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Analysis for the integration of variable renewable using dynamic multiregional
optimal power generation mix model with high temporal resolution
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Fukushima nuclear accident has complicated the positioning of nuclear energy in
Japan’ s long-term power generation mix due to its public acceptance and other associated issues such as
nuclear waste management; the studies are more required about the maximum grid integration of variable
renewables such as PV and wind power which are expected to potentially replace nuclear energy. This paper
develops a dynamic high time-resolution optimal power generation mix model, as large-scale linear
programming model with 18 million constraints and 8 million endogenous variables, and analyzes the
optimal deployment of variable renewables (VR), considering nuclear energy scenario and C02 regulation
policy. As calculated results, rechargeable battery, curtailment control and demand response plays an
important role to integrating massive VR in the power grid.
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J : discounted total cost from 2010 to 2050 ($)

TC, : annual total cost in year y ($/year)

Xidzy : output of i-th power plants in day d at time 7 and year y(GW)
Ky : capacity of i-th power plant in year y (GW)

AvKiay : available capacity of i-th power plant in day d, year y (GW)
MtKimy : unavailable capacity of i-th power plant in m-th maintenance
schedule in year y (GW)

Nkiy : Newly constructed capacity of i-th power plant in year y (GW)
Chaja,y - input of j-th storage facility in day d at time ¢, year y (GW)
Disjay : output of j-th storage facility in day d at time ¢, year y (GW)
Supp id.y : suppressed output of i-th type of power plants in day d ,year
y at time ¢ (GW)

SSj.a.y : stored energy of j-th storage in day d at time ¢, year y (GWh)
KS1;, : kW capacity of j-th power storage facility in year y (GW)
KS2;, : kWh capacity of j-th power storage facility in year y (GWh)
Nks1;, : Newly constructed kW capacity of j-th power storage facility
in year y (GW)

Nks2;, : Newly constructed kWh capacity of j-th power storage facility
in year y (GWh)

where. i € {1: Nuclear, 2: Coal fired, 3: Gas CC, 4: Gas fired 5: Oil
fired, 6: Biomass, 7:Hydro, 8: Geothermal, 9: PV, 10: Wind }
Jj €{1: Pumped-hydro, 2: Battery(stationary sodium-sulfur battery) }
d €{1,2, ..., D} D:number of the day per year  (D=365 or 366)
t €{1,2,...,T} T:number of the time steps per day (7=24*6=144)
y €{0,1,2,3,Y} Y:number of the yearly steps (Y=4),
yearyC {year=2010, year;=2020, year>=2030, year;=2040,
years=2050}
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