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Abstract

Liquefied Natural Gas (LNG) terminals play a pivotal role in optimizing energy structures and im-
proving environmental quality, with the efficient handling of Boil-Off Gas (BOG) constituting a crit-

CHERERE

SCEF|I A KR, NS, BT AR ENOS TERAIBATRI ). Al RIR AR, 2025, 47(2): 176-185.
DOI: 10.12677/jogt.2025.472021


https://www.hanspub.org/journal/jogt
https://doi.org/10.12677/jogt.2025.472021
https://doi.org/10.12677/jogt.2025.472021
https://www.hanspub.org/

X%

ical link in ensuring safe, economical, and environmentally friendly terminal operations. Address-
ing the challenges of high energy consumption and minimum output limitations inherent in tradi-
tional re-condensation processes, this study proposes an optimized pre-cooled BOG re-condensa-
tion process designed to reduce system energy consumption. Utilizing actual operational data from
an LNG terminal, a process model was established through HYSYS software to systematically ana-
lyze the influence of key parameters—including BOG processing capacity, compressor outlet pres-
sure, BOG temperature, and output pressure—on system energy consumption and liquid-to-gas
mass ratio. Findings demonstrate that under identical operating conditions, the pre-cooled BOG re-
condensation process achieves significant energy savings compared to conventional methods, with
marked reductions in total system energy consumption, liquid-gas mass ratio, and minimum output
requirements. This research provides theoretical foundations for process optimization in LNG ter-
minals, offering substantial implications for enhancing operational economy, safety, and environ-
mental performance.
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1. 518

2024 4, BEE LNG fEMH EREIEA . SeE KA REH H &M, B R SAT g
R, HESE PN KRR H Y BRELE 6.4 12~7.2 4250 )5 KX 8], A EL H B33 3800 Jir 5K, ik
6.0%. BEE KRR ERE, WKW @ RANHER, AR R R EER R
Tl 2z —[1]-[3]. #F LNG £k i) H # iz '8 h, BOG AbFE R4/ Hoe % IR TT, X TR B e Uit -1
Fa. WS REBTREBEEFEBENEM4], LNG ElukisE d, S, sMa s Tolr 4 K E s 2
BOG, A G T 24, G5 R, B EAR RS T8 1T .

FAT, LNG B fEALEE =41 BOG i, FEERAWM L. —FREHEEES T2, 5—MANH
AR T Z[5]-[7]. HAT, B4R 2 B o R F A L 2ok B0 7= 4 ¥ BOG [8], —1&
KA LNG st & LA B T2 E, RN & EEES T2 Tia17[9]. ENsbE1E BOG
AL 2R 7 1 C S RE[10] [11]. LI SE[12]RH W 48 1 it L2 HAR B R S . MY
3R T — MR HHI B RS BOG R A o S SE[14158 H T —FhR 25— KR BOG 14 FEAL
(VR 1174 AR B T 2R 7 5 o BRI S5 [ 151X BAG 1) P A e 28 HEAT T BOR SU&E AT+ IUA I 52
FEENPE BOG A T2 &M R L, FE%E LNG Zibifimy K, HEki hEERTT, %188
REFERNE FHYE BT T A AL A 18] o AR SC3E T3 LNG 32080t () SEBrig 47 4cds , it HYSYS #f iy d T
SRR, RGN T RSO RGREFE S U R LS AR . SR H R T4 2 BOG H A LAk
W%, BERIKRSGREFE.

2.BOGEHAERITE

WAL TR S B % 0 T 2 B 6 R (R . RS JE AR . BOG JEZEHL. 1K JRZHL
FA L . AL R KR S B 4 [16] . fER B IB AT A 1) BOG &3 T, 5T LNG
BRI S 7F HYSYS B0 e M R, 2 B TE 1 R, VR e O 1.
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Figure 1. Process simulation flow of LNG termina
[E 1. LNG Uty T ZEHURTE
Table 1. Simulation parameters of important nodes
%= 1 BEETSHENSH
BTSN
FEAE : . - -
BEIC & 71/kPa ME/(kg-h™)
fEREHE O LNG -161.1 118 958,904
fEHEE 1T BOG -158.3 118 17,339
BOG JE4EHLA T BOG -158.3 118 17,339
BOG E4i#Lt 1 BOG -70.74 700 17,339
{&EZEH H LNG -160.8 700 958,904
NS N | -160.8 700 96,418
RS St N -132.5 700 113,757
FEZEAND LNG -157.3 700 976,243
FEEZEE D LNG -153.8 7800 976,243
HAKEAND 8 101.3 40,000,000
HKFEHA 8.1 600 40,000,000
HNERRIRS, 3 7600 976,243

LNG #4145y 3 20 H145%(88.8455%) . Z.J(7.1515%) . R %E(2.8995%) LA 2 53 T %5%(0.3950%) %5 » i
5T BOG 4b# & BOG ML SR IEREE th 1 K /1S 400 4 B L 2 ME M. BOG i BEX i)
AT LG RIS LA SN 5% A1 2R B IR R DY A 77 TR 43 BT 5 R 3850 B 04 1k L 2R

2.1. BOG 4 BEXHSRITZHFNME

Bl BOG P EEhAARL, WA R HA B T 2, EE4EHLS 5 O EAE E
BOG &M 7 th ¥4 14 tth, ZHCRH K 1 HEdE, REFAAE, MR A BEFER 225,

I 2 W40 BE%E BOG ALFEEHFEREEE N, BOG HE4iHLAIE &4 1 S REtAR N BT, Bk,
BOG A-HE EAFHE N 1t/h, BOG [E4aHLAEFEIE Bl 46 KW, =[5 AN REFESRTHIEE 21 10 kW, 1T LNG
fig G R R RHE G, (RIS UR REAR 4R ME(E . RS0 REFER R 4R ML 2 5 w51 R 2R 4H 1 REAFE B AL
NRIFEG KA. B 3 AT, BEEA B LNG M, AR E L shiE T BOG M E 1k
BRI R, (AL EME A IR FFTE 5.75~5.85 Z[i] . #AFE K I EE R, Ak LNG iS5 BOG i 2 A
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Figure 2. Influence of BOG treatment capacity on equipment energy consumption of the terminal
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Figure 3. Influence of BOG treatment capacity on condensed LNG mass flow rate and material ratio
[ 3. BOG A EEE%14 5 LNG RERE RIIRI LRSI

2.2. EFENMARERL OEDN ARG T ZRIRMm

AHIF T U TR 4 WL AL Vit IE /1S 30h 1790 kPa. AEHUESMA LI F, MRS AR, SRS
Fth R RS HARFHEE, H BOG H4ihL SR IR th 1L S8 TR e E N, H 4l
Hth 1k /1240 450 kPa #2722 750 kPa, RSE&H 7 BEFE S RERE AR I 4 Froms IR
% LNG Jii =i & S5 AUm & s man & 5 fros.
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Figure 4. Influence of outlet pressure on equipment energy consumption
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Figure 5. Influence of outlet pressure on condensed LNG mass flow rate and liquid-gas mass ratio
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HILE—=

RS RE ARG

IR 4 T40. BEEH RSB R, E4ENLAERER 326.61 KW HE N 475.37 KW, FERERE N 149
kKW; RJEZEREREH 268.69 kW 18N 511.48 kW, BEFERSINZ) 242.79kW. BEE BOG JE4aHL 51K )EE R
HH ORISR, FABSEREE I EOED @A, SHEERGEERE, HAGAR
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MBS FTLAE H, i N A ER T BOG SEREr, EANAMKEIZR H O k78t m, 7%k
LNG bz TF. X 2&FEN BOG &1 LA SHABHRE A &, IiRAERD . WIERTEE, 4
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2.3. BOG iRE 3RS REL RN

LNG i h il i E L2 — AN BN S, E@EE RN LNG fEAEfEd, WA EL N
LNG Jii & &5 BOG Z tt, iXANELfilx 3 LNG Helltuliffia B Mot A 2w X, EARILAE R IR
FARCR 2 4847 LA B 230 S5 D5 THT o 78 SEBR I THs 4T o, Ui & L — 7 6~8 2 18] . B 58 BOG
BEESHRARE LR, B2 BOG IR4aHLidt i 1 K A4S, vt A2 i U &= L 5 F A S BOG
HE TR AR 2 TE] (96 R L3 2.,

Table 2. Influence of BOG outlet temperature on liquid-gas mass ratio
#* 2. BOG HOIRE X RS FRE LA

H R C WA AL
~130 4.36
~120 4.57
-110 4.78
~100 4.98
-90 5.18
-80 5.39

M 2 v[1], BE#E BOG #t NFA BT, IR RK, SEORARE AN . HT BOG S
BAR, PR TABRTT R LNG e, Tk, Al LUl R BOG #E N FFA BRI, SR IH R4
MU 1y BT S SO0 A 2 Ee . Bt v] DUEE SR & EE AR AS K, Sl R g HLH TR )
B, AT DUA otk b Hoag
2.4. SMAIE Q3N R G RIR
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Figure 6. Impact of outlet pressure on the energy consumption of export equipment and the flow rate of seawater
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Figure 7. Influence of export pressure on gasification export process energy consumption
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3 2.1 IR, BEE BOG i HL S I/ M8 K, U & ELZ N, AR GEREREA ML
NEARRGRERE, k¥ 2.3 NG5, FRIRHEN TR BRI BOG M BE&FIA BT %, 1T LAHLIE B R4 AL
S 7 BT S BB R S N, ez 2 Ab P BOG SAHFIN, 5 BRI, Bl R LNG
P, AR R A R A LNG ik, AT DA R R SiRe ke, Ik, it BOG ekt L
SO AE T BRI BOG H#E P-4 a5 BT IR L o

ALSE I L2 Helloni =4 (1) BOG £ BOG AN/, HEN TV i P 2 2EAT 74 Ab 2 .
FEP i, BOG 5 Rk ) LNG #EAT A He, File Hdids i BOG RIEIL. Z)m, Tika
1 LNG 5w Hs A it 1) 53— % LNG R & Ja 3L R EE NS de it AT AL AR B
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Figure 8. Pre-Cooled BOG recondensation process simulation flow diagram
8. AR BOG AR L EZRINRIEE

33 BABTZMUHHR
FET- ) AR 5 5e BT TR RS HTR A, T4 I BOG B4 ST Z1E BOG A-FE & R H &
FITHEME T, LPF T2 0 TR/ RFIINRESH FIBITH, RELZSELENE 3.

Table 3. Parameters of two recondensation processes

=3 MMBLRIZEH

i H HAETLZE 43\ BOG AT Z
BOG i & /t-h™ 28.39 28.39
BOG it N A Bt A i E/C -70.74 -120
FEFE N CEEIC -138.6 -138.2
PEER LNG iE/t-ht 162.26 123.01
2% LNG i &/t-ht 51.02 39.09
SN LNG Jif/t-h? 213.28 162.10
WARELN 5.72 4.33
FEZEALREFEIRW 1306.06 1306.06
R IE REFEIKW 105.74 80.47
I E R AEFEKW 1589.84 1257.00
KR REFEIRW 53.74 39.22
S HEFEKW 3055.38 2682.75
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(3) Ak S5 1 T 208 Tlvd e A A N TR A Bt 1Y) BOG IRFEFF(K, Wb TSR 1) LNG
WE, SRR TIRER S EIEENAEFE. A BOG FRA KT 2 0% AL T Bl i MM, N
213.28 t/h [ % 162.10 t/h, RS REFEH 3055.38 [% % 2682.75, [#{k%) 13.89%.

HE&mHE
LB BB AN A SCRRT11(202068)

SEEk

[11 &%, TR, S, %5 2024 A E KRR SR IR VY ) 2025 E R[], EFRA &S, 2025, 33(2): 55-67.

[21 FEAEHREHFEARG IR R, BN RIS 0EN 78 2 30 s H I [N]. J B A 16k, 2025-01-
20(005).

[31 RE, &4, skrtid. FE LNG Bl k B KR RS T B[] WA AEIE, 2024, 43(7): 721-729.

[41 BokYS, skimegs, SN, 45 2023 fEE AN AR T EHE 2024 ER )], EFrAWA5, 2024, 32(3): 19-
28.

[6] 5, Xl LNG ARz R SAE REH AR R BESEH L] MREEEE R, 2023, 45(2): 1-7.

[6] RO 28K IR FH A S WAL R AR st v i S T BIOR SRR [3]. BRI B R 53 4%, 2021, 57(6):
107-108+111.

[71 AT, LNG it &k S A T W52 [D]: [t 220050, dbat: S EA AR R), 2018.

[8] EAfE, Doz, LNG Uik BOG AH T Z Rtk IR R[] thvift I, 2024, 44(10): 134-136.

[91 Lfiffi. LNG Bt T RE B AR SR [0]. BBt 5, 2021, 37(9): 62-63.

[10] Cao, S., Luan, T., Zuo, P., Si, X., Xie, P. and Guo, Y. (2025) Simulation and Economic Benefit Analysis of Carburetor
Combined Transport in Winter at a Liquefied Natural Gas Receiving Station. Energies, 18, Article 276.
https://doi.org/10.3390/en18020276

[11] Zhang, C., Chen, F., Wang, Y., Peng, Y., Zhao, Y. and Lv, M. (2020) A Study on Temperature-Stress Model of Pre-

DOI: 10.12677/jogt.2025.472021 184 Al RN


https://doi.org/10.12677/jogt.2025.472021
https://doi.org/10.3390/en18020276

X%

[12]

[13]
[14]

[15]
[16]

Cooling for Re-Condenser in LNG Receiving Station. AIP Advances, 10, Article 065322.
https://doi.org/10.1063/1.5143104

Li, Y. and Wen, M. (2016) Boil-Off Gas Two-Stage Compression and Recondensation Process at a Liquefied Natural
Gas Receiving Terminal. Chemical Engineering & Technology, 40, 18-27. https://doi.org/10.1002/ceat.201500751

BEME, k31, MET, & BRTAERMNHIR RSN BOG HAE L 2[N]. KRS T, 2017, 37(12): 92-98.

s, TKAE, WP, & LNG Bl 28 K S(BOG) M s PR AL B AR R A ide £ K AR A BRI [0]. RAR M T—C1 Ak
2540 T, 2021, 46(6): 97-103.

BE, BRR, WK, 25 —FEAERIR LNG #2028 kS T2 7 R3], 44T, 2023, 52(10): 217-219.

KFE, BiRE, m/K, 2. 3T Aspen HYSYS [ LNG #tul & A2 R[], b T Ashik LA, 2024, 51(1):
92-101+127.

DOI: 10.12677/jogt.2025.472021 185 Al RN


https://doi.org/10.12677/jogt.2025.472021
https://doi.org/10.1063/1.5143104
https://doi.org/10.1002/ceat.201500751

	液化天然气接收站工艺优化运行研究
	摘  要
	关键词
	Research on Process Optimization and Operational Study of LNG Receiving Terminal
	Abstract
	Keywords
	1. 引言
	2. BOG再冷凝工艺
	2.1. BOG处理量对再冷凝工艺的影响
	2.2. 压缩机和低压泵出口压力对系统工艺的影响
	2.3. BOG温度对液气质量比的影响
	2.4. 外输压力对外输系统的影响

	3. BOG再冷凝工艺优化
	3.1. 预冷式再冷凝工艺优化方案
	3.2. 最小外输工况的计算
	3.3. 再冷凝工艺优化效果

	4. 结论
	基金项目
	参考文献

