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Abstract — Energy and cost analysis of the preprocessing for carbon capture and storage transportation such as super-
critical compression and liquefaction is done using chemical simulation model. Direct compression to supercritical
phase (process 1-1), liquefaction and pumping (process 1-2), carbon dioxide compression and expansion as a refrigerant
itself (process 2), usage of other refrigerant with compression and expansion (process 3-1), with absorption chiller (pro-
cess 3-2), cascade refrigeration (process 3-2) have been simulated and evaluated. The specific cost is about 4 to 7 $/ton.
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Table 1. Carbon dioxide emission from large coal combustion power plant
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Power plant Emission in 2010 Operating ratio Capacity Fuel BAU emission in 2020
Boryeong 30.8Mton 0.957 4000MW bituminous 46.2Mton
Taean 28.3Mton 0.93 4000MW bituminous 42.5Mton
Dangjin 28.1Mton 0.978 4000MW bituminous 35.1Mton
Hadong 27.0Mton 0.961 4000MW bituminous 27.0Mton
Yeongheung 21.6Mton 0.9772 3340MW bituminous 44.1Mton
Samcheonpo 20.9Mton 0.9007 3240MW bituminous 20.9Mton
T Table 2. Input stream value
e Input Value
Compression  Brig 0 BC on Temperature 40°C
Pressure 1.8 bar
Cond(?taigning Siemge Flow Rate 380 ton/hr
CO, 98.6 wt%
] H,0 1.33 wt%
M IEtadetn Transzglr‘:ation N, 79 ppm
0O, 8.4 ppm
MEA trace

Fig. 1. Carbon dioxide transportation chain and scope of this study.
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2. Process Design

2-1. Process description
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Table 3. Coolant temperature at Boryeong coal plant [17]

Minimum Average Maximum
Sea water 0.2°C 15.5°C 30.6 °C
Atmosphere -17.6°C 123°C 37.8°C
Carbon Dioxide Density
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Fig. 2. Carbon dioxide density as a function of pressure and its esti-
mation based on cubic equations, solid squares are from NIST
database.
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2-2. Process for transportation
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2-2-1. Supercritical compression
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Fig. 3. Process Flow Diagram of 1-1 (middle) and 1-2 (bottom).
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Fig. 4. P-H diagram for 1-1.
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Fig. 6. Process flow diagram for 2.

2-2-2. Liquefaction carbon dioxide as refrigerant
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Fig. 8. Process flow diagram for 3-1.
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2-2-3. Liquefaction with single refrigerant
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Fig. 9. P-H diagram for 3.
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Fig. 10. Process diagram for absorption cooler.
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2-2-4. Liquefaction with cascade process
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3. Result and Conclusion

3-1. Result Summary
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Table 4. Modeling summary
15°C 35.6°C TEG column Capital Cost
Process 1-1 80.6 kWh/ton 90.4 kWh/ton (0] 35.75 Mil$
Process 1-2 71.7 kWh/ton* Not Feasible O 41.39 Mil$
Process 2 89.3 kWh/ton 130.2 kWh/ton (6] 47.33 Mil$
Process 3-1 102.2 kWh/ton 119.2 kWh/ton X 62.35 Mil$
Process 3-2 49.74 kWh/ton* 58.88 kWh/ton* X 4428 Mil$
Process 4 103.1 kWh/ton 116.11 kWh/ton X 60.91 Mil$
Table S. Process cost of each process
Normal Operation Cost Worst Operation Cost Normal PV Worst PV
Process 1-1 $3.46/ton $3.88/ton 132 Mil$ 142 Mil$
Process 1-2 $3.08/ton Not Feasible 125 Mil$ -
Process 2 $3.84/ton $5.59/ton 152 Mil$ 200 Mil$
Process 3-1 $4.39/ton $5.12/ton 182 Mil$ 202 Mil$
Process 3-2 $6.15/ton $6.54/ton 212 Mil$ 223 Mil$
Process 4 $4.43/ton $4.99/ton 182 Miil$ 197 Mil$
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3-2. Conclusion
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oloj==
BAU : Business as usual
BP : Boiling Point
C2 : Ethane
C3 : Propane
CCS : Carbon Capture and Storage
CDM : Clean Development Mechanism
IEA  : International Energy Agency
NIST : National Insititute of Standards and Technology
MEA : Monoethanolamine
MITA : Minimum Internal Temperature Approach
LNG : Liquefied Natural Gas
PR : Peng-Robinson
PV : Present Value
SRK : Soave-Redlich-Kwong
TEG : Triethyleneglycol
TPD : Tonne per day
==
P : Pressure
H : Enthalpy
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