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Abstract — The reduction of CO, emissions in the energy production sector, which accounts for 86.8% of total
greenhouse gas emissions, is important to achieve carbon-neutrality. At present, 60% of total power generation in South
Korea is coal and natural gas. Replacing fossil fuel with renewable energy such as wind and solar has disadvantages of
unstable energy supply and high costs. Therefore, this study was conducted through the co-firing of natural gas,
ammonia and hydrogen utilizing the natural gas combined cycle process. The results demonstrated reduction in CO,
emissions and 34%~238% of the power production compared to using only natural gas. Case studies on mass fractions
of natural gas, ammonia and hydrogen indicated that power production and NO, emissions were inversely proportional
to the ammonia ratio and directly proportional to the hydrogen ratio. This study provides guidelines for the use of
various fuel mixtures and economic analysis in co-firing power generation.
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Fig. 1. NGCC process flow diagram.
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Fig. 2. Simplified combustion reaction mechanism of co-firing [24-29].
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Table 1. Stream design parameters of NGCC process [21]

Stream No. 1 2 9 10
Temperature (K) 283.15 293 382.73 285.15
Pressure (bar) 60 1 75 1.06
Mass Flow (kg/s) 31.718 Eq** 1.1
Mass Fraction
CH, X*
NH, y*
H, z*
0O, 0.233
N, 0.767
H,0 1 1

*X+Y+Z=1 **Eq (Equivalent)
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Table 2. Block design parameters of NGCC process [21]
Blocks Types Parameters Values
. Pressure 40 bar
Reactor RGibbs
Heat duty 0
Model and type Turbine and Isentropic
. Discharge pressure 1.06 bar
Gas Turbine Compressor K L.
Mechanical Efficiencies 0.72
Valid phases Vapor-Only (Perform VL check)
Model fidelity Shortcut
Hot fluid Tube
Shortcut flow direction Countercurrent
Heat Exchanger 1 HeatX K K
Specification Hot steam outlet temperature
Value 456.15K
Minimum temperature approach 1K
Model and type Turbine and Isentropic
. Discharge pressure 1.06 bar
Steam Turbine Compressor K L
Mechanical Efficiencies 0.72
Valid phases Vapor-Only (Perform VL check)
Model fidelity Shortcut
Hot fluid Tube
Shortcut flow direction Countercurrent
Heat Exchanger 2 HeatX R K
Specification Hot steam outlet temperature
Value 340K
Minimum temperature approach 1K
Pump Pump Discharge pressure 75 bar
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Fig. 3. Reactor exhaust temperature (K) based on mass fraction of H, and NHj.
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Table 3. Thermal properties of NH;, H,, CH, [13]

Thermal properties Fuel Values
NH; 18.6 MJ/kg
Lower heating value H, 120 MlJ/kg
CH, 50.0 MJ/kg

NH; 1800 C

Adiabatic flame temperature H, 2110C

CH, 1950C
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Fig. 6. (a) Gas turbine power generation (MW) and (b) Steam turbine power generation (MW) based on mass fraction of H, and NH;.
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