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Abstract:

Aquaponics is a new and emerging practice which joins agriculture and aquaculture.
Although there are functioning systems in existence, the fact that aquaponics is an up and
coming technology has left the optimization of the operation largely overlooked.
Additionally, renewed focus on energy efficiency and minimizing carbon emissions makes
an engineered energy solution all the more vital. Through the engineering analysis
performed by the senior design group, a best practices manual and accompanying design
software were developed to help make aquaponics an efficient and more sustainable
process. The design software and best practices guide focus on the use of a combined
heat and power generator set to provide the energy needs for the system.

Aquaponics and CHP at a Glance:

CHP System

Electrical

Design Constraints:

Aquaponics:

*Maintain tank temperature between 75°F-85°F

*Consider both natural and artificial lighting

*Rearing tank sizes ranging from 1,000-20,000 gallons

*Aquaponic system located in urban setting

*Greenhouse environment between 45-60% relative humidity and 55°F-85°F

Power Production:

Less CO2 emissions than average emission factor for hot water and electricity generation
in the Milwaukee area

*Meet noise and ventilation standards

*Provide power to aerate, heat, and pump tank water

*Provide power for artificial lighting

*Lowest environmental impact at reasonable cost

*Operate on natural gas

«Continuous operation with exception for maintenance

Thermal Modeling:
A diagram of the modeled system with the considered mechanisms of heat transfer is
presented below.

a Atmosphere 4
nap a0 I.p.P t&m'm7
TN WaterLeve /T
T.h.p (Zeoreait
& & —_—
|
Ground T, b i

TANK HEAT TRANSFER DIAGRAM

Heat is lost from wall convection, surface convection and surface evaporation. The
equations used to model the heat transfer are listed below.

Wall Convection: ¢ =
Surface Convection: e~ 0,004943
q.
Surface Evaporation: G:(0,491)7(98'7;0'43‘/)(11“ -p.)
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An empirical model was used that was developed by Carrier in 1918 based on indoor
swimming pools.

Testing Approach:

The greatest uncertainties in the thermal modeling are the predictions of the evaporative and
convective losses from the tank surface. An experiment was designed to easily monitor the
evaporative and convective losses to determine that uncertainty in the models. This was
done by insulating the sides and base of a fish tank with foam sheet insulation. By heating the
tank water through a submersible electrical-resistive heater the operating environment of|
typical aquaponic system was established. A schematic of the tank used for the verification is|
shown below. Also seen below, are the actual tank and the psychrometric chamber used to
simulate certain environmental conditions.
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Results:

From the psychrometric testing it was determined that the Carrier evaporation model
matched the experimental results. Additionally, the surface convection model showed
good agreement with the experimental data.

Software Selection Tool:

A software design/analysis tool was developed that can aid in either the design of new
aquaponic systems or the retrofit of existing systems. The user can choose from three
different modeling scenarios, as shown below.

Need power Estimates

tem, Need Power Estimates.
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The scenarios provide flexibility to match differing needs of potential users. If it is a new
aquaponic system the software will also provide recommendations for pumping and aeration
power requirements, as well as the requierd energy to use supplemental artificial lighting.
Power estimates are calculated and returned in both scenarios where the power estimates|
are unknown, which help the user understand the amount of energy the aquaponic system
uses. The model performs an economic analysis of incorporating a combined heat and power
system in the design and also quantifies the avoided carbon dioxide emissions. The inputs
and outputs of the first modeling scenario are presented below as an example of the
programs functionality.
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