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A Study on Prioritization of Green Shipping
Infrastructure Construction

— Focused on LNG Fuel Propulsion Vessel-

Kang, Seog Hwan

Department of Shipping Management

Graduate School of Korea Maritime and Ocean University

Abstract

The International Maritime Organization (IMO) has begun to regulate ship emissions

more tightly from 2010, especially in the Emission Control Area (ECA).

In the ECA region, sulfur-containing fuels should be used at less than 0.1% (by
mass) from 2016, engines suitable for Tier Il (currently requested to reduce 75 % less
than Tier II), which is a nitrogen oxide regulator, should be used. From 2020, it is
imperative to respond to regulations requiring mandatory use of less than 0.5%
sulfur-containing fuel in the world’s waters. And EEDI (Energy Efficient Design Index)
for reducing greenhouse gas emissions went into effect in 2013 and already entered
the first stage from 2016. As of 2005, 20% COZ2 emissions by 2020 and 30% by 2025

should be reduced.
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In order to respond to such ship exhaust gas emission regulations, various solutions
are being developed in the shipbuilding and shipping Industries, but conversion of
marine fuels from existing fossil fuels to LNG is considered as the most obvious

alternative.

If ship fuel is used as LNG, it can reduce sulfur oxides more than 80%, nitrogen

oxides more than 90%, green house gases more than 20%, PM more than 90%.

In response, the Korean government established an LNG fuel propulsion vessels
related industry promotion committee in preparation for international environmental
regulations, and to build LNG fuel propulsion vessels for the government owned
vessels to promote LNG fuel propulsion vessels.

This thesis investigated the status of infrastructure construction focused on LNG
fuel propulsion vessels in the global leading green shipping countries as well as the
current status of infrastructure. including domestic LNG fuel propulsion vessels.

Overseas green shipping leading countries have already established or are in the
process of establishing or constructing infrastructure for stable operation of LNG fuel
propulsion vessels. In order to induce such investment, Green shipping infrastructure
should be established through preemptive investment by the organic cooperation
between government and shipping industries.

However, there are no LNG bunkering bases and LNG bunkering vessels in Korea.
Nevertheless, in order for Korean shipping companies to become more competitive
after the collapse of Hanjin Shipping Company Limited due to the world economic
crisis, the current strengthening of international environmental regulations should be

an opportunity for reversal.

From this point of view, this thesis conducted a survey to ascertain the priority of
establishing a green shipping infrastructure focusing on LNG fuel propulsion vessel.
As a result, the three main evaluation items for LNG fuel propulsion vessels were
found to be important in the order of facility investment, incentive policy, and
operation system.

In addition, among the detailed factors of facility investment, it is found that the
most important thing is to build LNG fuel propulsion vessels, followed by securing
LNG bunkering bases and securing LNG bunkering vessels.
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Finally, even if these infrastructure priorities are selected, it is important to note
that the role of the government is the most important factor in establishing
infrastructure for safe and stable operation of LNG fuel propulsion vessels in future,
as is the case with global green shipping leading countries.

KEY WORDS : Infrastructure; Prioritization, LNG Fuel Propulsion Vessel; LNG
Bunkering Base; LNG Bunkering Vessel.
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A A

24, 9] @Rt IdXE ALE S siF= A
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Table 7 7= LA/LB& 2 =ARE A

IdE W&
Hl A9 20053 LB& 'Green Port Policy’ 49
Ex Az ol FAF Aol Az o} thr] A9 H 3 (CARB)
e | zxEn 7_5‘1"%,_Xl‘1ﬂ'_, ?%L”J%*h 1) 7 dY WEY=Z 74
e FNAFHDHE} 5 TUZE AW JE FY A4
JYXE x1](Greer1 Port Fest) % ilﬂ_ﬁ@/\} 13}
AMP Al =9, A4 &3 ING 34 =9 HE
LA 7} I Y WA 2KGreen Lease) A3, WPCI %A‘%XP%(Carbon
A | (HED) Footprint) 3Z 213 3o
] 2N ek4nj &3 A4F7](Carbon Calculator) 7|t 2 11 =3}
57 15} ZH N ZM(CAAP), FANAASY, SABA 28 L=
ser AP EY =279 (Clean Truck Program)

Ag 0 IHFREF AL, 2013, Q1X¥ GREEN Port 7% F378+H

2.1.35 4&1

d

=< -1
FHQ L7k 2% 25 Welen Atk o & T 2Avks fg Ao S
o= Ea 5

FeotiA edEd MiE Ades AT X

= =

ot

YEE MO FOF AA Fefslrlol %A BIH AFALL Bl AT HAF R AT
Faflol mAE F&F T& EAsta IMO 3 YoA thekdt AL MRFoEN MO A
g o, YR Aol thrledEA

i E A HECA #3 7|EHEALSE 20109 2€ FERFAHAA MHSA AE
g Wrista 48 S gS wjEFA

H((ECA) o= 1Y

et
sl
o
=
@)
2
X

13) B2HAE, 2005 SAZF 2obe A% AR AATAe] HAEF A0l
B AR 1
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ING ¥#AH AFYAZ Shell/Keppelal, 3+ 2] 2 (Pavillion)7}2 27 A=
Fdg LNG WHAH, 2020@= £43 LNG HAH=S 452 Ao} (Table

Table 8 A7}z 23 FQo =230l ALY

= &
=2 Maritime Singapore Green Initiative(MSGI) <=3
L=k AH, FNEEAL W71 3 €Y vEY A 74
AR | 2A7F(AH &) | Green Ship ZZ13(GSP), Green Technologies == 13 (GTP)
L 374 53} Green Port 3Z & 712(GPP)
A5 0 AHGTEEAE, 2013, 133 GREEN Port =5 S3AE TR

= AZAE A5 W 1383 S Yate] 20160 wETt2 EA S
HECA) 33E& AAsAEH ojH T FAE BHA717] g8l W LNG A5 F3dq
<1 S717F AdE ol Ao A

o
Hl
rlo
)
e
o,
2
Ayl

(o]
-
Z,
@)
1o
>
oo
o
N

fi
U
Bl

f

g
£
L)

okl o= glem,
O & 5 A998, @ d= F A9 4008, © F

=8 Ad 11003, @ 3R T hEAdEke 373, © Alx 623 o=, oF 16003 ¢
z

F EE 058 Aow F% SN Husa

AT
ZFo Aol LNG ¥AHE FA4 37FA eFY(Truck/Station to Ship, Pontoon&, Ship to
Shipp o2 Y= & Jomn, of3t LNG HAH L wo]A-FA-¢ Wi 103, Al 1

X, FAA 53olA &G Tl Atk

TS T2 A vFQd LNG F48 oF 200635 0] HE Folv, F= Waterborne
Transport A4 wWz=H &5 oF 47H7,0008 9] W& 23dA8tE0] ING A5x4t
o2 MzEEa, oF I8k Ho LNG Fx1Adro] 2017~20201d Atolol]l A =22 AR
ZAstal Aot ol9f A FHAAFHI(CCS) FE3 LNG FXA47 LNG ¥HAH
FAg Wy FFo] &0l Tl ok
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2.2 LNG 34

2.2.1 LNG 34 984

A MAFSR 7= il e Adute) wiE7tx Ao t83str] 98t 71E& ASERE
ALEStEA HlETEA~E Astele A 8l 8IScrubber), w7172~ A=A (EGR:
Exhaust Gas Recirculation), 2219 1)(SCR: Selective Catalytic Reduction)& 71 A

A&
AU AEASHFE ING =& LSFOZ WA=

oh 7 dienE Bk g

o goFd HotSo] AN 9l

otz ¢] Table 9, 103} &t

Table 9 tietd wj&=7}2 AT

T NOx Z+& SOx 7Fa GHG Z+& PM Z+&
LNG 43 4:90%, 2884:40% |  90~100% 15% 90%
LSFO \ oF 80% - oF 20%
Scrubber - 90~95% 1~2% 80~85%
SCR 43974:90% - - 20~40%
EGR 20~40% - - 2~Z =7}
DWI(E 7] 7]%) 20~40% - 2z Z7) -
HAM 20~40% = - -
QA2 W = 20~40% Z AZ Z7} DAy
A5 - DNV Korea, 2013. 59 ING WAH 71E2AE Y A, S=7F3AH7 Follu A, pdb.
Table 10 tjehd Aod
72 Ck Bk
A Asnl, FAN 2a - A
NG | SOX(-100%), NOX(-90%) %z ’ q;ﬂ ;fﬂ;’ ;E o j s @y
PM(~90%), CO2 Z+2 Amwia T T
- A= ] [e) '6_7]—
A=H 47 §le
g dmwl, ARl v12 e
1SFO An] WA 2 F7} 8 gl AR 7HH0] IS Ao = o
SOx 72, dAg7F 28 ¢ COz A7F 915, NOx #g &
Ag A3 EA 2
1E AR ALg o187k B2 2, F7 FAE B
SCTUbber | ooy pM 7t £l 3 £ 51

212 - DNV Korea, 2013. 544 INGHAY 71248

AT, S AN AU A, ppd5-46.
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Table 11 414 LNG F3A4 = &3}

A A} W& B 3

TOTE ING FXH 02 MERAMAHAZ INGFZ AdHolvgA %9) | 2014

UASC LNG Ready Ship 173 &= 2014

MAERSK, UASC Shell, Qatargase} Avtds ING &5 MOU A2 2016

CMA-CGM TotalAFe} A H‘*O‘if—iﬂ{LNG A3, HFO) 35 MOU A2 | 2017

UECC AA Hx ING F3 A5z HEA ‘:‘E‘ﬁZOM) 4 Q= 2016
Carnival Co.

Royal Caribbean Cruise | A 733kl ojn] 21z249] 20% o INGFZRIAA 2= | 2017
MSC Cruise &

A5 S kAR, 2017.

Fol sl A3 9fsf F43 LNG ¥
Huld = HEEM: KMI 60%_‘—/\

DNV-GLA} = ol oJsts of2fe] Fig. 83 #o] 2015 5¥ 7IH o= <F 90432 LNG

A8 FRAAMo] &3 == Ax Fola, 2010~2018Y 717+ B Z7HEL 27.1% = A4+
Hr.

s 2ol dg A& wE® 2012~20259 7|17+ F 7A LNG dEFAd AzxRe
6537‘<4(7]i)~19627'<4(314)3§ Awsta gom, FAAQ 751—?— WA 8902(45.4%), ¥

SurA 4663 (23.8%), A" olUA 277H(14.1%)0) Alzx=E Ao 2 o Adyg e

() CAGR: 27.1%

120 -
100 - CAGR: 28.9%
80
2% mHR
60 -
40 -
20 - I I

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Al=: DNV-GL, 2015. “In focus - LNG as Ship Fuel” , p.43.

Fig. 8 LNG x4 27} 34|

14) Lloyd’ s Register, 2012. “LNG-fuelled deep sea shipping-The outlook for LNG
bunker and LNG-fuelled newbuild demand up to 2025” , pp.16-25.
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olgfl Fig. 9 H 10014 EE= vk} 2ol 20179 4€ 71& A AA ING 853 &
Auke F 10230 =A F7tE 973 5 dAoln, dx o AFHE=es @A 233,
A A 163, A" oA 133, 2524 133, d<1Ad 83 Fo] Aok =3 7|Ee
INGFXIA B =7F 9o vlw, G, dvta, &5, =4, b= 5 g 30| A=z
st o

36

16 SHYEAR| A
YRR RN f2/0ASM
0y ;ﬁﬁnmg—e Ty 14 oot
W s 8 o
10 Jlet 5 6 n;lﬂh
0  m :
& P & > @ > & ST N > EE 2
& ,gs&"; £ 9 s 7 & %,@Q"f A S
A= : LNG World Shipping, 2017. Z}& : LNG World Shipping, 2017.
Fig. 9 A AMA LNG F314 Fig. 10 d= oA LNG F314

Hz9 LNG 9533 AHoUAdE 2012, d vl a2 A TOTEARZE 2=3ke] 2015
W 449 v= Y2F(NASSCO) A Aol dxH 3,100 TEUT ZH oY ‘ol&egl Wt
(Isla Bella)’ & ]t} (Fig. 11 =)

Z+= @ http://www.gibraltar-shipping.com/key-interviews/interview-peter-keller-
executive-vice-president-tote-inc)

Fig. 11 Isla Bellaz 27
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ZaFANA RS utdo] HEH LNG dg"aE 20% wWzto]l HArrEo A}
162577 o2+ A2 INGE E8d F It 223+ F7HE 22 ING d&8+1
=3 E

A = AEA

A ExFoh Aloke B2 AL 404 THgolH, I T d=-EF I 2FEH= A
Hto] 3l5o] TAF7 Aaete 1R oR AzE AFHIE AT LNG F3
=i

offt r
:(n}l‘_',
o
N
1o
)
>
rlr

oWl ZeAEs 4EAoe njye Hod AA A FREOH E e ING F1
A =3 FU NG FA £9 AA 27 FE % 4y §4 slwe] =4HD Wk

s Bl A AR wel(Vale)= Ad AT FAelA 325~36% 5000DWT
E

(A 35 FE)F VLBC(Very Large Bulk CarrienNE 20199 %E 34 A% oHo=z,
A& 30dES A=712 sdt L F = EFehlzqlE 103, Wed 44, oAzt
Q1 - SK&l 2 - tigkali 2ol Z+zt 23 9 A7] 2 EAKHCOAS)S HEAT. sHA T B AutE2
LNG W7 e

g A 2 ING ¥AF 7]A T Ao <lsteq FACHE AH&st= Azl
U FE INGE ALgetE Aoz WA 7F53 'LNG Ready’ tAQICo 2 AxE 9
A o] th.

2.2.3 LNG #3149 AAA
o]

INGFXA o] HeA Adste] A&7l gk thete] ez vlwds, LNG
o} LSFOZ9] A EZAZ AAs = A d#Aste dxsFingde A48 7
ot w)go] BwWEXMS 93 AFQ015)0A ol o] Table 129} o] wunp £31=
3 4 e Ao =719 14,000 TEUF HHoIWAS thadAdurs AAste] <%
(16.5Knots), ¥(19.5Knots), 124:(23.0Knots) 3ol W2 A5 4R B &S ATt

16) International Code for the Construction and Equipment of Ships Carrying Liquefied
Gases in Bulk. 4+ &ejo] A 7125 43k Auke] Fx9} Ao #3 F=
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AAE F2E FEopAol-n] AR to = ECASt HMECA €8 n&S 282 A%
St{Y. a8 d5R/9 7F4L2 $40/bbl~$100/bbl2 FESIR 1, 0.1% A3 v
S $230/E, 0.5% A-4d v YL S140/E0 2 MG £33 LNG 7H4L 7= o
S 729 HEeE FAHSYT EAAZEAF dsH ] LNGY 714 Hl&& $0.152
MMbtu/bbl2 4F4 = AT 3 2A8)%57]7F 44 9ske] LNG 2348t Az £
5 27 AW S 25008 2esh 35009 2Ele sbgete] EEETh

Table 12 LNG-LSFO 43t A &¥H] &4 7]& dHolH

Vessel Type 14,000TEU
Trade Route FEAST-USWC
LS 0.1% Premium/ton $230
LS 0.5% Premium/ton $140
Price(FO : LNG) $1 bbl = $0.152MMbtu
Speed(Knots) 16.5 19.5 23.0
FO 97t 22 % (&A7] £3D 26,200ton 42,000ton 60,715ton
ING 43t A2 ZF(LA7 £3H 21,700ton 36,000ton 49,875ton
A5 Skl A JAEKMD A

Ash AelelUMe]l BE 52 29T A4S LNGE AFFFHLSFOS vl Az
o Zeiel AEsl AFEIABEBS 27) Fdgol 25008 2oL A4
F248)5717k0] 4.3-550]0], /) E AN o] 35008 Bl S 60-7.8d 0 Lier
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2003 2219] &f kA X YA (PSV, Platform Service Vessel) Al %ol o]o] 2006 ¥
= 428 AH/AN]TE, AU, AAE8IE 5 60dF5 e INGFRA Az BA35 s
of P& Auto =zl WHAE 9k AJAIE =AU

e AYrts FAog Jtadze HAAHQA FFol s A WA v Ers
A B&atr] A o w Az ¥ @5 Al LNG % LPG 34 5 A8A A
BAzE HESZ] AREAI, 2012 w5 TOTEAMRE 59 MAN AX&E|RALS
ME-Gl QX7 &=o] ez /M LNG A= FFA28(FGS)IN0] Hzx=
gAlE AA Hze] ING d=53 e olA(sla Bella &, 3,100TEU)S m]= AtTiol i
Uad 2440 @Fste] 20150 495 EH 93] AFEd . (Fig. 13 #%)

25 : Tote &9 o]

Fig. 13 # % LNG 5z #H o] (sla Bellas)

o]& F8 HH oY AHAEL LNG FRA o7 Aslo] go]d LNG Ready Aluhe

W33 9o, Maersk, CMA-CGM 58 LNG FZ Ao LNG HAHE 93ty F2

ol gz FFPAL} slgof MOUE AZAsta Jrh18 ol ZAHolYd & AEakkk
LNG

A, AFxA § OE AFAIAE ING FA40] AT glom oHd FAE W

17) Dual Fuel Enginedl A 7}2~AEE FFste A EA 300bard =g 14 7f2AEE
B 3= MAN 97 EHRA ME-GIARA S ZFA 285 16bare] vHlwa e <
e

go] 7l2d8E AE3she Wartsilae] XDF x4 FFAAdlo= FEAT
18) s A, 2017. ol SBuAAY A3} 98 4+ LNG WA gvd
% MEeiok KM FF24
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2.3.2.2 NAFAHLNG HAZAHARR 71A)

ING %749 ¥ALL g A7 F2 FVESE ING FA4L 97 Az 7Zo
AHo ING ¥ Hube BA 43 Folth of#e| Table 13&
75 A £98FL Jehlz ok

Table 13 237 LNG HAHA U3}

L e SE
ZHEEE Shellell GATE ¥m'd &}, Shell& LNG ®BARA T 2014
A B2 A AA HZ2 LNG 7% A =GRS Ax) 2017
A7tE=23) LNG -4 EO_] et :ﬂtﬂ }\J}‘_}ﬂﬂ—'} 6714'77]-;{] 2013~

< "“F/]H Ae % EoL W LNG 34 &8 5zt HA)
Abg o el A, 2017, &k sl BEAAY A3 fe 5% LNG A
Held 75 AEeoh KM SRA

2 AA 2002470 =7F2] ok 8,000/ TS oA 467] FHivio] LNG ¥AH S -‘Hﬂ
ANzt F5S AYsta Jdor, A 157] Fvkell A LNG ¥A®E A=t 7Fe=a

o 7)ol dag LNG ®¥7AE Slazete] FFo] 53 521 Ik 4671 5 fFrdel 367H
grto] Ewle} dulo= 47§19 FRko] EX st o E UETH

[

AR ofAloke] A9 AR F, FF, AZMER, ohdov| EclA LNG WA v
de| 7Eg 2 B 74]9% ST
145 A A7 NG 377 714 Azer 7% AF3 FF dzet 75 23 e B

of F3L Itk
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Table 14 A AlA LNG HAH A=t 75 F3 i
4 O} A| o} ol g 7}
- e Buenos
Aarhus(dl}=1) Kristiansund(=-2 o)) Busan(thgH1=) Aires(o} 2 HIEILY
Amsterdam(HE@#E) Le Havre(Z#2) Fujairah(e}gelm]#e]E) | Port Fourchon(w]=)
Antwerp(*#7]ol)) Lubeck(Z%) Incheon(thghal=) Long Beach(v]=)
Bergen(:=2¢°]) Lysekil(Z~¢= Nanjing(Z=) Los Angeles(7]=)
Bodo(=2¢]|°)) Mongstad(=2¢)|©]) Singapore(A7}£2)
Bremerhaven(5Y) Nynasham(Z~¢J| gl Zhousan(Z=)
Brunsbuttel(Z) Oslo=24°))
Copenhagen(@ln}=1) Oulu(&E)
Ferrol(2=#<D Roscoff(3Z#-)
Foro(=2¢j]o)) Rotterdam(W|€@#+=)
Fredrikstad(=2gj°]) Santander(Z~#|?D
Ghent(27]of]) StavangerC-2¢jo))
Gijon(z=#2D Stockholm(=JI <D
Gothenburg(Z~gJ5 Tallinn(el|2~EY oD
Hamburg(Z<) Turku(#H =)
Helsinki(#A#=) Wilhelmshaven(&<)
Hirtshals(gln}=1) Zeebreugge(*87]ol))
Karmoy(H#=) Zwijndrecht(H|@&=)

A= @ Tri-Zen, 2015. “LNG Markets Perspectives” , p.3.

ZHEEES ’*“E(Shell)/\Pﬂ LNG ¥AE Aduks HdFaid o, 2016958 EAZ o=
Adkel]l LNG WAH S Fdsta Aok A7FE232 202008 F8 ek LNG ®¥AE A
H 2 AlFs SX2 2013395 #4 Ags 9 - 13938, 20189 FEH ABAIYES F
AT AR ING F24d FHE 8l 639 Azt tiall g 2005 A7tz=29
iR Xlﬂﬁ}‘—:— AAE WS vt ok =3 Wr)o] A BEAGS 20149 LNG WAH
S Y 2AENAS HYP3ta, 20179 AA HZO LNG AP Autel “qlx A ug
Al (Engie eebrugge) IE AEFI

20158 4€¥ BGE Aoz AMA HU LNG F5AZ2 A 42 f3 BA

Zo A LE| 2 o]Fsl= Aol tigk LNG 7Y ARl=E F3dstr] 98 2016135

Bl 2H 29 Gate BFld= ddistd titf® LNG ®¥AE A=x7|AE 758t 3l
o, LNG ¥AY A 19 §25 EA3I91, Ze =293 Gate Ejn]do] LNGAIH}
o] AL 4 A= AHvEE ddsiit (Fig 15 #=)
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de) ZH =9 ING WAY AQL ING 7o, B, ¢4 2 9AYL dgxow

Zejsha Q1

23 : The Maritime Executive

Fig. 15 ZH 2% Gate EHv]d

2008 3% x| BEaA e Fluxys NG B9 &2 9453 9beme R G3ha
9ItH20) @A) Fluxys Elmg-& AAela 47] (3 380,000n)¢} 20161 7H5S A=a A
A= 1715 2338t A7 LNG A4HE 16bcm HEE A E o] Qa, Auk HeA A
% 20149 3712 A4FAT2D (Fig 16 =)

NYK, "] 28] A]’3AF 9 Engie(GDE Suez)= 201613 F-E W7o 2| B Al LNG ¥
ARG APGS 83171 913 Fluxys LNG Hulgda dojAeke Adsy] g 23| Al
Bunkering J/V¢} Shipping J/VE ARt £ HAY AFS NYK27E F3380H ol &
$13ke] Bunkering J/Vel 72 Auk gMAeke A A3 3L, Shipping JV7F 5T
o 5,000cbm HAH At 23S FF3A

19) Shell, 2014. “Shell to build innovative bunker vessel to deliver LNG fuel”

20) Fluxys Terminal (http://www.fluxys.com/belgium/en/About%20Fluxys/ In frastructure /LNGTerminal/)

21) Fluxys Terminal, 2014. “Energy Chart Zeebrugge”, p.44.

22) Mitsubishi Corporation, 2014. “Mitsubishi Corporation, GDF SUEZ and NYK Form
Partnership in LNG Bunkering Business”
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A5 : Cyprus Mail Online

Fig. 16 ) B.8]4 Fluxys LNG Eln]d

T290]= 2008@FHE 4¥ LNG Portel €EAE7IE(Tjeldbergodden)d, =2
(Kollsnes)d = #AXo|Karmey)dS F3 Ar 5o INGE FF3tdedl, EHBIE
(Tjeldbergodden)@oll A= ~Hlo] E @ ¥ &lo] & 2 (StatoilHydro)7} E&-& o] &3] Azt 15
£9] INGE FgF3t9a, F2Ul(Kollsnes)d 2 A ol(Karm o y)&oll A= 7 2214(Gasnor)
7V ZbzF Azt 1208, 2089 LNGE F33tit.

Z =2 (Floro), A H] AU 2(CCB Agotnes), 32 d(Halhjem), 2~2H}=(Snurrevarden),
g] AHHl7HRisavika)s =2 57 ko= oju] ING ®WHAH AHE 75519123, 20143
B 1470 @atoll A Adubg ING ¥AE lzet 58 9 o skt (Fig. 17 =)

A AAT Aoz Efow gFoto] WAHC] 7hs3 Oradh2 LNG A%
3 IHA AFASE: 6,400m)S Bt gom =g ole g AbHl7HRisavika)oll
ING AAH7AE BHFsta Ade= LNG HAY dEFAQA  2=3b7F2(Skangas) LNG+=
Ship-to-Ship, Truck-to-Ship, Terminal-to-Ship & T3t Walo 2 WAHAHS 33l
o1t

23) DNV-GL, 2014. “Global LNG bunkering infrastructure-A status update as of
January 2014” , p.3.

24) SkanGass (http://www.skangas.com/en/our-portfolio/terminal-capacity/or a-terminal/)
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A= @ DNV-GL, 2014. “Global LNG bunkering infrstrﬁcture—A status update as of
January 2014~ , p.5.

o
o
o

Fig. 17 =29]°] LNG %+

f
o
<

W

SFte
AY A
R

29 de] AGAALE 20119 AMA Hx2 2EZE3 ASd = Turkudk 71

o

F24 nlo]#] I# o] 2(Viking Grace)T g o Z 25Z 54 LNG H
MASER A, 2013Q@ 2€¥€9+= AAAFHOoZ TSt MA FHxel LNG A
(Seagas)Z ol 2]k Ship-to-Ship LNG WA Ho|= AF 3l o]F Viking Lineo] <3}
IAFZA nlo]# ¥ o] 2(Viking Grace)z ol ¥ 50~70=2] LNGE Fg3stal Ut}.25

e
N

>

rr

20,000mt  AATHes EAFF  2d9e]  YuAFNynashamn)d LNG  EHW]'E202
Pipeline-to-Ship, Truck-to-Ship 4] o2 INGE Fgsta o, e RS 20154
HE 194 LNG AR 9 AFHE L 201730 = AR &3S 30,000m o2 &3
Agolt}. (Fig. 18 =)

25) AGA, 2013. “SeaGas Stockholm” , p.26.
26) LNG in Baltic Sea Ports, 2014. “LNG in Baltic Sea Ports-LNG Handbook” ,

pp.42-43.
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Fig. 18 of & 1] g

Adco EZI(Turkw)atere 2013\d FA](Pansi) LNG Elw)de] AMEA o] ojs}e
SATA T o|AZl oA £2E& e & NG HAFAT virde AP 2D IFHS AH

7}<=(GasumAHF 5 Elmgd I3 th2D) (Fig. 19 #%)

flo
Do
(@]
—
ol
(LoF
AN

25 World Maritime News (2014.11.19.)

Fig. 19 A= LNG Hu|d

dvta= 1942 SECAS] @dAddt 3l AF, d2E&4ES §8 F8E d53ta, 2
AZ ol B3 LNG o iEwo] ofygl S4doAe LNG 3= 2943 &
npAgro = EHrd 4 AR 2 HAAE AES FAH 2 &FRE AEsa Ade
w438k 39419l LNG BAE Buld dA AA H34e AA ZHAsk 2HMalmo) @
of LNG ¥AE Hrd AdAE dAsAc.2® (Fig. 20 F=)

27) Steering Group, 2014. “LNG in Baltic Sea Ports” , LNG Stakeholders Seminar, p.10.
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PR LNG in Balt1cSea Ports 2014. “LNG in Baltlc Sea Ports—LNG Handbook” .44.
Fig. 20 =zl 2 &e] LNG Hrld dAIH TR

=9de ez uiydyt do2ELinde AG)e) FFH=3 dFuke] LNG HAH G
Aol tisted AES ¥, dR =387y -2 ¥(Linde-Bomin) F&e.2 2015@ LNG
YAHES MAEA T B E =R Brunsbuttel) &g 7] =~ (Gasnor)2t A LNG
HAY AxzgtEs F=5¥om, DNV-GLE 7isA¥e=z ING ®Hza AHx H
Pipeline-to-Ship ¥21¢] W7 g AAHS F=3 ). (Fig 21 =)

{(

O

A5 : Google Earth

Fig. 21 352389 NG Eu)d

28) LNG in Baltic Sea Ports, 2014. “LNG in Baltic Sea Ports-LNG Handbook” , p.44.
29) Thomas Tork, 2013. “A LNG Terminal for Hamburg-Modular approach, tailored to
suit market needs” , Bomin Linde LNG, pp.16-19.
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EU AHE= 24el-2 =Z-w 2l-th B (Rhine-Meuse-Main-Danube)= 2 2] LNG 91z} 7=

g EJ Yl 40008 =2, BEE A uLor ddte AdUhe A Wss LNG
FAY A=zt 75 3 ARARRICl 2300+, 23] AFs kel LNG H7A® Value

Chain g7l 1009t F2, LNG F3X43 LNG ¥AH #Ad EANE 2427 10% 4
TEN-T (Trans- European Transport Network) HH oz 2| Q43}ATED o]o] uwel EUE
A 7)o Floxys LNG Elr|@3 Yd&@= Gate Blvm]dol zZ+z; 5009+ #2¢ 1,0009+ F2

Jelw =P, ERE, o 2EUCh PRokuor SME LNG $AY A A
=% B9 Az 75 AYS T YTk A F AXFES
A

F %
A Bgsta Fu AAH A 2 PRI F337] Aske] NG

>
N

2 2320= AA Al W¥AY Frto = 20143 7], 4297 Eo] HH ALSHES
71533938k Q). o]l H gk A A Z 38 e A SLNG(Singapore LNG Corporation)= 2018

il
dRE LNG BA™E /MAISH] fiste] A4k 3007 E5 A48 3 (260,000n) 1719
A3 LNG Hrld #4-& stal o (Fig. 22, 23 =)

A2 A7bE2E SINGS] 9A7F ING WADL Sl FARAsTE B
2 Folzo] A4 9 Avely Hrd Q2] ING BAY /A0 AHL AR Fol
. =@ ING ¥AY 7% SIS $js) 2013d0] Br)o] FNA FAGAE A
9, 20149 Zol=aFol o LNG WAY & £2/4% 492 gasac

30) NGVA europe, 2012. “European Commission Selects 7 LNG Projects as Winners in TEN-T
Call 20127,

3D) =&2= A9 Dunkerque LNG, Air Liquide®} ¥~]e] Exmar Abe} H2Fo=2 2016
@A Dunkirk &wrgolA LNG AL S 716 dAHolH, == 20143 PolskieA7}
Swinoujscie®ol LNG WA H S NAISAIL g Folyol= 2014 LNG WHAY AL
2 FSRU “Independence” & 7}&3t9oH, ol2Eu ool Tallinn kel A= VOPAK
A LNG HAE A Y B d e HESH L A+

32) SLNG(http://www.sIng.com.sg/)

33) A7 =38THgAL Bunker Sales Volume in Port(http://www.mpa.gov.sg/sites/port_and_shipping/
port/bunkering/bunkering. page)
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---------- T —_— . Regasification Future ex pansion

A5 @ 2Blst Consulting, https://www.2blstconsulting.com/two-singapore-Ing-terminals
-in-view-to-become-asia-Ing-hub/

Fig. 22 A7}= SLNG End

ANVEZE FHHMPA)LS ofAlole] ING BAH B §7] 93 4oz LNG
Az 719l AT Hol 1495 28 E A Ystr] 95k 829tk 2o HEE
ATE3D o= 20179 22 AYH LNG HAH AH AdS F3 o

Ade Wy AN A7tEE 52 MAoE AF LNG

>
et

2
N

-

B
ox
9,1‘.

o

o
(03

o

ok

v

MPAE LNG HAH EF Fx19 A3 ING FFE sl ol 184 o] El(Aggregator)
e =]t i@ dAe @4 AP dEd ING =% sfidA 2 4
AA o] Fujed = A= HZ2O Aggregator= BGr} AAHUoH, AAH AuES 9
sl gl oA (Pavilion Energy))sol B4 A4 THRIZ AZEHI Y}

34) A7FEZgTHEAL 2015, “Singapore advances LNG bunkering efforts to meet future
demand-Port of Singapore offers S$12 million funding for building of LNG-fuelled
vessels” (http://www.mpa.gov.sg/sites/global_navigation/news_center/mpa_news/mp
a_news_detail. page?filename=nr150930.xml)

35) Anthony Barker, 2013. “Singapore-Emergence of a new LNG market and the role
of the aggregator”, The 17th International Conference & Exhibition on Liquefied
Natural Gas(LNG 17)
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25 : JobStreet.com |

o)

A

of Meloly Avtez gt Fnt tir] 29 AAdN FAGe AR F UE
Al Z

Fig. 23 A7}E2 SLNG Evd

>

3 Hzo LNG WA 7149 dAEvde 80m 4 q
80,000 ni}l BAE FAH fJow, =4 ¥AL 7IA PiE AAAS W
A

2 Ade Fsa Yo

36) NRDC, 2014. Prevention and Control of Shipping and Port Air Emissions in China
37) Ship&Bunker, 2014. “New LNG Bunkering Station on Yangtze”

38) DNV, 2011. “Commercial and Strategic Opportunities for LNG in China”

39 A-&H, 2015. “F= LNG 59449 T w3, KMl 58 XE, p.2-5.
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A& : CNOOC, 2014. “LNG as Marine Fuel & Bunkering in China” , APEC, Greener
Voyage Fuelled by LNG, p.6.

100 [ “Glutra”, Norway
g—

Fig. 24 =2 LNG 31 3%

& YA Kunlun Energy)e b4 BH e 2F8& LNG Sx4 2 A48 LNG ¥
A" AN FFS Ha) AFHH dHS FRa, dlolFHHaiq), F3FoHGanghua), F4

(Nanjing)ell Offshore LNG ¥ A% AvlE AAdsta ¢loh4D

ko
£
o
Hl
rlo
S
&
rT’
o>

pstol ek, A94kgolA LNG AP e Fhsha gom g
sfol@ol 109 T FUstel LNG A4 (160,000 2719F BF 2448 Aug

o

A g-akgke wzkAgd A2l ENN Energy Holdings7} €17F 3#wr & Adu]E 20169 3¢
o g S Yo E LNG HAE S L AYo|tt4d (Fig. 25 i)

40) ENN &3¢]=] (http://enneu.com/chinas-first-standardized-inland-water)

41) DNV-GL, 2014. “Global LNG bunkering infrastructure-A status update as of January
2014"

42) Bunker Index, 2015. “Chinese firms create LNG bunkering JV-LNG bunkering
stations to be built in Yangshan and Waigaogiao”(http://www.bunkerindex.com/news/
article.php?article _id=15434)

43) LNG World News, 2013. “China Approves LNG Bunkering Project in Zhoushan”
(http://www.Ingworldnews.com/china-approves-Ing-bunkering-project-in-zho ushan/)
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g : ENN &3#¢]%], 2015. http://enneu.com/bunkering/

Fig. 25 A 94 LNG WA R 7| A 24 %

dBo|= 20156 7]F = 3370¢] LNG EHrujdo] 9Jomr, Az LNG A5 e 29 =
oty =3k 571 LNG Hu|'gd o] F71 Alg Folm &% LNG ¥AHLS 7]E 3
o] ING Hu|d& &85t Faqda o Fo|ty. &9 Futell= 428 LNG &HHde &3
o] HIW3sly F2 4y Hubs digo =z 3= A8 LNG ¥AZES Fdst7] g <
=zt AA2HA FEE QUth

77122 LNG Hu 3 A A(NegishDEIP]'d, 27]AnH(Ohgishima) E{n|'d)o] {8}
ol gk Qo] Yx|sta o, A=A 177171 A= YA A (Negishi) LNG Eu'gd-&
1.25W %k o] ING A58 e RAsta o

2

T3 209m AAFAE A 37|E RAstal = 27]AvHOhgishima) LNG Hr|d2 <
59 1.4599F Eolm g QlFZolle LAIFZ7E 9 ske 3 H A (Himej) LNG g
QAGE A 87], A% Y 74kni68)e] AL lo] LNG WAL FAsA s
T Ut

_—

Brl= 201249 8¢ 1€ HEH HlEAg FHYECACE AATFOZHN LNG FxAe T
3 BExpr 3astA JaE o B sle] TOTE(Totem Ocean Trailer Express)= 3] K
eHPivotal) LNG9} Aleksle] A& (Jacksonville)dol Al HAHST Alx Aut 23S 3

ste] 2atFolthad

44) HHP Insight, 2015. “Tote’s Commitment Is Environmental”(http://hhpinsight.com
/marine/2015/10/totes-Ing-commitment-is-environmental/
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mkE(Matson) A= 2018 3~4E7]o QlEntg o H 0 245 Hlm HEA sleo] =
of B3st7] #1% LNG ¥ Fxlo] 753 3,600TEUE(Aloha-Class) Dual Fuel 71| o]
Ul 2385 depdy]ol 2Aad Tsin.

st A x(Harvey Gulf)Abe= LNG F31 AdiE d=x3tr] & 3509 28 FAst
Ao, AAF A(OSV: Offshore Support VesseDe] LNG WA H-S 93] X3 (Fourchon)
& 23te] Zt 99 Y C-type AW A 3715 AAEstal o, £9 50087 LNGE

2
AT o e F4 B7E A6 dde Fska 40

YAEH ~Ho]E ¥ g ~(Washington State Ferries)Al= 20121d s ] Al o] o3k LNG <
5 AFE 7HeAd4nI LNG #3049 <k 2 A =S H7MO% &, A4 632 LNG

FRAHOE A% FAL S} YoM O Eau] 35 /ROE 7L AL YTk

o] dAdlA|(Eagle LNG)= A" (Jacksonville)o] LNG 43712 AA-E F9 oy x
(Clean Energy), GE Wl A (GE Ventures), GE | #|(GE Energy), #lZ2 HA7}2(Ferus
Natural Gas)®} A FRsta o, HAHES EY, W¥7yg Moz Afsta ¢l

T} 50)

FA AFEE oA (Puget Sound Energy)Al= 20189 €& 9@ £49S 2
ol LNG Az A4bsd 208k &, A& &3 30,000ni 2] ING AR A=z 155 ¢
of 2759RE @8 E Tt vt glow, FQ uAe Y TtE s
< B3tal e TOTEARS W3 A AAPAE tdo 2 stH, TOTEASHE
] AAstA S (Fig. 26 =)
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45) Matson release, 2015. “Matson Begins Production on New ‘Aloha Class’ Ships for
Hawaii” (http://investor.matson.com/releasedetail.cfm?ReleaselD=934776)

46) Harvey Gulf (http://www.harveygulf.com/green.html)

47) Mary Fleckenstein & Kathy Scanlan, 2012. “Evaluating the Use of Liquefied Natural
Gas in Washington State Ferries-Final Report”, Joint Transportation Committee &
Cedar River Group

48) Det Norske Veritas, 2013. “Safety and Navigational Risk Assessment for
LNG-Fueled Passenger Ferry Vessels”, Washington State Ferries

49) Darnell Baldimelli, 2014. “Washington State Ferries’ LNG Project”, Washington State
Department of Transportation

50) gCaptin, 2015. “Washington State Ferries and DNV Explore LNG as a Fuel”(http://
gcaptain.com/washington-state-ferries-explore/)

51) Eagle LNG (http://www.eaglelng.com/jacksonville-project/)

52) Tacoma LNG (http://www.tacomacleanlng.com/)

53) Puget Sound Energy, 2014. “PSE, Totem Ocean Sign Fuel Supply AgreementPSE to
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