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1 Formulation
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Linking Constraints
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Dispatch Limits
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DC Power Flow for existing lines
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DC Power Flow for candidate lines
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Energy Storage Systems (ESS)
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Nodal Balance
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Limit number of new generator builds and ESS per bus
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Table 1: Notation for The Optimization Formulation

Sets
K Number of investment stages, indexed by k
T Hours in a day, indexed by ¢
B Buses, indexed by b,b’
G All generators, indexed by g
E Existing generators, indexed by e
Nyp, Candidate thermal generators, indexed by n
R Candidate renewable generators, indexed by r
L All transmission lines, indexed by [
J Candidate transmission lines, indexed by j
Lg Existing transmission lines, indexed by [
S Candidate ESS, indexed by s
Q Representative days in stage k, indexed by w
Parameters
yeary, Number of years elapsed from base year to the beginning of stage k (with year; = 0)
iy Generator investment cost [$/MW-y]
Crom Generator fixed O&M cost [$/MW-y]
Coom Generator variable O&M cost [$/MWh]
C’gfl Fuel cost [$/MWh]
pras Generator capacity upper bound [MW]
bt Hourly renewable resource production upper bound [%]
C;’L” Transmission line investment cost [$/y]
N Maximum capacity allowed per bus for each new generator [MW]
Eynar Maximum long term rating [MW]
B Line susceptance [p.u.]
Ccin ESS investment cost [$/MW-y]
gi‘;m ESS fixed O&M cost [$/MW-y]
i ESS variable O&M cost [$/MWh)]
C; ESS discharge cost [$/MWh]
As Hours of storage capacity for ESS [h]
nt Efficiency when charging ESS
s Efficiency when discharging ESS
Pk Electricity demand [MW]
T Length of each time period in the representative day [h]
Py o Electricity demand [MW]
et Value of lost load [$/MWh]
RPS Renewable Portfolio Standard [%)]
cne RPS non-compliance penalty [$/MWh]
M Big-M parameter for disjunctive constraints
T Probability of representative day w
d Discount factor
Investment variables
Tnb ks Yn,b,k Integer number of cumulative and new thermal generators
Trbky Yrbk Continuous number of cumulative and new renewable generation capacity [MW]
Tsbks Ys,bk Continuous number of cumulative and new ESS capacity [MW]
ik Yjk Binary variables indicating whether transmission line j is available by stage k£ and

constructed in stage k, respectively
Operational variables

Dg.b,t k,w Generation dispatch level [MW]
Ds,b.t,kw Energy storage level of ESS [MWHh]
p;b’t’ kw Power input to ESS [MW]
D bt koo Power output from ESS [MW]
P Load shed [MW]
fi l,,t,k:w Line flow [MW]
btk Phase angle [radians]
Phw RPS non-compliance [MWh]




