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Abstract : Environmental regulations have recently been strengthened. Consequently, floating LNG(Liquefied Natural Gas) power plants are being
developed, which are new power generation plants that generate electricity by utilizing LNG. A floating LNG power plant generates BOG(Boil-Off Gas)
during its operation, and the system design of such a plant should be capable of removing or re-liquefying BOG. However, the design of an offshore
plant differs according to the marine requirements. Hence, a process simulation model of the BOG re-liquefaction system is needed, which can be
continuously modified to avoid designing the floating LNG power plant through trial and error. In this paper, to develop a model appropriate for the
floating LNG power plant, a commercial process simulation program was employed. Depending on the presence of refrigerants, various BOG
re-liquefaction systems were modeled for comparing and analyzing the re-liquefaction rates and liquid points of BOG. Consequently, the BOG

re-liquefaction system model incorporating nitrogen refrigerants is proposed as the re-liquefaction system model for the floating LNG power plant.
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oA &7k viZel vid 4ol ahgel wel vl
W &8k o)ibsteha, AaakeENOx) 2 ke E (SO S

Aok @k 87 A AAzkaE Ao &4
o MERE AaA S e U F subEs

< Fa7t 7hekE Al Skt
TS HEE A olv A
¥ Th(Hwang and Lim, 2018).

LNG(Liquefied Natural Gas) 58 < 7F= LNG 3 AHH
W oolugl INGE &8-3 thFe s gdnle] A H A
2 olojxlon, 53] F-fr4 LNG LA = 273
& s ofste= A4 o d
o] otk ’HEO] 5’—04 AE A HEds 3

gt A AaE AvE FEE 9lth(Jeong et al., 2012).
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Fig. 1. Floating LNG power plant.
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A WS Ao 13T olate] FALe] FHE F4
sfof ghrh. e o2 ING AR AR FY5 =
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2. BOG 3|$A|AH|

2.1 BOG Re-liquefaction System
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2.2 BOG—N2 Re-liquefaction System
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Fig. 2. Diagram of BOG-N2 re-liquefaction system.
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Fig. 3. Diagram of BOG-BOG re-liquefaction system.
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.2 BOG Re-—liquefaction System Modeling
AEAFE 9814 WA BOG ¥ INGe| =AnlE A8
o} o] Apgof o wet BOG 3]4AI =8 - KA}
oNA AEEE e A FETtaEAY] AY
LNG, BOG®] T-4H] = YJERATHLee et al., 2010b). ©]
ARA} TggAe] 7| e
ol-gate] st
LNG®| 242 89 % ©]/do] v H(methane)©] ™, o Eh(ethane),
3 2 F(propane), -EH(butane), ©]A~5-Eh(i-butane), & A~ (nitrogen)
ToR 2AHE o] Eh

[

F

%r?ﬂ oH

Z*J(simulation basis manager)

1 o S
mlo oH [‘2, il

BOGT HWEHO] 99% o]’Folw, og, i o2 A%
t}. Table 104 ¥ AGroll A 20l LNG ¢ BOGE| ZAdH]
o thsled YERA T

Table 1. LNG and BOG components

Component LNG BOG
Methane 89.26 % 99.64 %
Ethane 8.64 % 0.02 %
Propane 1.44 %
Butane 0.35%
I-Butane 0.27 %
Nitrogen 0.04 % 0.34 %
Total (%) 100.00 % 100.00 %

Table 13} #o] ING9} BOGS| AW+ #A] &t} LNG
AGR A UFo do] FY=A LNG A% F v o] W&
gt o] WA TSI INGY FAEE FolA T2
Fgh olAafel T v vl FAL FAEAES T
Zo] Bx gorng wgke] BOG 249 tFES o)

FF4 ING d7du] ] BOG 3] A 28 &g AE B
oA LNG®} BOGE t+7] ¢34 LNG ¥ BOG®} 2 i
ob 1o FA L0 Aato] Aol A b Hatsiy, TAR
AR Vg o] 2ol Wzl s WA g
o, W-2HlE WA FA AL 2 73] UNISIM
Design®] Al 7|14 & o]&3to] AEA 2 (equation of
state) HE 2 o} 9} o] 483}
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The Peng — Robinson equation of state

RT ao
P= - 1
‘/mib ‘/7%+2b‘/m7b2 ( )
0.45724R>T?
a= f 2

c

,_ DOTISORT, \
=5 ©

] el (1)) Psk 4(2), A(3)9] Pei= A2=Fl e
ke, A, A1) T 2(Q), (39 Tes A2=8le] 2%,

H H
QALE, AMel vme 13, 2@2), 23)9] q, biz WA
&, AW ot WA Foz EAW I, A0, 4

(
2, A3)e R 71 E e,
T2 ING 2 4dn] €] BOG 3|5 A| A8 S RAL Bl
off o= FulE st 7t g o] sehHEE Table 29 LHERL]
At

Table 2. Equipment parameter

Equipment BOG-N2 parameter | BOG-BOG parameter
Heat - Press (bar): 20.0/5.0 | - Press (bar): 20.0/5.0
Exchanger | - Temp ('C): 60/-190 | - Temp (C): 60/-190
- Press (bar): 7.0
N2 Tank | pemp (C): 100/-20 -
- Press (bar)
N2 - SUC: 3.0/8.30
Compressor | - DIS: 7.0/21.6 (MAX) )
- Power (kW): 159
- Press (bar) - Press (bar)
BOG - SUC: 3.0/8.30 - SUC: 3.0/8.30
Compressor | - DIS: 7.0/21.6 (Max) - DIS: 7.0/21.6 (Max)
- Power (kW): 159 - Power (kW): 159
- Press (bar): 21.0/7.0 | - Press (bar): 21.0/7.0
Expander | o er (kW): 18.7 - Power (kW): 18.7
- Press (bar): 10.0 - Press (bar): 10.0
Separator | _ e (C): 60/-190 | - Temp (C): 60/-190
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BOG-N2 Re-liquefaction System Model
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BOG.comp E1 BOG.comp. E2

Fig. 4. BOG-N2 re-liquefaction system PFD.

BOG-BOG Re-liquefaction System Model
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Fig. 5. BOG-BOG re-liquefaction system PFD.

Fig. 49} Fig 5914+ THEAL 29e] PFD(Process Flow
Diagram)Z YEFN .1, 216600 2] &S 717 LNGH A
ol A 0.1 %3] BOG7} ©91A1Zt & 216kgh A= §3S 7}
71 BOG7} Ay gtrtar 71 skl

Fig. 42] BOG-N2 3|FA| A8 FAHEAL Helo A o wg
718 T8 2% -185TC 2] AAE 3.1bare] ¢ o= 1850 kgh
T FHS A @ o)k o] AA JuE o] &
gt BOGN2 3] FA| 28l FFRAN RS FIA 35He

3]4=&°] BOG-BOG 3|FA| =l Hla]A] #okA|wh ujd
H] 7} wk2 A X 5 7)o BOG-BOG 3|54 280l Hl&] &7ko]
o Fas3ict

Fig. 59} #°] BOG-BOG 3|5-AlHle] FHHAL R
A dugrE F
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BOG-N2 3]5°A| 283} BOG-BOG 3] A A~Hlo] ¢teda) &
o] BANA 342 A EHS ZH2) Fig 6, Fig. 79 2tk
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Fig. 6. BOG-N2 re-liquefaction point graph.
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Fig. 7. BOG-BOG re-liquefaction point graph.

Fig. 79 3Fo] BOG-BOG 3|FA|Z=Fl FAHRAL RElo]A

MR e e zfﬁ% olwlan, sheka) Ae AL, Ag

o) gt} BOGE 112, 1Yo A4

o
=
sHl=

A RAL

dot ol o
o

0,

[eig
- =2

7 A STk A3y o
2493} BOG-BOG 3|5A|2H T4

E’_/\]— E!\:ﬂ X<

T A%l

3 58.9°C ol A
BOG-N2 3]<A] ~Hl

ol
ol

ar
o

1T
o] dshHel zte]E 7HA Al Hth BOG-N2 3|5A| 2= H]
RAF mdlo] st o wE AZF O EdskE A
, BOGBOG 3|AI~H] S EAL B2

BOG-N2 & RAF Relwch b2 osizio] 9453t o]

g ulgos 348

I Z = Fig 8% g}

Temperature(°C)

Fig. 8. BOG re-liquefaction ratio of BOG re-liquefaction

Fig. 82 dvj Al-&
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Table 32 1 A3=

500 ‘ mgia BOG-N2 Re-liquefaction System pt
] =ae BOG-BOG Re-liquefaction System pt

-100.01 _,'23

! BOG-BOG )
Al SO'O; Re-liquefaction Syatem point b

48.61% j

= Phice Pomt BOG-N2

—ZO0.0: £ Re-liquefaction Syatem point
A [ 61.33% |
7

-250.0+

0.0 100 20.0 30.0 40.0 500 60.0 70.0 80.0 90.0 100.0

Volume Percent(%)

system graph.

5o WE BOG 3] 5A) 28 34
g Z 2 EeERA FHolth BOG-N2

451_,\]_ =4 1:41&

TE'@‘

HojET)

Table 3. BOG re-liquefaction percent of re-liquefaction system

:|
HO
o1 g3l 85E

% tlo 1>

9] ING7} -163°Cell A -174°CAFo] 2] BOG

7F 243 INGE 3]s A lA BOGE] #la&el Wit

Uepd,

Case BOG-N2 BOG-BOG
Pressure (bar) 7.0 7.0
Temp (C) 50 50
Capacity of BOG (kg/h) 216 216
ReLiq. Percent (%) 61.33 48.61
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Fig. 10. BOG re-liquefaction point graph.
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