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Aquaponics Upgrade:	
Designing and building	

	
Introduction:	
	

During spring 2016, postgraduate researcher Max Hornick and student researchers 
Jennifer Lyon, Collin Cronin, Amy Kobylarz, and Sean Westley worked as a team at the 
Office for Sustainability (OfS), completing the design and construction of a new 
aquaponics system. Aquaponics is a sustainable agriculture method that integrates 
aquaculture (fish farming) and hydroponics (soilless plant cultivation) into a single, 
recirculating system. The system upgrade was designed to be durable, low-maintenance, 
highly efficient with low energy/resource usage, and adaptable with simple 
troubleshooting and parts replacement; to generate a minimum produce output of 2 lbs 
per week; and to demonstrate the potential for outdoor and commercial aquaponics in 
Michigan.	
	
Process/Procedure:	
	

Energy requirements, alternative hydroponic systems, pumping methods, 
modularization of individual components, fish species, and plant species were key 
elements researched for the upgrade design. The upgraded system integrates two 
hydroponic systems: deep water culture (DWC) and vertical grow towers. Researchers 
chose DWC because the method was consistently productive in prior Office systems and 
was easily accessible for maintenance, making it the preferred hydroponic technique for 
the team. Cross-linked polyethylene, a closed-cell foam commonly used for marine 
flotation, was used for the DWC rafts because of its durability and UV-resistance. The 
vertical growth system was selected based upon group research of its demonstrated 
success by commercial aquaponics designers such as Freight Farms (2015) and Bright 
Agrotech, LLC (2015). Researchers purchased four, 5-foot ZipGrow towers from Bright 
Agrotech, LLC and built four nearly identical grow towers using 5-foot vinyl fence posts 
and ZipGrow media. This will allow researchers to compare the effectiveness of brand-
name and do-it-yourself grow towers.	

Yellow perch were selected as the fish for the system because less heat energy is 
required to raise perch, a cool water fish, than to raise tilapia, a warm water fish 
previously raised in the Office’s aquaponics demonstration system (Hart, Garling & 
Malison, 2006). Yellow perch are also native to Michigan and have proved successful in 



		

	

large-scale outdoor culture in aquaponics operations in areas with similar climate 
conditions (Growing Power, 2014). By using a native species, the team will also mitigate 
the potential damage to local ecosystems in case of accidental release, which is important 
for any future outdoor operation. Health-certified, feed-trained yellow perch fingerlings 
will be purchased from Laggis’ Fish Farm, a regional aquaculture business located in 
nearby Gobles, Michigan. In the interest of educating Office visitors, the team installed a 
viewing window in the fish tank which will allow people to easily observe the fish.	

Researchers chose to use LED grow lights for all plant systems, the most energy-
efficient form of lighting currently available. Two new types of LED grow lights are used 
with the vertical growth systems; one emits blue wavelengths, while the other emits both 
red and blue wavelengths. Blue light is the most important part of the spectrum for 
vegetative growth, while red light is essential for flowering and fruiting of plants. 
Because the system is being used to grow leafy greens and not fruiting plants, researchers 
will compare the impact of blue-only lighting to red and blue lighting.	

Two new forms of filtration are used in the upgrade: a radial flow separator/settler 
(RFS) and a sand and gravel-filled particulate biofilter. The RFS provides mechanical 
filtration by redirecting water and allowing heavy solids to sediment at the bottom. This 
filter was constructed using PVC components, a 15-gallon inductor tank, and a large 
funnel. In the biofilter, the mechanically filtered water is aerated as it passes through a 
large surface area of gravel and sand, which is colonized by nitrifying bacteria that 
convert fish waste ammonia to nitrate plant fertilizer. The biofilter was constructed from 
a 30-gallon plastic barrel, bulkhead fitting, silicone, PVC components, and a sheet of 

polycarbonate. 
 
	



		

	

ABOVE:	This	northern	purple	pitcher	plant	(Sarracenia	purpurea	purpurea)	will	
consume	insects	and	other	crop	pests.	
	
RIGHT:	Researcher	Jennifer	Lyon	(front)	&	volunteer	Stefany	Tule	(back)	work	on	the	
fish	tank	viewing	window.	
Commentary/Reflection:	
	

In the design process, researchers created a basic schedule of tasks with durations 
based on expected length to complete said tasks. Due to the team's lack of experience 
with construction scheduling, many of the tasks were perceived as much simpler and 
shorter than they were in reality. The team found significant difficulty in designing stands 
for the filtration system and ensuring that connections between filters and pipes were 
water tight. 	

In addition to the underestimation of filter construction requirements, researchers 
also encountered several other challenges. While the Office workshop offers a large array 
of construction tools and equipment, the workshop’s close proximity to Office desk space 
led to noise complaints. The team often could not use the tools best suited to the task 
because of the amount of noise the tools created, especially early in the construction 
process. Employees were often forced to use hand tools that frequently resulted in 
imprecise cuts of wood. 	

The biofilter design included a bottom drain for cleaning purposes. While not 
essential to the filter, it would allow students to clean the filter more quickly than other 
alternatives. Through the construction of the filter, researchers struggled to structurally 
protect the drain from the weight of the sand and gravel above and to create a watertight 
seal. The team was unable to make the drain port watertight using a rubber uniseal and 
turned instead to a bulkhead fitting. Students are currently in the process of resolving a 
small leak in the bulkhead fitting, and they hope that the leak can easily be sealed with 
silicone. 	

The material used for the new DWC rafts was a topic of extended debate. 
Students searched for alternatives to the plain, extruded polystyrene previously used 
because it degrades under UV light. At first, researchers planned to coat the polystyrene 
with a membrane of RubberizeIt! universal rubber, a nontoxic, UV-stabilized liquid 
rubber product. Unfortunately, this sticky substance did not cure properly, and the rafts 
remained too tacky to the touch to be used. Researchers then settled on a closed-cell, 
cross-linked polyethylene foam because it is a UV-resistant and durable material 
designed for marine flotation applications. Finally, the communication between Office 
leadership staff and the aquaponics team was inconsistent and left student employees 
uncertain of their exact project goals.	
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