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ABSTRACT 

A software tool was developed in PREdistribuce, a. s., 

which is used for the implementation of statistical 

measures for optimization of operation and renewal of 

the distribution network. At present, this SW is focused on 

the MV cable network – it determines for individual MV 

cables so-called Risk Values and Renewal Indexes. Risk 

Values are used for fault location in the MV network. 

Renewal Indexes help with the process of prioritization of 

individual MV devices reconstruction. 

INTRODUCTION 

Increasing the reliability of the distribution system is one 

of the goals and responsibilities of its operator. More 

measures of a different nature are available to meet 

growing demands. Figure 1 shows the so-called Map of 

Reliability Enhancement Measures applied in 

PREdistribuce, a.s. In addition to the category of 

technical measures such as back-ups, parallel operations 

or implementation of re-mote-controlled distribution 

stations, our company also focuses on analytical 

measures. The most significant are the so-called 

statistical measures, which are based on probability 

modelling of elements failures in the distribution 

system and which are the topic of this paper. 

GOALS OF STATISTICAL MEASURES 

Implementation of statistical measures aims to optimize 

in two key areas. The first area is the network operation 

process. There is a requirement to create a dispatcher 

guideline to allow a faster location of the fault in MV 

cable network. The second area is enhancing the grid 

renewal process. In this case the task is to create a tool 

to prioritize network elements for reconstruction 

according to the specified criteria. Both of these needs 

have been successfully combined in SW PRIOTOOL. 

TECHNICAL SOLUTION 

The statistical measures implemented in SW PRIOTOOL 

are based on the analysis of information from multiple 

systems and databases. They represent further evaluation 

of the outputs from more specialized departments of the 

company - especially Network Operation, Network 

Maintenance, Diagnostics and Measurement, and 

Network Data. 

The technical solution of statistical measurements 

consists of three subsystems – the computing core and 

two user applications. 

 

 
Fig. 1: Map of Reliability Enhancement Measures applied in PREdistribuce, a. s.
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The core includes both the computing and analytical part 

of statistical measurements, and it is implemented in SW 

PRIOTOOL. This is an in-house tool programmed in 

analytical environment of SW Wolfram Mathematica. 

This tool is linked to needed data from other databases – 

such as GIS, SCADA and SAP. The calculation is 

performed above the following data volumes: 

 6 032 MV cables (station-station) 

 29 342 cable segments, 48 types of cables 

 21 932 cable connectors, 22 types of connectors, 

9 kinds of connectors 

 11 528 cable terminations, 43 types of 

terminations, 2 kinds of terminations 

Another essential input is the extensive historical 

database of fault analyses. The SW works with data over 

the last 20 years. 

 

 
Fig. 2: SW PRIOTOOL sources and application 

 

The outputs from calculations can be accessed through 

two existing systems to which the results have been 

added as one of the attributes. The results for the 

Network Operation are displayed to the dispatcher as the 

Risk Values directly in SCADA control system. The 

outputs for the technicians in the process of Network 

Renewal are implemented in GIS system in the form of 

Renewal Indexes. 

The SW PRIOTOOL is currently limited only to the MV 

cable network, however unplanned events at this voltage 

level have the highest contribution to the Component Q. 

RISK VALUE 

It has been found – by the analysis of fault events - that 

the MV cable network has the greatest potential to 

increase reliability. This is due to, among other things, 

almost 100% share of cables in the MV network in 

PREdistribuce, a. s. Therefore, the first area where 

PRIOTOOL is deployed is the area of the MV cables. 

Risk Value calculation 

Risk Value is based on the device's own failure rate. 

Failure events were analysed in detail, and then devices 

were grouped according to similar behaviour in terms of 

probability of failure (pf). In the first step it is necessary 

to decompose the cable line to 3 basic equipment classes 

– MV cable, MV connector, MV termination – see Fig. 3. 

 

 
Fig. 3: Decomposition of MV cable to elements 

 

For these classes, a total of 11 device categories are 

introduced based on the probability of failure. The 

probability of failure is defined as the number of failures 

of a given type of equipment per year divided by the total 

amount of equipment in operation of the relevant type 

(km or piece) in a given year. For example, for the "MV 

cable" class, three categories are defined: 1. H cables (the 

oldest types of PILC insulation cables - HSO, HATPs, ...) 

2. AN cables (later types of PILC insulation cables - 

ANKTOYPV, ANKTOYPVs), 3. AXE cables (currently 

used cables with XLPE insulation - AXEKCEY, 

AXEKVCEY, ...). 

 

 
Fig. 4: Device categories according to probability of 

failure 

 

 
Fig. 5: Calculated probability of failure for categories 

 

It is then possible to calculate the probability of failure 

(Risk Value) of the whole cable line between the two 

stations from the given probability of failure of each 

category of cable section, according to the equation 

below. Figure 6 then shows the histogram of MV cables 

by Risk Value. 

 

RVcable = 1 - (1 - pftermination1) ∙ (1 - Lcable1∙pfcable1) ∙  
∙ (1 - pfconnector1) ∙…∙ (1 - Lcable4 ∙ pfcable4) ∙ (1 - pftermination2) 
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Fig. 6: Histogram of MV cables by Risk Value. 

 

Risk Value and Network Operation process 

At present, when in the MV distribution network the 

short-circuit current indicators are not standardly 

remotely transmitted to the dispatching system, and when 

the handling of the disconnectors at the distribution 

stations is possible only locally, the fault location process 

is time consuming. The crews must drive between many 

distribution stations to locate the fault manually. It is not 

always clear which of the stations in distribution line is 

the most convenient to start with locating a fault. For this 

purpose, the established Risk Values of MV cables are 

used to bring the crew in the first step to a location on 

the distribution line with the highest probability of 

failure. This reduces the outage time and increases the 

reliability of supply. 

The visualisation of Risk Values in SCADA dispatcher 

control system is shown in Figure 7.  

 

 
Fig. 7: Visualisation of Risk Values in SCADA system 

The Risk Values are divided into four categories by value 

and displayed with corresponding colouring. The cables 

with highest RV have red colouring, the second category 

is yellow, and the other two categories with the lowest 

RV have a grey colour. It is easily possible to focus on 

the cables with the highest RV and to send the crew there. 

 

The future development of automation at the MV level 

enables several ways to speed up the fault locating 

process, for example by introducing fully automated 

remote-controlled stations with the transmission of SC 

current indicators, or simply by remote transmission of 

the SC current indicators to the dispatching. However, 

implementation of both of these measures is expensive 

and time-consuming. On the other hand, the 

introduction of Risk Values described here is very 

simple and has no significant costs and time 

requirements. Of course, it is only a supportive tool that 

shows the most probable location of the fault, but, on 

average, it helps to reduce the time needed to locate the 

fault. All three methods are shown in Figure 8. 

 

 
Fig. 8: Methods for locating a fault in MV network 

 

Another potential application of Risk Values is MV 

network topology optimization. The aim is to supply 

customers by cables with the lowest Risk Value possible 

by modification of network topology (switching etc.). 

RENEWAL INDEX 

The main benefit of this measure is in the process of 

network construction and renewal preparation. First of 

all, it is about introducing a device prioritization in this 

process. 

In addition to the probability of failure of an element, the 

following factors are taken into account when 

determining the priorities for renewal of network 

elements - the impacts of any elemental failure on SAIFI 

and SAIDI, then the benefit of rebuilding the element to 

meet the company's strategic objectives, such as 

increasing the flexibility of the distribution system 

operation and contribution to the development of the 

communication infrastructure of PREdistribuce, a. s. 
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Renewal Index calculation 

The Renewal Index (RI) of MV cable includes a Risk 

Value per km (RV/km), which expresses the quality of 

the cable, regardless of its length. Additionally, the RI 

takes into account the number of affected customers in 

case of failure, and based on the above, also strategic 

factors that respect the company's strategic goals. The 

general equation for RI calculation is given below. 

 

Renewal Index of MV cable = Risk Value per km * 

Number of Customers Factor * Strategic Factor 

 

Figure 9 shows the histogram of MV cables by Risk 

Value per km. 

 
Fig. 9: Histogram of MV cables by Risk Value per km. 

 

 
Fig. 10: Number of cables by number of customers and 

Risk Value per km 

 

In Figure 10, the number of cables is displayed depending 

on the number of customers (supply points) affected by 

the failure of each individual cable. In addition, the 

columns are color-coded into four categories according to 

the value of the RV/km. The red colour here represents 

the number of cables with the highest RV/km values 

(Condition 4) and the green represents the ones with the 

lowest RV/km values (Condition 1). 

The resulting Renewal Indexes are displayed in GIS. 

Individual cables are coloured according to their RI value 

– see Figure 11. 

 

 
Fig. 11: Renewal Indexes in GIS 

 

Definition of network renewal target 

Figure 12 illustrates the current percentage of cable 

condition (Condition 1 – the best, 4 – the worst), 

depending on the number of customers influenced by a 

possible cable failure. This is an equivalent graph to 

Figure 10, but it is in percent and normalized to 100% for 

each category of influenced number of customers. 

 
Fig. 12: Current MV cable network condition before 

renewal 

 

 
Fig. 13: Predicted MV cable network condition after 

renewal 
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It is necessary to define the network renewal target within 

the selected time horizon to set up the process of 

prioritization of grid renewal. Target status can be 

defined by requiring the resulting percentage of cable 

conditions in each category according to the number of 

affected customers. This means that, for example, we 

demand no cables with a high number of customers in 

condition 3 and 4 after renewal. 

Figure 13 shows the prediction of the condition after 

targeted renewal in the medium-term according to the 

defined rules. It is possible to optimally plan grid renewal 

with a higher emphasis on increasing DS reliability by 

linking information from multiple systems. 

CONCLUSION 

Increasing the reliability of the distribution system 

operation is one of the main strategic tasks of a modern 

distribution company. As part of its role, Asset Manager 

has to evaluate data from different business systems. 

 

We have developed the SW PRIOTOOL for this purpose 

in PREdistribuce, a. s., and the outputs from this tool of 

statistical measures are used in two key areas of the DSO 

business. Firstly, in the Network Operation process, 

helping to reduce the time needed for locating a failure, 

thereby improving the SAIDI reliability indicator, and 

optimizing network topology, where an effort is made to 

ensure that as many customers as possible are supplied 

via statistically more reliable cables. The second key area

is the support for the preparation and realization of grid 

renewal, where these statistical measures enable the 

process of prioritization of network elements for renewal. 

The established principle of prioritization respects 

elements statistical failure rate, the impact of failure on 

the SAIDI and SAIFI reliability indicators, and the 

fulfilment of the company's strategic goals – e.g. 

increasing the flexibility of DS operation and 

contributing to the development of the communication 

infrastructure of PREdistribuce, a. s. 

 

SW PRIOTOOL is designed as a computational 

superstructure over existing GIS, SCADA, and SAP 

systems and other databases. Selected data from these 

systems are automatically analysed in SW PRIOTOOL 

and the SW calculates the Risk Values for operation 

purposes, which are then directly displayed in the 

SCADA control system to the dispatcher. It further 

calculates the values of Renewal Indexes for the 

prioritization of grid renewal, which are displayed in GIS 

system. 
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