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Abstract: The boil-off gas (BOG) cannot be recovered completely in the operational mode of low flow rate at LNG receiving terminals.
In view of this, a new cold-storage BOG recovery process based on the nitrogen system of an LNG receiving terminal was proposed with-
out increasing the complexity of a condensation process. This new process was developed bases on the actual behavior and technological
process of existing equipments, the thermodynamic principles and the static simulation calculation results. Its development is on the
basis of the traditional cold-storage BOG condensation program, combined with an LNG cold energy utilization mode. Then, sensitivity
analysis was conducted on BOG temperature, inlet pressure of the condenser and LNG composition, and the applicable conditions of this
new process were determined. And the following operation results were obtained. First, this new process makes full use of the existing
equipments at an LNG receiving terminal and provides the terminal with annual revenue of CNY 1 600 thousand owing to energy saving.
Second, by virtue of this new technology, the BOG condensation under high loads can be realized. And various requirements of an LNG
receiving terminal can be satisfied with the condensation transportation process as an auxiliary condensation process and the condensa-
tion backflow as an emergency process (liquid nitrogen used for cold storage and gas nitrogen for purging). Third, compared with the four
previously proposed BOG treatment processes (compound compression, interstate cooling, precooling and turbine recovery shaft work),
this new process is more advantageous in terms of transportation dependency, process security and operability. It is concluded that this
new process is remarkably advantageous in equipment investment, energy consumption, technological safety and economic benefit, so its
application is worth popularizing.
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1 LNG #WiF BOG B RS

1.1 BOG /= 4%

LNG $2 Uk ub 4F 9k O LNG %8 &, &9
WACRIRZAEAE . AREA M 22 SR SAAN oM
THEEIRE. EIEH TOUN, BOG Iy A4 F 24 L
T 3 kIE: O AR S8 25000 A H BREE S
S LNG AR K Y @ LNG &8 17 7= A4 1
EW LNG W, 5lEZAKE BT @EfTE Y
LNG B #fif i <M 2% 0 5 AR AE — € 2, LNG
FefiERe It 520, SR AR IG M.

1.2 BOG %ETZ

LNG Uit BOG HIALE T2 E B4 AP R -
OB 3 & 5 48 M s @ B RS R 4. -8 T 1.

1) B RS T2 % & 5, AR
JifE, HEEE &R BOG &EE4HL, BOG 4 k44
BN e 22 VCHEE R 1 0 J5 M -

2) FAEYIE NG T A BB R T2
& S FENE A, BOG LSRR EHHLINE,
J& 5ok AR E AN 10— B LNG T4 Bt gs 78 0 #
fih, B LNG 24t 8% BOG A ktith, ®E4m
JRAM IR . S AR S E ST, FRIE LNG 21k
Sl 3k SR FH G T2

2 LNG ZErs TR &im il

21 TRFEIEHMRIE

NYERE LNG %3857, Wil 43 12 -5 e i il 5. 7,
R SR AESE N AT IR, (2 LNG IR &35, Rt
P LNG MRS B ANE,  DRIPASE e A Ah S 4
NI, VRN e B B AT N 28R LNG
Bk A 3 A A RE, SRR RN 48X 10°

m’, Vit KM E 28 800 t/d. LAH ZE K F N 0.5%0
AR HOTHH AR 2R BOG i, 2174 4 620 kg/h.
FREE LN, BUE 2R AT N IR K IMIE I 5%0
(6 000 kg/h). Fi v #Eds N 11 BOG )% 8 —130 C,
EEAER 77 0.7 MPa, S AL RIFHEAAE (ORV),
WIKEHFE R 32 m, M RRRIBEAKLT 2 C
WA N 15 C, BRKEEBRAKT S TS5 s
T4 714 9 MPa.

TR AR R, MR A SRR
J7 REERAT ) R A S5 . i PR (Peng-
Robinson) 5 & [ #H P17 i1 5 45 & LKP (Lee—Kesler
Plocker) 77 #2 (e g v 577 £ RIRAARIR IR
BT, SR PR 7HE, DR AR IO 2 ik S
[X ¥ & 2% B % J5 T bk SRK (Soave-Redlich-Kwong)
HFEEREAMRE. SRK 5 PR 7 FEX KRS H it
TR TR B, A RS E A S I 3E AT A,
PR J5 R THH M BE R 40 HORS FEmS w1 SRK 7 A2 MY

LKP J5 F& 2 4 )7z A 5 0 TF 5540 ot s 4 B
PR BB e T ik M ISR R R IR
IRE . TR % H R R EOER R, LhritiAs
RS ST BAR RIS I S R e i 2 0
22 FIZHEH

221 LNGH#EMsERAAL
LNG 28l AR ARG, BAMEEIREA
TR, WRE R 5 hiEL A S 1A
Wik & . AR OMRIEE&EFLE
HHE ; @KIEWRE. W HRERE . O E &
AR B R s @MW LNG g fE4e 28] ; @k
HMBE#HEE. TERH (PSA) #lE K5 N LNG
PR E S A, NRARAMFES RS,
Mm% WESMNE, HiEEIE % LNG H050h
EONVREGE, %A B Smsas =4k
222 AT PSA#IRAAYRRAELHRARLY
2EH SV BOG Ay & Y A E,
54 LNG A Re AR A, $2H 7 — M AT LNG #24ink
PSA W4 LA AN E RN TR AR BT E (K 1-a).
PSAHI A RGN L] R AR5, TREME.
T T B U B KN PSA IR R 4. AR EHEEN
T 1%, \E N, EJ1°80.6~ 0.7 MPa, PSA
RERHNR RN RE, LNG IEF M it e
m A E, BRI EAE T R EMEE. 2 T
RERERIKES, M8 LNG B>, A8 L 1E 5
MR RG4S . BOG A kG S, BTG
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ET PSA HIRAZHRA BB R LI ZRIZE
N RRET s LN R s SW RKRIEK ; P RORAERE 3 BC RRNASESRHL ; CON

FORTRRBES » LP RORRIETR  HP R [ 5 B ARORA o V RORTI 5 S R s

B8 H B IR [ 6 P A AT
223 HYSYS TZAEM

£ BOG T4t T 23k 38 7 & Ak &
gt (] 1-b). BOG At s ) MRS, PSA R4
BEE (N, BEIR M H0H 99.5%, O, FE/RMHH 0.5%),
BAMPEEN 15 °C, FEJIR 0.7 MPa, e #hist 25 i %
I 10 kPa, i iFi/MNEZERT 2 C, SHCFY
mZERKT 5C.

1E H A1 LNG i F2 0 B 1-a A 3R B8 68 BT o
LNG BEAe#t NS 248, 4 MW, — &
T EA AR A SR RE, 73— TIRA
RAM A . ZTTEE S 0.69 MPa, 3 73WRHE,
WA AN RS ARG A ARG
JE4EIEH .

THER, BT EE SR REFEN 0.034 kKW,
RV THFES 0 v e, SRR 75 SR K B D 15 1
IKFE T SR BEAEPRAG. PSA il R R G477 AL R
SREFELIN 0.4 kKW, WALESMEHENE AT R
40 0¥ B B2 FH DA 3ty 37 FH O W it 16 4% B ) M
K HI AR FE T NZE RSB R Gt

24 LNG 21K T i/NA B e, TR
LA R BOG Wik, A EEAMaFE a1 1-a H 5
BRAREATR. #7 LNG &+ “Zfit” T, BOG %
E 5 T IR B P A5 AF . BOG Wit f5 2071 i 365 B WU E
ZAEFER J), AW B fE SN R, A
M, Ty PG LNG % EAR 1L, BOG #2445y

R, WS NIKEE LNG, 0\ k5K 7B
b7 2o VBt R AT 1-a s ax iR TR .

[6] AL P2 A /N IR 7 LA 23.06 m® (0.69 MPa,
—174.8 'C), & AE MBI EEFES 555.8 kW,
BOG &t 15 it Ja SO 3 N R 4 3, 3845 1K 4 bl
BRI K, 4R REFEN 419.3 kW, A L IEH 4k
B TOLIE N 15.5%. W& T 225G ReFEN 975.2
kW, BEFENE RS 751 0.78 5 5 AEEIMRn R
RN ERA 18.31 m® (0.69 MPa, —174.8 C),
CEREHEREN 804.4 KW, SNHEHEIES T S 0.65 i,

3 IZSHURGESEFEIN

BOG M fifg i 2 S AH & FF B BEAR N 1, R
LIRASEILIEE . FiEAA ZE 54145 BOG i
FEANF], ASIE] LNG B0 1) A Bt as i E S 5N
LNG [EAFSRAFEZE S, FHHEHFHRL T ESH
J TR Ay A A T2 REFERI RN
3.1 BOG EEXITEZREM
BOG % &% 4 ik w5 A AZ 69 % 7R
BOG #il &4 B A — e A R, 00 2 &
JEFREWA T 0.1 MPa (7R R B ER . BERCTT T 2 6
171577 115 kPa I SOHAT 20 88, WAk (el
5 BOG & i &2 th) A 84.4%. [FIHE BOG #t ik
BEZ—166.2 C, KT8 LNGEE, &Sk4
WINZE. B2 75 T BOG J5 % ¥4 5t [al e i A2 6 5
M. B LA HERE R GERR 5% BOG i
B2 & BOG LR MEMALEE ; TZREREN
B AMRERES BOG R45REFE 2, PR LE T 28
AR RS RERE A AN 2, REFENY K2 46 2

3.1.1



53755 12 W £ W5 m L - 95 -
2.8 1075 140%  1100% 96.2% — %@ﬂm 1200 ] 40 1 100%
84.4% / 11050 o ) 190% — PA”E/%‘ 140% 4190%
" i ] 5 .. 130% 28+t —— AR _ e
1025 2 1 eno 1100 3 1350
3 84.4% Z 1950, . 180% 4 e Z 1300, & 0/
= 11000 = ) 5 = _]000\7)1) 0 ])-80%)@&-
; 2.7 975 ﬁ 120% i 70% \:{ -g 75 6% -v\:i 25% = ;\E
e 1 99 ] 150, = B 070 120% = 4709
o5 E11% 7 Jeo% = 1900 227707 70% 3%
—a— fRFE ) 4110% ~ 27+ : “u )
— WK s 150, |50% 1800 3l 160%
—— - 504
2.6 . ! ! . : 1900 10 440% L " . : 1700 10 150%
-160 -150 -140 -130 -120 -110 -100 200 400 600 800 1000 1200
Wik /C J£77 / kPa

2 BOG BEXMNCHEERETETZSHHFME

BEANRTE ; WEER (WM T EHN T EHEES TZMN
TReLLE)D BEIRE BTG Frdem, BRSO R
TRA T M5 55 13 A AR A K.
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K 3 st 7 BOG i A A s A 2 T
SSHE. B3 AT, BOG i X ¥kl iy
WA 2 5 BT AN IR AR AR AEE RN 2% 5 e %
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K FEA%, K BOG ¥t 5 (103 ¥ FEARXT /N, 59
Ji5 5 Y FE B 22 98 AT R B SO AR AT s BT A
AR BOG (—166 C) ¥ BOG (—130 'C)
AH, SRR R ST SRS A PR, T
b ZE IR R AR 26 B AR VA BBk 1K) BOG 341, W FE I A
1M FThs T RERBEE ) ETFIMBEAG, 23BN 1.2
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~ 025 P B2 1 Nm’ BOG [ [RISFERE A 0.09 ~ 0.11
Z s Dvtre 1005 2 kW e h, LI HE ATk 25 s A T 2546 0.64
5. loose 2 76/ (kW) it [EBCRA K 0.06 ~ 0.07 TG /m’.
B S fERWEE T, WA LR REL 0.4
= 1005 5 (W o) kg, 5 f 5 5 7 8 HE 105 ~ 125
5 0.05 | —‘ 1 0.020 -5 (kW « h) /kg]®", m& T LNG %6828 2 T2 1 fg
8 o - - AL = £ [0.39 (KW « h) /kg]™,
P e T LNG SIS B 4 PSA SR AL E, —&H
6 LNG BHTHIRALIIE. BOG 4RI THHEESEMR, N—BATHRLRRER. PSA
S FIR ARG i RS E LN 100 Nm'/h (116.6 kg/

ELRERESE N, BUREERC. BB, 5 aE
Bk, HBURIMER . B T8 & B80S LNG,
MR AL
34 IREHANISITEFMHE

BT A T 2 AT A4 K T 22 R 46
Gl A, A U FE T B o5y 2, #R
B LR &HAT 78Uk, RERERK. LE
S5 NAEFAE L Z B AL T 2M b H A
Nz 2 .

h), AR T 7 A LNG #1408 Kk LNG &
(1) 2.4%0, PRI 2 G0 BT 5 B0 4% A% /Ny 3R
Do B E, HI B AL REFE N 397.8 (MW « h) /
a, P& MK 25 6 /a. BLE LNG 2 5us A,
CERRED 35 MUK, A D A HER W B TE] 9 90 min,
W4 W {F 7 B 900 Nm/h, U] W 41 805048 T 6
4.725X10* m’ (55.09 t), H A /MR A 42.85 t.
PSA Hll & R G EHI ST 84X 10° m® (979.44 t),
LM LE, HE A A% BOG &4 53.4X10°
m’, [B[ BOG 8 A 134.7 73 76CLALNG H) 1 2.52

F1 LNGANTE
IR # M
LNG 7% CH, C,H, C,H, iC,H,, nC,H,, iC,H,, N,
1 88.77% 7.45% 2.59% 0.45% 0.56% 0.10% 0.08%
2 83.77% 12.54% 2.59% 0.45% 0.56% 0.01% 0.08%
3 93.77% 2.54% 2.59% 0.45% 0.56% 0.01% 0.08%
4 87.77% 7.54% 2.59% 0.45% 0.56% 0.01% 1.08%
5 88.77% 6.54% 2.59% 0.45% 0.56% 0.01% 1.08%
6 86.77% 7.54% 2.59% 0.45% 0.56% 0.01% 2.08%
7 88.77% 5.54% 2.59% 0.45% 0.56% 0.01% 2.08%
W 1D LNG #4155 LU RSy Hit
Fz2 IExfEEE
i H XN R AR
. N REHIAF BOG A6 i s E IR BEEYE. BA SRS BOG £ M K46 Bt
e s T FRARET 2 HEA T T
W L3 E2 L b LI
fie i fiK HRAK i ik
Za =) W CGRIA RO B CGRIERIE) W R R 45D =i
LA G i 55 pi Gl
. TE N, 2 A E R LHASER, TTRERCR B AERD, WREE B8R g n sk
- i, Ra 2 AT 7 FEf%, TiRBEasA o
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