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C. Sets

Binary variable represents the installation status of new RESs

Binary variable represents the installation status of
transmission lines

Binary variable represents the installation status of ESSs
Active and reactive power output of traditional generations

Operation cost of conventional generations, ESSs
‘maintenance costs, and DR costs

Renewable energy curtailment costs
Energy of traditional generations
Active and reactive power loss of the system

Wind and photovoltaic farm curtailment power

Charge and discharge power of ESSs

Power participated in DR

Active power of wind and photovoltaic farms
Active and reactive power of loads

Active and reactive power flow in transmission lines

Binary value representing the charging and discharging
status of ESSs

State of charge (SOC) of ESSs; the maximum allowable
change in SOC

Voltage and angle in the power system

Actual energy capacity of ESSs

Investment costs for candidate transmission lines
Investment costs for new ESSs

Investment costs for variable RESs. Note that CR, includes
investment costs for wind power generations and
photovoltaic generations with different coefficients

Operation-related conventional generator fuel costs
Maintenance costs of a single ESS
Operation-related DR costs

Decreased rate of ESS maintenance costs

Single energy capacity and the node-installed capacity of
ESSs

Cost of wind and photovoltaic power curtailments

Costs of loss of demands and GHG emissions

Expected contributions of renewable energy sources in
supplying the total demand

Hourly representative factors of load demand, wind, and
photovoltaic farm outputs

Load growth factor at scenario k

Peak load at bus i

“Total hourly upper bound of upward and downward
reserves

Ramp-down and ramp-up limits of traditional generation
units

Maximum allowable load shedding at each stage
Maximum allowable change in SOC

Wind farms and photovoltaic generation curtailment costs
GHG emissions per kWh

Costs of GHG emission licenses per ton

Value of the lost load

Probability of scenarios

Bus-generation incidence matrices

Bus-wind and bus-photovoltaic farm incidence matrices
Bus-ESS incidence matrices

Bus-load incidence matrices

Capacity of transmission lines

Voltage magnitude (p..)

Phase angle (rad)

Conductance and susceptance of transmission lines
Charging and discharging efficiencies of ESSs

Phase angle difference in transmission lines

Coefficients for the solid electrolyte interphase model
State of health of ESSs

Installed capacity of ESSs

Number of cycles
General form of the linearized degradation model
Cycle depth of charge

Average SOC of all cycles

Average operation temperature of ESSs

Large enough constant

Binary variable vectors

Positive continuous operational variable vectors
Free continuous variable vectors

Compact dual variable vectors

Uncertain vectors

Constant vector

Conservative parameters of DR, wind, and photovoltaic
power

Intensity with which condition E supports conclusion H

Trustworthiness of condition E and conclusion H

Index for counting renewable sources
Index for buses

Index for counting conventional generations
Index for wind and photovoltaic farms
Index for counting energy storage systems
Indexes for linearization segments

Index for load

Index for scenarios

Index for the planning hour

Index for the representative year
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Variable Description
= Cost per kilometer of building transmission lines (138 kV) 507104 S/km
=) Cost per kilometer of building transmission lines (230 kV) 801104 S/km
oxs Cost of installing a new storage 2008104 $IMWh
g Fuel and O&M cost of traditional generations 83 SIMWh
ow Wind curtailment cost 286 SIMWh
o Photovoltaic curtailment cost 20 SIMWh
o Cost of lost loads 1,350 SIMWh
dr Demand response cost 30 SIMWh
cG CO, emission license costs 80 $/ton
EM CO, emitted per kWh 650 g/kWh
n Decreased rate of ESS maintenance costs 5% -
1 ESS charge and discharge efficiencies 09 -
Base MVA Base power of the system 100 MVA
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Liet al. (20200) v x x N Residential multi-energy
‘microgrid
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