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Abstract >> Recently the Korean government announced its decision to select the 3™ proposal, which targets
reducing CO» by 37% of the BAU level by 2030, for the Intended Nationally Determined Contribution (INDC).
According to this proposal, natural gas (or equivalent gas) combined cycle (NGCC) are suggested as alternatives
for conventional pulverized coal (PC). In this study, we analyzed the environmental, economic, and energy mixing
aspects of synthetic natural gas combined cycle(SNGCC) using NETL material (2011~2012 version) and other
domestic materials (2014 version). We found the following conclusions: 1) Considering carbon capture and storage
(CCS) integration, CO, emission factors of SNGCC and supercritical PC are the same. However, 60% of CO,
from SNGCC is produced as high pressure and high purity (99%) gas, making it highly suitable for CCS, which
is now strongly supported by the government. 2) Based on the economic analysis for SNGCC using domestic
materials and comparison with NGCC, it was found that the settlement price of SNGCC was 30% lower than
that of NGCC.

Key words : SNGEZ(SNGCC), COHJZ&A|4~(CO, emission factor), % AF7}Z (settlement price)

Nomenclature CTL : Coal to Liquid
DCF  : Discounted Cash Flow
BAU  : Business As Usual Ep, [CO: ton/year]: Emission Amount of CO,

CCS @ Carbon Dioxide Capture & Storage Neveeone - Conversional Efficiency of SNG Plant

Nevacee: Electrical Efficiency of SNGCC
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NGCC : Natural Gas Combined Cycle

PC : Pulverized Coal

Preccer [IMW]: Net Electrical Power in NGCC
Povae [IMW]: Net Electrical Power in SNG Plant
SEcq, [COz2 ton/MWa]: Specific Emission of CO;
SNG  : Synthetic or Substitute Natural Gas
SNGCC : Synthetic Natural Gas Combined Cycle
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Table 1 Basic Information for Comparison three Types of Power Generations
Plant SNG Plant'” Supercritical PC" NGcc? SNGCC
CCS w/o w w/o w w/o w w/o ‘ part w ‘ all w
Coal Illinois No. 6 Illinois No. 6 Illinois No. 6
Gross Power MWe 308.0 310.6 580.4 662.8 564.7 511.0
Power Consumption:
CO» Compressor MWe 50.4 449 152
Power Consumption: | \we | 2164 | 2117 | 304 67.9 9.6 22
Others
Net Power MWe 91.7 48.51 550.0 550.0 555.1 473.6 1108.3 1063.5 914.4
Coal/Gas Input ton/h 437.6 437.6 185.8 256.7 75.9 75.9 437.6 437.6 437.6
hhv kl/kg 27135 27135 27135 27135 52449 52449 27135 27135 27135
HHV MWth 3,298 3,298 1,400 1,935 1,106 1,106 3,298 3,298 3,298
Efficiency: el. 39.3% 28.4% 50.2% 42.8% 33.6% 32.2% 27.7%
Efficiency: conv. 61.4% 61.3%
SNG Output MWth 2,025 2,022
Energy Output:
Chem.el. MWtot. 2,117 2,070
Efficiency: Overall % 64.2 62.8 39.3% 28.4% 50.2% 42.8% 33.6% 32.2% 27.7%
CO, emission tly 5,169,343 | 195,324 | 3,284,245 | 453,763 |1,507,427| 150,743 |7,642,938 | 2,940,757 | 460,102
Capacity factor % 90 90 85 85 85 85 85 85 85
CO, spec. emission |t/MWh el. 0.80 0.11 0.36 0.04 0.93 0.37 0.068
CO, spec. emission [/MWh th.| 0.32 0.012
CO; spec. emission t/]\t/([):Vh 0.31 0.012 0.80 0.11 0.36 0.04 0.93 0.37 0.068
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Fig 1 Flow Diagram for Coal-gas Plant without CCS
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Fig 4 Settlement Prices for Three Powerq Plants (2014)

Table 2 Summary on a Domestic SNG Plant Project

Plant Site In Korea
Capacity, t/y 500,000
Period of Construction/Operation, yr 6.0/30
HHYV, kcal/Nm’ 10,100
Coal HHV, kcal/kg 4,250
Coal Supply, ty 2,290,000
Coal Price, USD/t 644
(Incl. Trans fee and Tax fee)
LPG Price, KRW/kg 1,151
CO, Cost, KRW/CO, 4,200
Power Export, MWel 36.0
Total Investment Cost, USD Bil. 1.4~1.8
Ratio of Debt and Equity 70 to 30
Interest Rate/WACC/Tax, % 5.5/5.5/24.2
Target Equity IRR, % 12.5
Exchange Rate, KRW/USD 1,050
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