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Abstract : In a typical maritime contract, the ship speed is determined by considering only economic
aspects. However, there is a need for new speed decision methods that reflect the environmental impacts
of enhanced environmental regulations. In this study, environmental costs were considered using life cycle
assessment to determine the optimal speed of LNG carriers contracted for long-term transportation. To this
end, the economic cost was calculated by adding the new building, maintenance, and fuel-costs, and the
environmental cost was determined by calculating and costing the emissions of the five air pollutants
during the lifecycle of the ship. As a result, considering only the economic cost, a sailing at 16 knot is
optimal; however, 14 knot is the most advantageous result considering environmental factors at the same
time. The results of this study suggest that a eco-friendly shift is needed in determining the optimal speed
of vessels with long-term transportation contracts.
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Table 1 174,000 m* LNG carrier general specification

General Specification

Tank filling limit 98.5%
LNG density 0.454
LNG tanker size 174,000 m’

2 stroke, Slow speed,
Dual fuel engine

21 knot x 71.4 rpm

Engine type

Normal Continuous Rating

Sailing route Incheon - Sabine pass

Sailing distance 9987 nm
Dock repair period 42 days
Shaft loss efficiency 98~99%

Boil-Off Rate 0.15%

Engine margin 20%
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Table 2 Consideration items for economic cost

Price

230 (M$/vessel)
0.6 (M$/year-vessel)
LNG™ 527 ($/ton fuel)
MGOY 637 ($/ton fuel)
i) Clarkson research average price on 2022
ii) Engine maker information
iii) Unit conversion : 1 toe = 52 mmBtu
iii) LNG price : 4 $/mmBtu_(Average. 6 month) (Source

by: Henry Hub Natural Gas Price)

iv) Marine Gas Oil - 6 month average price from
2022.07

Items

Newbuilding cost”
if)

Maintenance cost

Table 3 Required vessels for completion of contract

|
I
l
i
|
| Sargotank iokme ) | Contract volume/Year 2,800,000 ton
T, Nowbuidng oo ;e |
I Conlraclgargoquanlity - Fuel i : Cargo VOlume/VOyage 77,811 ton
. + Emission factor .
: . i;lr:;uls;;g;{;e Maintenance cost ; ?:tlaplsvg;ea“g':e : Required voyage/Year 36
: ¢ By * Emissonpra: 2 Normal seagoing distance/Voyage 9,807 nm
: Qb Fuel cost : Maneuverlng day/Voyage 5
"""""""""" Ship’s | 1o-16 | 15~14 | 13~12 | 11
speed
Phase.2 Comparison of life cycle cost Normal
_ SCABOME | 4450 | 5559 | 63~69 | 75
Conventional Suggested method day/
z ‘: Economic Voyage
S Economic g + Total
Q Q It
° © SR sailing | 49 57 | 60-64 | 68~74 | 80
day/
Voyage
Phase.3 Confirmation of the lowest cost Feasible
voyage/ 6~7 5~6 4~5 4
Phase.4 Decision of the Optimal Speed Yee}r
- B ) Required 6 7 8 9
Fig. 1 Flow-chart to make decision the optimal speed Vessels
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Fig. 2 LCA basic process
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Table 4 Emission factors for various fuel type

(g pollutant/g fuel) LNG MGO
CO, 2.75 3.206
SOx 0.0000317 0.0014

Table 5 Emission factors for LNG fueled engine

(g pollutant/kWh) LNG fueled diesel engine
NOx 34
PM2.5 0.0092
NMVOC 0.4
EM, = FC; X EF}; ey

EM = FC;XEFfX(D/V)

EM, : The hourly emission (g pollutant/hr)
EM : Total emission

FC, : Thehourly fuel consumption(g fuel )
EF; - Fuel emission factor(gpollutant/ g fuel)
D : Distance (NM)

V. : Ship's speed(knot)

EM, = EF, <X W, %)
EM = EF, X W, < (D/ V)

EM; = The hourly emission(gpollutant/hr)

EM : Total emission

EF, : Energyemission factor(gpollutant/kWh)
W, : Ehgine's poweroutput (kW)

D : Distance (NM)

Vi Ship's speed(knot)
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LNG Fuel ‘
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Fig. 5 Life cycle emissions by ship’s speed
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