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Short Abstract

One of the most important decisions in power systems is the optimal management of assets. Asset management in power distribution companies is
mainly based on improving system reliability. Nevertheless, the concerns of distribution companies are not be limited to improving the reliability of the
network. Other important criteria related to the risks that threaten their business can influence decision to plan maintenance programs, which are defined
as intangible risks. These risks mainly include safety, environmental effects and company reputation. Hence, it is important to include the intangible
risk index in the asset management decision-making problem, along with improving the tangible risk index (reliability index), which is not studied in
research studies. In this paper, in order to achieve the application of risk management in asset management in electrical energy distribution systems, a
risk-based preventive maintenance planning model is proposed from the perspective of tangible and intangible risk indices. The proposed model is
applied to a sample feeder from the North Khorasan distribution network in Iran. Risk-based preventive maintenance planning for a 5-year period for
the studied feeder and its impact on the company's asset management are presented. The results showed that, using the proposed model, the maintenance
costs are decreased by 23 percent compared to existing methods.
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1- Short Introduction

Asset management is a critical decision in electrical energy distribution systems. Preventive maintenance is one of the important tools for optimal asset
managment. Most of the studies conducted in the field of preventive maintenance in power systems have analyzed the tangible risks using reliability
indices. Nevertheless, the concerns of distribution companies are not limited to improving the reliability of the network under operation. Other important
criteria related to the risks that threaten their business can influence the decision to plan preventive maintenance programs. These risks mainly include
safety, environmental effects and reputation of the company. Therefore, it is important to consider the assessment of these risks in the decision-making
problem of preventive maintenance.

2-  Proposed Work and Methodology

In this paper, in order to achieve the application of risk management in asset management in electrical energy distribution systems, a risk-based
preventive maintenance model has been proposed. In this model, in addition to optimizing net operation costs, tangible risk index (reliability indices)
as well as intangible risk index (safety, environment and company reputation) are considered. The preventive maintenance planning model is expressed
in the form of an optimization problem with the aim of minimizing preventive and corrective maintenance costs constrained by tangible and intangible
risk indices. The proposed preventive maintenance planning problem is translated to a mixed-integer linear programming (MILP) and solved by
commercial available softwer CPLEX. The proposed model has been implemented on a sample feeder of North Khorasan distribution network. The
effect of tangible and intangible risk indices on the planning of the preventive maintenance for this feeder has been investigated. Risk-based preventive
maintenance planning for a 5-year period is proposed for the studied feeder.

3- Conclusion

In this article, a practical model for risk-based preventive maintenance planning was proposed. The risk indices considered in this model can be divided
into two categories of tangible (quantitative) and intangible (qualitative) indices. In the tangible risk index category, an acceptable level of SAIFI and
SAIDI was taken into consideration in preventive maintenance planning. In the category of intangible risk indices, the company reputation, employee
safety and environment indices were introduced and utilized. This planning problem was modeled as a mixed-integer linear optimization problem. The
proposed model was implemented on one of the important feeders of North Khorasan distribution network. The input data was obtained through three
sources, including GIS, the event registration system of distribution company and the company experts. The output of the proposed model is the feeders
preventive maintenance planning for a five-year period. The results showed the reduction of maintenance costs along with the improvement of risk
indices. The efficiency of the proposed model is directly dependent on the accuracy and completeness of the input data. Therefore, in order to make
maximum use of the proposed model, the operators of the distribution system should complete the data registered in their relevant systems.
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