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£ 17+ LNG(Liquified Natural Gas) A5 531 A8}e] A& 7158t ORC(Organic Rankine Cycle) 7|4+ CO, 93}
A|2EE AQKslaL, LNG A7|8) #golla] dAsh= Whs G820 = E835e] ouX] A0S A3k Uetks
AAIBIATE. Aspen HYSYSE &3l 2 TPH(tonne per hour) TFE. 3782 AlEe|o]As19] o, tjokst vkl 4l &3t
Wl 23] sl Adshs 544 #4931, GA(Genetic Algorithm)s 53l 25 4 2499 w32 H A3kl
4 A, £33 YulE LNGE) vl T8 EAT avdow wiF o] @ Wuf ojb] W2 vlefqA] An9) e
WA 298 e, 53] 2 A2l AE R14-R290 £50] 9578t AJe-S Bl ARk AlI~ER- CO, H3ke
At AR A A & 7hssHl she], Artke] oluA] &899 37 tieEs Al A 5 Sl

Abstract — This study proposes an ORC (Organic Rankine Cycle)-based CO, liquefaction system applicable to LNG
(Liquified Natural Gas)-fueled ships, aiming to minimize energy consumption by efficiently utilizing the cold energy
released during the LNG regasification process. A 2 TPH (tonne per hour) scale process was simulated using Aspen HYSY'S,
and various single and mixed refrigerant combinations were analyzed in terms of their thermodynamic properties. A GA
(Genetic Algorithm) was employed to optimize the composition and flow rate of the working fluids. The results show
that mixed refrigerants more effectively match the non-isothermal evaporation characteristics of LNG, achieving lower
specific energy consumption and higher expander output compared to single refrigerants. In particular, the R14-R290
mixtures demonstrated superior performance. The proposed system enables energy self-sufficient CO, liquefaction, thereby
improving both the energy efficiency and environmental responsiveness of ships.

Key words: Onboard carbon capture and storage (OCCS), CO, liquefaction, LNG regasification energy utilization,
Organic rankine cycle (ORC), Genetic algorithm-based optimization
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Fig. 1. Process flow diagram of Organic Rankine Cycle.
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Fig. 2. Process Flow Diagram of the proposed CO, liquefaction system integrated with the Organic Rankine Cycle (CO,-CORC).

Table 1. Specifications of the ship engine

Ship characteristics

Engine type

SMCR power (Specified Maximum Continuous Rating power) (kW)

Engine operating pressure-max set point (bar(g))

MAN B&W 6G50ME-C10.7-GI-HPSCR
10,320
380
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Table 3. CO,-CORC Energy balance models of different equipment of ORC system [21]
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Turbine Wy = (g2 = g 3) = 0, (g o = gr 3 ) 7 (@)
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Table 4. Properties of ORC working fluids

Korean Chemical Engineering Research 63(4) (2025) 105133

Working fluid Chemical formula Molecular weight (g/mol) Boiling point (C) Melting point (C) Toxicity Flammability [23] GWP-100 [21,22]

R14 CF, 88.0043 -127.8
R170 C,H, 30.07 -89
R23 CHF, 70.01 -82.0
R290 C,H, 44.097 42.1
R601 CiH,, 72.15 36.1
R717 NH, 17.031 3334

-183.6 X X 7380
-182.8 X O 5.5
-155.13 X X 14600
-187.7 X O 33
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Table 6. Boundary conditions for mass flow rate of working fluids

Working fluid Flow rate range
R14 (CF,) 10~800 kg/hr
R23 (CHF;) 10~800 kg/hr
R30 (CH,Cl,) / R601 (CsH,,) 10~80 kg/hr
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Fig. 4. Effect of pump discharge pressure on performace indicators using R170 as the working fluid. (a) Net Power output (¥,
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Nz k=
LNG : Liquified Natural Gas
NG : Natural Gas
OCCS : Onboard Carbon Capture and Storage
ORC : Organic Rankine Cycle
CO,-CORC : CO, liquefaction process using Cryogenic Organic
Rankine Cycle
MTA : Minimum Temperature Approach
GA : Genetic algorithm
TPH : Tonne Per Hour
WF : Working Fluid
HEX : Heat Exchanger
SEC : Specific Energy Consumption
R14 : Tetrafluoromethane [CF,]
R170 : Ethane [C,H]
R23 : Fluoroform or Trifluoromethane [CHF;]
R290 : Propane [C;Hg]
R601 : n-Pentane [CsH 5]
R717 : Ammonia [NH;]
Nomenclature
Oco, : heat transfer rate of CO, (kW)
Oevap : heat transfer rate in the evaporator (kW)
O, ond - heat transfer rate in the condenser (kW)
Ove : heat transfer rate of LNG (kW)
W : power generated by the turbine (kW)
Wp : power consumed by the pump (kW)
W ot : net power output of the system (kW)
We : power consumed by the compressor (kW)
meo, : mass flow rate of CO, (kg/s)
myco, : mass flow rate of Liquefied CO, (kg/s)
m, : mass flow rate of working fluid (kg/s)
MG : mass flow rate of liquified natural gas (kg/s)
h; : specific enthalpy at stream i(kJ/kg)
By : isentropic specific enthalpy at stream i (kJ/kg)
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M : efficiency of turbine
Tp : efficiency of pump
o : thermal efficiency of the heat engine converting heat

to power

z Ab

o] A= FH-ARIEAAANE )] AY o o x] 7]
7H1 9] )9S ol el E AU THRS-2022-KP002473, of|U
A=A FFATAIR). o] A ARARIEAANE)Y Aoz
Shatol| %) 7| 71 o] 2| 9S ol = I U TH(RS-2023-
00243974, A7 A&7 oflU=] 3484 o).
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