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 “Aquaponics is the cultivation of fish and plants together in a constructed, recirculating 

ecosystem utilizing natural bacterial cycles to convert fish waste to plant nutrients” [1]. 

Aquaponic systems offer a solution to environmentally conscious, fiscally responsible 

individuals who endeavor to produce food products organically, without the use of pesticides, 

genetic modification, or non-renewable resources.  Further, the capabilities of modern 

microprocessors and sensors offer an opportunity for dynamic monitoring and error correcting 

within the aquaponic system.  

Sylvia Bernstein, a trusted source among aquaponic hobbyists, wrote Aquaponic 

Gardening in 2011 to document tried and tested methods to create and maintain an optimal 

aquaponic ecosystem. [2] [1].  Her work will provide the foundation of knowledge used to 

design and build the biological components of this project including the grow bed, fish tank, and 

water circulation system.  The design requirements, listed below in Table 1, were generated by 

comining the recommended system design from Bernstein’s guide in conjunction with the 

desires of our end user and limitations of our project space.  Overall, the desired system will 

produce a substantial output of lettuce and fish for consumption by the user.  The system will 

also provide feedback and monitoring of the biological components so that any serious problems 

can be corrected as soon as the user sees a given lit LED on the user interface. 
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Growth 

Optimization 

Year Round Production The system must be able to produce without sunlight 

Substantial Output 
The system must be able to provide 200 total gallons 

for aquaculture and hydroponics (Divided 1:1) 

LED Operation 
MCU controlled LEDs must be programmable for 

optimal plant growth after testing 

Error 

Correction 

& User Alert 

Characteristics to be 

Monitored by the MCU  

The water level of the fish tank 

The temperature and pH of the tank water 

The LEDs must be monitored to alert the user during 

malfunction  

The fish feeding mechanism must be monitored to 

ensure that the fish are being fed regularly 

Table 1.Design Requirements 

 In [3], other researchers created an automated aquaponic system.  They used a glass fish 

tank stocked with comet goldfish to provide the aquaculture based element of the system.  The 

plants were grown in a lit grow bed above the fish tank, and temperature sensors were used in 

conjunction with an Arduino computing platform for monitoring and feedback.  Further, they 

added a 4x20 LCD display to convey temperature information to the system’s users.  This project 

that they completed provides an excellent reference for the future work in Aquaponics that will 

be performed at Union.  It is our goal to expand upon the research that they performed to create a 

more intelligent computer that is capable of thoroughly monitoring the conditions of the 

aquaponic system and conveying that information to the user for immediate action if a problem 

is detected.  Differences between the research performed by [3] and the research that will be 

performed at Union include the addition of pH sensors, water level sensors, indication diodes, 

pushbutton interfaces, and the breeding of edible fish.  Further, the Arduino computing platform 

will not be used in favor of a less expensive but equally adequate microcontroller [4]. 
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 In addition to research based work, there are also commercially available electronically 

controlled and monitored aquaponic systems. These systems, available from the Kijani Grows 

company, use the Arduino computing platform and can be purchased in various configurations 

[5].  The price of complete electronically monitored  aquaponic systems ranges from $999 to 

$1524.  Additionally, the aquaponic system platform, without any electronics included, can be 

purchased for between $500 and $949.  Further, various electronic components can be purchased 

with the entire electrical system available for $495-$690, the sensor package available for $205, 

and their Arduino shield available for $25-$55.  The fish tank size of Kijani Grows’ aquaponic 

systems ranges from 75-150 gallons and specific productions yields for each system are not 

specified.  These products are different from the system that will be built at Union because they 

use the Arduino computing platform and do not offer the sensing and interface technologies that 

this project will endeavor to implement [5]. 

 Agricultural production within New York State is overseen and regulated by the New 

York State Department of Agriculture and Markets.  The Department of Agriculture and Markets 

does not consider roadside stands, on-farm outlets, or farmers markets to be, “retail food stores” 

and thus, these bodies are not required to meet the strict standards to which retail food 

production and processing bodies must abide.  Since permits are not required for the production 

or sale of vegetables, government bodies need not be contacted for the vegetable production 

aspect of the project [3].  Additionally, since the tilapia will be bred and kept in a, “closed loop, 

recirculating system,” a permit is not required for the aquaculture aspect of the project either [4].  

If a commercial venture were to be undertaken, the appropriate permits must be obtained from 

the New York State Department of Agriculture and Markets and, depending on the fish being 

produced, the New York State Department of Environmental Conservation [3] [5]. 
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Combining the instructions offered in Bernstein’s book and with the design goals for this 

project, the materials that will be used in the system become evident.  Since Tilapia will be 

cultivated, and a significant amount of food is desired from the system, Rubbermaid’s 100 gallon 

stock tank will be used as the fish tank in this system. [6].  As specified in Bernstein’s guide, a 

1:1 fish tank capacity to grow bed size will be used.  Due to the unavailability of inexpensive 

grow bed tables; it will be easiest to fabricate a custom table to the exact specifications desired.  

Connecting the grow bed table and the fish tank will be a system of PVC piping, with a 

connected pump and pump triggering mechanism.  These components constitute the biological 

system [1]. 

 The electronic system will perform all monitoring, error correcting, and user alert actions 

necessary to maintain the entire unit.  The user interface will consist of an LCD display, 

pushbuttons, and LED indicators.  Matrix Orbital offers one such product, which could be fitted 

into the 5.25” bay of a PC tower [7].  The empty PC tower could also be used to house other 

relevant electronic control equipment if necessary.  Additionally, LED lighting strips will be 

hung over the grow bed to light the plants.  Sensors will be mounted to measure water pH, 

temperature, flow rate, water level, feeding issues, and lighting issues.  These sensors and 

lighting strips will all be controlled by the microprocessor.  The only system component not 

controlled and monitored by the microcontroller will be the pump, which due to its line voltage 

and high current requirements, will be controlled safely and externally by ‘off the shelf’ 

products. 

The estimated cost of the assembled unit, listed in table 2 below, outlines the approximate 

cost of the components that will be used in the aquaponic and electronic system for a total of 

approximately $500.  The category titled ‘All Other System Components’ includes the grow bed 
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table, the pump, the microcontroller, the sensors, the fish feeding device, the lighting, the 

protoboard, the fish, and the plants.  Assuming that these components will cost, on average, $40, 

their total cost will add up to $360.  This liberal budgetary estimate will be revised and perfected 

as components are selected and purchased. 

100 Gallon Stock Tank $69.99 

LCD Display with buttons & LED indication $97.95 

All Other System Components (Estimate) $360.00 

Total Estimated Cost $467.94 

Table 2.Pricing Estimate 
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