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Abstract In response to the International Maritime Organization’s (IMO) mid-term greenhouse gas (GHG)
strategy, all vessels of 5,000 gross tonnage or more will be required to collect fuel intensity (GFI) data
from 2028, underscoring the growing importance of fuel efficiency enhancement and accurate carbon
emission prediction. This study aims to address these regulatory demands by applying a Bi-LSTM
(Bidirectional Long Short-Term Memory) model, which is well-suited for time-series analysis, to
precisely predict CO: emissions from LNG dual-fuel (DF) engine vessels while ensuring model
interpretability. 230,000 real voyage data points collected between February and September 2023 were
processed, and about 10,000 valid normal navigation records (above 6.75 knots) were selected for model
training. The target variable was defined as the hourly CO: emission rate based on LSFO and LNG fuel
consumption. The Bi-LSTM model achieved superior predictive performance, recording an R? of 0.9761,
RMSE of 0.2113, and MAPE of 4.60%. Furthermore, SHAP (SHapley Additive exPlanations) analysis
identified vessel speed (SPEED_VG) and cargo vapor temperature (CARGO_VAPOR_TEMP_MEAN) as the
most influential variables, quantitatively demonstrating that increases in these factors contribute to
higher CO: emission predictions.
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Variable Name Description

Average LSFO flow rate of main

ME_LSFO_FLOW )
engines

Average LNG flow rate of main

ME_LNG_FLOW ;
engines

GE_LSFO_FLOW Average LSFO flow rate of

generators
GE_LNG_FLOW Average LNG flow rate of generators
DRAFT Mean vessel draft (fore and aft)

Average cargo tank vapor

CARGO_VAPOR_TEMP_MEAN
temperature

CARGO_PRESS_MEAN Average cargo tank pressure
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(Table 2) Summary of Input Variables

Variable Name

SPEED_VG, COURSE_OVER_GROUND,
SHIP_HEADING, RUDDER_ANGLE, ...

DRAFT

CTS_AVR_VAPOR_TEMP_SHIP,
CTS_LIQUID_VOLUME_SHIP, ...

CARGO_VAPOR_TEMP_MEAN,
VAPOR_HDR_AFT_TEMP, ...

Category

Navigation / Weather

Hull Geometry

Cargo Tank Conditions

Cargo Header System
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