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Technology Assessment and Economic Analysis of
Green Ships Fuelled by Liquefied Natural Gas(LNG)
Choi, Woo Jeong

Department of Ship Operation System Engineering
The Graduate School of Korea Maritime and Ocean University

Abstract

In the global trading market, the portion of shipping far exceeds that of
any other trading methods. Despite the fact that shipping accounts for 80%
of the world’s freight, it only consumes 2% of the world’s energy and has a
carbon emission rate of only 3.3%. Thus, shipping is not only very efficient

but also eco-friendly.

For better environment and sustainability, today’s trend of increasing
restriction of carbon emission and demanding more eco-friendly approach
have become inevitable in the shipping industry. For example, nitrogen
oxide and sulfur dioxide emission rates have already been reduced 5 to 20%
of current rate since the introduction of MAPOL’s regulation. In 2011, IMO
has decided to implement EEDI(Energy Efficiency Design Index) which
requires reduction of greenhouse gas emission to 30% of current rate to all
newly built ships over the course of 12 years, starting from 2013. Since
most current ships rely on bunker fuel which releases a lot of greenhouse
gas, they require either nitrogen oxide reduction catalyst, desulfurization
equipment, or high-priced low sulfuric fuel in order to meet the new
MAPOL’s regulation. However, because these methods increase the cost of

building and operation, utilization of LNG(Liquefied Natural Gas) as a fuel

_ix_



source has gained attention as an emerging solution recently.

LNG as fuel is not a new invention though; today LNG is used as main
propulsion fuel for some Norwegian ferries and offshore vessels. The
bunkering is done by truck or directly from a shore based terminal, a
proven technology that works well in Norway. This is not an alternative for
larger ships though, where the LNG volumes are too large and the supply

from a tanker truck would be too time-consuming.

A build-up of an LNG supply chain based on ship to ship bunkering
instead is therefore of significant importance for LNG to become a real
alternative to Heavy Fuel oil and other bunker fuels. Nevertheless, there are
no existing international guidelines for the procedure of ship to ship

bunkering of LNG have not been established up to date.

This paper aims at establishing a Green Ship design for the LNG fuelled

vessels and encompassing the entire bunkering operation.

KEY WORDS: LNG Fuelled vessel, Green Ship, LNG Bunkering,

Greenhouse Gas, Technology Assessment
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2) B4FEE(S0x) Y vl & H= =017] Aste] ¥ LrAe BAEE v E Al

‘O L g
3 (53, el A Hukg A5/ & FHrEFo] 1.5% m/m(percentage per
mass) ©]3}?] ‘LE%E AFE-sff of O}EL *d“#oﬂ AERE oHehe A & 48



NO, Regulation by IMO

= s Tier 1
§ I o—ier 2
& 5 = il e e «Tier 3
| -
0 550 1100 1650 2200
rpm
[ tem | ver | nNOx |
Prior to 1 Jan. 2011 Tier I
Global .
After 1 Jan. 2011 Tier IT
Emission Control Area After 1 Jan. 2016 Tier IT

Fig. 2.1 AA4H8E(NOx) #l&7F#4] PLAN

SO, Regulation by IMO

Pricr to 1 Jan. 2012 45% m/m

Global After 1 Jan. 2012 3.5% m/m

After 1 Jan. 2020 0.5% m/m

Prior to 1 July 2010 1.5% m/m

Emission Control Area After 1 Jul_\,_r 2010 1.0% m/m
After 1 July 2015 0.1% m/m

Fig. 2.2 3413812 (SOx) #l&71# PLAN
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AN AL F(IMO) = 2011d 7€ 11EFE 547 J=F BRI 73 ‘A62
AF YRS LI (MEPC 62)3] 9] ol A Al 247} (GHG, Green House
Gases) HiZ 7+5¢HS A3t} oo wr2d 201335 A2 AXE = 400 GT
o]’ge] Xuto] tia] A EEAHAAF(EED)E H-&3HA Aot dyAa&Ad
AATE 189 &S 18140 5 Al DA ol era s &3S T}
AR, Afr & 7t=4d T oAUA=E

[e]

=
A7t vMiEEe 29 AS AeE 7|dEA Stk
A

o] AVME A= &3t ZidiHa o

TABALZ = B B AR g dliA aes SHATI=
U A 5§32 A ¥ (SEEMP, Ship Energy Efficiency Management Plan) H 5 A
T RS 273 Aok 2 400 GT ©]4 A8k H-8A| 7oA o) 4d <t
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23 9311 A7FE(LNG) =54
231 Y3 HA7MA(LNG) 264 A

N3 A7F2 F-HEA (Liquefied Natural Gas Carrier, ©]3F LNGAl)2 &34~
o] £=9 AAZFEE WIS st (18T 2 QA A ddTE2E 7H g=
% (Cargo Containment System)ol] R #3ste] ybsi= Auks A =vh LNG9
&2 19509t =HE HEH7] AZe) 1958 wl= depunp 2404
S Mz e Hg go] 2Yol(Methane Pioneer)& & 7% 3}HA HE

FAHEZ LNGHY A AdrEyE 53 1964d £X329] Methane
Princess % (27,400m’), WEH < W42 19691 Polar Alaska® (71,500m’)7} 2}+2}
o] ATt 1Elx 1973 2 A3 LNGAo] AxHo AA LNGA AL

I

BAE

22y WHgRlyge] FRE o]FA ) o522 EF oA Mo
FHRALEL 19809t ZRH71A] LNGA Al Ex3ch 28y 19813 ¢
EzAa7F 2228 127,000m's LNGAS 123517] Al2Hs] A4 Hdl LNG 59
o] RS &&35le] 1983 dFH LB 3u] 2H4A7F AA LNGAH A1Fe &
at7]e ol2 Tt

tat7]l AlZrel 1973\ o %-x *d, 19743 435

, GEHG 13d0] =2 19949 E2~F 125000m' s LNGA-S AHelA #th
= lﬂ—g— ole} thfz4, HHEFTY, FAFFEl F 1749 74 LNGAHE A
Z5HA A AA LNGA Aol -2juet LNGA 71sS &2 A 8ok 1990
A 3R HE dEZALE AX3 LNGAH Ao SRFQ X5 A3
th LNGA 9] # 2= A dds = o] 19708t FHF 125,000m' 522, 19903 )
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SHF 137,000m 7 2.2, 18|31 2000t S o141 260,000m' 5 7FA] & o] o 3 &}
Atk Bl= U AA B 7)H) EIAC] wEW 20019 7€ 20259704 AA A
7hs 2R v Bt 28% 4 S7HE Aoz oddn. AlA dAvks 2Rl
<2 20079 2,512 Mtoe(Million Tonnes Oil Equivalent)ol| 4 2030%d 3,561 Mtoe=

Sold Holc.

0.

Table 2.2 World Energy Outlook 2009

Annual Growth
Item 1980 | 2000 | 2007 | 2015 | 2030
Rate(2007~2030)
Coal 1,792 | 2,292 | 3,184 | 3,828 | 4,887 1.9%
Oil 3,107 | 3,655 | 4,093 | 4,234 | 5,009 0.9%
Gas 1,234 | 2,085 2512 | 2801 | 3,561 1.5%
Nuclear 186 676 709 810 956 1.3%
Hydro 148 225 265 317 402 1.8%
Biomass& waste 749 | 1,031 | 1,176 | 1,338 | 1,604 1.4%
Others 12 55 74 160 370 7.3%
Total 7,228 | 10,018 | 12,013 | 13,488 | 16,790 1.5%

Souce : EIA "Annual Energy Outlook 2009"[1]

o] £AE Afe) A7t 2l 2714 09%E IA PAE AL o WAV}
2 mElgo] g Be RS ARE f33 ool N E Lr7t F58 5
U gt Ae AN A gA olth 53] WHe 2w} ASFFHOR B
glol, WAzt $YFo2 A Aeolth. old] ute} AE2st oF, 57, 1}
o)A}, o|FE, ol AT Sol Helrls A vAE hem glow, @
A AR F b AN HPgEE BV A2 A2RL Foh YA 9

AA 7S 52 200092 VIEo®, dolzals T3 FEFS 633.8
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o 7)o 20113 3¢

o] HAHNLE dB - AlE AVI=

g 2L S AFe] BRI B3 A AAH R A4 T tg
o7k Eobgel Wk A4E 2 GAT AuA Aol HE BAe] FF&w 3
ok olsh o] MY 1008 e] S DRI Af hA AQe] B A
g A9 E S o4t a1 glom, o2 B3l FF AAsxe] e 77
& 8 F71E 43 F Ak olel@ FAE GO F F7F LNGH] U B
o] BastA € Aol tiEds EIJ o g
Table 2.3 LNGH H&5%F o=
LNG TRADE LNG SHIP DEMAND
Be/d Mt Growth M3 Productivi D 4 | No. of New
t .
Year « LNG P.a. LNG roductivity eman o © ships
Trade Tons/dwt M dwt ships
Trade | Prev 10yrs | Trade p-a.
1990 6.6 506 6.3% | 1124 13.3 3.8 44
2000 | 127 973 6.5% | 2163 13.9 7.0 81 4
2010 | 273 209.3 7.7% | 465.0 8.0 26.1 302 22
2020 | 50.0 | 383.3 61% | 851.7 9.0 42.6 493 19
2030 | 66.0 | 505.9 28% | 1,124.2 9.0 56.2 651 16
Souce : ”"BP statistical review of world energy”[2] and Clarkson “Shipping

Intelligence Weekly”[3]
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232 LNGAl9] A% &3

A 2002 HE AA 28 717 TAET] A7EA] LNGO Wik e+ F
SHAl S 7Fsted LNGA ol digh A §le w’FZ g %l o] mﬂﬂﬂt} 20023 3 1
20073 11L7}R] AA 2+ 240 AxFHo Ax®E LNGHE = 118F ¢ &3]
t}. o]Elg AlA LNGA A1 330z $Euvete £F 5 20053 333 ) A
2006 274 0.2 AA AN 854%2 HAE&S HIoH, 2007d= 344 =
TR

Table 2.4 LNGX $F%
20053 20063 20073 9¢

- 2| A | vl | vl

“ | AGT AGT HAGT
T (%) T (%) T (%)

Sk | 3470 | 33 796 | 3,616 | 27 854 | 1,751 14 94.7

ST 706 7 16.2 611 5 14.4 53 1 29

= 95 1 0.0 0 0 0.0 45 5 24

EU 91 1 0.0 4 1 0.1 0 0 0

AAA | 4361 42 100 | 4234 | 34 100 | 1,849 | 20 100

Jo

AA 58 712 A3 A FF2AT LNGH e 22 ZA 35 4
7V s HE ol Hidohdr] AlAs AT 2011 548 VIEo® L
2 3637 51.0 MCM(Million Cubic Meter)oll ©3tH, &4 HAZx F2

A AukS gHald 4003 o] o g LakMule] Hold Anto|th(Table 253 %),

2

Table 25 LNGA Fleet &3 (20114 7]%)

LNG Carrier Year End 01-May-11
Fleet, 3 m' 2007 | 2008 | 2009 | 2010 SRy A
40-60,000 CBM 253 163 163 122 3 122
60-100,000 CBM 1,307 1,383 | 1,383 | 1,295 17 1,295
>100,000 CBM 30,006 | 38,918 | 45,716 | 50,130 326 50,278
TOTAL FLEET 31,818 | 40,661 | 47,469 | 51,774 363 51932
TOTAL M. DWT 17.7 22.4 26.1 28.3 363 28.3
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2.3.3 LNGA A £H

-163TC 9 LNGE ©&
ol 2] F-ol A R oy &} dute] FA9do = Q% FFANYA T2
2 A% AL AASLIIA 3} NBOG)7} A st
ot oA FHste vt FARE Aol ¢ 7&?’} o €H(Methane, CH4)
o2 At FHE 9% AFRE A& Utk ol#g 5= lF SR> A
HE3 7]&o] 255 <=H, L S48 Avse ds] dures 3
o},

INGH e 54& 24 o534 2o

1) FALY LNGE & Hol A& FHAo] A Invar(UA
36% %5 7), Stainless steel - &-FHH g2 E o] Uth(Invar: NOY,
Stainless steel: Mark III, 515 &&: MOSS Type).

2) SR EREH FEFor d JPS W] fst] SEFFA Faol Perlite
(800T o]F 714 Al FHWsAl H+= 3H4Hers 0.01~0.1mme| Ballg Ao &
9= A) = Fiber GlassE A 94 ¥H= A(NO96)Z Poly Urethane Form
A3} Triplex(Aluminum Foil ¥Zo] F2AFE F23 Z)E ol &3t=
AMark 1) 502 GEAA Fdl.

3) FEH HollH AdHoz @EAS= NBOGE Ad 3
g Alzd B dnR7} ool gt oY d Al 2HS
Al ="l (Boil-off Gas Management System, ©]3} GMS)¢|g} 3}
7}~ 4=71(Gas Compressor)7} TH Hojof &}, AulE7

2)
Boiler, Duel Fuel Diesel Engine, Gas Turbine 52 |7} 10w, o
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= ¢ 7IEE oA A= A Q3 2 H|(Re-liquefaction Plant)E 2t
7= o},

4) Astdo] A LNGE A Alst7] Wiol Type 2GE /=] 11X 9 o=z
A2 Pe7 3y, o] 95 175 A5E A4S o]8sle] Auke

kst ASk BEAY Bast glvk

=)
5) Adute] S 351X 40d A= ZAA FAST
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234 LNGAl 9] 9 A1]

LNGA 9] 2 AMusL g3 £t}
1) & @4 Avl

(1) Cargo Pump

azte] 2L £537] 9@ Avlolth LNGH 6] AH45E Cargo Pump F
2 Submerged PumpZ °|& AFEEHS FAZ7t AFHE Fe2A 3EF Y
AR H o] glem, Hx= 38 HiE& vl AdHo] v dd2 Ty 2
Jelxo NRE BE Fo|F Fato] 3EF YR sEEow BT,

o H
oleig Bzt Adw geolN LU =EHo) 15 AWFo A 42D
s 72 F AN S, HEZs dE AR o8 4R §8S st 9l
oz qA4AH FedAe Wy 5 7552 Dry Runningo] A3 4= lof o]
of 3t HothFo] esitt. w3 FIZ 7|5 Al =7 5 WE E=E HH3
zdsto] F43 dEEdsoIY BRH O A7 TS WA St 3t

(2) Cargo Compressor

Aol Al AEp7kso M TS ThAe] F2 F438] S HH, o] da
A 8= A7 Fed T oF Ol S7tskar Adue @ d el AsiA Aok
kM AdEtel M= o] 7kAE O §4 BAR AFsr] AT d5717F AA4

Rt & Fsl Al 241 sh=e] d97E BojAHA 2 el g o] Eo

AA Bt o] Be= §44 F AF7IE Tt BALE JtEE o]FFoEA
t=Fol Fstel ofs) EdHE AL WA T

(3) Spray/Strip Pump

Spray Pump= 3249 255 H57] A% AHlEZH, Hx= ojFd A3}
2= 4 S AR AAE =55 Tl 24, o] W EAME d2 7]5HE
HA St 2EE 5o SR dqItAE ARst=d FEv A £
== H57] Y3 4= Cargo PumpZt 2|
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37 AANE B Aol ol FolAok Bk olvldE BgE W Fush
s Bz 1% 2 34 23 FFY ARAATLE G ARG A%
24 Sol TFAT wof o8 @ 4P Bad $AA S| JEHTIE &
A e 5 e A%l s F) Abmel A RS AR ohde A EE 57
Ao 224 £42 Fol A1l n BlF £42 UG Aelh ol Az
wole] B AGshel AN EE olFeE A5 AATA o Fue] TR
G V1A 5 YT Aoltk oF A HF AF H/FH A2 2 AYB
A HAANGS Festn, Fo Aol WARAY EE WA ojHe] FNF £
AR A AGFOZA oHF ALE AP T3 FA B AP 5
Wshe BANA A7re] AR wEgo] GEFE o] ok, ojr] AFH ] 9
=AYl met A5 H o AN 2] 23] b5 shel SHASHAA
5 ASS AYL AL 5 AEF P Aok AN 2He oG A5 A ]
A BRRE PR W ohe AolAxT A e o) FHTE PASE
FAFANE FASE Aol Fasch o) Azdo] FRY YUE Fxdte] A
oF A4 WFALE WAL F Yod, o2 AYg Iy AT 4 =

2
o,
®

(1) Low Duty Cargo Compressor

Sl 5ol A WAE= NBOG & A8E A3l S8l 244 7138 7t-=g
HA#=E o]Fste= AAoltt o] T 3= W dEHS dASH 7AE -
ATt

(2) Forcing Vaporizer

INGA 9 ¢ 9% & Hd 3 AdAEF 93 NBOG= A sHEFe] of
0.15%/day°lth. ol HE A dxHI Je Hibs 7|Foz dut F1E S
= A7 of 35~45% AH=ol siFstH, 1 o] F=19S

ARE ZA ASAA BAANY 2 A% Aus 7HAT LNGe 7}
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Fig. 23 “LNG Edo” 59| W =E o2 g At

4) ZAukebd A oA 2H

ok A o] Al 22 ¥l (Emergency Shutdown System)> LNGA 2] E4&
o, 229 gtEo] FAL F Ae A, A T wE Tt Fgel 9
g B39 BES 3987 fls) Ade] sHEAI A" S )
gt o b A2 Zol AT AHte] F8AS
7h e Eojol atH, 72 bAFE I MR FFHA FES
gk AFo] o] Fojxof gttt o9} FHEH S} F A|LF o2 = SHEF A A|2H],
72 §YE70, b2 7bE T, st EE AAM B A o] Al 2F 283 1R Fo] Tth

5) TGHAl AJA=H

LNGAol= 2719t & ARl SEAES 13 JAdstd T4A AlofA
2¥lo] AFFREol Stk o] FUHA AAAEEE FE  IAS(Integrated
Automation System)z} t=Tt], 3}=5 s}
st7] 9% dRles HAAsta a4 os Aske 925 sk o

al
ThS Fig. 24+ IAS9 d4¥ AHISS yYehia ok



 BRIDGE ORDER
POWER womfy [LpoAscowe | EARGGTANK
MANAGEMENT FLOW CONT. PRESS. CONT.
4 " FORC. VAP.
LOAD ) FLOW CONT. EERRRAAE
s | FREQUENCY SHARING [
S SHHVERTOR ‘ Eﬁ'ggﬂp} " FUEL GAS PUMP
SRR | GENERATOR ' FLOW CONT.
. CONTROLLER A [ —
PROPULSION HEADER
MOTOR - PRESS. CONT.
" RPM_ "GENERATOR |
DETECTION GOVERNOR
B — v S— FUEL GAS ~ GAS
PROPULSION AR | FUELGAS | MAIN HDR COMBUSTION
MOTOR CONTROL CONTROL ™% PRESS. CONTROL UNIT
CONTROL
Fig. 2.4 1ASS} 44 AH]

I8 3} 7o)l LNGA ] AR EH 1 Q& IASHE e AujEo] dAE o,
[ASI| A dZAAoZ e A F AFA7E H31 o, 2B =2 oo uigh
F714 #AE A olslstaL ojof tAsta & 2HAS T 4 A

TS IASE 39 e dRrE7] 9819 o]F(Redundancy) ¥ #4F &9
T4E 7HA AL %, A =" o] o]FslE o] 9lon, A7t FAMFRE T}
AW, A 2H Y AdE UMEYT FAAE 219 H5HE IAFAZE 7HR 3 U

LNGH S 9704 48 4 @ Ao 7] flafd 4% 4% 158 99
Az mESC] WgoR ¥A® 722 AAJE @
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Al 37 IS A ALAE J<dF

31 12§ AuEA Je

311 H3F AF NE

Fote vhEA Y, 294, GRAY *
Adure]l Ay HA s wet 24 vUehdt 43 HAs s 188
A AA 9] 50% ool AE Rl A 7 Ae g 7P 7ol He A

Al 7o, ol BE i &3 BAEES A e HHY AFEAAE
#18l CFD(Computational Fluid Dynamics, Z4H-A938h) 7|&& o] &3 A3

Ay HHs dadgFoew fEEa

312 d5&87 7|&

Zzde] a5 A8 AHE 7HA &H, old w
Zle/id B 24 a8 AR Y o] I H U
a9 313 22 Contra Rotating Propeller(CRP)= A37F 12~16%2] 547
aHE JHA eve A7EHTE o, zEdE e el WA E art
A= Aoz 4 A Utk Rudder Bulb, Propeller Boss Cap Fin(PBCF), Mewis

Duct 59 HEZAE 2~5%9] A7AAS 7IdT 4 Aoh(Fig. 32 TX).

gt z2H8 g
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Fig. 3.1 Contra Rotating Propeller(CRP)

Fig. 3.2 MEWIS Duct
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AA e AaS Z£o]7] 913 “Air Lubrication Technology(ALT)= 10~20% 2] <
7IthE 4 2™, “Low Frictional Coating(LFC)7|&=< &3 A4 ¢

2a7e
ERVEE oF 4% oY B&S FINL & UAkFig 33 FF).

Ail Supply
ompressol
——=—— Exp WD alr
sereagee-o EXp W alr
CEL Wiar /,/ &

" i m

: 4

]

- T
€ Rir Cavity Layer =

Fn

Fig. 3.3 Air Lubrication Technology (ALT)

313 &3 ARAE
“Waste Heat Recovery System”-> A8} <Qlzle] #H7|# ng& o] &3 =&
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Fig. 34 Solar & Wind Power

32 83HA 7&

321 W77k 24 7€

AagbstE ARFAY, @848 o2 w7I7tAE 24T 5 Ak AAAst
= AFAFAZ = “Exhaust Gas Re-circulation System(EGR)”(Fig. 3.5 %)%}t
“Selective Catalytic Reduction(SCR)” &©°] o1, EGR2 #IAZ #H 7|7}~ &
T2 g3o] AANEES Zols X oF 80%2 AAAEE a7} 7|t E A
T o 35%9] olitsl ek awFo] FUtEE @] th SCRE AAteE S &

R

MAAE Qh(Urea)E BANSI AN ANAREY B2 Boss 2
xolH, ¢F 80% <] AAiLtetE A ZdlE . @8 H 25 “Scrubber” 71 )2
Hoal5E Bt $4247 B2 Baes 4ol of 95%9) FN5E 7
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EGR (Exhaust Gas Re-circulation System) with Main Engine

+ Reducing the Peak Combustion
Temperature

+ Installed on the Alexander Maersk
for actual testing

-C023.5% Up
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e Fig. 3.6% o] e olydoly INGA Y 725 (Trim by

the head)°], BA Aol L} W9 Aol Au|EH] FAE

A EFELO] FAATHE FFolth F, olHF AFYE EPxAA mebd A

Ao Mg AT, Z2dee] 8% FUMAAA B &40 AAH
11]-

Fsstthe ol

= ATE
A

2
=
|= 5%, BAI= 10%

Bow Trim Profitable Vessel Type

v Container/LNGC

]/ Stern Trim
f 4

7 Tanker/Bulker

Fig. 3.6 Optimum Trim Condition
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412 DFDE 7|&
4121 DFDE 7]#<] /H2

olz=d 5 A 71F%]l(Dual Fuel Diesel Generator-Electric Propulsion) 7]3#2 7]

zo 2y F7BRT @ @A AslE W7 FA7)BeE, o FIRE A8

Motor& 753t 4= AP st th olFA8 37|53 LNGA 2 H8.o
2t Aok 7S AR E WMol AREE g 3o, 7]E LNGAH S F3AQ]

2N 29 Y AVIEHE o83 Hold draed £y, P
=

4

Y, ]
2~4% A= HRAT 7]E 2GR Z]HEG 8&0] 30% o FFEHL dd
CARGO TANK 4 CARGO TANK 3 CARGO TANK 2 CARGO TANK 1
~ 38,600 cbm ~ 44 280 cbrm = 44250 cbm = 26,400 ebm
OTHER CONSI.IM!RS_
i Tt T ]

CONVERTER _;J_

LA~ — =1

\ ! GEAR @ i —z_{ [t ‘:_] o
| Eli\- I ‘ CASE @ | 6 E COMPRESSOR
T E——] [ ‘
CONVERTER -
FUEL OIL SYSTEM

SHIP'S NET —— ALTERNATORS  DUAL FUEL ENGINES

Fig. 42 DFDE 7|% 92%
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Power losses

0.974 0.999 0.985 0.986 0.98

Generator
former converter Motor

1
1
1
Switchboard i Trans- Frequency Electric
1
1
1

Fig. 43 DFDE 7|#¢] ¥ 4% (Image courtesy of ABB Marine)

DFDE 7]3#¢] 23 7] AL 4-Stroke 53 7 o] AL-8-% 1, o
8L oF 48%E EHA 9)\‘:]'. mEtx dXETF o] €8S &4S 8% U9
2 A4slH DFDE 7] %9 4882 ¢ 43% A= 2, ~9EH 7|3 tiu] oF 30%
9 71 5o}, LNGA 9] 2877t 4040 =

AR AS 2

N, —

dagol E oo, #F3 4,0009 2
7V AE  AS Ao AodE ofy A F A wR Y HAHSE F
3 EL dAAY xEAFRG oF 90005 ¢ HA 7Msdlth ol e =279
Avtolgtar 7S W 7~8% O F=&Fo] 7Hsstthe AS Yrgitty ¢
I At

DFDE 7|#9] A3 o =2=,
1) e dag
2) 718 F3ro] oA oR FoF(FHALRE EF &3] sold)

riL
—~
o
u
le il

1) Zdez & AxnE
2) ¥& A #e] v (Maintenance Cost) 5°] At}
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TB00 kW T.EO0KW 7.B00 KW THOOKW 7TBOOKW 2000 kW

0P 99T

ﬂﬂ-l;"l.l' IIIH: "] "I 6.8 kW, B0 Hz

A W L

"1 MWMH: 80K, 80Hz )

é@é@béé bbb

¥ gl

CamgoPump 14 LD HD

Fig. 4.4 Electric Propulsion System Diagram
(Image courtesy of ABB Marine)

o]TAE LAY AL gF ARE AR AAVAE Edte] A Ho
Z AT F Es Al 2] dFe®, O F¢ INGAES F Vjge =
o

olgdE 7] AR Fa TEAES, B3let A4S FA|SkE Micro pilot
fuel injection 7%, SHZA &2 HAHE FA8= Gas admission 7|« L2]il
LM77 AW HAHgete FFA] 71E Folth

8 5422 +%, Gas Burningol| Al 48%°]/¢9 &&& 7Idbdes A & 4
E =2 ZA] Change over 3} Fuel flexibility, L2]3L CO, , NOx, SOx FollA %
£ Emissions R A= Z ot}

rr
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olFds w7 dFle a4 FQ7|&S Fig 456517 2o}

| » Flexible, intelligent Pilot .
fuel oil injection
(CR-system) -

= Pressure relief valve = High efflcie.ncy
for safe design turbocharging

= Air/fuel ratio

= Flexible, intelligent control system

Fuel gas control

B Dot?b!e wall fuel gas

piping for safe design = Flexible, intelligent

Main fuel cil injection
(CR-system)

= Knocking detection control system

Fig. 45 o598 7] 949 94 ¥ Fa7%

a4 ForvlsoA HHEAAE % ol WA A" Y] W
T oolye}t 7tAE FEE e EE g AX|Eof she A" ol
AA7EA 2744 FARE7E EAstEH], T 2ol
Diesel Mode®} Gas ModeZ = F A3, dA /AT F HAoe=Z+=
Fuel-sharing Mode”} 1t

e
HE

-
of

re
krl
(2
Y
N
=
™
flo
med

1) Diesel Mode Operation
Diesel Mode Operation®| A= MDO(Marine Diesel Oil)\} HFO(Heavy Fuel
Oi)E AEE AREsto] S F5ATH

2) Gas Mode Operation

Gas Mode Operation®| A= LA A0 &8 TS 93 ¢k Pilot AR



3) Fuel-Sharing Mode
Fig. 462 &A) 7| F<2 Fuel-Sharing Modeol| T3 Aoz 7]& 2714 &
AR oo F 742 AR E Sharesto] AFE-o] 7k B E(mode)ol ™, E&H <

Operation®] 758 Aoz 7]d| Ht}.le]

Diesel Gas
share % share %
0 100 .
( GD operation
20 80
30 70
40 60
50 50
Fuel sharing
60 40
70 30
B0 20
90 10
100 0 ( Fuel oil operation
0 10 20 30 40 50 60 70 80 90 100
Engine load%

Fig. 4.6 Fuel-Sharing Window
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4.1.3 Two-Stroke Gas Injection”] &

o]

7]¥& DFDE 713

7] w2l

2
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Faolt). 1

A7 ZHE Ao} ofg o A W]

[€]

171 wiEol dwk o
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b4 ghthe AHe]l herl= dck mebd o
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=
=
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A&dZH o= A Propellers T 3h=

L
= A

&l

A 0]
1

KR
L

Fig. 4.7% 2

Els

=
[¢)

7}

€0

A

=
Two-Stroke Gas Injection”]Zo] 7i1t=] S}t

A

Fig. 4.7 Two-Stroke Gas Injection 7|3

H](maintenance cost) Z4 Fo|H, A4 €582 DFDE 71& ¥l 10% ©]/F &

Two-Stroke Gas Injection”] ¥ A 2:%]9] 7}

L
T

Fig. 4.8

_36_



Internal and external systems for dual fuel operation

Engine room | Cutside Double wall pipe===
Gas system on the cylinder Sealing oil system Gas pipe s
Air flow direction==
inder cover, ‘TJ |_u“q-,_ Gas flow direction———
ol [ = )
A — 1|

[

Ty Compressor

}

I§ qj: | unit
—41 N [ —— ] iE" D
: A | 13 B.0.
P =] atlebecly . gas

Ventilation system Gas supply system

~+

Inetgasie

A B.0,

LAL B Pres STACK | 0as
ELGIvalve |

- Servooll LNG

B.0.

gas

Fig. 4.8 Two-Stroke Gas Injection 7|3 System Diagram

Two-Stroke Gas Injection 7]#9] 572 250~300barol o]Z2= 119+ 7}27}
Ad ] FaEolof dh= ZlelH, o]& )8 a9 Compressor =+ Pumps}

o Aol B ol
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Table 4.1 LNGA sized

HA3h= Gas Injectiond ¥ =3

LNG carrier Recommended Propulsion Propulsion
size (CBM) two-stroke solution power (kW) speed(knots)
145,000- 2 X 6S60ME-GI 2 X 14,280 1991
150,000 2 X 5565ME-GI 2 X 14,350
160,000- 2 X 5570ME-GI 2 X 16,350 1991
170,000 2 X 7S560ME-GI 2 X 16,660
200,000- 2 X 6S565ME-GI 2 X 17,220 1991
220,000 2 X 6570ME-GI 2 X 19,620
240,000- 2 X 7S565ME-GI 2 X 20,090 1991
270,000 2 X 7570ME-GI 2 X 21,770

329k, Gas Modedl A% Pilot-& FO7Z} ¢F 8% 7} Z Q348 FO &4 Zwo]
Z A2 HedfoF & Algo|th

Fuel100%

Fughoil-only mode

100% load

Fuel100%

*Minimum fuel” mode

30% load
Min load for Min. fuel mode

Min. Pilot
oil 5-8%

100% load

Fig. 4.9 Two-Stroke Gas Injection 7]¥#2] Fuel Mode Type

o}-&#, 250~300barel] o] =

A HdE 712> WP Compressors

L
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H]—Iﬂ o]x;]_ 1:1:3
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O
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"I::ﬂ— =

E’_]_—
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°o]&

1Y sk SAHE A

=120 s

Je Py ol

o W7 A7 7leNE=

ZastH,
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F3lol wk= vl obA o
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I8
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ey o]

grolm, 7h2auf Fhol] o] Fu] ¥ (Double Wall Pipe) System2 &8s+ 59 7Hdt
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HAZID(Hazard Identification study)< a4 &<l Brigtis 34, A5, o
,:jh(gg—t— A3 HE7H) B 2dAE9 AFEVMEC] B P 84AES Fol] o]
=l

ek A 2 dsd s HEIG 2R rrE e Ed.
HAZOP(Hazard & Operability study)= 913 2 224 sfAolH, 8 A~
ol &AM A AAE 2 HAE olEst= ddH A, wA ;o

34 PEPL

Aol Ao 71ad

= ol =
ZH &, &HE, WSt FUEE Foll stk Bl Hristd ve3 2

N DAz slge] Ausy] AAAT S @ HEe 2
o 2% 299 J#e 33595, ol gebd obHE 2Uq FEAcY 2
!

4 BOGE &&%0 2 &&= 59 1 A EE LNGRFA e F307|1#E 29
Rl 718 stk 2y A S0 INGREAS 7 2L F3171¢#
=o] A7 JNEEEA 7 FX7Re MRk AAE S BEshs @AZA A H L

32
oy

el A A st uhe} Zo] LNGR$A9S 93t H 7IdE DFDE 7|#¥
Two-Stroke Gas Injection 7]3ol tfste] AF AN F2 718 ~=HEN 7|33
o] Azx¥E SHAAM AALE vl £451H th2 2oh ol 9] Table 4.2
T 74 FA713E Az A HAGE AR g5 9 S YRl e, 7+ F
71 ol9e] AutAzx Hlg&L e Ao /T

Table 42+= 2®HEH 7] AZH LS 10029.0 M US$)2.2 714 3HAS o
Zy 71¢e] 7} AZH &S v w3 TableZ, DFDE 7| #2] Aole A o|F
A LR7Ie FF oz FIhH| o] B A o MA Axn gL <F 317

M US$7F 29 50o] ~€EH 713 AxH| ] ok 109% Z717F A5

A
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Two-Stroke Gas Injection 7]#9] Z-f-ol= HG 1d7tE A5FF Al 2=H Y
g T2 A HEuGo] oF 355 M US$7F Aax o] ~8EHN 7| Az
& oiv o 122%FE S Ao Z2 dgETh

7139 FF7 A & AzxH &
)& Boiler ¥ 2HEEH dX]
& Boiler 4 &5 AW 29.0 M US$
2~"HER 7|3
43 (100%)
z2Hy 5 SAEXA
olFAT WA 7]
715312 g8 2H
| 31.7 M US$
DFDE 7] 3 A7) % Al 2~H
. (109.3%)
Fd =
zzdy 5 FAFA
Gas Injection Two-Stroke 1%
Two-Stroke A7t~ A gFEF Al =H 355 M UD$%
Gas Injection 713 | TH&7%] (122.4%)
rzdy F FAFA

Zt FRA71HE Power AL Ao A Power Loss7} &AISHL, £4 &L Table

433 Zow, 71 dedtd dEIAH S Ad Two-Stroke Gas Injection 7] 3¢

=
ol2§ ¢ Table 4.3 7}

v W 2248 Aotk AH A

T8 BXAXA a8=F A&}

£

E g
F%17] =¥ & & (Propulsion Power Eff1c1ency)
SHolA vlaste] B, 2"HER 7|#HY FYF S-S 100291%)°l2aL 7IE

4¥< v, DFDE 7]#e] E¥a&2> 2" 7|8 oinl oF 143% S7Hs czk

149(43.4%)E WEH 3L, Two-Stroke Gas Injection 7]#¢] 7 -9-9

rr

2EER 7
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Table 4.3 2 7|1#E =23 &

Two-Stroke Gas
Fan=h =0 DFDE
Injection
Fuel 100% | Fuel 100% | Fuel 100%
Gas Injection
Boiler 89% | DF Engine 48% 49%
Engine
Steam Turbine 34% | Alternator 97%
Gear Box 98% | Converter 98%
Propulsion
98% | Shaft 98%
Shaft 989% | Motor
Gear Box 99%
Shaft 98%
Propulsion Propulsion Propulsion
Power 29.1% | Power 43.4% | Power 48.0%
Efficiency Efficiency Efficiency

- A3 . 160K CBM LNG Carrier
[e]

- YS9 A - A7 3009, Port to Port Distance 6,000 NM
- 98714 : LNG 580 US$/ton(l”F7F, LCV: 12,000 kcal/kg)

Table 445 3t & &+ A& A2 2HEHY 7|#9 A7 A=HE 7+2
2 100(30.74 M US$)o 2t 3 714 319< W, DFDE 71 7He] A9 AzF dAgus
e Eul 7] e oF 22.6%(6.96 M US$) H7+e of 2378 M US$7t 282 A
o2 ogdEtt. 183 Two-Stroke Gas Injection 7]#¢] 7-$-ol= ~"HEN 7|3
hH] oF 30.8%(9.454 M US$) 78 < 2129 M US$7t 288 o= o gdch
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Table 44 FZ17]#E AZF A5H]

Two-Stroke
Eay=221ll DFDE
Gas Injection

ok 30,740,000 US$/year | <F 23,780,000 US$/year | ¢k 21,286,000 US$/year
(100%) (77.4%) (69.2%)

424 FA718E v &7t2F vl

FRAZIEAA wiEH e 4F Falld St ds 449 F 789EE v
sl7] 18t LNGA S #3215 A48 (Laden Condition) &-afoll = %
AFRE GasE AHEsta, F4/FH (Ballast Condition) @3l A= HFO(Heavy
Fuel Oil)& Al&3te Ao 2 7154, 17|38 Wl &7 232 Table 459 &

o © /\
°s o]- oh;}

Table 45% 7} FX7|#EZ CO, , NOx, SOx & 37}A] A& wiE7t2%

= Ha w43 AoR AFHHW V|#e] wE7heE A7 CO:p (100%),
NOx(15%), SOx(50%)2 71%3te] 7143t9< A<, DFDE 71#e 77t CO,

(65%), NOx(12%), SOx(30%)<] Hj&7}27} A3, Two-Stroke Gas Injection
ol 7+t CO, (67%), NOx(75%), SOx(35%)2] ¥l 7}2~7} wa el i

e Eoﬂ%‘:}. CO, 9 A-5ol= ="HH 7% wjEFo] 7 %31, DFDE

% 3L, NOx¢] 7 -%-9l= Two-Stroke Gas Injection 713

& 4 gtk SOx9 ASoE 2"EH

¢ A

N
i
S
i
02i
H]-r
J
mw|
g
i
)
o
o
N
o
e o
o o
mlo
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Table 45 FX1 7|88 WjE7t =%

2EEH Two-Stroke
DFDE
(Reference) Gas Injection
CO, 100% | CO, 65% | CO, 67%
NOx 15% | NOx 12% | NOx 75%
SOx 50% | SOx 30% | SOx 35%

s =
< A3 d58] vladA 7HE A ® & Two-Stroke Gas Injection 7]¥#©] 7}
FAZHe FA7RLE FAHYAL, F1Ea8 SHANE 7 78 o=
EAHAT. ohvt dA) 7]Ee] AdxH] Blalo A 7bg ango s EAEARE oF
o7 A&ZQ HAAgu o de meb HEHBE &R ALY Aow
AFEH. I A2 dsto] mE @A7EE vt AVE dstE A fal A ks
& S| A= Two-Stroke Gas Injection 7]¥°] DFDE 7| Hlslo] thai
= BlES YE L 9oy, o] &of E3 Hstrlee] wed webs sjdd
ROz AlgEY
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4.3 A A7}~ W) €7} (Methane Number)
431 Wgrte] A9

HE7l= 3EF9 MON(Motor Octane Number, $87H-& AA7F2~0] A&

7_(_'
39S w100 o] (eF 122)0] HE &S dlAEty] 93] we 100%0] i o
9] =7 (Knocking) 5/4< A|3}¢t Number®, A2H2-2 (2] 4.1)017 2T}
MON = -406.14 + 508.04*(H/C) - 173.55*(H/C)2 + 20.17%(H/C)3
MN = 1.624*MON - 1191 ceceeeveveerememenniiininiennn. (’—‘} 4.1)

150

140

8

Motor Octane Number
- -
= 3

100

90 : .
25 271 29 a4 33 3.5 37 39 44

Reactive Hydrogen/Carbon Ratio

[kl

Fig. 410 S&7te} 4 /84 HS3F e
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70

60

Methane Number (MN)

50

40

30 1226
90 100 110 120 130 140 150

Motor Octane Number (MON)
Fig. 411 €719} wgtzte] #A ez

432 " &7tste] FadA

Gas Model XM= =77 Misfiringo] YolUA] FEE AAStE Aol o|FdE
AdNA 7 Fag AbatolH, ol& Qs A2 + &
ZH(Operator)ol Al BA A =4S = & At ol =
ARE wgrtol, Agatol A etz Qs Arle EAFH vd Aol
ek A "ot

olFAE AR A At M= olEgt FAE siAsty] A8 wWEe] wE
7] BslE AGalEa ©]E Operatord Al 7ol =2 A3t}

Fig. 4122 & A% A2 Abo| A A F3k= Project Guidedl] 7|4
A7) Bale JeERA T zo|thlol 28 A] & 4 9l=o] WEr} 800] Aol A
7] Fahe 100% = o] 7hsstaL, W7t 6004 = F 80% ] F3t= 3]
7} st

rﬂl
3;
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Effect of Methane number: Effect of charge air temperature:

Pe (%) Pe (%)
100 - 100 1,
90 + 90 4
80 + 80 4
9 8 70 60 45 50 5 60| °C
Methane number 113 122 131 140 | °F
Charge air temperature
Derating: 1% / Methane number (after CAC)

Derating: 2% / A1°C

44 W &7} HE WE o]FHE A AP ALA HI}
dRiH o2 RE AHle 23 A IFANFAE 53l s
Zol Y= olt}. o]#H g FFAIE (Factory Acceptance Trial, FAT
24 AR BF FAeke] ARl o] Asol g Fste APdoR
o

RGN AT E= Aol dubHol A, sF Aul7t

o
o

2 )
[

o

Aulet AA Y AT Y Bee FHl AR T 23 A F
™, 9] “On Board Test” 2}al $Ho}.

olgfloll 71&3 o]F U8 WA= 2008 112 3ZANTS &7
129 e AX=o] 2010 79l AM Al&dS 9538 olgds XU

Gas Mode W &7} AXE2A Ao,

441 2 A)A A=A}

B A1eA AE o] FUE BA719) Gas ModeA] @7t W5 uf
S gt Aholr], ¥ =RAA £ 9% $IY FRolok
1

| Guidelineol] 235 =%] &2lst= Axloln, A

w3k

i

~
(e}
5
o)
e.
=
rl
o
of
r
il
mE
)
N
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1) 100% power is achieved at Methane Number 80
w&7F 80014 F-3F 100% FElE wHE-
2) Proportional de-rating as per dual fuel generator Maker guidelines is
obtained.
Guideline®l| 2|4 F-&tof H@7tE M3 wFHAM =7 points =t
3) Gas samples to be taken and sealed / signed.
=7 pointol| Al Gas & ANHAE st &g
4) The analysis of the samples taken confirms.

BE A Gast AE7Bo] o8] 24 2 G

Table 4.6 7] Axatel] 93] P H GasAZ 243 Zzpo|r}.iil

Table 4.6 ¥ = AFH A3}

Load(%) Engine No. Sample No. Jsmperature in cooler

at time of knocking
85 No. 1,2 and 4 1 N/A
110 No. 1,2 and 4 no N/A
100 No. 1,2 and 4 3 93T
95 No.5 4 92T
85 No. 2,4 and 5 5 -98°C
75 No. 2,4 and 5 2 -79C
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AHE Gas MEL A7)l s FA4HAN0H, Ao Table 473 2t
Table 4.7 A ¥ AE &4 A7
Cylinder No. | Sample No. | Sample Pressure Size Remark
Consumption
TY-001 #1 5.0kg/cm?2 1 Bottle
Test
TY-028 #2 1.1kg/cm?2 1 Bottle | 75% Knocking
TY-052 #3 4.6kg/cm?2 1 Bottle | 100% Knocking
TY-048 #4 2.2kg/cm?2 1 Bottle | 95% Knocking
TY-053 #5 2.0kg/cm?2 1 Bottle | 85% Knocking
Bottle No.
TY-001 | TY-028 | TY-052 | TY-048 | TY-053
Component
Ci (Methane) 96.4488 | 89.2873 | 93.7536 | 93.8274 | 94.9396
C, (Ethane) 1.7081 9.2210 5.7074 5.6158 4.7369
Cs (Propane) 0.2554 1.2256 0.3514 0.3421 0.2292
IC; (Iso-Butane) 0.0403 0.0750 0.0119 0.0120 0.0073
NC; (Normal Butane) 0.0323 0.0359 0.0055 0.0060 0.0034
ICs(Iso-Pentane) N/D N/D N/D N/D N/D
NCs(Normal Pentane) N/D N/D N/D N/D N/D
NCs(Normal Hexane) N/D N/D N/D N/D N/D
N, (Nitrogen) 1.5151 0.1552 0.1702 0.1967 0.0836
CO, N/A
Calonfic Value, MJ/Mn’
40.0007 | 43.4301 | 41.7543 41.4165
(15/0°C, 101.325kPa)

442 A4 A2H 2%
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Table 4.8 2X Al A3} wgr}

Consumption Test (at 85%) | - Input _
Iz H H/C Value H/C
Methane CH4 1 4 4 96.4488 385.7952
Ethabe C2H6 2 6 3 1.7081 5.1243
Propane C3H8 3 8 2.66667 0.2554 0.68106667
Isobutane C4H10 4 10 25 0.0403 0.10075
n-butane C4H10 4 10 25 0.0323 0.08075
[sopentane CS5H12 0
n-pentane C5H12 0
N2 N2 15151
Co2 co2 0
100 3991.;8206;
=y/@ 30178200667 ——
MON -406.14+508.04"(H/C)-173.55"(H/C)*~2+20.17*(H/C)"3 133.336004
MN 1.445"MON-103.42
75% Knocking = | Input -
C H H/C Value H/C
Methane CH4 1 4 4 89.2873 357.1492
Ethabe C2H6 2 6 3 9.221 27.663
Propane C3H8 3 8 266667 1.2256 3.26826667
[sobutane C4H10 4 10 2.5 0.075 0.1875
n-butane C4H10 4 10 25 0.0359 0.08975
Isopentane  C5H12 0
n-pentane CS5H12 0
N2 N2 0.1552
Co2 cOo2 0
100 388.357717
3 88357717
H/C 3.883577167
MON -406.14+508.04*(H/C)-173.55"(H/C)* 2+20.17*(H/C)~ 3 130.774579
MN 1 445*MON-103.42 W
85% Knocki | Input
= C A H/C Value A/C
Methane CH4 1 4 4 94.9396 379.7584
Ethabe C2H6 2 6 3 47369 14.2107
Propane C3H8 3 8 2.66667 0.2292 0.6112
Isobutane C4H10 4 10 25 0.0073 0.01825
n-butane C4H10 4 10 25 0.0034 0.0085
Isopentane CS5H12 0
n-pentane C5H12 0
N2 N2 0.0836
Co2 CcO2 0
100 394.60705
- 3.9460705
H/C 3.9460/05
MON -406.14+508.04"(H/C)-173.55*(H/C)*2+20.17*(H/C)"3 135.561022
MN 1445"MON-103.42 7
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95% Knocking | Input
C H H/C Value H/C
Methane CH4 1 4 4 93.8274 375.3096
Ethabe C2He6 2 6 3 56158 16.8474
Propane C3H8 3 8 2.66667 03421 091226667
Isobutane C4H10 4 10 25 0.012 0.03
n-butane C4H10 4 10 25 0.006 0.015
Isopentane C5H12 0
n-pentane C5H12 0
N2 N2 0.1967
Co2 CO2 0
100 393.114267
- 3.93114267
H/C 3.931142667
MON ~406.14+508.04"(H/C)-173.55"(H/C)* 2+ 20 17*(H/C)3 134.372475
MN 1445"MON-103.42 '
100% Knocking | Input
C H H/C Value H/C
Methane CH4 1 4 4 93.7536 375.0144
Ethabe C2H6 2 6 3 5.7074 17.1222
Propane C3H8 3 8 2.66667 0.3514 083706667
Isobutane C4H10 4 10 25 0.0119 0.02975
n-butane C4H10 4 10 25 0.0055 0.01375
Isopentane C5H12 0
n-pentane  CS5H12 0
N2 N2 0.1702
Co2 CO2 0
100 393117167
3.93117167
G 3.031171667 ]
MON -406.14+508.04*(H/C)-173.555(H/C)~ 2+20.17*(H/C)3 134.374756
MN 1.445"MON-103.42 907515224

Fig. 413% g7} A3} Guideline#] M2 E Vel a2go s ¥aa o]
A% Test$t Guideline® Z#7} th& Z& & + Sdth
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ALGERIA(ZHH| 2]) _ | ) Input i}
Z H H/C Value H/C
Methane CH4 1 4 4 8775 350,992
Ethabe CZ2HG6 2 6 3 8.36 25.068
Propane C3H8 3 8 2.6667 211 56293333
Isobutane C4H10 4 10 2.5 0.30 0.7425
n-butane C4H10 4 10 25 043 1.0775
Isopentane CS5H12 0.00
n-pentane C5H12 0.00
N2 N2 1.06
Co2 COo2 0.00
100 383.50932
3.8350933
H/C 3.835093333
MON -406.14+508.04*(H/C)-173.555(H/C)A 2+ 201 7*H/C)* 3 127.39327
MN 1.445*MON-103.42 8066328
.. Algeria(ln Amenas, MN: 80.66)
0
100 —_————————
90
80
70
60
50
40
30
20
10
0
SRR AR AR AL AR AR AR AR
I—.—Algeria 87.7418.35612.111]0.297|0.431|0.000| 0.000{1.057{0.000|0.000

Fig. 414 &A2] 4F A7t
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BA(QIL| HIS) | Input
2 H H/C Value H/C
Methane CH4 1 4 4 90.22 360.89655
Ethabe C2H6 2 6 3 5.27 15.804828
Propane C3HS8 3 3 2.6667 316 8.4367816
Isobutane C4H10 4 10 25 0.67 16698276
n-butane C4H10 4 10 25 0.65 1.6344828
[sopentane C5H12 0.00
n-pentane C5H12 0.00
N2 N2 0.02
Co2 o2 0.00
100 38844247
= 3.8844247
H/C 3.884424713
MON -406.14+508.04*(H/C)-173 55%(H/C)~» 2+ 2017*(H/C)A 3 130.83622
MN 1.445*MON-103.42 85638333
. Indonesia(BA, MN: 85.64)
0
100 =
= = —rmi—— 72
l=": —_—
70 3 e
60 —
50 \\
40 ‘
30 \
20 ‘
10
0 ?—
C1 Q a | NC4 I&S Nts IQZ &2 2
=f==>PBA| 90.22| 5.268| 3.164 | 0.668 | 0.654 | 0.000 | 0.000| 0.022| 0.000 | 0.000

Fig. 415 21=vlAlohteh) 4F Azt 4%

_53_




AR(PIL] OF=) | Input
& H H/C Value H/C
Methane CH4 1 < 4 9209 36836222
Ethabe C2H6 2 6 3 546 16.381667
Propane C3H8 3 8 2.6667 155 41259259
Isobutane C4H10 4 10 25 036 0.8888889
n-butane C4H10 4 10 25 037 09277778
Isopentane C5H12 0.03
n-pentane C5H12 0.00
N2 N2 0.14
Co?2 CcO2 0.00
100 390.68648
_ 3.9068648
H/C 3.906864815
MON -406.14+508.04*(H/C)-173.55(H/O)* 2+ 20.17*(H/C)A 3 13250053
MN 1.445*MON-103.42 8804327 |
. Indonesia(Arun, MN: 88.04)
0
100
90 —‘
80
70 \\
60 ‘
50 ‘
40 \
30
20 \‘
10
0 H
C1 Q (0¢] I m I NgS &2 62
=g==AR| 92.09| 5.461| 1.547 | 0.356 | 0.371|0.031 | 0.004 | 0.139| 0.000 | 0.000

Fig. 416 Q1T Ul Alol(e}&) 2F Azt~ A&
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BONNY(L}O|X| 2] 0h | Input
C H H/C Value H/C
Methane CH4 1 4 4 92.02 368.08
Ethabe C2H6 2 5] 3 542 16.26
Propane C3HS8 3 8 2.6667 200 53333333
Isobutane C4H10 4 10 25 0.25 0.625
n-butane C4H10 4 10 25 0.23 0.575
[sopentane C5H12 0.01
n-pentane C5H12 0.00
N2 N2 0.07
Co2 cO2 0.00
100 390.87333
_ 39087333
H/C 3.908733333
MON -406.14+508.04*(H/C)-173.55%(H/C)A 2+ 20.175(H/C)* 3 132.64195
MN 1.445*MON-103.42 28.247614
.. Nigeria (Bonny, MN: 88.25)
100 N T ——— — — = I
90 —‘ —_— e e
= = e =
70 ———
60 ‘\
50
40 \‘
30 \
20
10 \
(0] (07 c3 | N I& N%S 2 (52 2
==$==Bonny|92.02|5.420|2.000|0.250/0.2300.010|0.000|0.070}0.0000.000

Fig. 417 Yo]X|glop(EU]) 4t A7t~ A7
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BR(®=2L}0]) Input
= H Value H/C
Methane CH4 1 4 90.25 361.00889
Ethabe C2HG6 2 6 5.30 15.89
Propane C3H8 3 3 297 7.9081481
Isobutane C4H10 4 10 061 15166667
n-butane C4H10 4 10 0.79 1.9805556
[sopentane C5H12 0.03
n-pentane CS5H12 0.01
N2 N2 0.05
Co2 co2 0.00
100 388.30426
3.8830426
H/C
MON -406.14+508.04*(H/C)-173.55*(H/C) ~ 2+ 20.17*(H/C)~ 3 130.73575
MN 1.445*MON-103.42 85.493155
w S 2L+0| (BR, MN: 85.49)
100
90
80
70
60
50
40 \
30 \
20 \
\
10
0 SRR o2 | O
==f==BR|90.25 | 5.297 0.051] 0.000 | 0.000

Fig. 418 F-Fuo] 2t HAZA AE




EG(0| & E) | Input
~ C = H/C Value H/C
Methane CH4 1 4 4 96.48 385.9031
Ethabe C2H6 2 6 3 2FT 8.303925
Propane C3H8 3 3 2.6667 0.52 1.3867333
Isobutane C4H10 4 10 25 012 0.2909375
n-butane C4H10 4 10 25 0.08 0.2108125
Isopentane C5H12 0.01
n-pentane C5H12 0.01
N2 N2 0.01
Co2 cO2 0.00
99998675 396.09551
3.9609551
H/C 3.960955083
MON -406.14+508.04*(H/C)-173.55*(H/C)* 2+ 20.17*{H/C)* 3 136.77507
M_N ]i.445*MON—103.42 94.219975
.  Ol& E (EG, MN: 94.22)
100
90
80
70
60
50
40
30
20
10
C g Tl & s NG | odz | O |
|—0—EG 96.47|2.7680.520/0.116 10.084 | 0.008 | 0.012| 0.014 | 0.000 | 0.000
Fig. 419 ¢ E 4} HA7t2= A&
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GN(&E 7| L)) | Input
C H H/C Value H/C
Methane CH4 1 4 4 9359 374348
Ethabe C2Z2H6 2 5] 3 6.34 19.02
Propane C3HE 3 2] 2.6667 0.06 0.1493333
Isobutane C4H10 4 10 25 0.00 0
n-butane C4H10 4 10 25 0.00 0
Isopentane C5H12 0.00
n-pentane C5H12 0.00
N2 N2 0.02
Co2 co2 0.00
100 393.51723
39351733
H/C 3.935173333
MON -406.14+508.04*(H/C)-173.55*(H/C)A 2+ 20.17*(H/C)*3 134.69055
MN 1.445*MON-103.42 91 207849
w  HZIILI(GN, MN:91.21)
100
a0
80
70
60
50
40
30
20
10
° o T [N |15 [N | N2 [o%2 ] o2
e GN | 93.58| 6.3400.056 | 0.000|0.000|0.0000.000)0.017|{0.000 |0.000

Fig. 420 A=714 2t A7t AR
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MA( 2t 2] 0| X| 0P | Input
¢ H H/C Value H/C
Methane CH4 1 4 4 9182 367.29979
Ethabe C2H6 2 6 3 456 13.671789
Propane C3H8 3 8 2.6667 252 6.7141053
Isobutane C4H10 4 10 25 048 1.1960526
n-butane C4H10 4 10 25 038 09436842
Isopentane C5H12 0.01
n-pentane C5H12 0.00
N2 N2 0.23
Co2 CO2 0.00
100 389.82542
_ 3.8982542
H/C 3.898254211
MON -406.14+508.04*(H/C)-173.55*(H/C) A 2+ 201 75(H/ O3 131.8545
MN 1.445*MON-103.42 87.109749
Malaysia(MA, MN: 87.11)
100
90 —‘
80
70 \‘
60 ‘
40 ‘
30 \
20 ‘
10
0 g&
C1 (0% C3 | I& N& (52 82
e \MA| 91.82)4.55712.518|0.478| 0.377/0.0110.000|0.233| 0.000] 0.000

Fig. 4.21 & o]A|o} 4F HA7F~
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NLNG(L}O| x| 2] 0} 1 Input

C H H/C Value H/C
Methane CH4 1 4 4 92.52 370.071
Ethabe C2H6 2 6 3 482 1446315
Propane C3HS8 3 8 2.6667 205 54638667
Isobutane C4H10 4 10 25 0.29 0.726625
n-butane C4H10 4 10 25 0.25 0.633
Isopentane C5H12 0.01
n-pentane C5H12 0.00
N2 N2 0.06
Co2 CcOo2 0.00
100 391.35764
3.9135764
H/C SO135/6417 -
MON -406.14 +508.04*(H/C)-173.55*(H/O) A 2+ 201 7*(H/C)A 3 133.01054
MN 1.445*MON-103.42 28.780236
o Nigeria (NLNG, MN: 88.78)
100 ————
90 —\ e S
80 ———————
=
60 ‘
$§
50 \
40
30 ‘
20 \
\
10
0
Ol |c|l g & N o2 &
=== NLNG|92.518| 4.821 | 2.049 | 0.291 | 0.253 |{0.011 | 0.000 | 0.057 | 0.000 | 0.000

Fig. 422 o] 2| 2|o}(NLNG) 4+ H17ks A&
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NWS(=F) I Input
C H H/C Value H/C
Methane CH4 1 4 4 87.88 351.50588
Ethabe CZ2H6 2 6 3 796 23.888824
Propane C3H8 3 8 2.6667 3.16 8.425098
Isobutane C4H10 4 10 2.5 039 09852941
n-butane C4H10 4 10 25 052 1.3102941
[sopentane C5H12 0.02
n-pentane C5H12 0.00
N2 N2 0.06
Co2 CO2 0.00
100 386.11539
3.8611539
H/C 3.861153922
MON -406.14+508.04*(H/C)-173.55*(H/C)* 2+ 20.17*(H/C)* 3 12917569
MN 1.445*MON-103.42 33.238874
,  Australia(NWS MN: 83.24)
(1)
100
a0
80
70
60
50
40
30
20
10
0
AR A A ARALRS AR
=== N\WS| 87.87|7.963|3.159] 0.3940.524|0.024|0.000{0.059{0.000 0.000

Fig. 423 T3 (NWS) 2+ A7t 41
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OM(2 Br Al A]) | Input
C H H/C Value H/C
Methane CH4 1 4 4 90.89 363.57046
Ethabe C2H6 2 6 3 555 16.656923
Propane C3H8 3 8 2.6667 201 5.3661538
Isobutane C4H10 4 10 25 064 1.6065385
n-butane C4H10 -4 10 2.5 0.53 1.3173077
Isopentane C5H12 0.03
n-pentane C5H12 0.00
N2 N2 0.35
CoZ co2 0.00
100 388.51738
3.8851738
H/C 3.885173846
MON -406.14+508.04*(H/C)-173.55*(H/C)A2+20.17*(H/C)*3  130.89077
MN 1.445*MON-103.42 85717163
o Oman (OM, MN: 85.72)
100 - - - - - = o
90 —‘ —_— e —
= = —
60 \
40 \
30 ‘
10
S TelaTe e
ol elall AR S AR
=== (OM | 90.89|5.5522.012] 0.643]0.527 | 0.025]0.002 | 0.346 | 0.000| 0.000

Fig. 424 S 1 A7k~ AR
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RG(Z}EL=) | Input
= H H/C Value H/C
Methane CH4 1 4 4 90.54 362.15464
Ethabe C2H6 2 6 3 6.15 18464845
Propane C3H8 3 8 2.6667 1.83 4.8904467
Isobutane C4H10 4 10 25 0.33 0.8190722
n-butane C4H10 4 10 25 0.50 1.243299
Isopentane C5H12 0.02
n-pentane C5H12 0.01
N2 N2 0.62
Co2 coO2 0.00
100 387.5723
3.875723
H/C 3.875723024
MON -406.14+508.04*(H/C)-173.55*(H/C) A 2+20.17*(H/C)*3 130.20758
N 1.445*MON-103.42 84.729951
o Qatar (RG, MN: 84.73)
100

90

80

70

60

50

40

30
20

10

0 e TS

NG |

DACARA

= RG

0.497

0.019

0.007

0.622

0.000

0.000

Fig. 4.25 7}E}2 2 AA7l~ A&
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SAKHALIN(2] A]OR) | Input
& H H/C Value H/C
Methane CH4 i 4 4 92.70 370.815
Ethabe C2H6 2 6 3 4.40 131925
Propane C3H8 3 8 2.6667 1.94 517
Isobutane C4H10 4 10 2.5 0.40 1
n-butane C4H10 4 10 2.5 0.46 1.153125
Isopentane C5H12 0.02
n-pentane C5H12 0.00
N2 N2 0.08
Co2 cO2 0.00
100 391.33063
3.9133063
H/C 3.913306.25
MON -406.14+508.04*(H/C)-173.55*(H/C)A 2+ 20.17*(H/C) 3 1329899
MN 1.445*MON-103.42 88.750411
% C1AlO} (Sakhalin, MN: 88.75)
100
90
80
70
60
50
40
30
20
10
NG 2| |
w=fmw Sokhalin|92.70/4.398|1.939|0.400/0.461/0.016/0.001]0.081 |0.000 0.000

Fig. 4.26 2] 4 ©}(Sakhalin)

Gl
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TR(EZ|L}E E8} 1) | Input
C H H/C Value H/C
Methane CH4 1 4 4 9687 38746512
Ethabe C2H6 2 6 3 271 8.12184
Propane C3H8 3 8 2.6667 037 09742933
Isobutane C4H10 4 10 25 003  0.069375
n-butane C4H10 4 10 25 0.02 0.0482
[sopentane C5H12 0.00
n-pentane C5H12 0.00
N2 N2 0.01
Col CO2 0.00
9999982 396.67883
_ 3.9667883
H/C 3.966/88283
MON -406.14+508.04*(H/C)-173.55*(H/C)A 2+ 20.17*(H/C)A3  137.25882
MN 1.445*MON-103.42 94918992
» ECILFEEHILD (TR MN: 94.92)
100 - - = — ——
90 = -
g0 =Eoea s
70 x —
60 }
50 \
\
40
30 A
20 \
1
10
S TeTE e[S BT
=4==TR| 96.86| 2.707 | 0.365|0.028 | 0.019| 0.003|0.001 | 0.010| 0.000 | 0.000

A}

Fig. 427 EU=Envtal 4h

T
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58 = ¢Ho] SbarZ ¥ HolgtA A8 TR TACdE #H
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Row, Bl Typedl X FAE + A= £24 Damage B Partial filling &
7t 59 RiskE BAY & At dg"gadA A27|g7s AA E471E T3l
71 ¢t AAZ E2EHH, ALY 7tEae gA ARHAE Fotrtal 71AIH
7h=mt 12718715 Bl olFds R I|AA AHE e st 23091 ¢F Sbar, 50
L9 7t2E FEeth

of&d, A5 &F(Volume) ue] 3 Route, Speed, Daily Gas
Consumption®] ¢l Z7A =™, 83K DWTH Bulk CarrierE R @480 2 th&
I e ds®a 84 AAo] 7ttt

"North Arﬁg;ica'/

_ US Gulf

Target Route.
| (22,000 NM/R.T)- | South America

- 4 \‘\1 \\4
3 Easpﬁ‘ustralia g

\ . G,
= _ WG L .
"\Indonesia_/ Iy
) \‘.-\H“*-. Y
West Australia

Fig. 5.4 Target Route

WA vEFA AN SpvteslE FHste] SEoA oL AFS E= A
HhS Target RouteZ 3} Cruising RangeE 11,000 NMZ 717 3} %t
8kl Target Speedt 14.1 knoto]il, Gas Injection Engine?l MAN
5G60ME-C8.2.GI(TierII) Engines 2 -&3tH Target Power= NCReIA 8,210
kW, Gas Consumption 1241 g/kW= Th3-3 22 a2 dsda §45 2
g3

¢

l‘
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1) DGC (Daily Gas Consumption, t/day) 74t

DGC(t/day) = (Power x SGC x 24A]ZF) / 10°
8,210kW x 124.1 g/kWh x 24 / 10°
D445 t/day creeeeeee e (A 5.1)
2) DGC#= EFo= WHE

(2 5-1)o A T3 e LNG HlFo 2 s

DGC(m?/day) = (2445 t/day) / (047 t/m?)

= 52.03 m®/day crereereeee e (2] 5.2)

3) MA LNGASH®A &5 ALt

&Y<, Filling Ratio(91%) % 1.5% Reductions il#3to] A A5 A
2EA4 = (5203 m?/day x 355 days) / 0.91 / 0.985 = 2,060 m®-(2] 5.3)
2719 ARFAE o] 838t Route™, AF B X AbGkol whet 243 LNGY
g3 BFo] AXtEH, olo wal IMO Type-C dzei=2] dAto] o} Fig.
55%F o] A4 dt

N

Type IMO Type C
Shape _ Cylinder
Number of Tank 1
E}2l* Radius 5m x 2.5m

(Outer** EI2! Radius) (5.39m x 2.89m)

Length 29m
(Outer** Length) (29.78 m)

Total Tank Volume Appx. 2,147 m?

Fig. 55 IMO Type-C <38z 34
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51.3 LNG 9883 #jX

AHHA ] LNG® =AY Hjx¢t #HS 20119 A 7]E2, IGC Code
(International Code for the Construction and Equipment of Ships Carrying
Liquefied Gases in Bulk)®] “Chapter 3 Ship Arrangements”[12]¢] ©]3}o] A7 &
W, 18a 9wy 7o, A% P, 4R 7o, Aolga, AU, Rot
Aet AR @ Fnz e desolol @k ING Bt Ave] by wi
Gl s sl FHA ol Bosivda A= tE ol RSt o dt 23 B
Mg WeE oA 2 ING 92e] AFE AolA AFd 7o oo Bae A
EE 92e FHoRYY 2, GE ARF B2 TE AT THOE
g 9 §ATEe B3 law Aves fasl AuDcler 9ok APT

74 &

£
o] wag EE FANDo] Gt Aflt BEe A0 S FHow T 5
sk,

|

ol
-

=

AR
1) 3 A (Purging), 7}2=Z2](Gas Free) = B4 3} (Inerting) ¢} Zo| &
v 22 Zad ddds A9t e # FAZFE A AL
G E= NG7F 9235 S8

53

g 71ET s T4 5 /i

3) FHERA = 59 vl ol A% #e] LNG #3459 345
Fosh= AHEE A 3 AANIE, HIE(Vent) e WA S o] A
= $¥ste B9-E ALsta MR e 2R AY LNG AR {8}
ofoF ot

4) gl T s LA Fe tERFA S A48 @ e vdE =T
#FAE AQlsta A Sl wjA|steiol e}
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514 LNG 95¥3 Wiz o #& IGF Code

LNGFZ Adutell tigh #4o] SFE WA LNG 3R] wjxjo] a3 ¥
el Bastds IMOS Aarel wet 2013 ¥ HE&S HEE IGF Code
(International Code of Safety for Gas-fuelled Ships)[BlE £H| Fo]™, o}z <} 2

& 23 WEAA} & oz dgdrh

1) The storage tank used for liquefied gas should be an independent tank
designed in accordance with the IGC Code.

N5}7tg AFR A= IGC Codeoll o8| ZH®R A AA|o]ojo gt}

2) Pipe connections to the tank should normally be mounted above the
highest liquid level in the tanks. However, connections below the highest
liquid level may be accepted after special consideration by the
Administration.

Ao wjd 2R /M =2 WA dAFAEY w4 AR Hojof g
o %A o4& A5 el sl HES A&H ookt .

3) Pressure relief valves as required in the IGC Code chapter 8 should be
fitted.

IGC Code chapter8o| A & +3t= 2 ¢ g3l B E dX|oF o)

4) The outlet from the pressure relief valves should normally be located at
least B/3 or 6 m, whichever is greater, above the weather deck and 6 m
above the working area and gangways, where B is the greatest breadth of
the ship in meters. The outlets should normally be located at least 10 m
from the nearest:

- Air intake, air outlet or opening to accommodation, service and control
spaces, or other gas safe spaces. and

- Exhaust outlet from machinery or from furnace installation.

e Wuel FTE = WA Holw® Aute] 744 2 = B B/3
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EE om ool fASt ok stal, AP H T2 Hok 6m w2 ol
Aefop gttt E7E F7] A E, AFTe MBS, FAE Be TMAES T
Ao g 713 R A= w7|EFEY Hojk 10mo]/d oA lojok
gt

5) Storage tanks for liquid gas should not be filled to more than 98% full at
the reference temperature, where the reference temperature is as defined
in the IGC Code. A filling limit curve for actual filling temperatures
should be prepared from the formula given in the IGC Code. However,
when the tank insulation and tank location makes the probability very
small for the tank contents to be heated up due to external fire, special
considerations may be made to allow a higher filling limit than calculated
using the reference temperature, but never above 95%.
A7t AR Bae IGC CodedlA] FEE = &% stollA 98% oS
AZE & ok AA AZemeAe] A A= IGC Codeoll A Feldt.
gy, Bagd 9 gasAe 9fe] <ol os B2t tEE Thede
- A stEE, FaEol M AttEE AR ARG A AFE = 3
o, 95%e dow < ATk

6) The storage tanks to be used for compressed gas should be certified and

—

approved by the Administration.
A=7t28 AR A= FHA g3 SR1EL BIEofof ik

7) The storage tanks or tank batteries should be located at least B/5 from
the ship’s side. For ships other than passenger ships a tank location closer

than B/5 but not less than 760 mm from the ship’s side may be accepted.

NtaAREAE Holx AA o gy Mute] s 2 Z (B)e] B/59)
At ol Fhrt. A S A Qg Adute] WA X= B/50 $ |5k oF &
Ak AAH o ZHE 760mmET &R &olx H),

8) The gas storage tanks or tank batteries and equipment should be located
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to assure sufficient natural ventilation, so as to prevent accumulation of
escaped gas.
7t AR As S8 AA FEol He Xol fAst sErtse] 54
= WAk Tk

9) Gas in a liquid state may be stored in enclosed spaces, with a maximum
acceptable working pressure of 10 bar. Storage of compressed gas in
enclosed spaces and location of gas tanks with a higher pressure than 10
bar in enclosed spaces is normally not acceptable, but may be permitted
after special consideration and approval by the Administration.
DA o] 7w HAHE G o] 10bard] LHE F7H A FE o
of gt} HHEE Tl d=7tE AT, dHE FIkol| A 10bar o]
o] 8-S 77 7t=rAY fRE B 8 EHA AN FAAHAA 5

Hota sddnd 88 7bsst

10) A fixed fire extinguishing system is installed in the tank room.

Bageles g astduzt dajsojop g

]o

ol
]
o[}

11) The gas storage tank(s) should be placed as close as possible to the

centre line.

FhaAA Bas shsst Aukel FA46 Fhrto] sixslof Hi.
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515 LNG d&5® 39 uvjx A<t
Star, AA Ao a84S 7Hetste] ol e

99} 2& IGF Code® W53,
27¢ AYsteld Auda WAE Adw,
1) 7t2dE g0 Typed AAsN0k 519, o1& AsNH AAY, AFAH 5L

1 3te] IMO Type-CE A€} t}.[14]

2) 7tz wa AXFae 7tagH T (As0)0]olok dtH, B B X g4 o]
Mol RedE § e Fahdol Wl ofe}, AF A 34|

A= < 3
X HoEojof o5 sttt

o #7712 {1 &7 HW(Fan)o] HR|H oo} et 0

olo} 3tH, RE AR H HoH oo & AHstAH

T2 flellA Fojd 23z 20446 o3 4
o] wjx Akoltt.

At 3}& M (Bulk Carrier)?] 7Z-%-ol+= Fig. 563 o] 3&3 &35S 23
at7] SeiA AFTe Al Fol AsWAE wiX|SHATH ?iﬁ% o &
Rom, AsiaY FIFS Y= PHOR

77y 7Vs8he

FUHI
ﬁ
olN
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1 ‘ Ny B Keference
[me;,ﬁ__.y:_ﬁ_.z,;__ R3¢ SR U . /s a

Fig. 5.6 ¢t 354 (Bulk Carrier)9] LNG S8 3 HJX]

2) fZ2A

A AR

(Tanker)®] 7-%-, Cargo Tank®] &Z o A& FA &= #A

s}
o] AYE HA3 3 YA Fig. 577 2o] Az¥=a wixE A|¢3ch

5 e
g‘? ik - %
ESSESE 4 i
m

LNG FUEL 1
j7eom

e e Lot il

1 1 i zalt i

T

i

H

i

H

L

-
e s’

Reference N 1
T =T 7 T [ N NP X R <5 :?'\
[ 1 1Ty it L

d - Hir

Fig. 5.7 #3419 LNG A58z ujX

(3) el el A

A" o] YA (Container)e] 7A$ =9 ®mXe ¢S Fosig. Ao
Bending MomentE 43 & F U= AS® A wX] HFsl= &8, Loading
calculation ¥ NME &4, AEH oo} gt} Heojide] 7% Aduto] ¥
3} @42 GM(Metacentric Height)oll &7} A4 %2 Containers H A &
A= Aoz AUt
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F=art Tem—a aa) o Sl -
EESIEEEEIEEIE IR IFE

Keferance

Keferance
] & sy oy e e g e = e —_— |
TR o —— ! P | ] B | B P IR S| S =

Fig. 58 Z1Hc]H 9] LNG A5 &= HjZ

o]#g EE A|2H¥le HAZOP(Hazard and operability) ¥ HAZID(Hazard

Identification) Study S &3 HHds HEWolof gt

516 #3719 ZA

INGE 98 AMEdE Auke duwa oo Fg9) AAd) ugt a7
= F5A otk A= & )
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Table 5.1 5378 54, &/¢%

ITEM 5 4874 712dld | A& 2804 71l
Combustion pressure variation Increased Unchanged
Knowing during load change Possible None
Misfiring Possible None
High ambient temperature Sensitive Insensitive
Power density Reduced Unchanged
Load response Unchanged Load ramp required
Methane Number dependent Yes(MN>80) No

Tier-II (Liquid mode) Tier- I (Liquid
Nox lever

/Tier-ll[(Gas mode) mode/Gas mode)
Nox aft treatment for Tier-IIl SCR EGR or SCR
Methane slip 2~4% of SFOC 0.1% of SFOC
Number of cylinder unit Many Few
Maintenance logistics/crew Complex Simple
Price Difference(Mil US $) 0 +1.8

517 9483 F ZAAY Z2A

LNGE A2E 4§87 9Astel dalgejel AA7tmg FAgX N4 ALg7t

1S BEAA = BE IMO Type-B £ HEHQ Type AF & Ao AHE-5



-~

ra
0 |>
R

N

Membrane £=

IMO Type B

(7
23878 7tAA
LELE!
4@—-» 29718}7)

2) IMO Type-C dE®AE A5ZTF ZA
1 FEAAE o)&ste Al 2] IYEE, Buffer® 3, 7FEAATA]
<9 A7t e Rl dEIHE ALY, $45 43 c|FAES AHEste

TA/E B A7) FA4 e Adsge

IMO Type C

Rl 27397

2

271217 227

Fig. 5.10 IMO Type-C {15834 A5 FHF A
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A AT o)ol wElM JlAFgARE AW 20133 3Y 7URE X SFEoA

22”8 LNGUEE A EHo R FF3 AedS d3dez 48 &
wASF AE o] o= FE T ARE Zshdol A LNG #a =28 E LNGE S35l
AHFoz 53 & <A™ AHH FFAHANA Truck-To-ShipH2] 0.2
LNGE olZrgad FFstA "ot

5 2 SuAY9Es FAHSZ Y w717 wlE Al A 9 (ECA, Emission
Control Area)o] AR o] A Ho|X= 7|&Y HARFY Huhg A7 AH&o] &
At oo welAd A E AL A Jd8QA YART oF 50% o] AH

LNGE A8 AREsts Auke] Tlo] SfEar glom, o] Ao oF 2043 9
AN, viAA, A1 Sol FED ok 2AMEHA N B2 FE A
3 <F vl 7] 7k v =T Al 7 IMO(S AISiALZ I E SAHSE AstE AS g o4dd
o W} LNGE 982 AHE3t= 194 (Green ship)o] At 47459

BALE 20159 E] 2020471 A] Aukg t]Ale] ok 25% 7} INGZ UlAE Aoz
At A Aohl15]

A AN 3] (IAPH)7F S AlA 3 RE7] S 3L oF(WPCT)©] LNGH =

FR48F ARH3)(LFVWG; LNG Fuelled Vessels Working Group)E A3

LNG "7 & ¢tdoldxt5 7hksar °‘E} E As] 119 Shelle ==40]
LNG ®¥AL 3] Gasnors Uil =L Z1Ge] LNGHAE F3 #pAAd

(Green stream) 2%& &8 o Folt}, Ffj AFEV)H L3 = 20251714
T8 A9l LNG ¥AH 7188 A& FF3te 5 2 EF 2420 LNG
HAH EAH0RE Fostr] AR Tl x
d AA7F LNG ¥7A" dAE 788 &+
Ocean Zone(Sto-dE-F)o] =42 Ao

2
of thrls] LNG A" A 718k 24 A¥5 7]eolal Utk
=

Eist P***P—é THeE #

HJ >

LNGFX AH-8 ¥R Fol= 728 53 Addte] INGRES 553
g et vl 55 xFZHOo=E W 7¥ (Bunkering)olgt ot WAL LS 7eFH o
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gazgo] 23 LNG ¥AH WHoe HAH W 2 A=A, oA
At Sk Sgv)E, BAY AS, Ads AsFET|EWE),

% HENE 5o AGEL n ok B

)

522 4 LNG ¥ 3 T+ LNG Terminald| A Auto g2 Z=A3 = w4

2E SA o LNG A& =7 9AY, LNG Terminalo] 9, AZB =5
B AMuto] AlFEo] & oH¥ o] Bunker Station7hA] HIRAH| 7} Qe Aole=
A7t 25 WAGe] 7hsdtth o] A B 4o LNGAEZE &2 Al Ul
of WAHe] kst o)Fe] o, AdEY AJAINTY =8 S o4 5 At
gy o] HE WAz ok ¥AY WA ok & AL 9o Q1
Terminalol| X WA 7FsA o= F7F v, §ALE AL v A4 5
& 7t Qs
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Fig. 5.13 LNG Terminalo| 4] A¥to. 2 LNGZ 3
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5.2.3 Ship to Ship2 2 LNGES A3 & %4

Ship to Ship 7H'd U2 |44 LNG Bargedl T+ LNG AHto 2R E
LNG F34ddte2 WAy s= WHo = 17 WA Addol et ¥A" 84
%7}, Ship to Ship A A TAst= SU72 357]%, Tow Body Motion

]
AX7E, AFAIEH 5o B2 71s3 A Aol dAH|oF ot

Mg ol

Fig. 5.14 Ship to Ship 22 LNG% A

Rew HAxAE Aok Bazgd o3 F3
Sl Aghe] glow, Hudolut K4 AGH
= e T F PAste SLFEE A A3 sAY AL
3 Ship to Shipl & FH3}= Wl HEAo| &ol3)

=2
al
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LNGH A Aol A7)0 we} e INGFTHAE 7Hestth 2 33844
EALo t}&-9] Table 529014 7]&3

Table 52 & 4E 573
73 I R IS R P
FApH] H A
Bazd F4 ©) X X A
Terminal 7% X O ©) X A
Ship to Ship &% X O O © @)

O M35, O %, & BE, X 1)

53 LNGE 98 = Al§3t= Aute ZAAL H7)

LNGE dEZE AMg3te A2 wiErt: 8474 A& 28 & Ae o
Fol71= &H, LH7F Aol A AAHR gEES 9IS gitelr| = st o
Lo A AAst= B A A T Bulk Carrier®] 7AXxH] &3} £3H]&
< 7]EA9 LNG Aoz sk} vluskih

3 < 3009 7IEo 2 Prietial, F74H 89

O‘_L/
o_Ll
N
rr
o)
o¥)
~
J N
=

1) BAd B7HE A% 71+ 2A
- A7F 300, NCR 3%
- Dual Fuel Generator= 80% &8-S HHo=Z 3
- Boiler¥] 7%, FOC7} Main Engine®} H|:8}al, 7] Ao A5k AME-SlE 2
Main Engine FOCo| 2&H Ao =Z 7}

- 055 ECAA Y S %3l Dieseldvte 2= 191 ES o, AA A
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HFO : 603 US$/ton (20139 10¥ F2=& 7], LCV: 9,800 kecal/kg)
MGO : 993 US$/ton (2013'd 10¥ F2=E 7]F, LCV: 10,500 keal/kg)
LNG : 640 US$/ton (177}, LCV: 12,000 kcal/kg) T+

580 US$/ton (2013'd 94 wm|=-ofxjo} Hd7bA + wixl 20%)

(2) 83K DWT Bulk Carrier®] F2A¢

- Length O.A. : appx. 2289 M

- Length B.P. : 2255 M

- Breadth(mid.) : 3224 M

- Depth(mid.) : 202 M

- Design Draft(mid.) 122 M

- Service Speed : 14.1 knots on design draft of 12.2m at NCR

with 15% S.M.

iE- .
. e ] BHELS
: i AR
all ¢ s e/
e I\ £ e — il ) | B
S E = =
e Reference -3
I e e — e
I ¢ L}

Fig. 5.15 83K DWT Bulk Carrier
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53.1 AZH{ Hr}

Table 5.3 71ZH|-& 7} (US$)

= 7| & 48} LNGY g A1}t H| 837}
Main Engine 2,700,000 3,780,000 1,080,000
Generator 771,000 951,000 180,000
A+ A H] | Boiler 180,000 550,000 370,000
LNG ¥gg= 2
i - 4,900,500 4,900,500
AEFHZA
M/E A X - 12,100 12,100
DF G/E A X - 18,150 18,150
DF Boiler 43| - 12,100 12,100
78 | LNGY 8= 2
e . 60,500 60,500
AEFFZAAA
Test & Sea Trial - 36,300 36,300
Design M/H | 38,500 38,500
Total 3,651,000 10,359,150 + 6,708,150
¥ Axdvle 71E&49 g8 F7HERE 3EA
AZNE Hrle 7|E489 HAFE 852 AFSSE AES LNGE 98 =
AFEShE Adto g AAWMZA A HAREE ﬁitﬂl 9]l Cost 2o S H7lslA L,

AR wdme  “6S60ME-C827°]il, LNGUFE *dﬂ#gl Azx  xd
“5G60ME-9.2.GI” S 2|83} 111 NGZ 982 3} Gas Injection A31¢] 714
o] AdutalA thn] oF 1481AL ¢ 2= AT LNGAE Aule] dhd 7)ol B AddE=
o]ZdA g AH&o| 7153 Duel Fuel /\]i%ﬂgi AA WA AY. 283 INGI R
Muto g AA WA Al 7 B FAE 8 ot 52 LNGHsE"a 2 49
23H GAE WE AZF Qb w4ks 7t a3 VledEdS & F AU Table
532 7]E48LS LNGHE Auto g AAMAg ] e d58 Costxlo]E Ho
T dom, of 6.7M US$e] FAFdo] 712 Fast 102 HItEATh

=

Fl

¢
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532 23 484 Hr}

Table 54 A7t A5 Al&3F

19 98 AMEF
' NCR | SFOC
Shlp Item kW kWh (ton/year)
(W) | (g/kWh) ™ NG HFO MGO
Main Engine
8,210 160 - 8,861 919
= e 6S60ME-C8.2
Generator
1,980 193 - 2291 -
5L23/30H
Az ATALEH A - 11,152 919
Main Engine 8,210 124.1 6,602 835
LNGY & | 5G60OME-C9.2GI | ' ’ )
8} Generator
2,000 193 1,804 - -
5L28/32DF
Az A7AEH A 8,406 - 835
3 dgvlE 7|EX44Y LNG 8 Adbe] A=E oz 2 24 7]7F NCRo

A TRAHL Ad5ARFL2 SFOC(Specific  Fuel Oil  Consumption) %
SFGC(Specific Fuel Gas Consumption)E ¥t 7H4 slellA Azt A5 A}
& &S ALtstAtH(Table 54 Fx).

Table 55= A%t 8 HZAdS yela Stk o] ®le]&dlA HFO 74
603 US$/ton (20131 d 102 F2E, LCV: 9,800 kcal/kg)7]1F= o™, MGO 7142
993 US$/ton (2013 d 10€ F=F, LCV: 10,500 kcal/kg)71Fo|t}h. LNG 7}4-&
640 US$/ton¥} 580 US$/ton F 7FA ZA¢-ES #7189, LNG 7HZ o] 580
US$/tond 749 7]&4d div] AZF ¢F 2M US$e] dsvl7t d4E + As

o AU

KR
L

o
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Table 55 13+ A5 Hz
Ras 717wt LNG Ag/d4}
A7 LNG AHE-= - 8,406(ton/ year)
A7 HFO AF&3 11,152(ton/ year) -
A MGO AH&3F 919(ton/ year) 835(ton/year)
LNG Price: | AZ+AEAE712 037,906 0208369
640US $ /ton (US § /year) (US § /year)
ANAT AT 1,428,437(US $ /year)
LNG Price: | AZ+AEAE712 037,906 > 70207
580US $ /ton (US § /year) (US § /year)
AZrATH7FA 1,932,800(US $ /year)

Table 5.63 5.7 LNG 7}4 ] 580 US$/ton & 640 US$/tond 7% FA}35]

PN

T

& 7RO, Return Of Investment)E Eoil lon, HH|FX} o]z} A 5%, f+
ARF B A 3%E FHEsta ATk
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Table 5.6 LNG Price: 640 US$/ton®] 7-¢- & ZH]-&(T]: USH)

o5 13 2y 3 4
Z-§-H| & 6,708,105 5,816,365 4,924,581 4,032,796
A H) 5§20l ZH(5%) 335,408 335,408 335,408 335,408
FARF(3%) 201,245 201,245 201,245 201,245
ArAZ AL 1,428,437 1,428,437 1,428,437 1,428,437
aHE 5,816,365 4,924,581 4,032,796 3,141,011
Piges 51 6\ 7 8y
Z-§-H| & 3,141,011 2,249,226 1,357,442 465,657
A H) 5§ 2}o] ZH(5%) 335,408 335,408 335,408 335,408
FARF(3%) 201,245 201,245 201,245 201,245
ArAZ AL 1,428,437 1,428,437 1,428,437 1,428,437
aHE 2,249,226 1,357,442 465,657 426,128

Table 5.7 LNG Price: 580 US$/ton 9] 79 &3}H]-8(T<]: USS$)

KA 1 24 3d 4 54
281§ 6,708,150 | 5,312,002 | 3,915,855 | 2,519,707 | 1,123,560
A T 2}o) ZH(5%) 335408 | 335408 | 335408 335408 | 335,408
A B F(3%) 201,245 | 201,245 | 201,245 | 201,245 | 201,245
AztAgAzFR | 1,932,800 | 1,932,800 | 1,932,800 | 1,932,800 | 1,932,800
aH§ 5,312,002 | 3,915,855 2,519,707 | 1,123,560 | -272,588
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Ao w2 F7F Axn &9 3FE LNGY 7F2 0] 640 US$/tond A-F oF 8
o] 28 Ao g oAEH, LNGY 712 0] 580 US$/ton? F7F Azn L9
e 59 Ul 7ed ez B,

TE3H HFO9 ©@717F LNG®7Ee] 1.14) o]do] & A%, LNGI R Auke ZA

dol e Aoz H7FE A

012} 01 2 X 2408 (USS)
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sto] =oJshe LNG 4t 3197} Ad 2013 102 =74 Exlth o 39
Al =ojd g dvE BY, feludhe d2S T3 LNG &vl=e] 7H
s Aetshr] flsked Ad 201349 7R E Qe 53 AAst] LNG 55
THE HESHAM A4S Fsar vk B3 =] ‘A A7 (Shale gas)
E A7NZ AA7kE 744 o] stgtetal JlEol= E7-8tar FH ol Hliste]
Bl A E I Qe ofAlolN e LNG7HE <lstE & FR5ta ok 53
Me =53 e, 9 T F2 LNG &Hl=9] A7) 3o
F7yste eH3gel WE LNG A ol st A7 ‘HALNGE &

rok
o

LNG 7H4 & =2 df7H4 0l d5skar SlojA, 2008 99| 2B E 2 &
2 %91 2009 o] FHEH AEg=e o g d FEHA] VS 55 °
2 st e 20119 3€99] FUE dARN § A HHA s FAR
Aste] B THTFe] 40%S LNG st o g F3atua Azt o
1 FEHES XS i FYP7FEL IMMBTUMillion Metric British
Thermal Unit, 9= 3 ©¢]) 9 1632 E 20093 2] 280l 513} ).
g, v5ole 71edas B A HEoR A= F AA B ALt
29| Yo 7Aool FEsle 3998 AR W FFEoR FAHA 9
L AATEE AEEHA] Bal F 7HeT 7hs gholzeiele] AR Eo] 9]
HE 10898 T = ofrjol Gl HlstH 7hZ o] A7et Fo|t) ofrolH
Hl w2 H R ‘obafol EjmQ)olgts vhAd e e AR Bt o] 3
ol A= ol gt B3| g 7HAA A e Evte] #Ea AT o EE A™
15 AL7r2=9] FEo] AFE YA, § ozt 5 AZE LNG Ak 224
Ex AFHo] dojA 20189l = AAl LNG FF5E0] 30% o 5o M%
ojth, wetx FFFHYol = Atejo] tiulste] #E HUtES B AAIE 4
2/dF TAS T 7HAQdE a9E 7t 1 FTETHE HAFHOE HE
Skal Q1o LNGO| =AI7HA e Hx Aoz s5td Ao AddT

i
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533 =29 23 dgv HFd W FAAH 4 HU}

&2 83K DWT Bulk Carrier7} dAjol H&slx = hxF &34

2E
MRt AAGS BASEE Sttt o] EAAREE FIVHE VEY ¥AR
AZ FH7A LNG 98 FH7IZ2 HANS Ao JoAA F71 Azv&S
35 = e 7S A sed 288 5 S AoE AlrdEy

1) X838 Ax ZF Port Hedland®d 34 35 $EFY B §

83K DWT Bulk Carrier®] ©] 329 AAG &4 F7tol] dojx ALY w<
stE fste] o o] VIES AAEEE gtk

1) 9A 7|1298 FA493 INGEE FA49e] 2718 WAd e +
7} %882 Table 537 #Zo] F7} ApAjH] & 217118 6,708,150US$, 57}
A FE o wE F§o)AF 335408US$, F7F A H 4] 201,245US$=ZE 31
Al AA Fri8]8& 1B 7,244,803US$= 3t

(2 9= FPA= 3,530 vlLd=E 5, AEHL G UEE 7|FOo 2 &,
F2pA FedFe 27790 22 HE Ao R ) o2 Azt7|FE 1283
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Fig. 517 X &do|x &5 Port Hedland® $&E23 =
Table 5.8 233} -Port Hedland #3424 252 &7n8]& (49 USY)
3 = 1a 2d 3d 43 53
- 2R /
4t o 6,708,150 | 5,814,764 | 4,921,379 | 4,027,993 | 3,134,607
pal =
°l ZgoAt 335,408 335,408 335,408 335,408 335,408
|l A K50 201,245 201,245 201,245 201,245 201,245
Ag Azl 1,430,038 | 1,430,038 | 1,430,038 | 1,430,038 | 1,430,038
ayn g 5,814,764 | 4,921,379 | 4,027,993 | 3,134,607 | 2,241,221
3 = 6d 7d 8 od 104
A4/
i o 2,241,221 | 1,347,836 454450 | -438,936 | -1,332,321
= e
°l ZgoA 335,408 335,408 335,408 335,408 335,408
Hl B2 K S=H) 201,245 201,245 201,245 201,245 201,245
dE A7 1,430,038 | 1,430,038 | 1,430,038 | 1,430,038 | 1,430,038
gy g 1,347,836 454,450 | - 438,936 | -1,332,321 | -2,225,707
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7,316 kW x 160 g/kWh x 24hr /10° x 27.7 day x 12&=k

9,338 tons/year

- A7 A5

T

= Az

2

2EF x HFO7}E (20139 F2E 7137)F)
= 9,338 tons x 603 US$/ton
5,630,970 US$ / year

o

Power x SGC x 24A1ZF / 10° x ¥4 &A= x AZF =3 =}
= 7,316 kW x 1241 g/kWh x 24hr /10° x 27.7 day x 123
7,243 tons/year
- A AgH
= A7 A8 ALEFH x LNG7HE (20139 99 ofAlok-ml= Hi7td + vzl
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2) B43go|Ax BE}E Ponta De Maderia® A% 3E FELFo F$
EgE 9 TR

83K DWT Bulk Carrier®] ©| =22 ZAIAG &4 H7tol] oA At &
T35 st ge 2ol VES AASEE
1) HA 7|EAE FAA9Y INGEE FA49e] 317138 dAdd & F
7} 71ZH]-§-2 Table 533 o] F7} A4 & <1x14] 6,708,150US$, F7}
AU FE o wE Fgo]A}F 335408US$, F71 A H 4] 201,245US$=ZE 31
Al AA F78]8& T GBI Z 7,244,803US$ = 3t
) FAAZE FF-Ao)ZEeLE 7900 v1d, Aol ZelE-ZEtdvd 2o} 4,051
uld AA 11,951 A 2 31, A5 FE 14 E 7|Fo = 3l 3 &=
F A5 82.05¥0] £2QHE ASR Fr) o] ANVFE 4FAE
e Aoz
(3) <% MGO AH&-e 7|E49 3 LNGAE At A ALgHo] vlsslnz
At Bl /A EE St
(4) HFOY] 7142 2013 F2E 7}
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Fig. 5.18 434 Be}& Ponta De Maderia
@ 3

Table 5.9 330 Hz}2 Ponta De Maderiad d 34
)9 aHH L (E9]: USSP

(
oft

&= 149 2 3d 44 54
A7
al o171 é : 6,708,150 | 5,832,833 | 4,957,517 | 4,082,200 | 3,206,883
= ==
°l Zgolx 335,408 335,408 335,408 335,408 335,408
=]
] SR K S 201,245 201,245 201,245 201,245 201,245
Az A7 1,411,969 | 1,411,969 | 1,411,969 | 1,411,969 | 1,411,969
gy g 5,832,833 | 4,957,517 | 4,082,200 | 3,206,883 | 2,331,567
3 = 6d 7d 8 od 104
Z}AY
il o171 é : 2,331,567 | 1,456,250 580,934 | -294,383 | -1,169,700
= e
°l ZgoA 335,408 335,408 335,408 335,408 335,408
il B2 K S=H) 201,245 201,245 201,245 201,245 201,245
dg Ao 1,411,969 | 1,411,969 | 1,411,969 | 1,411,969 | 1,411,969
ayn g 1,456,250 580,934 | - 294,383 | -1,169,700 | -2,045,016

QA Ase e Lol ARt
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= Power x SFOC x 24A17F / 10° x &+ &x}aaf|d4 x AZF =3 F=}
= 7,316 kW x 160 g/kWh x 24hr /10° x 82.05 day x 4=}
= 9,220 tons/year

= A7 AEAEY x HFOLZ (20139 F2E 7177)F)
tons x 603 US$/ton
,821 US$ / year

N
O O

= Power x SGC x 24A|ZF / 10° x A dsd4 x A +33 &3
= 7,316 kW x 1241 g/kWh x 24hr /10° x 82.05 day x 4& 3}
= 7,151 tons/year

= AZF AEALEE x LNG7H4 (20134 9€¢ ofAjol-m|= FHd7t4 + wpxl
20% 71)

= 7,151 tons x 580 US$/ton

= 4,147,852 US$ / year

u}2}x], 83K DWT Bulk CarrierE 3 ¢do| 4 E2+2 Ponta De Maderia® &
PN FFELE EE 5T FEIF T oA, FHIHE 7S
AR A5 F7]oA LNGHE FX7|2 "HAEY o AAE A Hrt

re ox

A v} = 14= S| g8 Aoz F71 1
AU E 5T = s Aoz AlsdHY
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3) 3YFolA EBEF Ponta De Maderia®d d3H 35 FEIF9 3%
(Tt 3 FH)

83K DWT Bulk Carrier®] ©] & =9 AAA B4 FHrlo] Qojx] ALt dse
k5 95t o 2ol VIES HAAFEF Sk
(1) 94 71EA8 FH487 LNGAE F3449e] 2718 WA ge &
7} 21ZH &2 Table 533 o] 71 ARl & 1zH] 6,708,150US$, F7t
A Ex}o] wWE F-§o] A} 335408US$, F7F FAH 1] 201,245US$E 1L
Aol AA F7HH8S 1AM Z 7,244,803US$E e},

th ol ARVIE 4FAE FHse slew o
MGO AH&-#2 7]E4} LNGA s Auboll 4 ARg-sFo] HlszstE =

foe ¢ de
™

>,
_o|£
k]
R
=
~
M
1
_o|£
b
I
rok
a

7VAL 20133 FAE 7HA7)FE, LNGS 712 L 2013 9¢ w]=t-of

=
T
=
©)
o

Fig. 5.19 F 4 &oA Be}d Ponta De Maderiad 4523 &2 (v
+-3tE 3
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8,756 tons x 603 US$/ton
5,279,967 US$ / year
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Table 510 FYJ3-H 212 Ponta De Maderia® 34 45 (3w}
She] mu&(E$l: US$)
o = 13 2 3d 4d 54
22/
I o 6,708,150 | 5,903,905 | 5,099,660 | 4,295,415 | 3,491,170
CEETSE 335408 | 335408 | 335408 | 335408 335,408
! Fr A B S=H| 201,245 | 201,245 | 201,245 | 201,245 | 201,245
dE A 1,340,897 | 1,340,897 | 1,340,897 | 1,340,897 | 1,340,897
aHE 5,903,905 | 5,099,660 | 4,295415 | 3,491,170 | 2,686,925
o = 61 7 8y 9 10
22/
1l o) 2,686,925 | 1,882,680 | 1,078,435 | 274,190 | - 530,055
CIET P 335,408 335,408 335,408 | 335,408 335,408
! Fr A B 44| 201,245 201,245 201,245 | 201,245 201,245
Ag Az | 1,340,897 | 1,340,897 | 1,340,897 | 1,340,897 | 1,340,897
aH& 1,882,680 | 1,078,435 274,190 | -530,055 | -1,334,300
AEHTY ALk v Zo] AT
A, 7]EAN L(‘E‘é )
- A A8 AR
= Power x SFOC x 2417 / 10° x 3+ &xpgaf|d4 x AZF 3 =}
= 7,316 kW x 160 g/kWh x 24hr /10° x 77.92 day x 4=}
= 8,756 tons/year
- A7 AgH
= A ABAEEF x HFO7HY (20139 fr&E 7H471%)




= Power x SGC x 24A|ZF / 10° x A dsid4 x A +34 &3}
= 7,316 kW x 1241 g/kWh x 24hr /10° x 77.92 day x 4& 3}
= 6,791 tons/year

= A7t Ad8AEF x LNGZHE (20134 9¥ ofA|ol-m = F#7tZ + vix
20% 71)

6,791 tons x 580 US$/ton

3,939,070 US$ / year
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534 €% &% WS oE ZA4Q 24 %7}

ool = 83K DWT LNGIE %] Bulk Carrier®] £E A3F
F7F nAgH &l tg FAI S VI3hs &4 Hrhetd o 2o

=, A% 3009 £F= VIELR Sfla, AA FUREE XS 243
UHA M 7,244,803US$E st 7 £ 27 5= Powere Fig. 5209
“Speed & Power IS Frxste] A4teldlal, HFOS] 7142 2013'd F2=F 7}
A7, LNGS| 7h42 20139 949 w=-opAjo} Ht7hA + whal 20% 2 7H e

2

BAAH

XY

£5 A7 A8 H7HL Table 5113 2t
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Table 511 &= A7 Agd70A
7|00 LNG# & A4} A7tA 8
AT
TP gnas | asm | guaz | 9sm | age
=E) | W) |, Lo, » P » »
2R (ton) | (HUS$) | 2R (ton) | (HUS$) | (HUSH)
11 3,256 3,751 2,262 2,909 1,687 575
12 4,228 4,871 2,937 3,778 2,191 746
13 5,489 6,323 3,813 4,905 2,845 968
13.5 6,294 7,251 4,372 5,624 3,262 1,110
14 7,316 8,428 5,082 6,537 3,791 1,291
Fig. 521 &% &£5d¥ Asdzadd e T4 JF7)ts BoF= 29
Z2 23 &%) ldknotsY HF FA & 8@ U], 13knots¥ H-F 1613 W
g 7hsES & 4 3, 13knots PTHY AF AAAGo] glv R 4
B71E A
16
15
14 7
12 /
12 ’.’
. i/
~ 9 / )l
2 4 /1
¥ /L
= B // A
& o5 LADEN
4 /,
\ " = = = = BALLAST
2
1
0
10 11 12 13 14 15 16 17 18
V{knots)

Fig. 5.20 83K DWT Bulk Carrier
Speed & Power 4

I
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2 937 oy 9 dA fREE AHE JdEE AMESAY dAARE A3
At} olH3 A= 374 Al LNGE 8= e Hute 2375 F7}

= Zloln JleMEs Jk&st & 2o 2 ZidEa Sl
2) AA=7F B ool g BH g FAPA WEE AL

LNG WAH AFdat LNGFA Au ARlS @ sjapnte] @5Apqjo s 213
st71oll= F27F Slol =7k A= A 27t dasithe oo XlHHXq
olth. LNG WA Atgel A3 8oz FX57] st =7k Ao HeFAl A
<7 #A AL, 183 LNG BAZ Al 712 Y] w4ks s ¢
=% 3 FHbEolol & Aot}
3) Project®] A3 S4E4 B Capacityel 3t HE

LNGFZ Adute] B BfgolA maA g 9lom 2000 A+
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TACOMA) ] @itel = AAES =o]7] 8] LNG BAY Erjd 145 9
g A=A AR EAE JPsAY 7l 2 BAAL HEE 719 °lEH201 TS
oqw g WAoo ® ING ¥AHE & AVt ko] oy 7kA] @A xzdov A
Hke] 27], R TR, IR Vs ot A Pr%d Zhh]
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