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ABSTRACT

This paper presents the resutisthe annual evaluation

of the reliability in local electricity networks in Sweden.
A distinction is made in SAIFI and SAIDI for rural,
suburban and urban networks. The values are
significantly higher for rural than for urban networks;
also the spread between network operators is higher for
rural networks. Data is also presented on the number of
verylong interruptions and on the investment and
running costs by the network operators. Wherdas
running costs remain constant, the investments have
increased almost thremld since 2004.

INTRODUC TION

A reliable electricity supply is essential for the
functioning and developing of the modern society and the
economy. Developments towards a mdexhnically
advanced and integrated society also increase the
dependence on a reliable electricity supply. It is one of
the roles of the Energy Markets Inspectorate (the Swedish
energy regulatorjo ensure that the electricity networks
develop in accordaecwith their fundamental aims of
reliability of supply and longerm costeffectiveness.
The interest of the general public in reliability of supply,
and therewith the pressure on the regulator, has increased
significantly in Sweden due to two storms thegulted in
wide-spread interruptions: the storm Gudrun resulted in
supply interruptions for 60000 customers1@% of all
customers in the country) in 2008yo years later the
storm named Per caused the supply to be interrupted for
275000 customers. ltook many days before the supply
to all customers was restored, which was seen as
unacceptable. Partly as a result of this, a new paragraph
was introduced in the Electricity Act that, from 2011, no
interruption shall last longer than 24 hours.
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networks that form the link between the local networks,
large industrial customers, most of the hydro power, and
the largest wingbower installatios, and the transmission
system. The geographical exteri the local networkssi
shown inFigure 1. The figure shows a large variation in
geographical size between the network operators.

Figure 1, the local electricity networks in Sweden.

The annual benchmarking report (see next section)

THE SWEDISH ELECTRICITY NETWORKS

Swedish is a large country in area, with a relatively small
population 9.4 million people,5.2 million electricity
customersspreadover an area o#50000 knf). The

presents the continuity of supply for local as well as
regional networks. In this paper we focus on the
continuity of supplyfor the local networks

transmission system operator, Svenska Kraftnat, owns THE BENCHMARKING REP ORT

and operateshe 220 and 408V networks.The largest

production units (nuclear and large hydro) are connected
directly to the transmission system. The -endtomers

are supplied by about 170 local network operators that
are connected to the soal | ed
voltage levels between 6 kV and 130 kV. Five different
network operators own and operate these regional
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The Swedish energy regulator, the Energy Markets

Inspectorate, annually publishes a benchmarking report
on continuity of supply for the Swedish electricity
network. The aim of the benchmarking report is to

Air egd oat koW Cahalyser dhd present to all stakeholdene
development of continuity of supply in different regions
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of the country, and to make comparisons between
different transmission and distribution network areas.
Furthermore, a league table of the most vulnerable
network areas in Sweden is presented &bl was the
identification and presentation of distribution network
areas withmany very-long interruptions (longer than 12
or 24 hours). The report is therefore also an informative
means of regulation regarding continuity of supply. The
indicators being ensidered for the continuity of supply
are SAIDI and SAIFI for distribution networks and
energy notsupplied (ENS) at higher voltage levels. These
indicators are analysedver a periodof approximately
ten years.

CONTINUITY OF SUPPLY AT SYSTEM AND
CUSTOMER LEVEL

Cortinuity of supply concerns the likelihood that
electricity can be transported to the consumer without
interruption. In this paper we only present data on-non
planned long interruptions (longer than 3 minutes) due to
incidents in the local networlkt should be noted that this
does not give a complete picture of the reliability as
experienced by theustomers

To analyse the development of the continuity of supply, a
macro or system perspective and a micro or customer
perspective are used. For tlystem perspective the
aggregated interruption indices (SAIFI and OAl are
used. These values have to be provided by the network
operators as part of their annual report to the regulator. At
customer level, the network operators have to report
details abut all interruptions that last longer than 12 or
24 hours.

RESULTS

In this paper we present the contribution of the local
networks to SAIDI (System Average Interruption
Duration Index)and SAIFI(System Average Interruption
Frequency Index) as defined aong others in IEEE
Std.1366 [2] and in the fourth benchmarking report on
quality of supply published by the European energy
regulators [3].

As was mentioned before, there is a huge difference in
geographical exteénand therefore in customer density,
between different local networks. To be able to compare
the results, the local networks are divided in three groups
based on the customer density, the ratio between the
number of customers and the total length of all lines and
cables:

V  Rural network: less tharDlcustomers per km;

V  Suburbametwork: between 10 and 20 customers per
km;

V  Urban network: more than 20 customers per km.

The interruption frequency (SAIFI) and the unavailability
(SAIDI) are shown irFigure2 andFigure 3, respectively,
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for the period 1998 through 2008
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Figure 2, SAIDI (interrupted minutes per year) due to
local networks.
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Figure 3. SAIFI (number of interruptions per year) due to
local networks.

Unavailabilit
The following average and extreme valuder
unavailabilityhave been reported:

V  For rual networks, the unavailability was on average
6 hours per year, with the highest annual value (1620
minutes in 2005) being 16 times the lowest value
(101 minutes in 1998).

V  For suburbannetworks, the unavailability was on
average 72 minutes per year, wille highest annual
value (138 minutes in 2005) being four times the
lowest value (32 minutes in 2006).

V For urban networks, the unavailability was on

average 18 minutes per year, with the highest value
(35 minutes in 2005) three times the lowest value (11
minutes in 2000).

The unavailability for rural networks is, as expected,
much longer than for urban networks and it also shows
much larger yeato-year variations. The highest values
were reported during 2005, when the storm Gudrun
affected large parts ofhe country, for all types of
network. The storm Per in 2007 caused an increase in
unavailability only for rural networks.

No further trends are visible in the values. Using least
square analysis shows an increase with a few percent per
year for urban and rural netwrks. This increase cdpe
explained completely by the high values during 2005
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Interruption frequency

The following average and extreme valuesr fo
interruption frequency have been reported for the three
types of local network:

\Y

For rural networks, the interruption frequency was on
average 1.65nterruptionsper year, with the highest
annual value (2.08 in 1999) beingice the lowest
value (L.00in 1998).

For suburbannetworks, theinterruption frequency
was on averagé.69 per year, with the highest
annual value @.94 in 2004 being 1.7 times the

lowest value @.56 in 2003.

For urban networks, thmterruption frequencyvas
on average0.30 per yeay with the highest value
(0.39 in 200]) 1.7 times the lowest valueO(23 in
1998.

Also the interruption frequency is higher for urban
networks than for rural networks, but the difference is
significantly less for the interruption frequency (a factor
5.5)than for the unavailability (a factor 20).

Applying the leassquare method did not show any
significant trend in interruption frequency during the 11
year period over which statistics were available.

Spread between local networks

Both unavailability andnterruption frequency vary a lot
between local networks. To get a better impression of this
variation, the standard deviation has been calculated for
each year over the different local areas within each of the
three types of network:he results are shown Figure4

and Figure 5 for interruption frequency and
unavailability, respectively.

Figure 4. Standard deviation of the
frequency between local networks.

interruption

Paper No 0233

Figure 5. Standard deviation of the unavailability
between local networks.

The standard deviation is bigger for rural than for
suburban and urban networks. The spread (standard
deviation) in the interruption frequency does not show
any largevariations and no trend, with the exception of a
fast decrease for suburban networks during the first three
years. The spread in unavailability shows high values
during 2001 and 2005 for rural networks and only during
2005 for suburban networks.

Note thatwhat is shown in the figures is the absolute
spread in minutes and in number of interruptions. When
calculating the relative spread (ratio between standard
deviation and average) a higher relative spread in the
interruption frequency is observed for subammetworks
than for rural networks.

Very-long interruptions

Since 2007, network operators in Sweden have to
annually report the number of customers that experience
an interruption longer than 24 hours and the number of
customers that experience an intetion between 12 and

24 hours in duration.

V  During 2007,about225000 customers (4.3% of all
customers) experienced an interruption longer than
24 hours. This high number is mainly due to the
storm Per.

V  During 2008, about 25000 customers (0.5%)

experiencd an interruption longer than 24 hours.

As data has only been available over two years, it is not
possible to extract any trends.

To identify in which local networks there remain serious
problems with venjong interruptions, the ten network

operators with the highest number of customers
experiening an interruption longer than 24 hours during
2008,havebeen identified in the benchmarking report.

E.On Elnat Sverige AB: 1602

Vattenfall Eldistribution AB, Nomat: 4129
Vattenfall Eldistribution AB, Sédra3 854
Luled Energi EInat AB: 634

Skellefted Kraft Elnat AB: 619

Bodens Energi Nat AB: 188

Goteborg Energi Nat AB: 88
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