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Problem Statement
• Following blackout, bringing transmission 

system back into service requires black-
start (BS) restoration

• Utility-scale mobile energy storage (MES) 
can supply cranking power in order to 
“black-start” generators

• Topic: optimal pre-blackout placement of 
MES to enhance BS restoration in view of 
islands isolated by component damage

Source: Batteries and Energy Storage Technology Magazine

Source: U.S. Department of Energy



Description of Optimization Model
• Binary-valued uncertain parameters for 

outage of branches, generators, and buses

• Two-stage stochastic mixed-integer linear 
program (MILP):
• First stage: pre-placement of mobile energy 

storage (MES) at buses
• Second stage: steady-state DC power flow 

without further MES relocation

• McCormick relaxation obviates need for 
integer variables in second stage



Stochastic Programming Concepts



Discretized Expected Value



Branch Outage Distributions



Outline of Experiments



Qualitative Results Summary
Branch 
Outage 
Distr.

MES Bus Discretized Expected Value
SAA EV DEV Dist. Excess 

Dist.
Disabled Branches

A 6 None 8 9.25 0.04 4,5,6,7,9,11,13,15,16,
17,18

B 3 6 8 5.49 0.05 1,2,4,5,6,7,8,9,10,11,
12,13,16,17,18,19,20

C 3 None 6 6.63 0.48 2,5,6,7,8,9,10,11,12,
13,14,15,16,17,18,19,
20

D 6 None None 8.84 1.29 6,7,8,11,15,16,17,18

E 3 8 6 5.91 0.00 1,2,5,7,9,10,11,12,13,
16,17,18,19

F 3 None 6 7.28 0.19 6,7,8,9,10,11,12,13,
14,15,16,18,19
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Conclusion
• Developed stochastic MILP for pre-blackout 

placement of MES to assist BS restoration

• Observed that expected value problem may 
not work well for integer-valued uncertain 
parameters

• Devised concept of discretized expected 
value realization, which may lead to more 
effective first-stage decisions

Source: POWER Magazine
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