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Estimation of the Amount of Electric Power Saved in the Carbon Dioxide
Liquefaction Process using LNG Cold Heat
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jhcho@kongju.ac.kr Abstract >> In this study, comparison study has been performed between two-stage

compression and a vapor-recompression refrigeration cycle and a liquefaction
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Accepted 30 April, 2020 and a refrigeration cycle, at least three compressors are required, however when
using LNG cold heat, no compressor is required since carbon dioxide can be
pumped after condensing with the heat exchange with -160C of LNG. Through
this study, we can save more than one hundred million KRW annually by using
LNG cold heat instead of using gas compression and refrigeration cycle.
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Table 1. Green house gases and global warming potential

Green house gas Global warming potential
CO, 1
CH,4 21
N0 310
HFC 150-11,700
PHC 6,500-9,200
SFe 23,900

Condenser

Lean Solvent16

Lean SOIutio
Cooler (]
E1

c1

FeedFlueGas 1
40

Solvent/Solvent
130 54c Heat E19

2.1 AARAL 240 AY
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Fig. 291 AVEVA AKCambridge, UK)<] PRO/II
with PROVISION V10.2 (¢]3} PRO/NE ©]4-3t o]
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Table 2. Carbon dioxide feed condition

Fig. 1. Schematic diagram for a carbon dioxide capture proc-
ess using a solvent

>> BRI s =57

Item Value
CO; flow rate 200 ton/day
= Temperature 45°C
Pressure 0.5 kg/em’G
Compressed CO, condition 20.2 kg/em’G
Condensed CO, temperature -25°C
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Fig. 2. PRO/II flow sheet drawing for two-stage compression
with an inter-cooler and an after-cooler
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Fig. 3. PRO/II flow sheet drawing for two-stage compression
with an inter-cooler and an after-cooler
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Fig. 4. PRO/II flow sheet drawing for vapor recompression re-
frigeration cycle using ammonia as a refrigerant

=

Fig. 5. PRO/II flow sheet drawing for carbon dioxide lique-
faction process using LNG
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Table 4. Simulation summary for CO, liquefaction process us-
ing a vapor recompression cycle

Item Result
(597.9%k W) (8,000 h)(100Y) 3 Evaporator heat duty 0.9559x10° keal/h
(1yr)(1LkWh) ) Refrigerant supply temperature -30°C
Compressor outlet pressure 17.956 bar
/\] (3) A 8“ Hu o7k A9 E]-‘i A7) e 49 Pressure let-down valve outlet pressure 1.157 bar
Al A RGN P = A =
73 g1 32uke]o]t). Table 4ol = o chlEZA o] o) Refrigerant flow to an evaporator 2,844 kg/h
Total refrigerant circulation rate 3,896 kg/h
S Z1eHL olAkaRkeE 25°C7iA) WZtelo] o) : :
_ Compressor power 688.7 kW
A717] §18k kYol Wl e 883 174 Z7) :
Compressor efficiency 70%
Compressor outlet temperature 259.1°C
. . ) Condenser heat duty 1.5840x10° kcal/h
Table 3. Simulation summary for CO, compression process - —
Cooling water consumption in 193.5 ton/h
Item Result condenser
KO1 compressor power 313.5kW
Inter-cooler heat duty 0.2768x10° kcal/h
N X Table 5. Simulation summary for CO; liquefaction and pump-
Cooling wa.ter consumption for an 34.6 ton/h ing process
inter-cooler
K02 compressor power 284.4 kW Item Value
After-cooler heat duty 0.2715x10° kcal/h CO; condenser heat duty 0.9559x10° keal/h
Cooling water consumption for an 33.9 tonsh CO; condenser outlet temperature -81.4°C
after-cooler ' CO, pumping power 0.4526 kWh
Total cooling water consumption 68.5 ton/h Pump efficiency 80%
Optimum inter-stage pressure 5.0 kg/em’G Produced chilled water flow 40.1 ton/h
Total compressor power 597.9 kW Chilled water temperature 7°C
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Table 7. Simulation summary to determine LNG mass flow
rate

Asheks 3kE el BRF NG| RS o b
LNG type Rich LNG
LNG outlet temperature -85°C
Table 6. Typical LNG composition supplied by KOGAS LNG mass flow 14,621 kg/h
Component Composition (mol%)
Nitrogen 0.04 Table 8. Comparison between two kinds of CO, liquefaction
Methane 89.26 process
Ethane 8.64 Item Existing Using LNG
Propane 144 CO; production rate 200 ton/day
Ibutane 0.27 CO; liquefaction 25°C
N-butane 0.35 temperature )
Temperature -160°C CO; liquefacti . .
P 2 fiquetaction Refrigeration LNG cold heat
Pressure 71.5 bar method
CO, storage pressure 26.2 kg/em’G
CO, pumping power - 0.4526 kW
- De = CO, compression power 597.9 kW -
CO; liquefaction power 688.7 kW -
m LNG flow rate - 14,621 kg/h
Total power 1,286.6 kW negligible
. ) ) Annual electric e
Fig. 6. PRO/II flow sheet drawing to determine LNG mass flow ; ~1.03 billion won -
rate which can liquefy carbon dioxide consumption
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