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Development of a smart hydroponic vegetable growing system combined with smart

microgrid technology
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Abstract

This research aimed to develop an intelligent hydroponic vegetable growing system integrated
with smart microgrid technology, focusing on the integration of precision agriculture technology and
efficient energy management. The system comprises two components: 1. An automatic hydroponic
vegetable growing control system that utilizes intelligent sensors to measure and control key factors;
and 2. A smart microgrid system that integrates solar power and energy storage systems. Test results
showed that the smart microgrid system reduced energy consumption by up to 42.62% and maintained
stable performance. The hydroponic vegetable growing system accurately controlled pH and nutrient
solution concentration, averaging 6.38 and EC values averaging 1.50 mS/cm, compared to traditional
growing methods. The integration of these two technologies successfully improved the control
efficiency of key cultivation factors and significantly reduced energy costs at the 0.05 statistical
significance level, representing an important approach for the future development of sustainable smart
agriculture.
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