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Abstract

This study assessed the carbon emission characteristics of smart floating farms incorporating climate change response technology, with a focus on olive flounder (Paralichthys olivaceus) aquaculture
— a species accounting for over 50% of domestic marine fish production in South Korea, with projected output of approximately 46,000 metric tons in 2022. Life cycle assessment was conducted
across the raw material production and rearing stages, encompassing freshwater consumption, dissolved oxygen supply, electricity use, feed, and wastewater treatment through the point of shipment.
Smart floating farms exhibited water circulation rates equivalent to 40-70% of those in conventional systems, reducing annual freshwater consumption per kilogram of fish produced to 2,000-5,000 L
— a reduction of up to 95% relative to the 40,000-50,000 L associated with conventional floating farms. Mortality rates in the experimental group ranged from 6.1 to 8.8%, markedly lower than the
25.4% recorded in the control group, while mean shipment weights of 872-973 g exceeded the conventional farm average of 843 g. Comprehensive carbon emission analysis across all input
categories revealed a 63.9% reduction in greenhouse gas emissions relative to conventional floating farms. These findings demonstrate that smart floating farm technology substantially enhances
resource use efficiency and production performance while significantly mitigating the environmental footprint of marine fish aquaculture, positioning it as a promising pathway toward low-carbon,
sustainable production systems.

Introduction

methods. Especially, total suspended solids and pathogen
removal system (TSS-PRS) consisted of three basket strainers,
two multicyclones, and two HPSFs arranged in series. A UV
sterilizer was also used for bacterial disinfection, while an oxygen
dissolver was employed to enhance dissolved oxygen (DO) levels
within the rearing tanks, thus ensuring optimal aquaculture
conditions.

Environmental parameters within the smart floating farm were
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Fig. 3. TSS-PRS consisting of three basket strainers, two multicyclones, and two high-pressure sand filters arranged in sequence. A UV oxygen, salinity, pH, and turbidity were deployed throughout the
sterilizer was incorporated for bacterial disinfection, and an oxygen dissolver was used to increase the DO levels in the rearing tanks. rearing tanks and transmitted real-time data via loT gateways.
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Fig. 4. Life cycle carbon emissions by input category for conventional
and smart aquaculture systems.
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