to create a grow bed, and filling it with lava rocks to hold the plants. I used a Sharpie marker and

ruler to mark a line to cut along, then cut off the top with a jigsaw. I placed the inverted top in the base

and held it in place with safety wire. I made a cardboard template for cutting out the access openings on

either side of the barrel base. I attached the water pump, tubing and other materials as listed, as well as

the board of electronics. I soldered wires together to complete circuits of my electronic parts on the

wood board. I hung the pump and wood board of electronics on the side and plugged in a power supply.

I put water in the bottom portion of the barrel and the pump part pumped water through the tubing and

into the grow bed, using the Arduino microcontroller.
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For the programming portion of my engineering project, I connected the Arduino microcontroller

to my home computer using a programming cable and typed commands. The Arduino IDE (Integrated

Development Environment) is a software program (a version of C) in which I typed the commands.  I

wrote functions to the microcontroller flood(), drain() and feed().  Within the void loop, I used “if”

statements to call those functions, if it was time to execute them or if it’s told to by the phone app. I

created statements to run functions based on time; for example, check the time as programmed to feed

fish or drain. For my preliminary set-up, I programmed it to turn on the servo to feed the fish once a day.

I also programmed it to flood the grow bed once an hour, leaving the water stand for 15 minutes, then

programmed it to drain. I use my phone to control these functions, using the app I created. The

Bluetooth module on my board of electronics is hardwired to the microcontroller, which connects

wirelessly to my phone via Bluetooth. I called my app program “Aquaponics”. Upon opening the app,

there are button options that I titled, “Select Bluetooth,” “Feed Fish,”” Flood Grow Bed” and “Drain

Grow Bed.”  I have programmed the feed fish option to move the servo connected to the fish feeding

pipe; “Flood Grow Bed” turns on the water pump, and “Drain Grow Bed” opens the ball valve to drain

the water. An additional feature at the bottom says, “Data from device,” which I will use to display the

water temperature.

Results

The aquaponics system that I built works automatically. By programming the microcontroller to

control all the functions as described above, the pump circulates water into the grow bed and drains it as

needed, while the sensors help me monitor the water temperature and level.  I  was successful in meeting

my engineering goals as explained in this research paper.
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Discussion and Conclusions

With automatic aquaponics, more people can grow healthy and fresh plants, with less restrictions

due to limited space, water, and/or soil quality. Backyard gardeners and commercial gardeners would

also enjoy and benefit from this type of plant growing. To make my system last outdoors, I will need to

put my board of electronics in a waterproof box. After I added the green irrigation value, I assessed that

I could not use it because it requires more water pressure than what gravity can provide, so I switched it

out to a no-pressure ball valve (the blue part that says SOLID). The microcontroller opens and closes

this valve as programmed.
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