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Abstract: The ship transportation is one of the critical and complex sectors in global greenhouse gas emission
reduction. The accurate estimation of its carbon emissions and identification of key driving factors are
fundamental to achieving net-zero emission targets. However, a systematic review of the applicability and
limitations of various accounting methodologies is still lacking. This review synthesizes carbon emission factors
from domestic and international research and establishes a multidimensional emission factor database. It provides
a comprehensive review of the characteristics and shortcomings of predominant carbon emission estimation
methods for shipping. The system boundaries of life cycle assessment and the carbon footprints of alternative

fuels are summarized, highlighting the fundamental significance of shifting from a “Tank-to-Wake” to a “Well-
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to-Wake” life cycle assessment framework. It also elaborates on approaches for identifying and quantifying key

emission drivers. The sources of uncertainty in shipping carbon emission estimation are further analyzed. This

analysis clearly indicates that inadequate data quality and insufficient representation of dynamic operation are

the core bottlenecks constraining accurate carbon accounting. This review proposes that future research should

prioritize developing a multivariate and dynamic emission factor database, advancing integrated accounting

frameworks incorporating multiple driving factors, exploring synergistic pathways for pollution reduction and

carbon mitigation in shipping, and instituting a holistic life-cycle carbon footprint evaluation framework for

shipping. These efforts aim to provide a scientific basis for promoting the shipping industry’s transition toward

green and net-zero operations.
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Table 1 Marine CO, emission factor inventory based on fuel consumption and engine power
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Fig.2 LCA based carbon Emission Factors ( EF ) of marine fuels
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