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ABSTRACT This study quantified Well-to-Wake (WtW) GHG emissions from ship energy sources during in-port operations, in
accordance with the IMO 2024 LCA Guidelines. Using 3-year field measurements from a training ship, daily WtW emissions were
4,673.4 kgCOseq for Bunker-A and 4,642.7 kgCO.eq for Diesel Oil. Shore power achieved a 73.4% reduction in CO»eq emissions
(1,243 kgCOseq/day) compared with Bunker-A, validating its effectiveness for maritime de-carbonization. Analysis of the 1 kg
emission intensity revealed that the emission intensity of Diesel Oil (4.005 kgCO,eq) was higher than that of Bunker-A (3.969
kgCO,eq) because of its superior energy density. These results establish a quantitative baseline for a GHG Fuel Intensity (GFI)
framework and emphasize the necessity of integrating renewable energy into port grids.
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Nomenclature Cicrs : CHy4 emission factor, gCHa/gfuel

Cmzo : N2O emission factor, gN,O/gfuel
LCV : lower calorific value, MJ/kg

GHGwr : well-to-tank ghg emissions, kgcozeq SUbSCfipt

GHGrw : tank-to-wake ghg emissions, kgcoreq

GHGww : well-to-wake ghg emissions, kgcozeq IMO : international maritime organization

Cico2  : CO; emission factor, gCO»/gfuel GHG : greenhouse gas

LCA : life cycle assessment
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IPCC: international panel on climate change

GIR : greenhouse gas inventory & research Center of
Korea

ICE :internal combustion engine

HFO : heavy fuel oil
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Table 1. Node for Methodology (source: IMO)
Node Description

MEPC.304(72) INITIAL IMO STRATEGY ON REDUCTION OF GHG EMISSIONS FROM SHIPS

MEPC. 376(80) GUIDELINES ON LIFE CYCLE GHG INTENSITY OF MARINE FUELS(LCA GUIDELINES)

MEPC, 377(80) 2023 IMO STRATEGY ON REDUCTION OF GHG EMISSIONS FROM SHIPS

MEPC. 391(81) 2024 GUIDELINES ON LIFE CYCLE INTENSITY OF MARINE FUELS(2024 LCA GUIDELINES)
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Fig. 1. Phases of an ISO 14040(source: I1SO)
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Fig. 2. Phases of an LCA (source: IMO)
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Table 2. CO2—equivalent using GWP 100

CONTENTS VALUE
COq 1
CHy 28
N>O 265

Table 3. Node for methodology (source: IMO)
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Node

Description

Well to Tank . . . .
el totan to the point of use, including bunkering

GHG emissions resulting from growing or extracting raw materials, producing and transporting the fuel up

Tank to Wake

represent GHG emissions resulting from fuel utilization onboard (e.g. combustion), including potential leaks
(fugitive emissions and slip), when relevant for the GHG assessment

Well to Wake

the sum of the WtT and TtW emissions and quantify the full life cycle GHG emissions for a given fuel and
fuel pathway, used in a given energy converter on board
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Table 4. The greenhouse gas protocol (source: GHG Protocol Scope 2 Guidance)

Node

Description

1

Multiply activity data from each operation by the emission factor for that activity for each applicable GHG, Some
electricity emission factor sets may include emission rates for COz, CH4, and N3O

Multiply GWP values by the GHG emissions totals to calculate total emissions in COz equivalent (COqe).

Report final scope 2 by each method in metric tons of each GHG (where available) and in metric tons of COxze.

Table 5. GHG emission factors for electricity (source: GIR)

CONTENTS VALUE

CO2eq Emission Factor 0.4330 [tCO2eq/MWh]

COy Emission Factor 0.4307 [tCOs/MWh]

CH4 Emission Factor 0.0057 [kgCHs/MWh]

N20 Emission Factor 0.0082 [kgNsO/MWh]

C= (EEqrid X Q) -
Epp, = CX 1,000 (7)

1,000,000
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Table 8. Initial default emission factors per fuel pathway code (source: IMO

Table 6. Component for Bunker—A (source: GS Caltex)!™™®
=29 CAS No. ElREH(%)
Residue Oil 68334—30—5 30
Diesel 64741-45—-3 70

Table 7. Default emission factors for HFO and diesel oil

WILT GHG TtW GHG | WtW GHG
LCV : . ) . X .
Fuel type (MJ/g) intensity intensity intensity
(9C02e0/MJ) | (9CO260/MJ) | (9CO2e0/MJ)
HFO 0.0402 16.8 78.6 95.4
Diesel Oil | 0,0427 17.7 76.1 93.8
Bunker—A* | 0.0420 17.4 77.1 94.5

*Bunker A = HFO 30%, Diesel Oil 70% Blended

%= k" mekA Bunker—AQ] AR SAIZE 4] (8),
9)E ol-8sto] 7B w-& 2851 Table 73 Zo] 1
@ &= Qlth, Diesel 0il9] Z$-ol= v 2 IMOY]
A4E ARESHTHTable 8).

S PO i)

(LCVA X Cons 4 X Cf‘A)

Cf’ Hend = Fhergy ,+ Energyy
(LOV,x Cons < Cf,B) ®
Fhergy ,+ Energyy
c _ FBnergy < Cy 4+ Energyp < Cp 5 ©
f:bend Ehergy 4+ Energyy
312 ¢z AREf

(10)

)[5]

Ul €1 LoV Energy CICO: CICH. CIN:O
Fuel type intensity Note
(MJ/g) Converter | (gCO»/g fuel) | (gCH4/g fuel) | (gN20/g fuel)
HFO (HSFO) 16.8 0.0402 ALL ICEs 3.114 0.00005 0.00018 Resolution MEPC. 364(79)
Diesel Oil 17.7 0.0427 ALL ICEs 3.206 0.00005 0.00018 4th IMO study
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Table 10. Specification for flow—meter

o], CT H]& 800/5, PT H|& 460/1152 2g8}= T2,
A2 Table 1291 A 2|5+,

A A" g B AR 9= Fig, 50 UeRd Bie}
off A5 At WA7IE AA Aabd
wAjele}, & dAFoAle ALk
CT/PT Bl&& gHilsto] 3704 4
AR A

Y A AleSRS
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CONTENTS

VALUE

Rated Output / Revolution

600 kW / 720 min

CONTENTS VALUE
Quin 30[1/h]
Qunax 3.000[1/h]

Qu 2,000[1/h]
tma 180[°C]
Dn 25[mm)]
Pn 25[bar]
Vo 100[cm]
n 1-20[mPa.s]

Rated Voltage / Current

450V / 692.3 A

No. of Phase / Frequency 23 /60 Hz
Power Factor 0.8
Insulation Class F

Enclosure / Cooling

Drip—Proof / Self—Ventilation

Type of Bearing / Lubrication

Single / Self—Lubrication

Coupling of Eng. And Gen,

Rigid

Manufacture

HYUNDAI HEAVY
INDUSTRIES CO., LTD,

(b)

Fig. 3. Overview for diesel generator

(a)

Fig. 4. Flow—meter for Diesel Generator

(b)

: J Table 12, Specification for watt—meter
CONTENTS VALUE
Voltage 110[V]
Ampere 5[A]
Frequency 60[Hz]

Meter Constant

2.400[rev/kWh]

CT ratio

800/5[A]

PT ratio

460/115[V]

Table 11. Bunker delivery note for bunker A, diesel oil

Density (kg/L) | Sulphur (mass%) | Water Content (vol%) | Pour Point (°C) Ash (mass%) Flash Point (°C)
Bunker—A 0.8551 0.04 0.05 -8.0 0.001 71.0
Diesel Oil 0.8418 0.046 0.0 -22.0 0.001 64.0
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Table 13. Usage for flow—meter & watt—meter

S~

2 7oA IMO LCA A3 9 GIR A9 vi&AE 218
IS4l ST 2 37id e} Aup 7k 5 A A
[ S5 27 viETRe AR o2 A8

A (10)2 Sl A T2 Hgksto] WH7] dad o
] WtW v&3-& Bunker—A7} 4,673.4C0seq/day, Diesel
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Al v &2 80% ol/do] A4 v ol A HAEh, A vl
=% 7120 2= Bunker— A7} Diesel Oil2tH 2F 0.7% =
<= S4& Btk ol 549 F9] AR A Bunker—A
O iAo m 2 Uk Qlaf A aH|H dro) A

T
I

1%

N, A o9 AFE A7) AV wERE 2
St A3}2 = Diesel Oil(4.005 kgCOzeq/kg)©] Bunker—
(3.969 kgCOzeq/kg) ET} oF 0.9% =7 YERHT. °]
Diesel Oil2] A $PLIAZHLCV)o] T #of &9 S =
A oHA7F AL, ofof] whE A7) 'has Fof=r} Hie
E Axto] k=Sl o]2fgt Al AR 7|Hke]
F % ollvA] B3 AA A AW A4 259] 2150221 |f
= Alol7F A7 59 7P aipAolal Fadt BHA|
U AlARRITE,

=7F QEY A4E 283 SUe] A WiW HY
=52 1,243 kgCOeq/day = AF=E]QIT) ©]= Bunker—A
A7) 7hE thH] oF 73.4%9] At aikE AT Ao s,
S5 ol It Ao Fekash s TiEslshe A
AU}, 53], FF =7F of|A] g

= T
o) ZiGehEes AddRe] A el Av] A=

>

rr

1=z

[e)
glole A T 2ATIA HiEEE IR ASE 4 e
TS oS pee] 2 AR diEn:

2023H = 2024 = 2025H = Note
Flow—meter 14,260 L 27,500 L 39,880 L Using Generator Day: 59.3Day
Watt—meter 1345.2 kWh 1355.9 kWh 1182.5 kWh Using Shore—Power Day: 866Day

Table 14. Comparison of GHG emissions of berth using bunker—A, diesel oil & shore power

Total Consumption Daily Consumption Total WiW Emission Daily WtW Emissions
Bunker—A 69,810.3 kg 1,177.2 kg/day 2771 toncozeq 4,673.4 kgoozeq
Diesel Oil 68.724.5 kg 1,158.9 kg/day 275.4 toncozeq 4,642.7 kgoozeq
Shore Power 2,486,000 kWh 2,870 kWh/day 1,076 toncozeq 1,243 kgeoseq
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