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A Study on the Efficiency Improvement of the Power Generation Process
Using New Working Fluids Composed of Methane, Ethylene, Ethane,
and Propane and the Cold Heat Contained in the Liquefied Natural Gas
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jhcho@kongju.ac.kr Abstract >> In this paper, computer modeling works have been performed for the

feceived 17 May. power generation Rankine cycle using new working fluids and liquefied natural

RZ&E‘;: . Junj' ; (;’22;‘ gas (LNG) cold heat. PRO/II with PROVISION released January 2023 from AVEVA

Accepted 10 June, 2024 company was used, and Peng-Robinson equation of the state model with Twu’s
alpha function was selected for the modeling of the power generation cycle.
Optimal working fluid composition was determined to maximize LNG cold heat to
increase power generation efficiency and net power production.
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Table 1. Coefficients in Twu’s alpha function'®

Composition o G, (03
N2 0.576421 0.909345 0.676502

CH,4 0.119488 0.904017 0
CoHy 0.512046 -0.0875883 0.349821
C2Hs 0.526261 -0.0178246 0.12642
CsHg 0.595095 0.0348924 0.095946
I-C4Hio 0.648491 -0.11527 0.532363
N-C4Hio 0.67287 -0.0414722 0.219121
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E02: X01:
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Evaporator, Turbine
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P02:
Working Fluid
Pump

—

@

EO1: Condenser

Fig. 1. Schematic diagram for a typical Rankine cycle to gen-
erate power using steam as a working fluid
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Fig. 2. PRO/II flow sheet diagram for a cryogenic distillation
process to obtain highly pure CO»
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Table 2. Simulation results summary for Fig. 2

Item Result
Compressor power 183.3852 kW
Compressor outlet pressure 0.096 bar
Condenser heat duty 0.3566x10° keal/h
Pump power 7.3439 kW
Net power 176.0413 kW
Evaporator heat duty 0.5080%10° keal/h (509.8 kW)
Evaporator outlet temperature 369.6C
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Table 3. Composition and pure component physical properties
for new working fluids

Component CH4 CyH,4 C>Hs
Composition (Wt%) 1.0 39.0 60.0
Molecular weight 16.0428 | 28.0538 | 30.0696
NBP (C) -161.49 | -103.74 | -88.60
P, (bar) 4599 | 50.40 | 48.72
T (C) -82.59 | 9.19 32.17
NMP (C) -182.46 | -169.15 | -185.80
Heat of vaporization (kcal’kg) | 125.281 | 116.383 | 117.373

Table 4. Composition of typical LNG

Component Mole %
Nitrogen 0.04
Methane 89.26

Ethane 8.64
Propane 1.44

Iso-butane 0.27

N-butane 0.35
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Fig. 3. Schematic diagram for a power generation cycle using
new working fluids and LNG cold heat
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Fig. 4. PRO/II flow sheet drawing for a power generation cycle
using new working fluids and LNG cold heat
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Table 5. Simulation results summary for Vapor recycle process
simulation results summary

A2} 2ot

Item value
EX-101 power 148.53 kW
EX-102 power 160.95 kW
EX-103 power 175.76 kW
EX-103 outlet pressure 1.3 bar
P-101 power 27.05 kW
E-101 heat duty 1,580.28 kW
E-101 outlet temperature 9543C
E-102 heat duty 1,427.82 kW
Cooling water consumption in E-102 37.63 ton/h
E-102 outlet temperature 27.63C
E-103 heat duty 248.18 kW
E-103 outelt temperature 50.39C
Power generation efficiency 184.22%
Steam consumption in E-103 411 kg/h
E-104 heat duty 140.84 kW
Cooling water consumption in E-104 12.08 ton/h
E-105 heat duty 221.78 kW
LNG flow rate 10,000 kW
LNG supply and return temperature -163C/-98.43C
LNG vapor percent at E-101 outlet 92.29%
Working fluid circulation rate 9,787.1 kg/h
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