
KTH ROYAL INSTITUTE OF TECHNOLOGY
SCHOOL OF ELECTRICAL ENGINEERING (EES)

DOCTORAL THESIS IN
STOCKHOLM, SWEDEN 2008

Maintenance opti-
mization for power
distribution systems

PATRIK HILBER

Academic Dissertation which, with due permission of the KTH Royal
Institute of Technology, is submitted for public defence for the degree of
Doctor in Technology on Friday the 18th April 2008, at 1:15 p.m. in D3,
D, Lindstedsv. 5, Stockholm.



ISBN: 978-91-628-7464-3 | Trita-EE 2008:012 | ISSN 1653-5146
http://urn.kb.se/resolve?urn=urn:nbn:se:kth:diva-4686

Abstract

Maximum asset performance is one of the major goals for electric power
distribution system operators (DSOs). To reach this goal minimal life cycle
cost and maintenance optimization become crucial while meeting demands
from customers and regulators. One of the fundamental objectives is therefore
to relate maintenance and reliability in an efficient and effective way.
Furthermore, this necessitates the determination of the optimal balance
between pre¬ventive and corrective maintenance, which is the main problem
addressed in the thesis.

The balance between preventive and corrective maintenance is approached
as a multiobjective optimization problem, with the customer interruption costs
on one hand and the maintenance budget of the DSO on the other. Solutions
are obtained with meta-heuristics, developed for the specific problem, as
well as with an Evolutionary Particle Swarm Optimization algorithm. The
methods deliver a Pareto border, a set of several solutions, which the operator
can choose between, depending on preferences. The optimization is built on
component reliability importance indices, developed specifically for power
systems. One vital aspect of the indices is that they work with several supply
and load points simultaneously, addressing the multistate-reliability of power
systems. For the computation of the indices both analytical and simulation
based techniques are used. The indices constitute the connection between
component reliability performance and system performance and so enable the
maintenance optimization.

The developed methods have been tested and improved in two case studies,
based on real systems and data, proving the methods’ usefulness and showing
that they are ready to be applied to power distribution systems. It is in addition
noted that the methods could, with some modifications, be applied to other
types of infrastructures. However, in order to perform the optimization, a
reliability model of the studied power system is required, as well as estimates
on effects of maintenance actions (changes in failure rate) and their related
costs. Given this, a generally decreased level of total maintenance cost and a
better system reliability performance can be given to the DSO and customers
respectively. This is achieved by focusing the preventive maintenance to
components with a high potential for improvement from system perspective.
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