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Analysis of Environmental Impact Assessment for
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Abstract: [Purpose] To investigate the carbon fiber reinforced polymer (CFRP) hull lightweighting effect
on the environmental impact, [Method] Life cycle assessment on an 11 m CFRP high-speed vessel is
conducted, focusing on atmospheric pollution indicators: global warming potential (GWP) and ozone
depletion potential (ODP). [Result] The results demonstrate that the fiber content adjustment-based
lightweight design algorithm can achieve a 12.5% reduction of hull structure mass while maintaining
structural safety by increasing fiber content from 40% (original case) to 55% (lightweight design case)
approximately. However, due to the significantly higher environmental burden of carbon fiber production
compared to resin, the manufacturing phase saw increases of 10.24% in GWP and 14.37% in ODP.
Conversely, the operational phase benefited from reduced fuel consumption due to lightweighting, saving
323.98 t of fuel over 25 years, which decreased GWP and ODP by 4.13% and 4.19%, respectively.
[Conclusion] The operational phase ultimately offset the negative environmental impacts of the
manufacturing phase. Critical insights for green ship design and maritime industry decarbonization
strategies is provided.
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Fig.3 Comparison of Longitudinal Strength Evaluation
Results of Original Design and Lightweight Design Case
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Tab.3 Hull Structure Lightweight Effects of
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Fig. 4 Comparison of Raw Material Changes Between the
Original Design and Lightweight Design Case
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Fig. 5 Power Estimation Results of the Original Design
and the Lightweight Design Case
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Fig. 9 Change of GWP Indicator in Operational Phase
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