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Abstract : Greenhouse gas (GHG) reduction technologies are being developed to reduce emissions from
ships, but many are not yet mature for ships. Moreover, the methodology to assess the environmental
impact of technologies is lacked. This study assessed the environmental impacts of improving tank
insulation to reduce boil-off rate (BOR) in LNG ships. Accordingly, prospective life cycle assessment
(P-LCA) was used, incorporating predictive model with long short-term memory and an exponential
smoothing, alongside scenario analysis. The results showed that GWP, AP, and EP decreased by about 3.2
to 11.0% as BOR reduced from 0.15% to 0.04%. The mitigation effect was highest for 180,000m’ capacity
with low pressure injection engine. These results suggest that technology and operational -efficiency
improvements lead to significant environmental improvements. Additionally, using P-LCA for the adoption
of GHG reduction strategies has demonstrated its usefulness as a decision support tool.

Key Words : Greenhouse Gas, Boil-Off Rate, Prediction Model, Scenario Analysis, Prospective Life Cycle
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Fig. 1 Trends in boil-off rate (BOR) changes
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Fig. 2 Life cycle assessment framework by ISO
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Table 1 Long-term transport contract information

Contract information

Contract volume/year 2,800,000 ton

Contract period(lifetime) 20 years

Tank filling limit 98.5 %

LNG density 0.45 ton/m’

Sailing distance 9998 nm

Normal seagoing distance 9818 nm

Dock repair period 42 days

Shaft loss efficiency 98~99%

Engine margin 20%

Used fuel LNG / LSHFO / MGO

Table 2 BOR target on scenario

BOR target
Past(2000) 0.15% vol/day
Present(2023) 0.10% vol/day

Future 1(2030)

0.07% vol/day

Future 2(2050)

0.04% vol/day

* Future 1 & 2 target :

From prediction model

SYHA LRI YK H28H F3Z, 2024 6E 35



MBS HATIA MEfo| 7|5tE H

A. Conventional LCA — Past or present evaluation
Evaluation of the past or present environmental impacts

GHG reduction technology LCA D
for shipping 4Steps ‘
.4

Data for evaluation [;>
- Past or Present

.
Environmental impacts [T
for the present

Unable to o0
identify the X CO,
future impacts

B. Prospective LCA — Potential evaluation

Evaluation of the potential environmental on the future technology.

Prospective

GHG reduction technology LCA

for shipping

Various scenarios
about advanced technology

/ i |Potential

environmental
impacts

Provide the time series data
for prediction

(5Steps) Step.1
|.V'.‘ Comparison |
target prediction

Prediction models

3 Step2 in the future

Predicted results

=

\; reduction technology

— Step.3 P—
§:: Scenario Suggestion to ‘-I

/ — generation | 1 Marine policies |;

and Guidelines

| ., || Contribution to L |l
1| VA |l |advanced GHG ﬁ .)) E

Fig. 3 Comparison between conventional LCA (A) and prospective LCA (B)
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Fig. 5 Result of BOR prediction on 2030 & 2050
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Table 3 Category for scenario generation

BOR Cargo volume | Engine Load
(% voliday) () ope | (%)
174,000 HPIE
0.15 174,000 LPIE
180,000 LPIE 85
200,000 LPIE
174,000 HPIE
0.10 174,000 LPIE
180,000 LPIE
200,000 LPIE 65
174,000 HPIE
0.07 174,000 LPIE
180,000 LPIE
200,000 LPIE
174,000 HPIE 45
0,04 174,000 LPIE
180,000 LPIE
200,000 LPIE
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Table 4 Emission factors for various fuel type in
case of HPIE (g pollutant/g fuel)

el | ING LSHFO | MGO
o, 2.750 3114 3.206
CH, 0.00278 | 0.00011 | 0.00012
N,O 0.00042 | 0.00035 | 0.00036
SOx 0.00003 | 0.01960 | 0.00140
NOx 004722 | 003797 | 0.04033

Table 5 Emission factors for various fuel type in
case of LPIE (g pollutant/g fuel)

ool | ING | LSHFO | MGO
CO;, 2.750 3.114 3.206
CH, 0.00278 0.00011 0.00012
N,O 0.00042 0.00035 0.00036
SOx 0.00003 0.01960 0.00140
NOx 0.04722 0.03797 0.04033

Table 6 Characterization factors for environmental

impact categories

Impact categories Characterization factors
GWP (kg CO; cq) 0, 13()) ZIZ; )(28),
AP (kg SO, eq.) SOXI\(IE; 1(\1228)(0%
EP (kg PO, cq) PO %}T%S()O-B),

2.4 ¥gF m™IKLife Cycle Impact Assessment,
LCIA)

Aure 2=z CO, CHy NyO, NOy, SOx, CO ¥

NMVOC £& XA 314 dgs Apesich?

o]t Wi EFELS A3} 2]4x(Global Warming
Potential, GWP), AMAS} A 4(Acidification
Potential, AP) % }.oJoFs} Xx]<>(Eutrophication
Potential, EP)o]] 2 & o2 7|63ttt o] Table
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Fig. 7 Result of acidification potential(AP) by BOR using prospective LCA
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