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Introduction

Reliability in Electricity Networks

We try to find repair strategies that allow to:
i. recover from blackouts

ii. prevent blackouts

= We focus on combinatorial properties of the problems.
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Blackout Recovery

Blackout Recovery

Definition (Repair Strategy)

@ Input: A power grid G = (V, E) with cost c(e) on every
edge e € E, aset E; C E of failed edges and a budget C.

@ Output: A set of edges E; C E; subject to the budget
restriction ) . c(e) < C.
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Blackout Recovery

Blackout Recovery

Definition (Repair Strategy)
@ Input: A power grid G = (V, E) with cost c(e) on every
edge e € E, aset E; C E of failed edges and a budget C.

@ Output: A set of edges E; C E; subject to the budget
restriction ) . c(e) < C.

Objective
Minimize the amount of unmet power demand.

Ch. Balderer, M. Guarisco, M. Laumanns, R. Zenklusen Repair Strategies



Blackout Recovery

Example

Bl Generator
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— Failed Line
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Blackout Recovery

Power Flow Models

How can we model the power flow on a transmission grid?

@ Accurate: Complete set of physical equations.

@ Approximate: DC Power Flow model.
@ Abstract: Network Flow model.
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Blackout Recovery

Power Flow Models

A flow f is an assignmentf : E — R*
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Blackout Recovery

Power Flow Models

A flow f is an assignmentf : E — R*

Flow is constraint to:

@ Capacity Limits

@ Flow Conservation
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Blackout Recovery

Power Flow Models

A flow f is an assignmentf : E — RT.

Flow is constraint to:

@ Capacity Limits

@ Flow Conservation
DC Power Flow
Flow is constraint to:

@ Capacity Limits

@ DC Power Flow Equations
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Blackout Recovery

MaxDCFlowFixedCost

Definition (MAXDCFLOWFIXEDCOST)
flow.

Find a repair strategy that maximizes the maximal DC Power
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Blackout Recovery

MaxDCFlowFixedCost

Definition (MAXDCFLOWFIXEDCOST)

Find a repair strategy that maximizes the maximal DC Power
flow.

The decision problem corresponding to
MAXDCFLOWFIXEDCOST is N'P-hard.
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Blackout Recovery

MaxFlowFixedCost

Definition (MAXFLOWFIXEDCOST)
flow.

Find a repair strategy that maximizes the maximal Network
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Blackout Recovery

MaxFlowFixedCost

Definition (MAXFLOWFIXEDCOST)

Find a repair strategy that maximizes the maximal Network
flow.

i
Theorem

The decision problem corresponding to MAXFLOWFIXEDCOST
is strongly N'P-complete.
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Blackout Recovery

MaxFlowFixedCost

Definition (MAXFLOWFIXEDCOST)

Find a repair strategy that maximizes the maximal Network
flow.

\

Theorem

The decision problem corresponding to MAXFLOWFIXEDCOST
is strongly N'P-complete.

A\

Unless NP C DTIME (n©(leglogn)) 'there is no approximation
algorithm with ratio better than (1 — 1) for the
MAXFLOWFIXEDCOST problem.
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Blackout Recovery

MaxFlowFixedCost

The constructive problem corresponding to

MAXFLOWFIXEDCOST on unit capacity networks is in P.

Ch. Balderer, M. Guarisco,

Laumanns, R. Zenklusen

&
Repair Strategies

DA




Blackout Recovery

Approximation Algorithm

budget C

Algorithm 1 MaxFlowFixedCostApprox(G,C)
Require: Graph G = (V,E) with cost function ¢

u(e) « Unin for every edge e € E;
return Ay,

E — ZS‘,
Ayc < optimal solution for this unit capacity network;
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Blackout Recovery

Approximation Algorithm

Algorithm 2 MaxFlowFixedCostApprox(G,C)

Require: Graph G = (V,E) with cost function ¢
budget C

: E — Z§,
u(e) <« Unin for every edge e € E;
Ayc <+ optimal solution for this unit capacity network;
return Ay,

The algorithm above is an it
MAXFLOWFIXEDCOST.

mas

1 -approximation algorithm for
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Blackout Prevention

Find a repair strategy that minimizes the risk of large blackouts.
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Blackout Prevention

Find a repair strategy that minimizes the risk of large blackouts

Problem
It is unclear how to measure the blackout risk.
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Example
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Blackout Prevention

Blackout Model

Compute base case

|

We model the cascading
| Simulate random failuresl failures by an independent
probability of failure o(e) for

Shed load each line.

| Simulate cascading failures |
l‘ 1
Stable state?

yes

Simulation finished
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Blackout Prevention

Loading Dependence

Average load shed
o
N
(6]
T

0 4 &
1 111213141516 17 1.8 19
Load factor

Observation

The blackout size sharply increases when uniformly scaling up the
loads and generators.
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Blackout Prevention

Maximum Flow Strategy

Observation

The initial reserve capacities on the lines seem to be a good
measure for the risk of cascading failures.
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Blackout Prevention

Maximum Flow Strategy

Observation

The initial reserve capacities on the lines seem to be a good
measure for the risk of cascading failures.

Maximum Flow Strategy

Maximizing the reserve capacity is a proxy for minimizing the
blackout risk.
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Blackout Prevention

Maximum Flow Strategy

Definition (Reserve Capacity)

Let the reserve capacity be the difference between the value of
the maximum flow and the value of the current flow.
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Blackout Prevention

Maximum Flow Strategy

Definition (Reserve Capacity)

Let the reserve capacity be the difference between the value of
the maximum flow and the value of the current flow.

Maximizing this measure for the reserve capacity given some
budget corresponds to the

MAXFLOWFIXEDCOST/MAXDCFLOWFIXEDCOST problem.
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Blackout Prevention

Blackout Prevention Model

Initial power dispatch

We test the ability of the
maximum flow strategy to
prevent cascading failures.

| Simulate random failures |

no Definition (Failure time)

The failure time is the number of
time steps elapsed until the first

‘ line gets tripped due to
Did a line fail? — o
overloading.

Cascade started

I

| Simulate cascading failures |
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Blackout Prevention

Results
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Observation

The average failure time is up to five times bigger for the maximum
flow strategy than for the random repair strategy.
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Conclusion

Blackout Prevention

Blackout Recovery

@ Blackout Recovery is a computationally hard problem.
Blackout Prevention

@ Maximizing the reserve capacity is a reasonable objective
for Blackout Prevention.
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