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Minimize expected system cost
Subject to:

1) Maximum number of chargers at each station
2) Chance constraint on driving range

Traffic network equilibrium with 
stochastic demand

Multi-class probit-based SUE model 
with Poisson demand

Planning 
decision

Expected 
travel time

Charging congestion
Queuing theory

EVs flows 
(arrival rates)

Number of chargers at 
each station (service rates)

Expected 
waiting time

Upper level

Lower level



Maximum 
driving range 
an EV can 
travel between 
full charge and 
no-charge as a 
stochastic 
parameter

Travelling 
distance

Origin Destination

1 3 5 6
2

4

Charging station Charging station

The probability of running out of energy is defined by the 
probability that driving range is smaller than the length of 
the longest sub-path.













(veh/h) Destinations
23 24

Origins
1 3000 3000
2 3000 3000
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