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A Study on the Optimal Method of LNG Bunkering

for Ulsan port

KIM DONGHWI

Department of Shipping and Port Logistics
Graduate School of Global Logistics

Korea Maritime and Ocean University

Abstract

Exhaust gases emitted from petroleum-based fuels in each industry contain harmful
components, which threaten the health of people around the world and can lead to
premature death. This causes huge social costs in each country. In addition, air
pollutants are causing damage to resources essential to human life such as soil and

water, and natural disasters such as global warming are caused by greenhouse gases.

The international community is actively moving to prevent the destruction of the
environment by air pollutants. The real response is led by the United Nations. The
United Nations continues to discuss international standards for countermeasures against
climate change through the UNFCCC. The Kyoto Protocol was adopted at the
UNFCCC Third Meeting of Contracting Parties to impose obligations on major
developed countries to reduce emissions of air pollutants. The 21st Meeting of
Contracting Parties adopted the Paris Climate Change Convention to impose certain

reduction obligations on all Parties.

As the international community’ s efforts are being made to reduce air pollutants

in marine emissions from shipping and marine fields.
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Due to the nature of the shipping industry, the border is ambiguous and the
relationship between the ship’s nationality is complicated. For this reasons,
environmental regulation in international shipping is led by the International Maritime
Organization (IMO). IMO revised Chapter 6 of the International Marine Pollution
Prevention Convention (MARPOL) to provide Ship Energy Efficiency Design Index
(EEDD and Ship Energy Efficiency Management Plan (SEEMP) were mandated. In
addition, major sea areas are designated as ECA (Emission Control Area), which
strictly limits the pollutant content of the exhaust gas. In response to the IMO’s
environmental regulations, governments, shipping, ports, and shipbuilding industries in
each country have been struggling to cope with the regulation. Measures to reduce
emissions include the use of low sulfur oil (LSFO), post-treatment units, exhaust gas
recirculation unit, catalytic reduction unit, LNG fueled vessel, etc. LNG fueled vessel
is receiving the most attention. In order to operate LNG fueled vessels, the
introduction of the LNG bunkering industry that supplies LNG to LNG fueled vessel is
essential. Currently, the industry is developing on a small scale in major Europe ports,
Singapore, and Japan, but the LNG fueled vessels and LNG bunkering industry is

expected to develop further after 2020, when environmental regulations take effect.

Korea is also implementing various policies and investments to foster the LNG
bunkering industry. This study studied the optimal method for applying LNG bunkering

industry to Ulsan Port, which is a major port in Korea.

LNG bunkering methods include STS (Ship to Ship), PTS (Pipeline to Ship), TTS
(Truck to Ship), PTTS (Portable Tank to Ship), among them, the research based on
the AHP technique selected suitable priorities for the Ulsan Port. As a result, experts
in the shipbuilding, shipping and port sectors put the cost aspect in the actual
implementation of LNG bunkering. At present, the STS method, which is the main
method of supplying fuel oil (bunker C oil) to ships, is expected to be the most
efficient way to implement LNG bunkering. In addition, in order to preoccupy the
port of LNG bunkering hub in Northeast Asia, it is necessary to establish a service

infrastructure to enable LNG bunkering in all manner.
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Atk 7129 AA Y &AM 7F ¢ 60002 TS AIAZ)IH A o] 1/6002 Fo] =T}
AL RH, FEA, FEAA, A8 TY 54 7HA Ut LNGE VB HES &
A 7]3}s)

Aol u]$ Zolxmg B} FFof §o)3h

[>

N

AAL] oA A S| BSel] stE Ar)s} go s—@% 741 LNGE= 20404742 A
Z2 Aue AAT gl ol AA A 2919 A

rjz
HU
z
0%
sk
&)
of
o
fu)

(Mtoe)

20,000 -
,0 18,374 18,558

:
18,000 - 16,733
16,000 -
13,760
14,000 -
ATy A
12,000 - S
10,000 - PR
8,000 -
o BHATA
6,000 -
3,000 - ER
2,000 - mAE}
0 : : . . .

2016 ExxonMobil IEA BP IEE) EIA

A5 0 o]Ad3K2018:92), “= = LNGAIZ W3l & 7|39 3", 4
ZAME R AT53%, 4FY 23,

Fig. 4 2040 AL F8 A%

5) °]4342018:92), “E=® LNGAZ Wate] W& 7]3et g7, F22AEE,, A
753%, Ahd23.
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Table 2 LNG ti®] oA ed=4d wl& A<

LNG | LPG BCH + S g | #Ee
COq 1 1.03 1.20 1.20 1.17 1.60 1.58
SO2 1 0.002 3,360.0 808.7 19.2 3,233.6 3,149.7
CO 1 393.5 1,767.7 1,202.2 2,011.5 3,888.9 2,651.5
NOx 1 78.7 858.2 5995.7 178.3 1,348.6 919.5
x| 1 833.3 12,506 3,105.6 3,284.1 3,697.9 24,603.2

7
= IPCCHF 7+ 71&Hs @ ek 9d), EPA(M = 73 %)
25 0] 438H2018:93), A A.

20179 712 " AA AAsks WFFE o 14329 Eolw] A o 279 Eo)

BN HER FF AP 10 0179 71F o 526U02 ARG A
b wgFel b e F7be gAlotolm 1 HE ZhetEst olwe] mEm gtk )
T AT 20 DR AALYFS HeAF D Yok,

6) ©]x13H2018:94), A A.
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20174 7|=
LNGEHAF
1,4329E

20073 Z|&

LNGEHt
1,210 E

= : BP(2018.6), LNG3}tE 7]+
Zg ;o] A13H2018:94), A A.

Fig. 5 AlA A7t 2%

A =A LNGAZANA = vl=, 35 T4 LNG 35 S7FeF 71E LNG Fd =9
F8 T2 A 23 FF ol YEhva gl AAoth o|FEX LNG 2l 8
S717F A= AR o) BA 2l LING Z2AES] BF F7IE Q18] A LNGA ol
Aol 7ML A&EHo R v JHAYE FA4Y AoE EAdTh 20199 04€ FEOIA

X
o LNG €& 7142 MMBtu? 2 4.25 28& A3t o

ol

2.1.2.2 ING 94832449 Ay
INGA B3R} 7]2L seAgod A Moz Agoz Qd LAz A7 37
odwx YoM UL, AR oA Frig ool Wt Hg /)

oz M Y AAY ool AFHIL Ui NERA 27 AF AY7)el APt

52 AMEStH Aule] LNGHAE Bl FolA] LNG
o] Ax" B 71E2 AT 5 Ak NG

=]
oA oln] LNGE Ax= &3t Abgst= 7Ieo] A& AR ol= LNG

7) Million British Thermal Units, IMMBtu+ 0.042M3, 0.0193MT
8 ZAFd £(2015:2) INGAEFZA H YAH 7e2eW’, d4d71e Hrraed
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# 7}2(BOG : Boil Off Gas)E A g3l7] 93k Aol F
= J1E9 AurET npskA 2 F.OFuel OIDE AHg
q

714e]
5 2 FASe] ol ol Uk AT 7]E ARTH NG BdFo] e ol
B g AEY A% AA WAelY FUF £ s F/HH wgo] Hrpsrie A

-
b
2
o,
il
R
f(rt
o
o
ofo
o
fo
-
i
2
=
z
®)
e
k
o
r>~1

A20Y71% BrrBge) INGAERAAN DAY 7E2EU015)" o o)aE
INGR 237 ure] Heoji= Belo] sj4jo] o)s) LNGHRZFAM A7) &(4 87,
SR EE

3t 7e, dRFaAzd 2 7|AADS 3t LNGHH b, A&

], LNG o]5A| 2= LNG 93 2 7|3}A| 2=l <A
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HP Pump

( ; \
@ \ HP Vaporizer )}

LNG HC Remover

Vaporizer Heater

—/

I\BIOG Compressor
BOG |~

L.: b

LNG Tank HFO Tank
b5 0 AFE 9Q2015:3) INGAEFZAH 2 B¥ARY 7«22y, 54497«
37 gke] 4.

Fig. 6 LNG A8 3F A2

2.1.2.3 LNG ¥AH g9 71& 7d

INGY#E 71%e INGRaFAAdwd dsg FFsted Bad 7ezA 71e
LNG&HbA ol Wste] &7t INGEF 4+ 7%l sigslrlol LNGAoAE Fa7
2 LNG93, LNGHAH, INGI=EFZAE, INGEH Y T& X “Tat=
ING2H” 71«2 H7)sta JqTh9

3

INGE A A4S LNGHAH Elngd, INGEAH Aul S/a)4 LNGHAH A 5
o] MdE 23 LNGHAEFHA ] LNGE 982 FH317] 98 dd Alxdo
2 AZodE & Atk 71EY AFA A Asf BA™Y A 1 A SHelA
ARG EA S 7HAI Qe Aotk SEAIRE NGO B4 Z1Al dEieh A et &
E3ta A= 7hzold, LNGS S3(&EAR4, 73k, ZaA)o R s A4 du o
Fa AR, Adutore] FF WA FToA 7IE AFA A5 WALZH ZolHe] Ut

LNGHAH 7|lsol+= LNGY =423 7

157hs0] §HY 52 dAAOR T 99
S 3k MulEol Bastth 2ALE BE 74 F ARGA, 55 AZHA, 24

lEET :T_L_’ 1 =
< 52 g W&, 73t 4F7], &6 LNG A% ', 7157] o Aulvt Hast

9) A=# 2)(2015:6), A A.
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=

INGHA B Adste tixAd 47FA 2ol STS(Ship to Ship), PTS(Pipe
line/Terminal to Ship), TTS(Truck to Ship), PTTS(Portble tank to Ship)e] Ut} E r|d o]
TE R A F8 AT INGARFA ] 27 2 AFol wet A7 B4 e A
gsto] &8st At INGRH7ZE 4bd e FAl= 4 @%b A=, dA FHA
Aol F8 FWEoA FEHOE INGHYAL A4dS A 2 §4 Folth. feuaE

e FolAol Ao B o] AN INGEAD ABE AT Az} TIHo] Be
2 =

2.1.2.4 IMO &7 Al t-$3t7] A7 B W<t £4

IMOS| vl s Fu &7t Aol W83t LNGHAH Qo] tFs e HAER
A 4350 &8 X8 AX(SCRUBBER)2] A x|, H]7]|7}2 A48 (EGR), A&7 =
o 39l A (SCR) Fol Aot 2t WetEe 54 AHEYA o3 Zrh

1. A3+(SFO, Low Sulphur Fuel Oil)

Autel &7t~ A <(ECA : Emission Control Area)ollA thrled&d A7+S 93
TAY dEoEA T 795 It Ao defe & FHFol 0.1% olst= Al
e 20209 FHE A AA BE oA Fdst= HurEe] Amfol 3 FREFES
0.5%°]8t 2 Aot A FFfr+= MO Alo RFetes & FFdFS 27 0.5%0]5t,
0.1%°]13t7 ==& AstEo] g AFEFE &8st U LNG ¥AY 9 EF et

o

S5} 2o WEo HME AMEA FUE AE Aol BT H§ sH5T gherelth. of
% ol FE 02047 AYHE F FHF BA FA Ua) 7 Fe] Fo A 2
Grrol A Z2bael teH o Austa e Werolth
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Kero
) — | vrps
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AR OR|
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DRkT-AR

0.1%
LSFO

Blender

TR e

© ¥R 9 (2017:38), ZFAIAL.

Fig. 8 T A& "
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2. W717}2~ Al A 7] &(Scrubbing Technology)10
Aubol A v &EH = W7 7t2E AASHE 7leS dd S4Y &
SOx)= A7at7] #sl ArgEostd 7lsolth. 1 7] de = Aute] &7t 4t

FEs F78 F A= FAE AR HASAA E27ts e #atdes ST A

o
T,
olo
ol
2
>
ot
s
o
e
B
g
o
ofl
fu}
fu
2
gt
>
a4
Z
TN
>
Ny
rlr
PR
o
v
=z
N
o
[»
=
ol
N

VAR B LR DA DA B2 B

717 28 ARRHEE A TS BARA sfare] A dEE] dEe oSt
It A A oty AWM sl w7 AE A SR w77k 24t
ol dlgol FH ATt €HAE EHUTE F A B olgA AAE AA
M FEHM, S8As 4 AYANLAR oY dFE T r & AAHAA

B2

dE2dol= A5ty 8o 7hesty Aup 7@ =¥ dAglol

=
o
i

Ao odr e

It

ofo
N
L
of r
ol
v
H
s
oot
r ™
ot
i
2
)
o
off
o
48
2
°
>
ol
2
>
X
o
ro
oot
r
ot
e
2
iy
=
olo
B

r—= Cleaned Exhaust Gases
Sea Water Scrubber
(Open Type)

Scrubber (Exhaust
Gas Treatment Unit)

Wash water
| Treatment
[—® Wash Water T
5 i_
T Sludge
Exhaust Gases
From Engines
Sea Water Inlet Sea Water Return

A5 9 F(2017:40), A A

Fig. 9 si==714k vj7]7k2 A A

10) #A)F(2017:39-42) “sll 714 FA3=(S0x) &A1 HZAhekol] ik d++ 7,

Fuista HAsteleg.
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y
T A A
AREsh EHAE Felste] AelsiAm, FEu ARG e GBHEl F
2 e sdoln 3o FuACH &

otk E@ B APFE AP
&R0 ANEHE AW Atk H57)

-
M 8 8ol bEE Aulolth BE RO Mu Tl Be] HAE b $5%

> i
ol
o
N
50
=
N
ich
ﬂllﬂl
_>L~L
e
By
ot
it
=
ol
2
N

—= Cleaned Exhaust Gases
Fresh Water Scrubber
(HozedType) o RSl e e e as
Scrubber (Exhaust MAaritort
Gas Treatment Unit) RN
Unit
Wash water
Treatment !
—e \Wash Water
Exhaust Gases
From Engines L]
Fresh Water =-u=-T
Chemicals === Shudge
Wash Water
Cooler
Fresh \Water ._I II
Buffer Tank
P = = = =} = —
Sea Water Inlet Sea Water Return e—

A5 0 A F(2017:41), FAA.

Fig. 10 A==710tk wi71 7k Al A

ot &3 (Hybrid) A" #j 7] 7k Al g A

A7 AT A AR Ao ARRA ) Wk A B
Mo B P AYFAC T RS BIHOR BEY A 100% e 3
Aeg A4 EHE wold, MAA BAE 80% FEOE ARAL 4 ATk AW
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AARA S o] A SRl FEE 5o Fol o W FFE o] g A
e 98 T A BAe BPHOR BEHES HAY FHolH, HFE ST A
2 @ U ARSE A9 NS H1 A5E AET AES @ U ARSE AR
& #== Hojgrh.

4 & Warsild This document isthe property of Warisid Comoradion and shal not be copied arreproduced without the consent of the owner

25 bR G (2017:42), ZEAINAL.

Fig. 11 Hybrid wi717}2= AA &=
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3. Ael# Zu]3d X (SCR, Selective Catalytic Reduction)1D
EA 6%, A3Fe o&] 2016 01¥€ 01¥ o3

4FshE 7FAlE MARPOLE oFe]
SulRdgA e} 724

NFOZ Tier Mo FA7E A48 Ak A3
Al A 7 Thme] WaEES ARAAE AoR EuRE Urea 48
o120] o) gHTH Held ZulBUAA A AAe] FaNF Ahe} Bo] APHEY o]t

W717kas BASIE gmuol dAE WEH I, olzle] wlrlzkxel A

ANEET AGSE YA o] FoiRiTt,

Oxidation Mixing SCR
Catalyst Chamber Catalyst
L] Vot 33 3%
LSS I 3§ ) -
A
NO,

Emission Source

Urea Air

|
=
Dosing System
A5 BRI (2017:43), AHAIA.

Fig. 12 A&z =} g A2 (SCR)

1) 514 % (2017:43-44), 2471 A1
12) Urea &< : 2NH2COZ 7lululol= 2t % 3t, A2Z43 WdA7F §lar 300~450C
o exolA gEUo} hAR BiHE Eholth
- 19 -
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4, w717+~ A=A (EGR)

w717} 2~ A<= X (EGR : Exhaust Gas Recirculator)= AEl7] &0 AL ZE Q18| vt
AR v 7)1 7 20 ARE-E(9F 30%) AR FAAAES AA 71He] FIIE A A=
WHHolt F719 48%F SUME AAAY Ha 2E7F HolA WA HA4sE(NOx) 9
FAgo] AHAY. w77t AR = EGREC whel AiAe] AiLeEo] AT
o] W stA At sFANF EGRE0] FobAH 7oA AAd" wjE7F29 CO, HCH
o] kAl =W 71#Y & Ax=rF AskdE & Aok o7 olF=E w7l A
TSR Y B8 AALNIEY Aol B FHolAT &= Aol axF ot

30-40%: Exnaiist Gas
Copsplinw
Claaning

A5 : MAN Diesel & Turbo X i1A].

Fig. 13 w717} A<=34= (EGR)

4712l IMO9 Adnt7]Ql s &7tz Aol e gedEe B 479 F Wed

INGH A= Wetdt vl BA4% #5 o33 2o

-2 -
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Table 3 tieHtd wj&E7t2 AT

75 NOx Z4& SOx 74 GHG Za PM &
LNG 439 4:90%, 2384 :40% 90~100% 15% 90%
LSFO - °F 80% - °F 20%
Scrubber - 90~95% 1~2% 80~85%
SCR 438 4:90% - - 20~40%
EGR 20~40% - - 23X =7}
DWI(E7]%F 7<) 20~40% - &E ZF7} -
HAM 20~40% - - -
AR = 20~40% - aE Z7 ArEs
Z+5 : DNV Korea(2013:45), “&E#d LNG HAH 7| EAYFH A7, SFx7t=FAH
Aol A,

TE A4 =44
AGT A=, fAH Za - . -
g 2 37} 7ha
SOX(~100%), NOX(~90%) 7t 2~ M7k R w, Ee 3 o 5o
LNG 71N A HF Y FH "o
PM(~90%), CO2 Z+4 A o e
Ang 447 e - =
N dml, dwel /=% B4
spo | AW mA R F7h Mg gig | AR Aol So4E Ao 94
SOx 7H4, AAel7F e 9 | Co2 A7 9le NOx #g "a
As Hg FA4 A
o] 8715 FIF =4
F71 FA]E 2y
7|1E Autdg ALE >GH] D g xA F7}
SCrubber | ooy " py 7ha NOX A7+ m)H]
2 ZpH 53)
<A W=
SR | BUAoE A%E & 294 AR T 4% 9e
NOx A7+ AlZrol Ao whel =33} HHAY
N JT‘_)“_O/HO]] ‘j%]zﬂ o] S
EGR | ST BRI A ohw 27
x A4 et A5 A A gl
SN INox e A a durel] B3 BY A1 e
FAT A7 Aol A%
AZMZE | Raud TE=3 A gl
A%4 4

22 . DNV Korea(2013:45-46), “Z9d ING HAY 7|EAISY A3 | 327}~
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Yearly development of fleet

I Ships in operation I Ships on order LMNG ready
400
350
Nl 500 probably to be reached ) E
in 2020 8 0
P~
250 =21
a8
200
- The big wild card: Sulphur = [ o
R Cap 2020 P
w
™m
100
=

110

110

121

110

—".

121

110

126

121

2000 2003 2006 2007 2008 2008 2040 2011 2012 2043 2014 2045 2016 2017 2048 2015 2020 2021 2022 2023 2024 2025 2026

A= DNV-GL(2018), LNG regulatory update

Fig. 14 INGHEFXAY A g 3 A%

Flaet by vessel type
W snips in operztion [ Ships on order
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i
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o |
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e i ) ) & A =4 g 23
S & & F ;¢ & g F e F F 8
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o o F o o & &
& c'}j" (_»,é\- ‘_gfs <
& g
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RTAe] 20268 74 AdEe ¢33 BFE INGHRFA
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dol7k 6180 g

ol FHA A LNG

oW, 1L ¥

Operating area of the 121 ships in operation
Europe I Norway I Asia I America

Operating area of the 126 ships on order
Europe I nNorway I Asia I America

Hl Oceania Middie East Il Giobal
Unknown

Hl Cceania Middle East [l Globhal
Unknown

1

2
u R 57

rway to Europe;’GlobaL

A5 DNV-GL(2018), LNG regulatory update

Xy

Fig. 16 A28 INGH =

ddgel wak A AA F8
MEE F7H7H] #
+ =240, U

9L, obAletst w

2= O
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o 2

EARE-] e Ao LNGHAR 4l

MoS(Motorway of the Sea)2} TEN-T(Trans-European Transport Network)

E2dels & &
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o, ol ol Halet wE ol LNGHEFIAAo ]5’Jr LNGH #

THS 7] A% Aol7] B Y AAY i

S A =337 93 Aotk M-S AL wly]d 9 AntwerpQ‘r Zeebrugge,

9] Southhampton, Z#&2~9] LeHarvre, Roscoff oA = LNGHAHS A3 = A F

ot} 53] Ud#=29] Rotterdam&@2 INGE 43F3td &vtozZA LNGE FHFste

A S oA AR ZH33 e AHOEZ INGHAY Iz AT S4T A
b

ZHA AL ek E Rl vl sl Gk LNGHAH @ul

Google earth

A5 - ATA 21(2015:34), “LNG F24d =940 wp& ko] A=,
KML
Fig. 17 Rotterdamd} Gate Elw|d

ofAlote] B j=, T, L& B AVHE ol LNGH A

g
AR o] Adstth. T FolAE A7MEC] M ASHOE AAYE oVt o d

A71EL ol frF WAHANA AHA 19EA Az 42008 &
2015 A LNG ®¥AR Hud AW 37]9 244S zkE F
AAoltt. 2018WHEl= AAZ FFAHo LNGHHE 171, 271, 37]

14) F&4 - o]l 3](2017:9-10), “w2f A FAPozM 2] LNGHE % A A% 44
g A geke] e AT, TAEAGAAT, A204 M35, 3 K

J—U
o o
o,
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HE 11007 B FHE5EE gxd Aow AL Juh AVIEEE ojn] F2d
LNG&F A1 BG7F2, BP, H]ZHIA|, Total 5 A3t ofLd A7IE=E dubFAlRl
MPA&= 820%F €29 HEE A& LNGAHH dxof tis] 1409 2218 A F3stal Aot
a3 olH] LNG &3 #Haggregator) A= E T4, BPE 3tod7 sl&FA A LNGE &+

i = AEF s{rtsta = vl 7B SHAA LNGEAE S BE Ads] Yoo Ao
AAZ 20173 6¥€ A7FEZ LNGEAKSingapore LNG Corporation-SLNG)7}  Jurong
Islandell $1#3F ZAALY] Ejm] oA FAF HEE &R LNG A A sto] A&

_ e
L4 - 7 . MALAYSIA e -

\

INDOMNESIA

T : Wood Mackenzie, “S]'ngapore LNG long -term outlook 2015” , p.2,
2015.3

A7 A4 901545), “LNG F24 =9o] we gue] gedg
KMI.

Fig. 18 A7}& LNG¢l =&}
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I 9oz 5o Y 2 FEAGNME INGEAY Az}t 750 gL =88 7$
oli glE AAolH, olEF AAAU FFES BYS W INGHZFZ e =9
LNGHAY 4l &3 digo] FL& Abjdolet 4dd = AT sid Aol AA e
T8 Fubed AAste FEAS AFs] A& eeldstE A Xd 8 =52
F2, A7 dasiva Az,

2.2 LNG BAHY A3y g g 17
2.2.1 STS(Ship to Ship)
LNGEAHE Autol A INGHEFHATo 2 YAPsE F2loth INGHARDE A

2 s4e] FLBTIOY m& &40 INGEF Al4olA = ,3 LNGE #33te] LNGI =
AR 2 INGE WAYSE GPol shsdith of WAL WME PAY £ B
3ol 8% WAolth T LNGHADE Aube A= 2 ING/IAS A4 5
7 FApE7E 2 wae] k.

b i

TN -'1

L L

A s A

§ o9 ow WoaTa a0l

AR oAl 20157, “INGAZFIAA AR A=A 2 AAY 247, =

9 A

Fig. 20 Ship to Ship

15) Floating LNG Bunkering Terminal : 3/ $/2 LNGHAH Eud
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2.2.2 PTS(Pipeline/Terminal to Ship)
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Fig. 21 Pipeline to Ship

2.2.3 TTS(Truck to Ship)

INGE "Bz EgoA LNGAZFAAMo 7 W7 H3st= Truck to Shiphd]& F
2 A8 INGYAG E&402 F8HT vt §4 LNG7| A7} ZH5:o4 da
HEAZAQ INGHAY ZgE 2317 Ui A2FE LNGHAY AuE zk37] 95
52 4% LINGEEFA4d8d LNGE Fw3st7] el F2 &85 o =7] A=zt
TFo B2 83 AZte] HestA] ¥ Vs 4ES 7HAL e Efolgts AuE &
3t FAg AR Aldo] JhesttheE Aol AAR, HAL s S0 2
A &7t =2l7] WE] nEF ¥AY Au2e FAFs ARG TFARe] Rkt

- 929 -

Collection @ kmou



AR ;oA 2)(2015:6), AN,

Fig. 22 Truck to Ship

2.2.4 PTTS(Portable Tank To Ship)
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a2 "HAE/F2sE et o] s F8stH WrIH 288 A 24

o
S pa—r
4 9101} ING 98 839 71740 == gdo] gt

Fig. 23 Standard LNG Bunkering Options
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