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Construction of dynamic simulation model of aquaponics
circulation system
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Abstract

Due to the impact of global desertification and climate change, innovative
agricultural methods are needed to ensure food security. In this context, "aquaponics”
has been recognized as an agricultural method that can help achieve sustainable
development goals through the recycling of nutrients and waste. However, there is a
known drawback: a compromise must be made between the optimal growth conditions
for plants and fish to produce crops and fish under the same environmental conditions.
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The most important principle in the design of aguaponics systems is that the system can
maintain a balance between nutrient load and nutrients. Therefore, determining the ratio
of fish to plants has become the most commonly used design method to balance the
system. However, since each plant and fish has different nutritional needs, which also
depend on the growth stage/life cycle and external factors, the accuracy of this ratio is
complex, system-dependent, and often based on empirical data. The more system
designs are studied, the more accurately the ratio of fish to plants can be estimated to
more effectively manage nutrient distribution and yield. Although specific calculations
may apply to particular system setups, adopting this approach to adjust or balance
entirely new designs without experimental evaluation may pose issues. This study
intends to use a system dynamics model to design and further optimize aquaponics
systems. By analyzing the heterogeneous conditions of various subsystems and their
impact on nutrient accumulation, the study aims to address design flaws based on the
model's results. It proposes a theoretical design method for independently controllable
single water circulation systems and compares the differences between model
simulations and on-site measurements of water quality parameters at an existing
aquaponics farm.
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