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Abstract

Methane synthesis, or methanation, gains great attention in the context of sector integration and climate change mitigation.
This study presents a techno-economic assessment on synthetic methane in Japan employing an electricity and city gas
supply model. This model, formulated as a linear programming problem, explicitly consider a carbon recycling system,
including carbon capture, water electrolysis and Sabatier reaction process. The electricity sector in this model is temporally
disaggregated, balancing hourly consumption and supply for a year, to incorporate the intermittent output of solar and wind
power (Variable Renewable Energy = VRE). Simulation results imply that cost reduction of renewables combined with a high
carbon price, such as 75% cost reduction of VRE (from the level in 2014) and 750 US$/tCO2, would be crucial to accelerate
synthetic methane. The results also imply that significant amount of VRE capacity would be necessary to decarbonize the
both sectors, posing grid operation and social (such as land-use) challenges.
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a. Thermal power plants b. Renewables
Coal-fired CCGT Gas ST Qil-fired | Nuclear | H, turbine | Fuel cell Hydro Solar | Wind 1~3

Construction cost [US$/kW] 2500 1200 1200 2000 4297 1200 2500 Construction cost [US$/kW] 6400 2940 2840
Lifetime [year] 40 40 40 40 40 40 20 Lifetime [year] 60 20 20
Annual O&M cost rate 0.03 0.02 0.02 0.03 0.04 0.02 0.01 Annual O&M cost rate 0.01 0.01 0.02
Fuel cost [US$/toe] 136 LNG import price: 396; 592 19 H, cost is determined

Synthet.lc methane cost is endogenously c. Storage

determined endogenously Pumped | Battery
Efficiency 041 0.56 0.42 0.39 1.00 0.56 0.50 Construction cost [US$/kWh] 230 170
Own consumption rate 0.06 0.02 0.02 0.05 0.04 0.02 0.02 Lifetime [year] 60 15
Availability 0.90 0.90 0.90 0.90 0.90 0.90 0.90 Annual O&M cost rate 0.01 0.01
Maximum ramp-up rate 0.26 0.44 0.44 0.44 0.00 0.44 Cycle efficiency 0.70 0.85
Maximum ramp-down rate 0.31 0.31 0.31 0.31 0.00 0.31 Self-discharge rate 0.0001 0.001
Minimum output rate 0.30 0.20 0.20 0.30 0.80 0.20 KWh/KW ratio 6 6
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CH, synthesis
Annualized construction cost [US$/(toelyear)] 100
Input Hydrogen [toe] 1.2
CO;, [tCO,] 2.3
Electricity [MWh] 0.37
#&4 COENUEEEDIEE
CO, capture Direct Air
Power plant [ Industry Capture
Annualized construction cost [US$/(tCO,/year)] 42 42 195
Input Electricity [MWh/tCO,] 0.22 0.22 0.37
Methane [toe/tCO,] 0.125
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