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Recent Development in Power Grids

POWER GRID

PRODUCER

PROSUMER

SWITCH SWITCH

Increasingly distributed energy production

Challenges

Independent power producers

⇒ Operating the power grid gets more demanding

Strategies to cope with the challenges

Investment in advanced control units (e.g. FACTS) for better
utilization of existing grid

Volatile power flows and flow directions

Network expansion
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AC conservation of flow is already NP-hard on trees.
[Lehmann et al., 2015]
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E set of lines (each with impedance, susceptance, capacity)

V set of buses, VL ⊆ V set of loads (with capacities),

subject to
load capacity constraints
power flow constraints

line capacity constraints

VG ⊆ V set of generators (with capacities)

power productionmaximize

find for each line: if the line is switched

→ Power grids are not easy.
→ Linearized AC conservation of flow is easy to solve.

AC conservation of flow is already NP-hard on trees.
[Lehmann et al., 2015]

The AC conservation of flow is a subproblem of the MTSF problem.
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2-approximation on Cacti

Description

Remove from each cycle the edge with the smallest capacity

⇔ the MAXIMUM SPANNING TREE (MaxST)
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t s
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MaxST on Cacti
MTSF is NP-hard on cacti [Lehmann et al., 2014]

MaxST is a factor 2-approximation algorithm for the MF and MTSF problem on cacti.

Theorem 1
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Simulations

Simulations on NESTA benchmark sets that are more realistic than the
IEEE benchmark sets, e.g., with regards to thermal line limits

Worse than
OPTMTSF

2 Better than
OPTMTSF

2

0.00 0.25 0.50 0.75 1.00
Normalized flow value F (N , f ) by OPTMTSF in MW

M
a
xS

T

MaxST on general graphs is in most cases very close to the OPTMTSF.
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Dominating Theta Path

Fix u, v ∈ V and a u-v -path π.

‖π‖b :=
∑

e∈E(π)

1
b(e)

Susceptance Norm: Minimum Capacity:

cap(π) := min{cap(e) | e ∈ π}
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Fix u, v ∈ V and a u-v -path π.

∆Θ(π) := ‖π‖b · cap(π)

‖π‖b :=
∑

e∈E(π)

1
b(e)

Susceptance Norm: Minimum Capacity:

cap(π) := min{cap(e) | e ∈ π}

Angle Difference of π:

∆Θmin(u, v ) := min{∆Θ(π) | π is a u-v -path}

Dominating Theta Path (DTP):
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Computing DTP

Description:

Bicriterial Dijkstra with labels (‖π‖b , cap(π))

at most |E | labels per vertex

b(i , j) := 1 ∀(i , j) ∈ E
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Computing DTP

= OPTMTSF

Optimal switches do not
have to lie on the DTP
if the structure is not
penrose-minor free
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Simulations

Simulations on NESTA benchmark sets that are more realistic than the
IEEE benchmark sets, e.g., with regards to thermal line limits
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The MPF decreases mainly for edges having a small centrality cS.

On general networks the switching centrality cS : E → R≥0 is defined
by

cS(e) :=
1

mB

∑
s∈V

∑
t∈V\{s}

σDTP(s, t , e)
σDTP(s, t)

,

where σDTP(s, t , e) is the number of DTP-paths between s and t that
use e, σDTP(s, t) is the total number of DTP-paths from s to t and mB =
|V |(|V | − 1).
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