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Benchmarking the reliability of medium-voltage lines
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This paper discusses the problem of reliability of the Polish medium voltage power lines. It presents the benchmarking of
power lines and values of SAIDI. The probability density distribution of the medium voltage lines length as well as selected
indicators of the MV power lines reliability, being operated by the distribution companies under test, are also introduced.
The analysis is based on the actual MV lines and uses the nonparametric method of kernel density estimation.
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1 Introduction

An electric distribution network must continually sup-
ply energy to the consumers connected to the grid. Reli-
ability is the key notion in the estimation of the supply
continuity and service quality.

Evaluation of the reliability of MV networks is one of
the main points considered in the analysis of the distri-
bution power system. In the case of failure, both the Dis-
tribution Network Operators (DNOs) and its customers
can suffer severe economic losses.

The DNOs are required to make public the following
reliability indices: SAIDI, SAIFI (for long-term planned
and unplanned interruptions) and MAIFI. These three
are the main indices in the distribution network of various
voltage levels [4] and are defined as follows:

SAIDI – System Average Interruption Duration Index
gives the average amount of time per year while the en-
ergy supply to a customer is interrupted. It is expressed in
minutes per customers per year and calculated by means
of the following expression [4]

SAIDI =

∑

ri Ni

NT

(1)

where the summation is taken over all incidents, either at
all voltage levels or only at selected voltage levels; ri is
the restoration time for each incident; Ni is the number
of customers interrupted by each incident; NT is the total
number of customers in the system for which the index is
calculated.

SAIFI – System Average Interruption Frequency Index
corresponds to the average number of times per year while
the supply of a customer is interrupted. It is expressed in
interruptions per customer per year and calculated by
means of the following expression [4]

SAIFI =

∑

Ni

NT

. (2)

The expression for calculating MAIFI is the same as the
one for calculating SAIFI (2), where the summation is
taken over all incidents resulting in short interruptions.

The paper provides an assessment of the Polish MV
lines reliability, based on the available statistical data
from 2014 for eight distribution companies. The prob-
ability distribution function of the length of MV line is
determined. The probability distribution functions of fail-
ure rates and of duration of power outages are also deter-
mined. The fundamental value of SAIDI is presented for
the tested MV voltage lines. Calculations are performed
in R (the language and environment for statistical com-
puting) using the feature nonparametric methods for data
analysis.

2 Methods of analysis of reliability data

Very often few reliability data are available, which
are additionally averaged by the DSOs. Therefore, we
should take this into account in the analysis. We can
utilize nonparametric kernel density estimation (KDE)
techniques for building these statistical representations
of the averaged data [7, 8].

These techniques estimate the probability distribution
function (PDF) directly from the data without any as-
sumptions about the underlying distributions. This is in
contrast with most parametric methods in elementary
statistics which assume the data is quantitative, for ex-
ample, that the population has a normal distribution and
the sample size is sufficiently large. KDE is a nonparamet-
ric technique for density estimation, ie the estimation of
PDF, which is one of the fundamental issues in statistics.
It can be viewed as histogram density estimation with im-
proved statistical properties. In a histogram, the choice
of the number and width of bins can heavily influence the
appearance.
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Fig. 1. The scatter plot of the number of recorded failures as a
function of the length of the MV lines

The KDE is a useful method for the density of data
samples. It can help an analyst determine how to model
the data and answer the question whether the KDE looks
like a normal curve or there are outliers in the data. It is
a finite mixture distribution, being a sum of small density
kernels that are centered at each data point. The shapes
of the kernel are determined by the choice of a kernel
function. The width of the kernel is determined by the
bandwidth.

For an m-element set of available empirical data (x1−xm )
the univariate kernel density estimator may be defined
as [7]

⌢

f (x) =
1

mh

m
∑

i=1

K

(

x− xi

h

)

(3)

where K
(

x−xi

h

)

is the kernel of the estimator, in this case
standard normal density rescaled by the bandwidth.
Kernel is a non-negative function that integrates to one
and has a mean equal to zero.

The h (bandwidth) is the smoothing parameter. The
bandwidth is chosen in such a way that it decreases as
the size of the sample increases and the value of mean
integrated squared error (MISE) decreases down to zero.
When the value of h is too small, it causes too many local

extreme values of the estimator
⌢

f (x). When its value is
too large, the estimator becomes excessively smoothed,
which does not reflect the properties of a real empirical
sample. In practice there exist a number of useful pro-
cedures for determining the value of the bandwidth. A
complete analysis of the issue can be found in [7]. In this
paper the bandwidth is calculated by means of the stan-
dard R method [9].

Because the estimated value reliability parameters, eg
the failure rate, have only positive values, it is necessary
to modify the form of kernel estimator so that the random
variable could take only positive values. Whether we use

the limited Epanechnikov kernel or unlimited normal part
of kernel located at the edge of the range, it may extend
beyond the permitted area. The essence of limiting media
kernel consists in a symmetrical reflection of that part of
each kernel, which lies outside the permitted range. The
KDE takes the form [7]

⌢

f (x)=
1

mh

m
∑

i=1

χ[0,∞]

[

K

(

x− xi

h

)

+K

(

x+ xi

h

)]

(4)

where χ[0,∞] =

{

1 , x ≥ 0 ,

0 , x < 0 .

In KDE, the choice of bandwidth can heavily influence
its appearance.

The Tukey box plot, which is another method for pre-
senting statistical information, is free from this disadvan-
tage. The box plot is a useful nonparametric, quick way
of examining of data graphically. Box plots may seem
more primitive than a histogram or kernel density esti-
mate but they do have some advantages [9]. Box plots
display variation in samples of a statistical population
without making any assumptions on the underlying sta-
tistical distribution. The spacings between the different
parts of the box indicate the degree of dispersion and
skewness in the data as well show outliers. Box plots al-
low to represent various estimators visually, notably the
interquartile range (IQR).

3 Experiments

The paper provides an assessment of the Polish MV
lines reliability, based on the available statistical data
from 2014 for the eight distribution companies. These
distribution companies supply more than 5 million energy
customers and the total length of MV lines operated by
them is more than 100 thousand km. The share of cable
lines in the area under study is low at about 16%. The
total number of failures occurred in this period in cable
and overhead MV lines were 9 184.

In order to analyze the condition of the MV line all
failures were accurately recorded. For each disconnection
the MV line recorded its duration and the number of
customers without power supply. The number of MV lines
considered in the study was 2 893 and their total length
was 90 315 km. Statistical data available can determine
the sequences of the highest failure rates, ie locate the
lines that need to improve their reliability.

Figure 1 shows the dispersion of the number of failures
occurring in the individual MV lines as a function of their
length.

No significant correlation was found between the line
length and the number of failures. It should be noted
that the longest lines don’t have the largest number of
faults. The greatest number of failures recorded in the
MV overhead lines occurred in lines less than 100 km
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Fig. 2. Histogram, box plot and PDF (kernel — Gaussian, band-
width — 5145) of the cable and overhead MV lines
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Fig. 3. Histogram, box plot and approximation of pdf (kernel
- Gaussian, bandwidth - 0 5188) of the interruption duration of

MV line
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Fig. 4. Histogram, box plot and pdf (kernel – Gaussian, bandwidth
– 0.9306) of failure rate of MV line

long. The most extreme case was that of a 96 km long
line, which was off 27 times.

Analyzing the number of failures only does not reflect
the picture of the situation. There is a need of a more
in-depth analysis of the problem of the MV network fail-
ure. For this purpose the PDF, histogram and box plot
for the length of the MV line were determined and failure
rate as well as the interruption duration in the supply of
electricity due to damage were obtained. Graphical rep-
resentation of the same data on different types of charts
helps extract the useful information and allows one to
observe the facts which cannot be seen on the basis of
the calculated basic statistical measures (mean value and
standard deviation).

Figure 2 shows the statistical analysis of the distribu-
tion of the length of the cable and overhead MV lines.

With the histogram and KDE it is possible to de-
termine that the modal value of the distribution equals
7 km. The distribution curve of the line length has a
very long tail. The diagram at upper part (box plot)
shows that the median value of the distribution is about
22.66 km. We can also read the 1st quartile (Q1) –
7.09 km and 3rd quartile (Q3) – 50.13 km. On the box

plot, MV lines with a length of more than 114 km are
marked as outliers of the distribution (beyond the value
of one and a half of the span interquartile (IQR), there-
fore, these lines are marked by circles).

Figure 3 presents the distribution of the failure rate
for individual distribution companies. The failure rate is
calculated as the average value for the entire distribution
company in a given year. Determining the PDF of the fail-
ure rate provides a tool for the assessment of the network
condition and for benchmarking distribution companies.

The minimum value of the failure rate was 4.83 failures
per 100 km of MV during the year. One of the divisions
had a failure rate – 15.3 failures/year/100 km – which is
an outlier distribution. The median and modal values of
distribution are similar – 7.5 failures/year/100 km.

According to (1) System Average Interruption Dura-
tion Index determines the average duration of interrup-
tions supply per customer. The distribution of the inter-
ruption duration of MV lines in individual distribution
companies is presented in Fig. 4.

Although the data presented come from areas with
similar climatic conditions and no natural disaster oc-
curred in 2014, particular divisions operate the MV net-
work of different character. Two distribution companies
operate the MV network with its large share located in
rural areas. On each type of graphs this can be seen as
outlier values. The median distribution is 2.7 h and the
value of IQR is 1.3 h.

The main issue of the study was to the answer the
question which lines are responsible for the excessive
value of the index SAIDI? For this purpose, the scattered
values of SAIDI index of the single MV line were deter-
mined as a function of their length, as shown in Fig. 5.

The unreliability of the MV line is caused by a small
portion of the line. 50% of the SAIDI value is contributed
by failures in 383 lines, the length of which constitutes
only 24% of the total line length (the grey rectangle in
the scatter plot).

The box plot in a right side shows a large number of
outliers of SAIDI values (outside the scope of one and
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Fig. 5. Values of the SAIDI of single MV line vs the length of each
line

a half the IQR span). As it can be seen in Fig. 5, up
to 75% of the MV lines has less than 0.05430 values of
SAIDI min/a (3rd quartile in box plot). The median value
distribution of SAIDI index was 0.01950 min/a.

4 Conclusion

Nonparametric methods are suitable for the evaluation
of the tested network failure and for locating excessive
failure. The methods presented in the paper of analysing
the reliability data allows for a more complete and at the
same time easier data mining and graphical representa-
tion of the measure of the statistical distributions of a
power network.
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in Košice. He was born in 1988 in Trebǐsov Slovakia. He grad-
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