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A Study of Cryogenic ORC Application on the LNG Carriers using
Cold Heat and Sea Water

Younguk(Benedict) SONG
(Auxiliary Machine Laboratory of Korea Maritime University/Pentatech Co,. Ltd.)

Abstract

In this study, the amount of cold heat generated from the BOG(Boil-Off Gas) which is evaporated in
the cargo tanks of LNGC(LNG Carrier) and LNG(Liquefied Natural Gas) which is vaporized by
Re-Gasification unit of LNG FSRU(Floating Storage Re-gasification Unit)s were investigated. To utilize the
cold heat from LNG, the Cryogenic ORC system which is operated by R-290 as a working fluid was
designed and analyzed. As a result, in the Cryogenic ORC power generation system using BOG, a 100
kW power generation capacity was obtained from 260K LNGC. In the Cryogenic ORC power generation
system, a 10 MW power generation capacity was obtained when the 1,500 m*h of LNG vaporized to 1
0C. By application of Cryogenic ORC system to LNGCs and FSRUs, the energy efficiency of ships can
be improved by producing additional power generating capacity and reducing fuel consumption of ships
power generator.
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[Fig. 1] World natural gas consumption outlook in
reference case (Source: EIA)
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[Fig. 2] Global LNG Fleet by Year of Delivery vs
Averge Vessel Size (Source: IGU)
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[Fig. 3] Rise of FSRUs among Import Market,
2000-2022 (Source: 1GU)
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II. CRYOGENIC ORC
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[Fig. 4] T-S Diagram of ORC System

2. LNG Cryogenic ORC
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<Table 1> Typical Composition of LNG Cargo

Composition Mole %
Nitrogen 0.3242
Methane 93.1563

Ethane 6.2409
Propane 0.1758
I-Butane 0.0001

N-Butane 0.0065
I-Pantane 0.0634
N-Pantane 0.0321
Hexanes+ 0.0007
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U = overall heat transfer coefficient
A= surface area available for heat transfer
Ty = log mean temperature difference(LMTD)
Ft = LMTD Correction Factor
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3. LNG RE-GASIFICATION SYSTEM
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<Table 2> Seawater flow calculation result

Inlet Outlet Flow

(©) (0) (m*/h)
30 15 8,314
25 15 12,418
20 15 24,715
30 20 12,467
25 20 24,814
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configuration of LNG FSRU
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<Table 3> Properies of stream from BOG cryogenic ORC designed for 260K LNGC

Property Unit L1 L2 L3 R1 R2
Vapor Fraction 0.89 1 1 0 0
Temperature T -150.0 -45.0 20.0 -42.0 -41.4
Pressure bar 1.2 1.18 1.16 1.033 9.749
Mass Flow kg/h 6906 6906 6906 4792 4792
Actual Flow m’/h 2974 2974 2974 8.26 2974
Enthalpy kl/kg -4863 -4567 -4431 -2915 -2913
Entropy kJ/kgC 8.43 10.32 10.82 4.10 4.102
Property Unit R3 R4 S1 S2 S3
Vapor Fraction 1 1 0 0 0
Temperature T 25 -39.6 30.0 27 25.8
Pressure bar 9.549 1.133 2.5 2.0 1.5
Mass Flow kg/h 4792 4792 1.84x10° 1.84x10° 1.84x10°
Actual Flow m*/h 2974 2974 183.2 182.8 182.6
Enthalpy kl/kg -2415 -2490 -15866 -15879 -15884
Entropy kJ/kg-C 5.841 5.922 3.053 3.010 2.993
<Table 3>°IA A|AElEs FAsks ZF A9 7k Aol &2 1,500 m3/hE 7 2lskal
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3. Re-Gasification ORC system
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<Table 4> Properies of stream from LNG Re-Gasification cryogenic ORC designed for LNG FSRU

Property Unit L1 L2 L3 R1 R2
Vapor Fraction 0 0 1 0 0
Temperature T -155.0 -50.0 10 -42.0 414
Pressure bar 120 119.5 119 1.03 10.05
Mass Flow kg/h 6.678x10° 6.678x10° 6.678x10° 6.188x10° 6.188x10°
Actual Flow m’/h 1500 2708 5712 1067 1066
Enthalpy kl/kg -5279 -4872 -4606 2915 2913
Entropy kl/kg-C 4.63 7.03 8.095 4.10 4.103
Property Unit R3 R4 S1 S2 S3
Vapor Fraction 1 1 0 0 0
Temperature T 25 -28.9 30.0 27 253
Pressure bar 9.55 1.53 2.5 2.0 1.5
Mass Flow kg/h 6.188x10° 6.188x10° 2.374x107 2.374x10’ 2.374x107
Actual Flow m*/h 29898 1.777x10° 23649 23596 23566
Enthalpy kl/kg 2415 2476 -15866 -15879 -15886
Entropy kl/kg-C 5.841 5.926 3.053 3.010 2.985
v.# = B Ardsta A g e dgs g9l kel
th ARE Qoketd th5d Erh
2 Q7oA LNG AutelA o8 7hsdt I LNGAA  2Ash= BOGE o] 83hf
97 FJEFoRHE JAHOF WAs= Zw  Cryogenic ORC UHAARS AAstal s4E
71291 BOGSH LNG FSRU® 7]84H]el Re- A, 138KFS LNGAU M= 54kW, 260KH ]
Gasification A Z<Elo]A] wWAlst= depe zapst  LNG AuteAE 100kwWol #e& Aaksk 5 9l
W, glE W A5 LEAE olgdtel &
EHAE R290CF 3H=  Cryogenic ORC A% BOGE: &%l LNGE A8k Ao =
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