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Due to the International Maritime Organization's (IMO) environmental regulations on NOx and SOx, LNG—fueled eco—friendly ships
are gaining attention worldwide, and various eco—friendly ships are being proposed and demanded for conversion to
eco—friendly ships in Korea, as the eco—friendly ship law has recently been enforced, In this study, the initial basic design was
performed to convert an existing Marine Gas Oil (MGO) fueled ship into an LNG-DF propulsion ship, targeting medium—sized
ship, to select the fuel tank capacity and main dimensions and appropriate fuel ratio between the two fuels, In particular,
Sustainable basic design method considering environmental impact were proposed by performing a Life Cycle Assessment (LCA)
throughout the design process, and various design options were compared and analyzed to meet different design conditions by

applying them,
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ARElo|ct (Ahn, 2022). oloi|
Aoz JIEL| MGO
so=z Mkl 2l
Zo| 7|2MH
Life Cycle Assessment, LCA)E 1124
4ol Zesicin Hosglct SaEMtel 4 M

S™IV} XX|ok= H|E20| MUiMCE =

deo| 37| ol MY 2o
Ho| &35t £ ING =2
CHH| CO2 HIEZ2 2F 20 ~ 30 % M ZA5kK|at
=m0l w2t 2F4dsEX|4x(Environmental Impact Factor)
£ 245K ING-DFFZ Al X724kt X|4+(Global Warming
Potential, GWP)= 25|21 &71& &= 7| =20l LNGAZE2| A}
80| Ex7Moz FgHANol2l & £ glon] FAAUSHT
(Erwvironmental Impact Category)oll 2} H|wslo{ MAst Al
o] 2R3t (Hwang et al., 2020).

OJXME MGO2} LNG| M =H|&(fuel ratio)= 7|2MAH 2l Zl
SHAMA BEoIM T3 MA MfE ARRE £ A2, Ol
2 dAFolME SgMate| J|2MA A MIHEIIE MEsk=
X|&7 st 7|27 (Sustainable basic design) 2k H|okst
Ae0q, 0| AFCHA Mulol| MBatozM AAH e H|u-2A
510 MAsH ARH|SE Zb= FIEE MAokg EESIGIC

07| X|&7HsHol2t stant 2lst ME Xz S7 ol
w2} 19874 MIHIEkE el lslollM Mokl skdMoz HAMSH
1 X|E74sEH ¥ (sustainable development)ollA CHEE! 7H
O=Z &M= ISO(International Standard Organization) 14000
ARI=E Safl #el=|1 QU MES| ME 2S5 CHAPA, ®=,
ARE, H7| cHHIR] Moy g Te{sh MEoge| fHY M1E
275D e 0|1, R S MTIFoM= HME /ol 2N

=
S
Y7t Mg 3 o|FE Aldst 2Act (Lee et al., 2021).
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Mz 2 ARRElE NGO the MuEmr| Zof S ol
of A2 INGE YH=EZ ASshz LNG-DFAUIZIO| DiesellZlof|

PRS2t 22 5 SEPetHTo|M= 25|13
gk o= Qlon] ofof| w2} ING-DFFEAIMEtez9|
0] LNGe| Al20| Zletdroz AlRE = Q= X
82 MMste W0| €esicty HEsIRIC
2{st LNGe| Mz}H(Life Cycle)2 IAH F 7IX| EHAZ L}
o MY FEE MHATIA(Natural Gas)7} b2, |
sh AlM, INGR2EM, LNGED|Y, INGERIM7IX| 285
HIE 2lojsk= Well to Tank(WHT)2F LNGERIMo|A o34
EHAIE 2[0|5h= Tank to Wake(TtW) 2 LEFO{X| T M2py
ell to Wake(WtW) 2 LIERH == QICt INGe| MufEel AP
, & INGE 22 ASsk= CHHoIAM tiFR2el dyEo|
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2. AT
2.1 X158t 7|24

2 oA70lMe] X|&T7HsE 7| 242 LNG-DFFZIMEto|
TI|ES DSt SAl0| Muke| Fexg ME s
R Mol MupyEyL Z20E RF Eshs FlEkd Mubd
HE 2lolsiH, Fig. 12 1SO 140402] MY} Frameworko|
7|24 1Eg FRteRM X&Tkset 7|2MAl| oigt M
gl TS LIERAACE (ISO 14040, 1997).

Fig. 12} 20| X|&7Is8t 7|2M8H= 3A F ez s =
Rlonf, M J|2MA cHMe Mulel SN HEE 2|
2008 IS CodeE TIESIEE ol 20 MGO % LNGHEH 9|
Mg L8l EBliHEIE BHEStE R SIRAC HESHINGE o
B2 AEshs Meoll M=l IGF Code 5.3.42| Alternative
MethodE PHESIESE MAIE F3SIFCE (IMO IGF, 2015).

Alternative Method2t LNGHAZEIIE s x|S0l RA0| Foist
MAE 2let 2HEEM HTHOR 21219| o|, F, =o| &
A =E(f, f f)2 ARSI 2F &4 &E(f )2 UE
sof Sk (IMO, SOLAS 2017 Amendmen

0|2{3t IGF Coded| 2} ZFMoZ Hoks k= INGHEY
3o| HMant INGHEY S| Hslof FL5t Haks = M
ZF2H 9 2! steel weight, Gross Tonnage(G/T), 2T0RREIS A
A2 MYSIUCE 5t efiz2lof w2}t Mskske MGO &
LNGZe| Fulet FHE MAMSEZ MESIRICL

ClEe2 MuE"It oM e EeliAzlof w2t Z™E o
29| St INGHE- TS| MY ¥ FeMed url ZYE
steel weight, 270[o]| 2 SFOC(Specific Fuel Qi
Consumption), SGC(Specific Gas Consumption)S MZFHEI}

_*
©
o}
X
=)
=
N
2
-l

2 D2{3t ueiD} SFOC, SGCS T2fslod A&, B4, n&o=2

>

Goal and Scope Definition

* Goal: isi i f the results of envil

impacts for operating MGO and LNG fueled vesselin the basic design

Wt

Life Cycle Assessment

Inventory Analysis @ [mpact Assessment

r' - J‘Fuel“’eighl

* Scope: Steelproduction and Fuel

i Tyac <«
Basic Design ) 5>

Stability > Fuel Weight

} -+ Operational Period

{-»| Cruising Range } ‘ NG Fuel Tank Size ‘ -{ Steel Weight ‘ + Low Speed ‘
R .| Specific Fuel Oil & Gas N
‘ IGF Code ‘ Particular Dimension Consumption Middle Speed ‘

Case Study

Fuel Ratio (MGO:LNG)

W S 2::1rgoﬂrr\ncnlal Impact
» Estimated Power . M

Interpretation

*  Evaluation of the results from the LCA in terms of fuel ratio ‘

*  Conclusion and discussion

Fig. 1 Concept of the Sustainable basic design
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Table 1 Factors and categories according to LCA methods
Emission factors(g/g fuel) Environmental inpact categories
MGO ING |G AP PM PO M
co, 321.E+H00 2.75.E+00| v

co 277E03 783E03| v v v

N,0  1.60.E-04 1.08.E-04| v

CcH, 6.00.E-055.00.E-02| v v

rM 9.70.E-04 1.80.E-04 v

No, 9.61E-02 1.40.E02 v v v v
~Nmvoc 3.08.E03 3.00.E-03 v

s0,  1.00.E-02 0.00.E+00 v v v

Methods of LCA v OV ILlCD ILCD  ILCD

Liz Mol w2 g T JIX|2 HoleQict SR dekHZTo|
42 x72uUst X5(GWP), AHMEKAcidification Potential,
AP), O|MHX|(Particulate Matter, PM), ZelstEMAM
(Photochemical Ozone Formation, PO), ik F2ksKMarine
Eutrophication, ME)ol| CHEF ATE =&3519Ct
Table 10ll= MTHEIO| ARSE ClO[E{H[O|AL} KRS
LIERHSACE MGO2E LNGe| 942 oI5l Wsh= ZtE HiEA
Z=(Emission Factor)2| Z< IMOOIA 2AM5H X2 E ARZSIN
o (IMO, Third IMO Greenhouse Gas Study 2014, 2015), *Jt—'f
of MHE FASHE steel weighte]l ZA$ World Steel
AssociationollM F&3k= ELCD(European reference Life Cycle
Database)S AFZ3IFCH (World Steel Association, 2018).
E5H MupdEy EEo 2= CML-ARE ILCD 20112 AR

sl sRNERETO| Lot HIBIIAE 2R3 2zel
wei=ol 2} BB IS SUBIRICH (Lee et al., 2017). Of

£ E0{ CML-IA 8= w2} CO,, CO, N,O, CHA-‘EF 2 b
EAE XF2Lst XE2 BERsIen MGO2F LNGS| iE
HTE M 850 MopHErE o3 oroqcr

Fig. 20ll= MIHEIIE 25t INGHEFEIMEte| Mayg
LNGEHol|Ae] M n} Mmﬂzm*owgl MurdE dlwst
0{ LIERAICE MEldZZAQ| INGS| ZF MIPHsS wiTet
TWZ Lis = 2lo0f TWERHO|A XFX[Sh= H|E0] 85 %2 Lt

EltTt (Hwang et al., 2019). EESH Mukdzzo| MuPHe HAx
ARE, RAI-E HFHIE Lz & AL COMIEZS ZB9 AI%
HollAM 96 %OlM ol ZHAo=Z LIEfGTE oluf LNGeize
Heb MufAZzo| ARBEHH= dR2| oo 2 f.i%‘%oa

| -
F5l= 202 SUBH tHIZ 2 4 2o BERo| AIshs

|
45t

8l80| &2 chiz SMEoz susise Sojokls chiz
metsigict

w8, Fig. 30l XI47Hseh 7|2l Chet Al HALS Lt
Elfoion FokEl Hxiol wet M SHsI0! FEY My
AS STt TR 270 71l HAlet MIEIt HAL
2 Ui 4 2Io0f 7|40 BEolM HojEl AA™EE Jjute
2 MY 2% BA2 Ssl] HEYEe TESIC

4—— Life Cycle of LNG Fuel ——

Well to Tank

Tank to Wake

t-------=-=-=--- Life Cycle of Shipbuilding - - ----------

Gas Extraction /1 e o ey =

Production, Steel Production, Pro. du etion,

Pipeline Transport, Hull Cutting, Cutting, Steel
Purification & . Bending, n/a ! ' "
urification Material Blasting, Bending, Dismantling
Liquefaction, Mat. Transport i M:'if;:‘sgém

LNG Carrier Transport, | o P e L Mat Transport <
LNG Terminal Storage, Main
LNG Bunkering

Construction, | MGO & LNG

ShopTest, | Fuel | Main Spares

. Steel Recycled
Engine Trial

| Consumption !

Fig. 2 Life cycle of the LNG-DF propulsion ship

System
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[ Life Cycle Assessment |
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Table 2 Main dimensions of the reference ship

Length overall, LOA 90.0 m
Length between perpendicular, LBP 80.4 m
Breadth 14.0 m
Depth 7.4 m
Speed 16.0 knots
Maximum continuous rating, MCR 2,920 kW

(b) Profile of the LNG-DF propulsion fishery patrol
Fig. 4 Outline arrangement of the LNG fuel tank
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Table 3 Comparison of basic design cases according to fuel ratio

Reference

Ship Case—1 Case—2 Case-3 Case—4 Case-5 Units
Fuel ratio (MGOALNG) ~ 100% /-  30%/70%  30%/70% 20% /8% 20%/80% 10%/90% -
Main dimension (L/B/D) 80.4 /14.0 /7.4 81.8 /14.0 /7.7 80.4 /15.0 /7.7 87.6 /14.0 /7.7 82.1 /150 /7.7 6.3 /16.0/7.7 m
LNG f“e'(ij‘g;H?ime”SiO” 13.1 /8.95 /5.75 12.2 /9.95 /5.75 14.3 /8.95 /5.75 14.0 /9.95 /5.75 14.3 /10.95 /5.75 m
F”e'(wtlg”g/fsg?my abt. 520 / —  abt. 166 / 640  abt. 172/ 667  abt. 111/ 700 abt. 118 / 763  abt. 65 /858  m3
Estimated power (NCR) 2,500 2,450 2,650 2,290 2,600 2,640 KW
Stability (GM) 1.4 0.937 1.326 1.012 1.405 1.882 m
Cruising range abt. 7,600 abt. 2,320/5,030 abt. 2,260/5,040 abt. 1,580/5,760 abt. 1,550/5,760 abt. 850 /6,480 N.M
IGF code (f,.y), <0.04 - 0.0324 0.0316 0.0339 0.0388 0.0396 -
Domestic gross tonnage abt. 2,000 abt. 2,400 abt. 2,530 abt. 2,650 abt. 2,620 abt. 3,020 ton
Fig. 40ll= LNGHZ™Y bix[of 2 ZSHTE H|w5i0{ Lt INGHZE™H TS| =g ZdM™elien =ole| ZHe
ERAACE MF @FARE| w2t INGHE- T = M| Lol by Tank—top2| =0|E 112{st0 ZMsIUCE o|MH ZHn} =0[9|
XSt sixieni, &32| sefjof wat Cylinder type, Bi-lobe 2 Muto| oML w2t ZH=EAon] 2ol ¢ o7 &
type, Lattice typeS H|wW3IHC} Cylinder typeZl Bi-lobe type SiH2|E PHEsh= MGO2 LNGE2kS MME = TS ZolE
ol 2% =2l Hu| thH| Lattice typet H|wSlo{ LNGHZEY T 2| AYs1¥ 20 IGF Code FHEOIF T Elolsto] MASIRACL,
o7t Tz stA B716104 M| LSl BiX|7+ ofgd D Mute] Ckeez 22l Cased| wE  AdEARE24(Nominal
Q20| TEsP A0 FEXOZ attice typeS 7|HIR Continuous Rating, NCR)S F&s10] F7[|2s ME3Ien,
2 MAIE $£HSIFCH (Kim et al., 2012). Olof| w2} Ao EZ2 ZJIAZ] Case—2, Case—4, Case—-52| A &M CHH|
QX2 HZ5l0] INGHEEI IE 9ot @7+2 S5O, NCRO| &7l eLt £g #ASH 4oll= FABEALE Zast
O] TfHollM MAle| Z7i0| E=sto] MAS 2I5H ZHS 1 tier = NoZ LElen] ol= L/B7F AXMY| HESZ Ho[o{ NCR
FI81%ct. HHoME ES FRISks WOl Relet Aoz TELECE

3. X|H7tsdA e B|w

3.1 XE7sME s 7|2AdA o vl

UM 27fe| X|&7tsSh 7| 2HAIE ATTiAF Melof| ME3in
571x]2| CaseE LF+0{ Table 3ol LIERAACE F7| MGOL}
LNGS| ¢dZH|82 3.7, 2:8, 1:92 7X|2 LIF0] MH HES
HSIGC) HA INGHIRE I E six[of| w2} Mut Fox el
o B7k= =751 2] ¢=H|Z0| 3:7¢1 Case-1, Case—29]
4T & SH|S2 ZX|Tt FeX| 2ol HA A £ FX|5t

20| 45t Case-12} Zo|E RXIetl Z2 1 m 37

7| Case—22 LMFACE 942H|80| 2:89! Case-3, Case—4°]

QUSk o

=
a =
7

4% Case-1, Case—22t 20| St =122 Z0|E Ht
Case-317t £g WA Case-42 LIF0| FRAYUS HZsIA

=

oL} Zole| A IGF CodeE |7]7] /8104 & Case 25
EMe| MECH S7MZHCE ¢=H|80] 1:92] Case-5&
21 m 377 49 INGHBETE uix[517| 2ok |
o|7} T=5H B715101 2 2 m S7A74 v WS
LNGoAZ- 9| | 2ol A Mute| T} oA

04 AL 22 THEsE| 2I8t B/5 mE 11245104

o

2

N R

=

= Adlo

— 1

o| al
= x

0f0

H}S
k=i

™

>

M

ol
1
mjo

=22l AAH Al Loading condition2 Fully loaded departure
conditionoilA] 2008 IS CodeE PIESI== sIQICt 2t Case H
2 FHE steel weight & FHEAE MESICH LINGHEY
3 3 FREH[9| X|= HAH Hof| w2} MAEs| xHefA|
SICt =Mel Fe X|E2l GM = AWk

1Tm3
Case—2, Case—42| 4% 1Mo GM

S| ZIE e
oL} £5 FX|St Case-1, Case-32| sh= A2
2 LIETE ol 712 HME LNG
0 Meko| VCGr} A& A2 EEte(o
2 7P| flstiMe Z2 BIAIFHot
ghsliAHz|e| E< Ztzte| im0 w2
T skefi7{z] 7,000~8,000 nautical mile E
A0S UEshe MBAURIE MY en| SFOCe SCCe
2+ NCRollM2e| 22 ol23199 1 LCV(Lower Calorific Value)2l
4 MEPC.308(73)2| #t2 08310 Hie F35IRICE

CHSOZ IGF Codeol| 2™ | NGHZEYF | vix[o]| CH
giHo| RUen] ZYEX

Mo ZAYEN LIt AEEH ol U
A2gt UE MdAelEezF

Ho| AR B/SmEEE 1165m = &2
ghHo| AL SOLAS
Ab B

o op=
=2 ="

[l

Bt

=13
o

B ToiM dixlsk= dHHo|n =HEEM
2017 Amendment (98th)ollA] MAISHE &4 2H& AlAH EiHoj|
2} INGH RIS uix|5he welolch EaMutlo] A2

S —|9'| M
=4 ol w2t sfxIsks 49 MAQE INGHZ-A Al

23

0

m

v o]
=

JSNAK, Vol, 60, No, 5, October 2023

361



LNG-DFEA SgMte] X27ks3t 71247 thotg Slst Hz
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HLCA) =4

o| olHsolsk= A2t DH=Slo HEEA WHE ARESINIC

SETQ| 4 MUESS| E-of aet & w2t = &
ETE dH|wsiion] INGHZHI9| Hixlof 2} Mute] £l
7t dopt BIIeIAEA| Eelel| 25t MAMSEZ eS|
Ch &M tid] 2E Casell ZESV| S716 HE Eolsi%ie
0 Case—12} Case—22| H|1W A| °1E HlEg2 S Case—22
49 £ Z7lo| ul2l NCRo| &vksin &E47| B7510
Case—10f| HIslf S2(5iCt & F= A2 S2A FHollAM |

St Zuts LIERHACE EESF Case—32 Case—42| H |l Al H|E
gt Zgk2 HolLt EES0s 2 HEIE HolX| 24t Case—5
o A2 2mel Z Iyl uRtl EE47F IA BTBIFSLH

Case—22} Case—42} H|xF NCRS LIERHACE

—r

3.2

o]
0
o
Jhu
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1z

0
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OEl
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N
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2 oi7o| Chat Melol

izl 240l of7| ol

NI
—o
0z
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=
in
@
Alm
0z
rot
0%
0

rx 0
Kl
02t
08

7H 2nE =&l A0 Al

TR AL2|2Z L0 SR A AlL2|2E A=Y
3of 8= 13| 2T 42, F Huls defe] oF SetAE
[ W”*OE M=0l| e HARAREOR L0 T

2011).
WH: WHP(1+fsl+fsb+fsd+fsc) (1)
047|M, f, =1.133(LBP— LBP,)/LBP,

[ =0688(B—Bp)Bp

f=045(D—D))/D,

f@(‘:O5O[ (f91+f9b+f9d)}( Cfm)
WH:WHP(1+fsl+fsb+fsd+fsc+fst) (2)

o{7|M, f,=1.167(LBP— LBP,)/LBP,
f =0.67(B— Bp) Bp

(
=0.50(D—D,)/ D,
=0.17(G,— G,)/ G,
=017(T—Tp)/ Tp

Table 40 LiEft Muby =5 EAM(Life Cycle Inventory
Analysis) HIO|E{= ZtZte| ALIZ|2E 2ol 2dYskE Holst
7| ¢lgt E=20|c}. MA steel weight= 2 =H|S0f w2}
Yollzl T2l wE Mile] FHE 2[o|slq LNGHE2| |
20| =025 Muto| Hu|T FI5P| 20l steel weight™
S7fote HES ERISIRICE DIEIXIZ MGO, LNGe| dz5F
Al E2HING H=z9| H|E0| ZORESS ING Fl= S7ist

Table 4 Data of the life cycle inventory analysis

Case-1 Case-2 Case-3 Case-4 Case-b5

Steel weight (ton) 1580 1610 1740 1660 1860

Fuel MGO  138.3 143.3 92.9 98.5 53.9
weight
(ton) LNG 259.2 270.3 283.5 308.9 347.5

Low SFOC  278.7 276.3 276.8 276.1 272.5

speed
(g/kWh) SGC 337.3 332.5 333.6 332.0 324.6
Meddle SFOC  201.8 199.9 202.2 200.0 198.4
speed

(g/kwh) SGC 1822 178.6 183 178.8 175.8

High SFOC 182.8 176.8 185.9 178.4 177.2
speed
(9/kWh) SGC 153.2 149.6 156 150.6 149.8

MGO f/il= Hisohe ZEs EQict v X& 55, 1
Me| SFOC, SGC= 27| Ci2 ZItE LIERien MZ&e
¥ Case-10| 712 B2 M1RE ARE5ID Case-57f 712 A
B E ARRSI= Zioz LIEC) =21} 120| AR Case-3

0| Y5k 71 B2 HERE AM8shs H2Z LiElten] 212t
Case-52} Case—27t W2 M= ARBEE HOoiFACE o213t ™
I 2= 24 Ho[E] & steel weightet MGO, LNG ¢1Z22| &
Ae & ¢uf, & ¢ AlLz|2o] MobY "IIE flet AZ22
ARBE|O K&, B, 1H0AMe] SFOC, SGC= M| M A|
LI2|2F 25t AI22 ARSEACE

Jﬁ

r|0 0}1

N Hu AlLRR]| 0] w2t Az S 18] &% Al A
29| 7|2t steel weightol| CHet MuPyE7L ZkE Fig. 5(a)oll
LIERfRICE  INGDFRZEIZ ARSEezEM GWPE  HQlet
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(b) Comparison of LCA results of GWP
Fig. 5 LCA results according to scenario 1
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(c) Comparison of LCA results at high speed
Fig. 7 LCA results according to scenario 3
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