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Motivation

@ It is expected to continue electrification of individual and public
transport in order to reduce CO, emissions in densely populated urban
areas.

@ Advances in battery technologies and continuously decreasing prices of
electric vehicles may soon increase the interest in converting fleets of
vehicles serving urban areas into electric.

@ High purchase costs of a new electric vehicle can be more easily
compensated by lower operational costs.

@ To overcome problems with insufficient charging infrastructure or to
avoid delays in charging, caused by interaction with other electric
vehicles, a choice of a fleet operator can be to build their own
charging infrastructure.
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Mathematical model
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N
Mathematical model: notation

C - the set of vehicles,

| - the set of candidate locations to locate charging stations,

R. - ordered sequence of parking events for vehicle ¢ € C,

N, - the list of time intervals t € T that overlap with parking events

r e R,

s; € Ny represents the number of charging points allocated to station i € /,
xat € {0, 1}, if vehicle ¢ € C is being charged during the time interval
te T, then x4 =1,

d. > 0 corresponds to the state of the battery of vehicle ¢ € C at the
beginning of the parking event r € R,

Uy - driving distance of the vehicle ¢ € C between parking events r — 1
and r,

Bitc € {0,1} - Bjtc = 1 when vehicle ¢ € C is parking at location i € /
during the time interval t € T,

B - capacity of battery (maximum driving range).

v
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@

Diagram illustrating parking events and movements of vehicles.
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The flow model

The optimal solution

is equivalent to the feasible flow with the minimum number of non-zero
flows on given edges.

The starting solution

that we use in suggested heuristic is minimum feasible flow.
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The flow model
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The flow model
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The flow model
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The flow model
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The flow model
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The flow model
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The flow model

Feasible solution
= feasible flow — solvable in polynomial time. J
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The flow model

Sparse solution

= minimum number of non-zero flows on edges (s, uj2).
Heuristics that uses augmenting paths between pairs {u;j 2, uj2}.
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The flow model

Heuristic

Input is the network G with feasible flow x and subnetwork G’.

For each pair of vertices uj 2, uj» € V5 such that

0 < x(s,ui2) < x(s,uj2) < |Teven| do:

— while there is an augmenting path P(j, /) with reserve r from u;j» to
uj2 in G’ do:

— — add the edges (s, uj2) and (s, uj2) to P(j, i) to form a
(non-oriented) cycle

— — C= (S, Ujo,...,Uj>, S),

— — change the flow x in C as follows:

— — if (u, v) is the forward edge in C, then x(u,v) = x(u,v) + r,
— — if (u, v) is the reverse edge in C, then x(u,v) = x(u,v) —r,
— process another pair of vertices.
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Conclusions

The IP model of the location-scheduling optimization problem to design
private charging infrastructure for electric vehicles.

The flow model of the mentioned problem. J
Methods for solution of the problem.
Minimum feasible flow, sparse solution.

UNIZA-KMMOA-ERAdiate The design of charging infrastructure SOR 2017 13 / 14



Thank you for your attention. J
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