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Abstract

This study provides a simplified ship operational efficiency estimation methodology using general data: the
automatic identification system (AIS), prevailing weather conditions, and technical data on the vessel (which is
open to the public). The model development has been carried out and validated compared with actual data based on
the target vessel; a liquefied natural gas (LNG) carrier with a single screw, 6 L/B, 4.18 B/T, and 0.19 Froude
number (Fr) for service speed.

The operational efficiency model mainly consists of three parts: propulsion power estimation, auxiliary/boiler
estimation, and transportation work estimation. For the propulsion power estimation, the naval architecture
methods are used for each resistance and efficiency component. The Holtrop and Mennen method for calm water
resistance, Townsin and Kwon method for weather resistance, Aertssen method for fouling resistance, and
Wageningen B series for the propeller open water efficiency (no) estimation are used for this model. Through the
validation compared to the actual shaft power values, good agreement was found when different weighting factors
were applied to a calm water resistance of 0.7, fouling resistance of 0.28, and weather resistance of 0.25 in a
condition of below Beaufort number (BN) 7. For auxiliary engine power estimation, a different load factor was
used depending on operational modes, such as 0.24 for cruising, 0.21 for manoeuvring, 0.24 for anchoring, and
0.21 for a port mode. For the boiler power estimation, a fixed fuel consumption value of 2.6 ton/day was used.
Transportation works were obtained from cargo capacity, by the draft changes of AIS data, and distance
calculations by speed changes of the AIS.

The final calculated outputs by this model indicate an average daily fuel consumption of 41.0 ton for the main
engine, 8.2 ton for the auxiliary engine, and 2.6 ton for boilers. These values are per day with an Energy Efficiency
Operational Indicator (EEOI) of 12.1 gCO2/ton.nm, and are in reasonable agreement (approximately 12%
difference) with the actual values. The results of the development of operational efficiency model provide a better
understating of the energy efficiency components, especially of propulsion power.
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