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ABSTRACT Using revised International Maritime Organization (IMO) Data Collection System data and the analytical framework of
Greenhouse Gas Fuel Intensity, this study evaluates alternative emission-based carbon intensity metrics and energy-intensity supporting
metrics. A total of three emission-based Carbon Intensity Indicator (CII) alternative metrics and three energy-intensity supporting metrics
are defined by combining operational states (under way and not-under-way) with emission and energy boundary assumptions and assessed
through simulations based on annual operational data of a representative bulk carrier. The emission-based metrics are primarily governed
by boundary definitions rather than onshore power supply (OPS) credits, with not-under-way fuel consumption identified as the dominant
driver. Although the OPS effect increases linearly with its energy share, its impact remains limited under our baseline conditions. The
energy-intensity supporting metrics vary depending on the inclusion of OPS energy, thus indicating that boundary definitions directly
affect energy-based evaluation outcomes. Accordingly, future revisions of ship operational performance indicators should distinguish
emission-based carbon intensity from energy-based supporting metrics and apply consistent, data-driven boundary definitions.
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Table 1. Comparison of DCS and GFI data structure

Framework Reporting item

Main Engine

Auxiliary Engine
Fired Boiler
Others

Total distance travelled [nautical miles]

Fuel oil
consumption

DCS
Data

Hours under way [hours]

Total transport work

Fuel cell
Electric battery

Power capacity of
other energy
conversion systems | Photovoltaic power
generation

Other

Wind assisted propulsion

GFI
Data

Elj, GHG intensity

Energyj, amount of energy used by fuel

Energytotal, total amount of energy

{ Ship particular )

— IMO number, Year of delivery, Ship type

— Gross tonnage, Net tonnage, Deadweight
tonnage

— Power output of M/E & A/E

Common | — Total amount of onshore power (kWh)

Data
{ Total fuel oil consumption »

— Main Engine

— Auxiliary Engine

— Fired Boiler

— Others
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Table 2. Definition of alternative emission—based CllI and
energy—intensity metric options

No. Metric unit
1 (1+2)x6x7
Dx W
9 1X6X7 gCOM
DX W ton « mile
3 (4x7)—(3x8)
DxX W
4
4 Dx W
5 5 MJ
DxX W ton « mile
4—3
6 Dx W

(&) Data by fuel type [MJ/ton]

GHG fuel intensity (Well to Wake)

[ Fuel oil calorific value

LCA data (@ Data by fuel type [gCOzeq/MJ]

\ GHG intensity of Onshore Power Supply
Data by the national grid [gCO5eq/kWh]

Fig. 1. Data components for alternative emission— and energy—intensity metrics based on DCS and GFl data
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Table 3. Principal technical characteristics of the reference
bulk carrier used in the simulation

[tem value
Ship type Bulk carrier
Gross tonnage (GT) 33,308 ton
Deadweight (DWT) 57,336 ton
Main engine power 9,480 kW
Auxiliary engine power 1,980 kW
Annual distance travelled 53,657 nm
Annual hours under way 4,047 h
Year of delivery 2011

Table 4. Annual operational and energy profile under baseline
conditions

[tem ‘ value

Fuel consumption profile

Fuel consumption (Under way) 3,842 ton
Fuel consumption (Not under way) 1,508 ton
Total fuel consumption 5,350 ton

NUW fuel share (NUW / Total) 0.281

Non—fuel energy inputs

Baseline OPS usage 890 MWh/year

Wind—assisted propulsion energy 150,000 kWh

Input Layer (Reference Vessel and dataset)

r 5 CO,e | 2252
(=]e

Vessel Operational LCV & GHG
Particulars Profile Factors

¥

Input Processing
(UW/NUW separation and energy conversion)

* Separate Under-way and Not Under-way fuel
» Convert fuel and electricity to energy [MJ]

3

Alternative Cll Metric Definition
(Alternative definitions with fixed transport work)

col] GHG-based @ Energy-based
= CIl Metrics Cll Metrics

» Options 1, 2, 3

« Options 4, 5, 6

¥

Comparative Cll Metric Assessment
(Result and performance comparison)

» Quantitative comparison of Cll values
* Implications for regulatory and ship performance

Fig. 3. Data processing and metric definition framework for
alternative Cll analysis
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