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Executive Summary

TheNordic and Baltic Grid Disturbance Statistics 2019 gives
both an overview of the disturbances, faults, and energy not
supplied (ENS) in the Nordic and Baltic transmission sys-
tems, as well as a deeper dive into the statistics of individual
HVAC components used in the power system. To interpret
the results of the statistics correctly, one must understand
the definition of a disturbance and the scope of a fault within
it.

A fault is defined as the inability of a component to perform
its required function, with the addition that faults only are re-
portedwhen they result in a trip of one or several breakers. A
disturbance is an event including one ormore faults. In short,
a disturbance is a combination of one or several faults as long
as they occur in the same area and time. Disturbances al-
ways focus on the fault initiating the disturbance.

Summary of 2019
The year 2019 continued to be unusually warm during the
summer, which we see as a concentration of disturbances
during the summer period. Lightning and other environ-
mental causes caused approximately 44 % of the distur-
bances during 2019. The total number of disturbances dur-
ing 2019 was 1601, which is about 500 disturbances more
than in 2018, but still lower than the 10-year average of 1801.4
disturbances per year. Of all disturbances during 2019, only
333 (nearly 21 %) caused ENS.

Energy not supplied (ENS) in the Nordic and Baltic coun-
tries is continuing its decreasing trend in 2019 andwasnearly
5.0 GWh in 2019 (10-year average 6.9 GWh). However, it
was approximately 2.3 GWh higher in 2019 than in 2018. On
the other hand, 2018 was a remarkably good year regarding
ENS. When ENS is normalised by the consumption, the 5-
year moving average is still showing a decreasing trend for
the Nordic and Baltic countries combined, as seen in Fig-
ure E.1. Increasing trends are seen in Iceland and Estonia
while the other countries have steady trends.

Contrary to the number of disturbances, ENS did not show
correlationwithwarmermonths in theway disturbances did
in 2018. The high percentage could be explained with the
transmission grid beingmost often constructed according to
theN-1 principle and thus beingwell protected against occa-
sional impairment of transmission network units. ENS was
causedmost by other environmental causes (36%of the total
ENS) and technical equipment (29 % of the total ENS).

Secondary faults, which are closely connected to distur-
bances withmultiple faults, caused approximately 2 % of the
total Nordic andBaltic ENS in 2019. In 2018, secondary faults
caused approximately 9 % of the total ENS [1]. Over 70 %

of the secondary faults were caused by technical equipment,
operation andmaintenance, and other causes in 2019. How-
ever, other causes were the reason for 71 % of all secondary
faults ENS. Other causes were also the dominating cause of
secondary faults ENS in 2018.
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Figure E.1: 5-year moving average amount of ENS divided per con-
sumption (ppm) since 2000. Iceland’s high values are a result of
power-intensive industries that cause substantial amounts of ENS
even during short interruptions.

The most vulnerable HVAC component type in the Nordic
and Baltic area, as seen from the statistics, is overhead line
with 61 % of all faults (10-year average 64 %) and 26 % of all
ENS (10-year average 53%). Thehigh percentage could be ex-
plained by overhead lines being the most used and exposed
HVAC component used in the transmission grid. Still, the
number of overhead line faults per 100 km of line trend is de-
creasing, as seen in Figure E.2. In 2019, most ENSwas caused
unusually by faults in power transformers. 27 % of all ENS
was caused by power transformer faults, while only 3 % of
the faults occurred in them. On average, power transformer
faults cause approximately 6 % of the annual ENS, while con-
trol equipment faults cause about 9 % of the ENS per year.
Increasing fault trends can be seen in 220–330 kV control
equipment and circuit breakers and 380–420 kV cables and
power transformers.

Baltic summary
The number of grid disturbances in 2019 in the Baltic area
increased slightly compared to 2018 (416 vs 344) but was still
lower than the 10-year average of approximately 500 distur-
bances per year. The amount of energy not supplied (ENS)
in 2019 is, however, nearly triple the amount of ENS in 2018
due to incidents in Estonia causing above-average ENS. ENS
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is showing an increasing trend in Estonia and a decreasing
trend in Latvia and Lithuania, as demonstrated in Figure E.1.

Secondary faults, which are closely connected to distur-
bances with multiple faults, caused only about 1 % of the to-
tal ENS in 2019 in theBaltic areawhile still standing for about
10 % of the number of faults. The change is significant com-
pared to 2018 [1], when 47 % of the total ENS in the Baltic
area was due to secondary faults, and is an excellent exam-
ple of how secondary faults may sometimes have a signifi-
cant impact on the grid. Over 70 % of the secondary faults
were due to technical equipment and operation andmainte-
nance in 2019, and they caused nearly approximately 81 % of
the Baltic ENS due to secondary faults.

The power system components that were most prone to
faults in 2018 in the Baltic area were overhead lines and con-
trol equipment, causing 59 % and 14 % of the faults respec-
tively. On average, overhead lines tend to account for 65 %
of all faults per year and control equipment 9 %. 11 % of all
faults originated from outside the Baltic statistical area.

Faults in other high voltage appliances caused most of the
ENS, approximately 32 % of the total ENS, in the Baltic area
during 2019. Second and third most of the ENS was caused
by faults in control equipment (29 % of the total Baltic ENS)
and faults originating from the adjoining grid (15 % of the to-
tal Baltic ENS). The ENS in 2019 deviates considerably from
the average values, which are similar to the perceived per-
centage distribution of faults per power system components.
On average, overhead line faults cause 54% of the ENS, faults
from outside the statistical area produces 15 % of the ENS,
and control equipment faults cause 12%. Thedeviation from
the average is due to the incidents in Estonia in 2019. De-
creasing fault trends are seen in overhead lines for eachBaltic
country, as shown in Figure E.2. Furthermore, most other
components also show decreasing fault trends. Increasing
fault trends can only be seen in 110–150 kV and 220–330 kV
control equipment for each Baltic country, 100–150 kV cir-
cuit breakers for Latvia, and Lithuania and 100–150 kV in-
strumental transformers for Latvia.

Nordic summary
The number of grid disturbances in 2019 in the Nordic area
increased slightly compared to 2018 (1185 vs 1033) but was
still lower than the 10-year average of 1306.2 disturbances
per year. Only 24 % of the disturbances caused ENS in the
Nordic region. External influences, operation and mainte-
nance, and technical equipment were the cause of 73 % of
those disturbances.

Energy not supplied (ENS) in 2019 amounted to 4.6GWhand
is approximately 30 % less than the 10-year average of about
6.9 GWh of ENS per year. Iceland and Denmark are showing
an increasing trend in ENS per consumption. Norway shows

a decreasing trend, andFinland and Sweden show steady val-
ues, as seen in Figure E.1.

Secondary faults, which are closely connected to distur-
bances withmultiple faults, caused approximately 6 % of the
total ENS in 2019 in the Nordic area. The change is mini-
mal when compared to the year 2018, when around 7 % of
all faults were secondary faults. Approximately 31 % of the
secondary faults were due to other causes in 2019. How-
ever, other causes accounted for nearly three-quarters of the
Nordic ENS due to secondary faults.

The power system components that were most prone to
faults in 2019 in the Nordic area were overhead lines and
control equipment, causing 61 % and 15 % of the faults re-
spectively. Compared to the 10-year average, neither they
nor the other power system components deviated excep-
tionally from the norm. The percentage distribution of faults
per power system component has usually been similar to the
ENS distribution per power system component. However,
28 % of all ENS in the Nordic region was caused by a power
transformer fault in Iceland, which alsomade 2019 an excep-
tional year regarding the ENS distribution per power system
component.

Fault trends of overhead lines are decreasing for all Nordic
countries and with all voltage levels combined, as shown
in Figure E.2. However, increasing trends can be found for
220–330 kV overhead lines in Denmark, Iceland and Swe-
den. When assessing control equipment faults, Denmark
and Finland are showing decreasing trends, and Iceland,
Norway and Sweden are showing increasing fault trends.
Lastly, power transformer faults are also showing an increas-
ing trend in Denmark, Iceland and Finland.

Conclusion
In 2019, 74 % of the disturbances in the Nordic and Baltic
area occurred in the Nordic region, which includes the Dan-
ish, Finnish, Icelandic, Norwegian and Swedish transmission
grids. Furthermore, 93 % of the energy not supplied (ENS) in
the Nordic and Baltic area was caused in the Nordic trans-
mission network. However, this is understandable because
the Nordic network is significantly larger than the Baltic net-
work. The Nordic and Baltic transmission grids are very
comparable when the energy not supplied is scaled accord-
ing to, for example, each country’s consumption. For ev-
ery terawatt-hour of consumption, there are approximately
11.3 MWh of ENS in the Nordic and Baltic area. The values
for the Nordic and Baltic regions are 11.2 and 12.1, respec-
tively. These values are significantly lower than the 10-year
average of 15.9MWh of ENS per 1 TWh of consumption, and
the trend is showing a slightly decreasing trend.

The year 2019 continued to be warm, and 54 % of all dis-
turbances occurred betweenMay and August. Nevertheless,
the total number of disturbances, as well as the amount of
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energy not supplied (ENS) caused by them, is significantly
lower than the corresponding 10-year average values. The
monthly percentage distribution of ENS did not follow the
disturbance distribution but was at its highest points in Jan-
uary, July–August and December.

Secondary faults, which are closely connected to distur-
bances with multiple faults, have not shown to cause a sig-
nificant portion of energy not supplied (ENS) in the Nordic
and Baltic area. The change compared to 2018 is remarkable,
when secondary faults caused nearly half of all the Baltic
ENS, and is an excellent example of how secondary faults
may sometimes have a significant impact on the grid.

The most vulnerable HVAC component type in the Nordic
and Baltic transmission grid is overhead line, which has the
most number of faults of all HVAC components during 2019
and on average during 2010–2019. However, the average
trend of overhead line faults per 100 km of line is decreas-
ing, as seen in Figure E.2. Surprisingly in 2019, substation
faults accounted for approximately 59 % of the total ENS in
the Nordic and Baltic area. On average, overhead line faults
have caused 53 % of the total ENS. However, this is partly
due to an exceptional storm in Iceland in December. A sin-
gle power transformer fault caused over a fifth of the entire
Nordic and Baltic ENS, and the December storm accounted

for around 95 % of all ENS in Iceland.

Fault trends of other power system components are show-
ing similar, decreasing values as overhead lines. However,
increasing fault trends can be seen in 220–330 kV control
equipment and circuit breakers and 380–420 kV cables.
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Figure E.2: 5-year moving average of overhead line faults per
100 km in each Nordic and Baltic country. All voltage levels have
been included.
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Chapter 1. Introduction
European Network of

Transmission System Operators
for Electricity

1 Introduction

This report is an overview of the Nordic and Baltic HVAC
transmission grid disturbance statistics for the year 2019.
Transmission System Operators providing the statistical
data are Energinet in Denmark, Elering in Estonia, Fingrid
Oyj in Finland, Landsnet in Iceland, Augstsprieguma tīkls
in Latvia, Litgrid in Lithuania, Statnett SF in Norway and
Svenska kraftnät in Sweden. The statistics are published on
ENTSO-E’s website, www.entsoe.eu. Figure 1.1 presents
the grids of the statistics.

The report includes faults causing disturbances in the 100–
420 kV grids, and it is made according to the Guidelines for
Classification of Grid Disturbances above 100 kV [2].

The report is organised as follows:

• Chapter 2 summarises the statistics, covering the con-
sequences of disturbances in the form of energy not
supplied (ENS) and covering the total number of dis-
turbances in the Nordic and Baltic power system. Be-
sides, each Transmission System Operator has pre-
sented the key events of the year 2019.

• Chapter 3 presents the disturbances and focuses on
the analysis and allocation of the causes of distur-

bances.

• Chapter 4 presents the tables and figures of energy not
supplied (ENS) for each country.

• Chapter 5 presents secondary faults and their impact
on the Nordic and Baltic power systems.

• Chapter 6 presents an overview of all faults in the
Nordic and Baltic power grids and a detailed view of
faults for each type of power system component. An
in-depth look is given for the following power system
components: cables, overhead lines, circuit breakers,
control equipment, instrumental transformers, power
transformers, and compensation devices.

The disturbance, energy not supplied (ENS), secondary fault
and fault sections should be considered on a general level.
The section with faults in the power system components
contains detailed information and is aimed for experts work-
ing with primary equipment.

The whole of Denmark is included in this report, although
only the grid of eastern Denmark belongs to the Nordic syn-
chronous network.

1.1 History

TheNordic and Baltic Grid Disturbance Statistics has a long
history with mutual rules made already in 1964. In the be-
ginning, the statistics covered Denmark, Finland, Norway
and Sweden andwas published by Nordel1 in Swedish “Drift-
störningsstatistik” (Eng. Fault statistics) along with a sum-
mary in English. Iceland joined in 1994.

In 2007, the statistics were translated to English, and the
name becameNordic Grid Disturbance Statistics. In 2014, the
Baltic countries joined the report, and the report changed its
name to Nordic and Baltic Grid Disturbance Statistics, which
is also the name of the report today.

1Nordel was the co-operation organization of the Nordic Transmission System Operators until 2009.
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Figure 1.1: The Nordic and Baltic main grids [3]. All of Denmark is included in the disturbance data of this report, although only the grid
of eastern Denmark belongs to the Nordic synchronous grid.
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1.2 The Scope and limitations of the statistics

The scope of the statistics, per the guidelines [2], is the fol-
lowing:

“The statistics comprise:

• Grid disturbances
• Faults causing or aggravating a grid dis-
turbance

• Disconnection of end-users in connection
with grid disturbances

• Outage in parts of the electricity system in
conjunction with grid disturbance

The statistics do not comprise:

• Faults in production units
• Faults detected during maintenance
• Planned operational interruptions in
parts of the electricity system

• The behaviour of circuit breakers and re-
lay protection if they do not result in or ex-
tend a grid disturbance.”

Furthermore, HVDC units are not included in this report.
However, DISTAC produces a separate report with HVDC
statistics called Nordic and Baltic HVDC Utilisation and Un-
availability Statistics [4].

The statistics cover the central systems and associated net-
work devices with a voltage level of more than 100 kV. Con-
trol equipment and installations for reactive compensation
are also included in the statistics. A graphical interpretation
of the components included in the statistics is presented in
Figure 1.2.

Not included in the statistics

Included in the statistics

100–150 kV 20 kV380–420 kV 

SVC HVDC

Figure 1.2: A graphical representation of the included power sys-
tem components in the statistics.

Although the statistics are built upon mutual guidelines [2],
there are slight differences in the interpretations between
different countries and companies. However, these differ-
ences are considered to have a minor impact on the statis-
tical material. Nevertheless, readers should – partly because
of these differences, but also because of the differentmainte-
nance and general policies in each company – use the appro-
priate published average values. Values concerning control
equipment and unspecified faults or causes should be used
with looser margins than other values.

1.3 Available data in the report

Most charts and tables include data for the period 2010–
2019. In some cases, where older data has been avail-
able, even lengthier periods have been used. For example,
trend data for cables, overhead lines, circuit breakers, con-
trol equipment and instrumental and power transformers is

available since 1995.

However, not all of the participating TSO’s have data for the
whole period 2010–2019. In these cases, the tables and fig-
ures show all the available data. In this report, Latvia and
Lithuania have reported for the period 2012–2019.

1.4 Definitions

This chapter defines terms and main concepts that are es-
sential when examining this report. Each concept has a sep-
arate section.

1.4.1 Fault categories

Each disturbance and fault must have a cause reported to
it. For faults, the cause is the cause that has the most sig-
nificant impact on the fault, while for disturbances, the re-
ported cause is the same as the cause of its primary fault.
The used causes are lightning, other environmental causes,
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external influences, operation and maintenance, technical
equipment, other and unknown, as presented and detailed
in Table 1.1. The exact definitions are listed in Section 4.2.9
in the HVAC Guidelines [2].

It should be noted that there are some minor differences
in the definitions of fault causes and disturbances between
countries. Some countries use up to 40 different options, and

others differentiate between primary and underlying causes.
The guidelines [2] describe the relations between the exact
fault causes and the mutual cause allocation. Furthermore,
each country in these statistics has its own detailed way of
determining the cause of each fault. Appendix B describes
how each TSO in the Nordic and Baltic power systems ex-
amines the cause of line faults.

Table 1.1: The fault cause categories used in the Nordic and Baltic Grid Disturbance Statistics as defined in the HVAC Guidelines for
classification of disturbances above 100 kV [2].

Fault cause Explanation

Lightning The category Lightning is separated from the environmental causes be-
cause its impact is insignificant from a maintenance perspective, mainly
because the Nordic grid is well protected against lightning.

Other environmental causes Environmental causes except for lightning, such as moisture, ice, low
temperatures, earthquakes, pollution, rain, salt, snow, vegetation, wind,
heat and forest fires.

External influences Fire due to a third party, animals and birds, aircraft, excavation, collision,
explosion, tree felling, vandalism.

Operation and maintenance Lack of monitoring, fault in settings, fault in connection plan, fault in relay
plan, incorrect operation, errors in documentation, human fault.

Technical equipment Dimensioning, error in technical documentation (e.g., guidelines, manu-
als), design, corrosion, materials, installation, production, vibration, age-
ing.

Other Operating problems, faults at customers’, faults in other networks, issues
in conjunction with faults in other components, system causes, other

Unknown Unknown causes
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1.5 Voltage levels in the Nordic and Baltic networks

Table 1.2 presents the transmission system voltage levels of
the networks in theNordic andBaltic countries. In the statis-
tics, voltage levels are grouped as statistical voltages per the
table. Table 1.3 presents the coverage of the statistics in

each country. The network statistics of each country cover
data fromseveral grid owners, and the representationof their
statistics is not entirely consistent.

Table 1.2: Nominal voltage levels (UN) in the respective statistical voltages and the percentage of the grid at the respective nominal
voltage level (P).

Statistical voltage range, kV

Country 100–150 kV 220–330 kV 380–420 kV

Denmark UN / P % 150 kV / 62 % 220 kV / 100 % 400 kV / 100 %
132 kV / 38 %

Estonia UN / P % 110 kV / 100 % 330 kV / 92 % –
220 kV / 8 %

Finland UN / P % 110 kV / 100 % 220 kV / 100 % 400 kV / 100 %

Iceland UN / P % 132 kV / 100 % 220 kV / 100 % –

Latvia UN / P % 110 kV / 100 % 330 kV / 100 % –

Lithuania UN / P % 110 kV / 100 % 330 kV / 100 % 400 kV / 100 %

Norway UN / P % 132 kV / 98 % 300 kV / 90 % 420 kV / 100 %
110 kV / 2 % 220 kV / 10 %

Sweden UN / P % 130 kV / 100 % 220 kV / 100 % 400 kV / 100 %

Table 1.3: Percentage of national networks included in the statistics. The percentage is calculated by counting the length of lines included
in the statistical material divided by the actual length of lines in the grid. The network statistics of each country cover data from several
grid owners, and the representation of their reports is not absolutely consistent.

Voltage level

Country 100–150 kV 220–330 kV 380–420 kV

Denmark 100 % 100 % 100 %
Estonia 100 % 100 % –
Finland1 91 % 100 % 100 %
Iceland2 100 % 100 % –
Latvia 100 % 100 % –
Lithuania 100 % 100 % 100 %
Norway3 100 % 100 % 100 %
Sweden 96 % 100 % 100 %

1 Finland’s data from 2019 covers approximately 91 % of the Finnish 110 kV lines and about 82 % of the 110/20 kV transformers.
2 Iceland’s network statistics include the entire 220 kV and 132 kV voltage levels.
3 A large part of Norway’s 110 and 132 kV network is resonant-earthed. This category is combined with the 100–150 kV solid-earthed network in
these statistics.
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1.6 Contact persons

Each country is represented by at least one contact person,
responsible for his/her country’s statistical information. The
contact person can provide additional information concern-
ing the ENTSO-E Nordic and Baltic disturbance statistics.
The relevant contact information is given in Appendix C.

There are currently nomutual Nordic and Baltic disturbance
statistics for voltage levels lower than 100 kV. However, Ap-
pendix D presents the relevant contact persons for these
statistics.
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2 Summary

In 2019, there were 1601 grid disturbances in the Nordic and
Baltic 100–420 kV grids, which is below the 10-year aver-
age of 1801.4 disturbances. The energy not supplied (ENS)
due to faults in the Nordic transmission network reached
4.6 GWh and 340 MWh in the Baltic. There were approxi-
mately 5.0 GWhof ENS in theNordic and Baltic transmission
network, which is below the ten-year average 6.9 GWh. Out
of these disturbances, 333 caused ENS, which is also below
the 10-year average of 401.3 disturbances causing ENS.

The following sections present the summaries for each
Nordic and Baltic country. The summaries include an
overview of the number and causes of disturbances and
the resulting energy not supplied. Furthermore, secondary
faults, which are tightly related to disturbanceswithmultiple
faults, are shortly included. Lastly, the summaries present
the most significant issues in 2019, referred by the country’s
Transmission System Operator.

2.1 Summary of Denmark
In Denmark, the energy not supplied (ENS) caused by distur-
bances was 13.8 MWh in 2019 (10-year average 27.0 MWh).
There were 54 grid disturbances (10-year average 55.9) and 4
of them caused ENS. On average, 7.0 disturbances per year
caused ENS in 2010–2019.

In 2019, 100.0 % of the total ENS was caused by substation
faults. The most significant reasons for ENS caused by dis-
turbances were other environmental causes (32.1 %) and
technical equipment (30.7 %). Disturbances were caused
most by external influences (31.5 %) and technical equip-
ment (22.2 %).

Secondary faults in Denmark accounted for 10 % of all faults
in 2019 and caused approximately 34%of the total ENS. They
were mostly caused by operation and maintenance (67 %)
and other causes (33 %), and the ENS was primarily due to
operation and maintenance (55 %) and other causes (45 %).

The three most influential disturbances in 2019 were the fol-
lowing:

• A substation inNorth-Jutland got disconnected due to
a flashover on a 150 kV transformer on 5 January. Salt
had established on the insulation due to a combina-
tion of high winds and short proximity to the North
Sea and resulted finally in the flashover. The outage
lasted 19 minutes and caused 4.4 MWh of ENS.

• A faulty transformer component caused an outage of
a 150/60 kV transformer in South-Jutland 5 April. The
outage lasted 46minutes and caused 4.2MWh of ENS.

• During work on a 400 kV station in central Zealand
8 October, a faulty breaker caused a short-circuit
and consequently disconnected the connected 400 kV
busbar and HVDC link. The HVDC link happened
to be importing power at 600 MW at the time. Fur-
thermore, two power generating units got discon-
nected and caused a total of approximately 1100 MW
to be disconnected. No ENS occurred; however, every
power reserve in DK2 was activated due to the inci-
dent. The disturbance resulted in a large unbalance
towards Sweden and N-1 violations between SE3 and
SE4.

2.2 Summary of Estonia
In Estonia, the energy not supplied (ENS) caused by distur-
banceswas 266.2MWh in 2019 (10-year average 192.8MWh).
Therewere 138 grid disturbances (10-year average 199.4) and
18 of them caused ENS. On average, 30.5 disturbances per
year caused ENS in 2010–2019.

In 2019, 78.4 % of the total ENS was caused by substation
faults, and 2.6 % by overhead line faults. The most signifi-
cant reasons for ENS caused by disturbances were technical
equipment (77.1 %) and other causes (18.9 %). Disturbances
were caused most by technical equipment (24.6 %) and ex-
ternal influences (18.8 %).

Secondary faults in Estonia accounted for 5 % of all faults in
2019 and caused approximately 0 % of the total ENS. They
weremostly caused by technical equipment (43%) and other
environmental causes (29 %), and the ENSwas primarily due
to technical equipment (100 %).

The three most influential disturbances in 2019 were the fol-
lowing:

• The overhead line L300 Baltic-Tartu and the 110 kV
busbars of two autotransformers were switched off
due to a fire on 18May 2019 18:58. The fire was caused
by the wrong settings on a current transformer re-
sulted in interruptions for multiple consumers. The
fire was put off at 20:28, and the overhead line was
back in operation at 20:33.

• The overhead line L8060 Kunda-Estonian Cell dead-
end line was switched off from Kunda substation by
application of overcurrent protection on 21 Septem-
ber 2019 at 06:42. The overhead line circuit breaker
could not be switched on via telematics. The line was
energised at 09:04, and consumer interruption totalled
2 hours and 22 minutes.

• Võru substation was switched off 27 October 2019 at

Nordic and Baltic Grid Disturbance Statistics 2019 | 7



European Network of
Transmission System Operators
for Electricity Section 2.3. Summary of Finland

16:32. The failure was caused by pieces of roof of the
substation building that flew into the 110 kV busbars
due to strong winds and caused severe damage to
the equipment. The incident caused interruptions for
multiple consumers.

2.3 Summary of Finland
In Finland, the energy not supplied (ENS) caused by distur-
banceswas 351.7MWh in 2019 (10-year average 341.5MWh).
Therewere 395 grid disturbances (10-year average 440.1) and
37 of them caused ENS. On average, 74.0 disturbances per
year caused ENS in 2010–2019.

In 2019, 92.2 % of the total ENS was caused by overhead
line faults, and 6.6 % by substation faults. The most signif-
icant reasons for ENS caused by disturbances were techni-
cal equipment (82.2 %) and unknown causes (11.9 %). Dis-
turbances were caused most by other environmental causes
(43.5 %) and lightning (25.3 %).

Secondary faults in Finland accounted for 1 % of all faults in
2019 and caused approximately 4 % of the total ENS. They
were mostly caused by operation and maintenance (33 %),
and theENSwasprimarily due to technical equipment (54%)
and other environmental causes (44 %).

The three most influential disturbances in the 110–400 kV
grid in 2019 were:

• Carrier wave coil of 110 kV line fault. ENS 273 MWh.

• Earth fault on 110 kV line. Unknown reason. ENS
11 MWh

• Bushing fault on 110 kV / 20 kVmain transformer. ENS
8 MWh.

Finland’s data from 2019 covers approximately 91 % of the
Finnish 110 kV lines and about 82 % of the 110/20 kV trans-
formers.

2.4 Summary of Iceland
Iceland had a very unusual year in 2019. Majority of the ENS
and disturbances were due to a phenomenal storm 10–12
December with extreme winds, salt and ice. The ENS in De-
cember caused approximately 95 % of the ENS in 2019.

The total energy not supplied (ENS) caused by disturbances
was 1749.4MWh in 2019 (10-year average 995.9MWh). There
were 51 grid disturbances (10-year average 37.1), and 18 of
them caused ENS. On average, 18.3 disturbances per year
caused ENS in 2010–2019.

In 2019, 80.1 % of the total ENS was caused by substation
faults, and 17.1 % by overhead line faults. The most signifi-
cant reasons for ENS caused by disturbances were other en-

vironmental causes (94.7 %) and unknown causes (2.7 %).
Disturbances were causedmost by other causes (43.1 %) and
other environmental causes (35.3 %).

Secondary faults in Iceland accounted for 34 % of all faults in
2019 while still causing no ENS. They were mostly caused by
other causes (69 %) and other environmental causes (31 %),
and the ENS was due to other causes (100 %).

The worst disturbance in Iceland during 2019 happened
on the 66 kV voltage level, where long-lasting disturbances
caused high ENS.

The three most influential disturbances during 2019 in the
132 and 220 kV network happened to occur during the same
day on 10 December. They were the following:

• A 132 kV power transformer at substationHNJ tripped
due to enormous icing and resulted in 1116 MWh of
ENS.

• The 220 kV transmission line TR1 tripped due to icing
and resulted in 194 MWh of ENS.

• A 132 kV substation tripped due to salt and icing
and resulted inwidespread transmission line trips and
268 MWh of ENS.

2.5 Summary of Latvia
In Latvia, the energy not supplied (ENS) caused by distur-
bances was 21.0 MWh in 2019 (8-year average 78.7 MWh).
There were 131 grid disturbances (8-year average 138.9) and
10 of them caused ENS. On average, 16.6 disturbances per
year caused ENS in 2012–2019.

In 2019, 76.7 % of the total ENS was caused by overhead
line faults, and 22.7 % by substation faults. The most signifi-
cant reasons for ENS caused by disturbances were other en-
vironmental causes (74.0%) and operation andmaintenance
(12.4 %). Disturbances were caused most by other environ-
mental causes (23.7 %) and unknown causes (22.9 %).

Secondary faults in Latvia accounted for 15 % of all faults in
2019 and caused approximately 10 % of the total ENS. They
were mostly caused by technical equipment (74 %) and op-
eration andmaintenance (26 %). The ENS was primarily due
to operation and maintenance (75 %).

Themost influential disturbances in 2019were the following:

• Fallen trees on overhead lines due to strongwind gusts
outed four regional substations and caused 13.5 MWh
of ENS.

• Manual operational error on a busbar caused an out-
age of both substation busbars. The disturbance
caused a blackout of 3 substations for 5 minutes and
2.6 MWh of ENS.
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2.6 Summary of Lithuania
In Lithuania, the energy not supplied (ENS) caused by dis-
turbances was 52.4MWh in 2019 (8-year average 41.5MWh).
There were 147 grid disturbances (8-year average 156.9) and
19 of them caused ENS. On average, 19.1 disturbances per
year caused ENS in 2012–2019.

In 2019, 64.3 % of the total ENS was caused by substation
faults, and 33.9 % by overhead line faults. The most sig-
nificant reasons for ENS caused by disturbances were op-
eration and maintenance (50.7 %) and external influences
(33.9 %). Disturbances were caused most by external influ-
ences (35.4 %) and unknown causes (19.0 %).

Secondary faults in Lithuania accounted for 11 % of all faults
in 2018 and caused approximately 1 % of the total ENS. They
were mostly caused by operation and maintenance (39 %)
and unknown causes (28 %), and the ENS was primarily due
to other causes (100 %).

Themost influential disturbances in 2019were the following:

• A contractor employee damaged a disconnector in an
operational circuit during reconstruction works. The
disturbance outed the 110 kV substation, lasted for
more than two hours and caused 23.8 MWh of ENS
(45 % of total ENS).

• The feeding overhead line of a 110 kV substation
tripped because a tree fell on it. The tree fell due to
unsafe logger work close to the overhead line. The dis-
turbance caused 18 % of total ENS during 2019.

2.7 Summary of Norway
Norway had a terrific year regarding ENS during 2019. The
energy not supplied (ENS) caused by disturbances was
854.0 MWh in 2019 (10-year average 3463.4 MWh). There
were 273 grid disturbances (10-year average 297.3) and 73 of
them caused ENS. On average, 86.1 disturbances per year
caused ENS in 2010–2019.

In 2019, 55.8 % of the total ENS was caused by substation
faults, and 20.0 % by cable faults. The most significant rea-
sons for ENS caused by disturbances were technical equip-

ment (68.3 %) and other environmental causes (11.0 %). Dis-
turbances were caused most by other environmental causes
(23.8 %) and lightning (22.0 %).

Secondary faults in Norway accounted for 9 % of all faults in
2019 and caused approximately 8 % of the total ENS. They
were mostly caused by technical equipment (42 %) and op-
eration and maintenance (23 %), and the ENS was primarily
due to other causes (96 %).

Therewas only one significant disturbance inNorway during
2019. The disturbance was caused by unintentional manual
tripping of a 300 kV line from Fana to Lillesotra. It created a
load drop of approximately 400 MW at Kollsnes natural gas
processing plant.

2.8 Summary of Sweden
In Sweden, the energy not supplied (ENS) caused by
disturbances was 1649.5 MWh in 2019 (10-year average
1656.6 MWh). There were 412 grid disturbances (10-year av-
erage 475.8) and 154 of them caused ENS. On average, 149.7
disturbances per year caused ENS in 2010–2019.

In 2019, 46.1 % of the total ENS was caused by substation
faults, and 29.3 % by overhead line faults. The most signif-
icant reasons for ENS caused by disturbances were light-
ning (41.7 %) and unknown causes (26.2 %). Disturbances
were causedmost by lightning (44.9 %) and unknown causes
(26.5 %). The reason of Sweden having more disturbances
and ENS due to unknown causes is that if the cause of a dis-
turbance is not 100 % certain, which might be the case with
lightning, it is assigned as an unknown cause as explained in
Appendix B.

Secondary faults in Sweden accounted for 3 % of all faults in
2019 and caused approximately 1 % of the total ENS. They
were mostly caused by technical equipment (29 %) and un-
known causes (29 %), and the ENS was primarily due to un-
known causes (98 %).

Sweden had one significant disturbance in 2019. A mechan-
ical failure led to a dropper falling over a busbar in a trans-
former substation. The resulting outage caused 282.7 MWh
ENS.
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3 Disturbances

This chapter presents an overview of disturbances in the Eu-
ropean countries included in this report. It also shows the
connection between disturbances, their causes, energy not
supplied, distribution during the year 2019, and the develop-
ment during the last ten years.

Grid disturbances are defined as:
“Outages, forced or unintended disconnection
or failed reconnection as a result of faults in the
power grid” [2].

It is essential to note the difference between a disturbance
and a fault. A disturbance is initiated by a fault, called the
primary fault, and may include zero or more faults that are
related to the incident. Furthermore, a fault may have mul-
tiple primary faults. However, this report considers the pri-
mary fault with the most impact to be the primary fault of
the disturbance. The voltage level of a disturbance is deter-
mined by the voltage level of its primary fault.

3.1 Annual number of disturbances during the period 2010–2019

Table 3.1 presents the sum of disturbances during the year
2019 and the annual average for the period 2010–2019. Fig-
ure 3.1 shows the annual number of disturbances during the
period 2010–2019 in theNordic andBaltic countries. All volt-
age level ranges have been included, that is 100–150 kV, 220–

330 kV and 380–420 kV.

The number of grid disturbances is not directly comparable
between countries because of the vast differences between
external conditions in the transmission networks of the Eu-
ropean countries included in this report.

Table 3.1: The number of disturbances and disturbances causing ENS in 2019.

Disturbances Disturbances causing ENS

Number Average Number Average
Country 2019 2010–2019 2019 2010–2019

Estonia 138 199.4 18 30.5
Latvia1 131 138.9 10 16.6
Lithuania1 147 156.9 19 19.1

Baltic total 416 495.2 47 66.2

Denmark 54 55.9 4 7.0
Finland 395 440.1 37 74.0
Iceland 51 37.1 18 18.3
Norway 273 297.3 73 86.1
Sweden 412 475.8 154 149.7

Nordic total 1185 1306.2 286 335.1

Nordic & Baltic total 1601 1801.4 333 401.3
1 The average values of Latvia and Lithuania use the period 2012–2019.
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Figure 3.1: The annual number of grid disturbances in each Nordic country and Estonia during 2010–2019 and during 2012–2019 in
Latvia and Lithuania.
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3.2 Disturbances distributed per month

Table 3.2 presents the percentage distribution of grid distur-
bances per month for each Nordic country and Estonia dur-
ing 2010–2019 and during 2012–2019 for Latvia and Lithua-
nia. Table 3.3 presents the 10-year percentage distribution

of grid disturbances per month for each Nordic country and
Estonia during 2010–2019 and during 2012–2019 for Latvia
and Lithuania. All voltage level ranges have been included,
that is 100–150 kV, 220–330 kV and 380–420 kV.

Table 3.2: Percentage distribution of grid disturbances per month in 2019 in each Nordic and Baltic country. The number of disturbances
is usually largest during the summer period for all countries except Iceland. The number is high due to the high number of lightning
strikes during summer.

Regions Country Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Baltic Estonia

Latvia

Lithuania

Total

Nordic Denmark

Finland

Iceland

Norway

Sweden

Total

Grand Total

5%

2%

7%

6%

3%

3%

2%

2%

9%

4%

11%

11%

7%

5%

10%

7%

21%

28%

24%

12%

14%

14%

9%

18%

14%

12%

15%

14%

11%

10%

8%

13%

6%

7%

2%

7%

7%

9%

5%

7%

1%

2%

2%

1%

3%

3%

3%

1%

8%

5%

7%

39%

8%

9%

4%

2%

11%

4%

2%

6%

5%

4%

6%

4%

6%

9%

7%

9%

5%

0%

7%

4%

15%

22%

7%

6%

14%

15%

12%

13%

12%

6%

13%

9%

15%

18%

16%

10%

13%

13%

8%

9%

4%

2%

10%

2%

6%

5%

5%

6%

5%

15%

4%

3%

7%

10%

2%

4%

7%

5%

10%

8%

6%

7%

9%

3%

11%

6%

13%

7%

7%4%6%7%17%13%15%9%6%5%5%7%

Table 3.3: Average 10-year percentage distribution of grid disturbances per month during 2010–2019 in each Nordic country and Estonia
and during 2012–2019 in Latvia and Lithuania. The number of disturbances is usually largest during the summer period for all countries
except Iceland. The number is high due to the high number of lightning strikes during summer.

Regions Country Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Baltic Estonia

Latvia

Lithuania

Total

Nordic Denmark

Finland

Iceland

Norway

Sweden

Total

Grand Total

5%

3%

7%

6%

3%

3%

5%

3%

6%

6%

7%

6%

6%

5%

7%

6%

24%

29%

22%

22%

19%

19%

14%

22%

11%

10%

12%

12%

9%

9%

10%

9%

5%

6%

5%

5%

5%

5%

5%

4%

2%

2%

3%

2%

3%

2%

4%

3%

8%

6%

14%

18%

5%

11%

5%

5%

8%

9%

4%

9%

5%

5%

6%

7%

4%

9%

7%

7%

6%

5%

7%

9%

13%

17%

9%

4%

13%

9%

19%

23%

12%

6%

23%

8%

12%

13%

8%

5%

14%

10%

8%

8%

5%

5%

10%

9%

5%

5%

4%

6%

6%

6%

5%

4%

8%

13%

3%

6%

5%

4%

8%

11%

4%

6%

8%

5%

13%

10%

7%

7%

7%5%5%6%16%19%12%8%5%5%4%7%
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3.3 Disturbances distributed per cause

This chapter presents disturbances per cause, with the cause
of a disturbance defined as the cause of the disturbance’s
primary cause. The used cause categories are lightning,
other environmental causes, external influences, operation
andmaintenance, technical equipment, other andunknown.
The fault categories used are explained inmore detail in Sec-
tion 1.4.1. Many disturbances caused by unknown reasons
probably have their real cause in the categories other envi-
ronmental cause and lightning.

Table 3.4 presents disturbances per cause in terms of the pri-

mary fault distributed for the year 2019 for each Nordic and
Baltic country. Table 3.5 shows the respective average values
for the period 2010–2019 in theNordic countries and Estonia
and during 2012–2019 in Latvia and Lithuania.

Table 3.6 presents disturbances that caused ENS distributed
by its cause for the year 2019. Table 3.7 shows the respective
average values during 2010–2019 in theNordic countries and
Estonia and during 2012–2019 in Latvia and Lithuania.

All voltage level ranges have been included, that is 100–
150 kV, 220–330 kV and 380–420 kV.

Table 3.4: Percentage distribution of grid disturbances per cause in 2019 in each Nordic and Baltic country.

Regions Country Lightning

Other
environmental

causes
External

influences
Operation and
maintenance

Technical
equipment Other Unknown

Baltic Estonia

Latvia

Lithuania

Total

Nordic Denmark

Finland

Iceland

Norway

Sweden

Total

Grand Total

18%

19%

23%

12%

14%

16%

11%

16%

12%

8%

2%

25%

9%

8%

7%

12%

26%

35%

22%

19%

8%

1%

24%

1%

13%

13%

11%

16%

17%

26%

7%

10%

15%

7%

8%

6%

7%

43%

5%

13%

12%

14%

22%

0%

3%

22%

9%

5%

15%

12%

7%

9%

3%

2%

3%

0%

1%

31%

22%

2%

24%

35%

44%

4%

30%

45%

22%

0%

25%

13%

17%9%12%9%9%19%25%

Table 3.5: Average distribution of grid disturbances per cause during 2010–2019 in each Nordic country and Estonia and during 2012–
2019 in Latvia and Lithuania.

Regions Country Lightning

Other
environmental

causes
External

influences
Operation and
maintenance

Technical
equipment Other Unknown

Baltic Estonia

Latvia

Lithuania

Total

Nordic Denmark

Finland

Iceland

Norway

Sweden

Total

Grand Total

22%

35%

19%

15%

11%

13%

10%

10%

13%

7%

9%

19%

11%

7%

7%

15%

16%

24%

24%

7%

17%

4%

22%

22%

10%

9%

10%

11%

18%

25%

4%

2%

20%

13%

13%

11%

10%

27%

16%

11%

12%

14%

18%

15%

4%

18%

9%

8%

13%

12%

6%

18%

2%

2%

2%

2%

1%

21%

21%

4%

33%

38%

30%

9%

26%

36%

20%

3%

23%

10%

19%12%12%9%6%20%22%
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Table 3.6: Percentage distribution of grid disturbances causing ENS per cause in 2019 in each Nordic and Baltic country.

Regions Country Lightning

Other
environmental

causes
External

influences
Operation and
maintenance

Technical
equipment Other Unknown

Baltic Estonia

Latvia

Lithuania

Total

Nordic Denmark

Finland

Iceland

Norway

Sweden

Total

Grand Total

11%

5%

0%

22%

11%

5%

10%

17%

26%

21%

0%

44%

17%

21%

10%

17%

30%

47%

50%

0%

6%

0%

30%

0%

0%

0%

0%

0%

22%

21%

4%

6%

70%

0%

7%

5%

7%

28%

5%

0%

16%

14%

29%

0%

8%

25%

11%

8%

21%

6%

5%

50%

2%

3%

1%

0%

3%

0%

8%

1%

11%

61%

5%

25%

34%

49%

27%

0%

3%

0%

20%7%17%12%6%8%29%

Table 3.7: Average distribution of grid disturbances causing ENS per cause during 2010–2019 in each Nordic country and Estonia and
during 2012–2019 in Latvia and Lithuania.

Regions Country Lightning

Other
environmental

causes
External

influences
Operation and
maintenance

Technical
equipment Other Unknown

Baltic Estonia

Latvia

Lithuania

Total

Nordic Denmark

Finland

Iceland

Norway

Sweden

Total

Grand Total

8%

9%

3%

9%

13%

4%

5%

20%

18%

14%

15%

21%

23%

22%

19%

26%

21%

37%

27%

11%

13%

9%

30%

8%

3%

5%

1%

4%

21%

27%

3%

1%

34%

7%

10%

7%

12%

20%

13%

13%

12%

12%

15%

15%

8%

24%

12%

10%

17%

13%

9%

43%

2%

2%

2%

2%

3%

1%

15%

2%

28%

45%

17%

7%

28%

39%

23%

3%

17%

4%

19%11%13%14%5%14%24%
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4 Energy not supplied (ENS)

This chapter presents energy not supplied (ENS) caused by
faults and disturbances in the Nordic and Baltic power sys-
tems. The presentation includes the amount of ENS in 2019
and the average during 2010–2019. Furthermore, ENS has
been compared with consumption and line length in Sec-
tion 4.2, distributed per month in Section 4.3, distributed
per cause in Section 4.4, divided according to voltage level in
Section 4.5 and finally examined at component level in Sec-
tion 4.6.

Energy not supplied is defined as:

“The estimated energy, which would have been
supplied to end-users if no interruption and no
transmission restrictions had occurred” [2].

One should remember that the amount of ENS is always an
estimation and its accuracy, as well as calculation method,
varies between companies, as described in Appendix A.

4.1 Overview of energy not supplied (ENS)

Table 4.1 shows the amount of energy not supplied in 2019
and the annual average for the period 2010–2019. It should
benoted that this table includesENScausedby faults outside
the statistical area of each country. Therefore, the amount of
ENS in Table 4.1 may be higher than elsewhere in this report.

Table 4.1: Energy not supplied (ENS) due to faults in each Nordic
and Baltic country in 2019 and the annual average for the period
2010–2019. The ENS also includes ENS caused by faults outside
the TSO’s statistical area.

ENS (MWh)
Country 2019 2010–2019

Estonia 266.2 192.8
Latvia2 21.0 78.7
Lithuania2 52.4 41.5

Baltic total 339.6 313.0

Denmark 13.8 27.1
Finland 351.7 358.3
Iceland 1749.4 1044.1
Norway 854.0 3463.4
Sweden1 1649.5 1649.7

Nordic total 4618.4 6542.5

Nordic & Baltic total 4958.0 6855.6
1 One Swedish regional grid delivered incomplete data in 2012. The de-
tails of the origin of the fault were not reported, thus leaving 750 MWh
of ENS missing from that year.

2 The average values of Latvia and Lithuania use the period 2012–2019.
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4.2 Energy not supplied and total consumption

Table 4.2 shows the energy not supplied normalised by the
electricity consumption in each Nordic and Baltic coun-
try. Ppm (parts per million) represents ENS as a propor-
tional value of the consumed energy, which is calculated
as ENS/consumption × 106. The value of ENS is the total
amount of ENS caused by all faults, that is, faults inside the
statistical area and faults from outside the own grid that af-
fect the own network.

Figure 4.1 presents the 5-year moving average of ENS scaled
by consumption since 1995 in the Nordic countries, since
2007 in Estonia and since 2012 in Latvia and Lithuania. The
total line length is the sum of the lengths of overhead lines
and cables. All voltage level ranges have been included, that
is 100–150 kV, 220–330 kV and 380–420 kV.

One should note that there is a considerable annual variance
due to occasional events, such as storms. These events have
a significant effect on each country’s yearly statistics.

Table 4.2: Consumption and energy not supplied (ENS) due to
faults in each Nordic and Baltic country in 2019 and the average
for the period 2010–2019. The ENS value is the total amount of
ENS caused by all faults, that is, faults inside the statistical area
and faults from outside the own grid that impact the other statisti-
cal area.

Consumption ENS ENS / consumption
(TWh) (MWh) (ppm)

Country 2019 2019 2019 2010–2019

Estonia 8.6 266.2 30.8 24.3
Latvia1 7.3 21.0 2.9 11.1
Lithuania1 12.2 52.4 4.3 3.9

Baltic total 28.1 339.6 12.1 12.2

Denmark 34.3 13.8 0.4 0.8
Finland 86.2 351.7 4.1 4.2
Iceland 18.4 1749.4 95.3 58.4
Norway 133.5 854.0 6.4 26.7
Sweden 138.3 1649.5 11.9 11.8

Nordic total 410.6 4618.4 11.2 16.1

Nordic & Baltic total 438.7 4958.0 11.3 15.9

1 The average values of Latvia and Lithuania use the period 2012–2019.
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Figure 4.1: 5-year moving average amount of ENS divided per consumption (ppm) since 2000 in the Nordic countries, since 2007 in
Estonia and since 2012 in Latvia and Lithuania. Denmark’s low values are a result of various elements such as having a meshed grid
and compared to the other Nordic countries, a mild climate. Iceland’s high values are a result of power intensive industries that cause
substantial amounts of ENS even during short interruptions. The unusually high ENS divided by consumption during 2011–2015 in
Norway was caused by extreme weather conditions in December 2011 (aka the storm named Dagmar).
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4.3 Energy not supplied distributed per month

This section presents energy not supplied (ENS) distributed
per month. Table 4.3 shows the distribution of energy not
supplied per month for the year 2019 in each Nordic and
Baltic country. Table 4.4 presents the respective average val-

ues during 2010–2019 in the Nordic countries and Estonia
during 2012–2019 in Latvia and Lithuania. All voltage level
ranges have been included, that is 100–150 kV, 220–330 kV
and 380–420 kV.

Table 4.3: Percentage distribution of ENS per month in 2019 in each Nordic and Baltic country.

Regions Country Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Baltic Estonia

Latvia

Lithuania

Total

Nordic Denmark

Finland

Iceland

Norway

Sweden

Total

Grand Total

1%

2%

5%

0%

1%

3%

0%

1%

38%

0%

65%

44%

18%

0%

9%

22%

1%

0%

12%

0%

7%

47%

1%

0%

1%

2%

0%

1%

11%

2%

3%

13%

3%

12%

0%

1%

5%

29%

3%

0%

0%

2%

0%

0%

14%

0%

2%

18%

38%

2%

4%

95%

7%

0%

1%

2%

3%

0%

0%

0%

3%

6%

4%

0%

0%

0%

3%

7%

3%

0%

1%

0%

15%

26%

1%

0%

78%

0%

12%

17%

32%

0%

0%

15%

4%

4%

12%

1%

0%

19%

1%

1%

1%

0%

2%

0%

2%

1%

3%

1%

2%

31%

4%

6%

1%

3%

0%

3%

6%

14%

5%

0%

4%

0%

11%

14%

30%

1%

5%

32%

35%1%5%4%14%12%4%1%2%4%6%11%

Table 4.4: Average percentage distribution of ENS per month during 2010–2019 in each Nordic country and Estonia and during 2012–2019
in Latvia and Lithuania.

Regions Country Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Baltic Estonia

Latvia

Lithuania

Total

Nordic Denmark

Finland

Iceland

Norway

Sweden

Total

Grand Total

27%

3%

6%

38%

9%

1%

5%

11%

21%

11%

45%

14%

5%

2%

9%

5%

7%

7%

11%

6%

9%

20%

10%

6%

6%

26%

5%

3%

5%

6%

4%

5%

2%

6%

0%

2%

3%

6%

2%

2%

3%

8%

0%

3%

4%

3%

2%

4%

25%

7%

35%

23%

14%

10%

4%

5%

4%

4%

8%

4%

4%

10%

1%

4%

3%

34%

3%

5%

1%

4%

15%

0%

5%

13%

2%

0%

14%

4%

9%

25%

2%

3%

13%

1%

7%

12%

5%

5%

6%

5%

2%

5%

1%

3%

2%

9%

3%

5%

3%

2%

4%

2%

18%

3%

30%

5%

9%

7%

7%

6%

8%

9%

5%

16%

12%

5%

8%

37%

7%

8%

25%5%5%3%5%9%7%3%3%17%7%11%
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4.4 Energy not supplied distributed per cause

This section presents energy not supplied (ENS) due to faults,
distributed per cause. The cause of a fault is determined as
the cause with the most significant impact. The used cause
categories are lightning, other environmental causes, exter-
nal influences, operation and maintenance, technical equip-
ment, other and unknown. The fault categories used are ex-
plained in more detail in Section 1.4.1.

Table 4.5 presents the distribution of energy not supplied
per cause in 2019 in each Nordic and Baltic country. Ta-
ble 4.6 shows the respective average values during 2010–2019
in theNordic countries and Estonia and during 2012–2019 in
Latvia and Lithuania. All voltage level ranges have been in-
cluded, that is 100–150 kV, 220–330 kV and 380–420 kV.

Table 4.5: Percentage distribution of ENS per cause in 2019 in each Nordic and Baltic country.

Regions Country Lightning

Other
environmental

causes
External

influences
Operation and
maintenance

Technical
equipment Other Unknown

Baltic Estonia

Latvia

Lithuania

Total

Nordic Denmark

Finland

Iceland

Norway

Sweden

Total

Grand Total

1%

1%

0%

1%

15%

3%

0%

19%

63%

13%

3%

77%

11%

50%

20%

3%

5%

34%

3%

0%

5%

0%

74%

0%

0%

0%

0%

0%

9%

21%

3%

0%

12%

0%

12%

22%

10%

5%

1%

15%

27%

22%

68%

0%

84%

31%

3%

4%

5%

1%

0%

22%

0%

0%

0%

0%

0%

0%

38%

0%

11%

95%

3%

32%

11%

30%

2%

0%

0%

0%

9%12%29%3%1%36%10%

Table 4.6: Average percentage distribution of ENS per cause during 2010–2019 in each Nordic country and Estonia and during 2012–
2019 in Latvia and Lithuania. The reason of Sweden having more disturbances and ENS due to unknown causes is that if the cause of a
disturbance is not 100 % certain, which might be the case with lightning, it is reported as an unknown cause as explained in Appendix B.

Regions Country Lightning

Other
environmental

causes
External

influences
Operation and
maintenance

Technical
equipment Other Unknown

Baltic Estonia

Latvia

Lithuania

Total

Nordic Denmark

Finland

Iceland

Norway

Sweden

Total

Grand Total

2%

2%

1%

2%

17%

4%

0%

24%

30%

31%

10%

36%

12%

14%

23%

8%

23%

34%

15%

23%

15%

14%

51%

4%

2%

1%

0%

3%

6%

19%

2%

0%

8%

4%

12%

8%

12%

18%

19%

7%

17%

27%

13%

13%

26%

31%

8%

9%

5%

14%

9%

49%

2%

7%

0%

1%

4%

0%

44%

1%

65%

52%

26%

9%

10%

29%

3%

2%

8%

1%

6%12%18%8%3%43%10%
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4.5 Energy not supplied per voltage level

This section presents energy not supplied (ENS) per voltage
level, that is, 100–150 kV, 220–330 kV and 380–420 kV. Ta-
ble 4.7 shows the amount of energy not supplied and its dis-
tribution per voltage level. The voltage level of a disturbance
is determined by the voltage level of its primary fault.

Table 4.8 presents the energy not supplied per the different
voltage levels in 2019, and Table 4.9 summarises the energy
not supplied per the different voltage levels during 2010–
2019. The values only account for faults and the caused
ENS inside each country’s statistical area. Therefore, the pre-
sented values may differ to the values in Table 4.7.

Table 4.7: Energy not supplied (ENS) in each Nordic and Baltic country in 2019 and the average during 2010–2019. Furthermore, the
percentage distribution of ENS per voltage level for 2010–2019 is shown. The voltage level is determined by the voltage level of each
individual fault. It should be noted, that the ENS in this table includes ENS caused by faults outside the TSO’s statistical area. This table
is therefore not directly comparable to Table 4.9. The percentages may slightly deviate from 100 % due to rounding.

ENS (MWh) ENS per voltage level for 2010–2019

Country 2019 2010–2019 100–150 kV 220–330 kV 380–420 kV Other1

Estonia 266.2 192.8 76 % 2 % 0 % 21 %
Latvia2 21.0 78.7 97 % 3 % 0 % 0 %
Lithuania2 52.4 41.5 96 % 3 % 0 % 2 %

Baltic total 339.6 313.0 84 % 3 % 0 % 14 %

Denmark 13.8 27.1 94 % 0 % 0 % 6 %
Finland 351.7 358.3 86 % 1 % 3 % 10 %
Iceland 1749.4 1044.1 33 % 50 % 0 % 16 %
Norway 854.0 3463.4 33 % 8 % 59 % 0 %
Sweden 1649.5 1649.7 81 % 9 % 3 % 7 %

Nordic total 4618.4 6542.5 48 % 15 % 32 % 5 %

Nordic & Baltic total 4958.0 6855.6 50 % 14 % 30 % 6 %
1 The category Other contains energy not supplied from, for example, system faults, auxiliary equipment, lower voltage level networks and connections
to foreign countries. Additionally, it is not included in the total ENS. Instead, it shows the degree of effect from the outside grid to the 100–420 kV
grid. This category is described further in the guidelines [2].

2 The average values of Latvia and Lithuania use the period 2012–2019.

Table 4.8: Percentage distribution of energy not supplied (ENS)
per voltage level in 2019 in each Nordic and Baltic country. It
should be noted, that the ENS in this figure only includes ENS
caused by faults inside the TSO’s statistical area.

100–
150 kV

220–
330 kV

380–
420 kV

Baltic Estonia

Latvia

Lithuania

Total

Nordic Denmark

Finland

Iceland

Norway

Sweden

Total

Grand Total

0%

0%

0%

0%

12%

0%

0%

17%

88%

100%

100%

83%

0%

0%

1%

0%

0%

0%

12%

1%

38%

12%

0%

0%

87%

99%

60%

88%

100%

100%

0%12%87%

Table 4.9: Average percentage distribution of Energy not supplied
per voltage level during 2010–2019 in the Nordic countries and
Estonia and during 2012–2019 in Latvia and Lithuania. It should
be noted, that the ENS in this figure only includes ENS caused by
faults inside the TSO’s statistical area.

100–
150 kV

220–
330 kV

380–
420 kV

Baltic Estonia

Latvia

Lithuania

Total

Nordic Denmark

Finland

Iceland

Norway

Sweden

Total

Grand Total

0%

0%

0%

0%

3%

2%

3%

3%

97%

98%

97%

97%

33%

3%

59%

0%

3%

0%

16%

10%

8%

60%

1%

0%

51%

87%

33%

40%

95%

100%

32%15%53%
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4.6 Energy not supplied distributed per component

Table 4.10 presents the distribution of energy not supplied
per installation. The sum of the ENS divided per installation
may not be exactly 100 % because all the ENS is not always
connected with a cause. Table 4.11 shows the distribution
of energy not supplied per component in each Nordic and

Baltic country in 2019, and Table 4.12 shows the respective
average values for the period 2010–2019 for the Nordic coun-
tries and Estonia and the period 2012–2019 for Latvia and
Lithuania.

Table 4.10: Energy not supplied (ENS) due to faults in each Nordic and Baltic country in 2019 and the 10-year average for 2010–2019 in
the Nordic countries and Estonia and for 2012–2019 in Latvia and Lithuania. Additionally, ENS divided by installation type is presented
for the Nordic countries and Estonia for the period 2010–2019 and for the period 2012–2019 for Latvia and Lithuania. It should be noted,
that the sum of the ENS divided per installation may not be exactly 100 % because all the ENS is not always connected with a cause.
Furthermore, some countries register the total amount of energy not supplied in a disturbance in terms of the primary fault. Therefore,
the data is not necessarily comparable. The ENS in this table includes ENS caused by faults outside the TSOs statistical area.

ENS (MWh) ENS per installation for 2010–2019

2010– Substation Compensation
Country 2019 2019 Lines components devices Other

Estonia 266.2 192.8 52 % 24 % 2 % 22 %
Latvia1 21.0 78.7 65 % 35 % 0 % 0 %
Lithuania1 52.4 41.5 49 % 50 % 0 % 2 %

Baltic total 339.6 313.0 55 % 30 % 1 % 14 %

Denmark 13.8 27.1 3 % 91 % 1 % 6 %
Finland 351.7 358.3 63 % 26 % 1 % 10 %
Iceland 1749.4 1044.1 16 % 66 % 0 % 18 %
Norway 854.0 3463.4 71 % 29 % 0 % 0 %
Sweden 1649.5 1649.7 47 % 45 % 1 % 7 %

Nordic total 4618.4 6542.5 55 % 39 % 0 % 5 %

Nordic & Baltic total 4958.0 6855.6 55 % 39 % 0 % 6 %
1 The average values of Latvia and Lithuania use the period 2012–2019.
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5 Secondary faults and disturbances with multiple
faults

This chapter presents statistics about secondary faults, that
is, faults that originate from primary faults. A term that
closely relates to secondary faults is disturbances with mul-
tiple faults. A disturbance withmultiple faults occurs when a
disturbance has one or more secondary faults. The probabil-
ity of a disturbancehavingmore thanone fault is significantly
smaller than a disturbance having only one fault. However,
these disturbances have a chance to cause more ENS partly
because the main grids are designed to withstand a single
fault without degrading the performance. It may, therefore,
be valuable to register and analyse secondary faults sepa-

rately.

Section 5.1 gives an overview of secondary faults, and Sec-
tion 5.2 presents secondary faults and their produced ENS
distributed per cause.

It should be noted that this chapter is still new to this report
and therefore, under development. Thus, only data for 2019
is presented as there is not enough historical data available.
Average values and trend curves are shownwhen a sufficient
amount of data about secondary faults has been collected.

5.1 Overview of secondary faults

Table 5.1 presents the number of faults, faults causing energy
not supplied (ENS), total ENS (MWh) and the number of sec-
ondary faults and amount of ENS (MWh) caused by them in
2019 in each Nordic and Baltic country.

As can be seen, the number of secondary faults and faults
with ENS is significantly smaller than the total number of
faults. Slightly more than 7 % of all faults were secondary
faults, and they caused approximately 2 % of the entire
Nordic and Baltic ENS in 2019.

Table 5.1: The number of faults, faults causing ENS, total ENS (MWh) and the number of secondary faults and amount of ENS (MWh)
caused by them in 2019 in each Nordic and Baltic country.

Faults in 2019 Secondary faults in 2019

Country Number causing ENS ENS (MWh) Number ENS (MWh)

Estonia 148 17 266.2 7 0.1
Latvia 154 11 21.0 23 2.2
Lithuania 165 19 52.4 18 0.5

Baltic total 467 47 339.6 48 2.8

Denmark 60 6 13.8 6 4.7
Finland 401 37 351.7 6 12.6
Iceland 77 18 1749.4 26 0.2
Norway 299 74 854.0 26 71.3
Sweden 426 154 1649.5 14 8.4

Nordic total 1263 289 4618.4 78 97.3

Nordic & Baltic total 1730 336 4958.0 126 100.0
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5.2 Secondary faults and their ENS distributed per cause

Table 5.2 presents the percentage distribution of secondary
faults per cause in 2019. Table 5.3 shows the percentage dis-
tribution of energy not supplied (ENS), caused by secondary
faults, per cause in 2019.

As can be seen, the dominating causes of secondary faults
were other causes and technical equipment in the Nordic
countries. In contrast, technical equipment and operation

and maintenance were the dominating causes in the Baltic
countries. The dominating cause of ENS due to secondary
faults were other causes in the Nordic countries and opera-
tion andmaintenance in the Baltic countries. However, ENS
due to secondary faults was minimal compared to the total
amount of ENS in the Nordic and Baltic countries, as men-
tioned in Section 5.1.

Table 5.2: Percentage distribution of secondary faults per cause in the Nordic and Baltic countries in 2019.

Lightning

Other
environmental

causes
External

influences
Operation and
maintenance

Technical
equipment Other Unknown

Baltic Estonia

Latvia

Lithuania

Total

Nordic Denmark

Finland

Iceland

Norway

Sweden

Total

Grand Total

10%

28%

0%

0%

10%

17%

0%

29%

46%

11%

74%

43%

27%

39%

26%

0%

0%

0%

0%

0%

4%

0%

0%

29%

2%

6%

0%

0%

8%

29%

8%

0%

0%

0%

31%

14%

4%

69%

17%

33%

21%

29%

42%

0%

17%

0%

18%

14%

23%

0%

33%

67%

1%

0%

0%

0%

17%

0%

13%

0%

4%

31%

17%

0%

9%

14%

19%

0%

0%

0%

9%23%30%21%1%10%6%

Report year
2019

Table 5.3: Percentage distribution of ENS caused by secondary faults per cause in the Nordic and Baltic countries in 2019.

Lightning

Other
environmental

causes
External

influences
Operation and
maintenance

Technical
equipment Other Unknown

Baltic Estonia

Latvia

Lithuania

Total

Nordic Denmark

Finland

Iceland

Norway

Sweden

Total

Grand Total

0%

0%

0%

0%

19%

100%

0%

0%

23%

0%

25%

100%

58%

0%

75%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

8%

98%

0%

0%

0%

0%

73%

0%

96%

100%

2%

45%

7%

2%

0%

0%

54%

0%

6%

0%

4%

0%

0%

55%

0%

0%

0%

0%

0%

0%

6%

0%

0%

0%

44%

0%

0%

0%

0%

0%

0%

0%

8%71%8%7%0%5%0%

24 | Nordic and Baltic Grid Disturbance Statistics 2019



Chapter 6. Faults in power system components
European Network of

Transmission System Operators
for Electricity

6 Faults in power system components

This chapter presents an overview of all faults in the Nordic
and Baltic transmission network. Furthermore, faults for
each type of power system component are shown. It should
be noted that the grid in each country contains a different
set of elements. Values have been normalised by the length
of overhead line or cable, or the number of installed com-
ponents in each country to allow comparable results. Read-
ers who needmore detailed data should use public statistics
published by the national regulators.

A component fault is defined as:

“The inability of a component to perform its re-
quired function” [2].

A fault in a component implies that the component is not
able to perform its function correctly. The erroneous func-
tionmaybe causedby several reasons, for example, bymanu-

facturing defects or insufficient maintenance. In this report,
the fault cause is defined as the cause that has the most sig-
nificant impact on the fault. The cause categories used in
these statistics are presented in Section 1.4.1. Furthermore,
only faults resulting in a trip are reported.

Section 6.1 gives an overview of all faults, and Section 6.2
shows faults per cause category. Section 6.3 to Section 6.8
present a detailed view, along with fault trends, of cables,
overhead lines, circuit breakers, control equipment, and in-
strumental and power transformers. Lastly, short statistics
of compensation devices are shown in Section 6.9.

It should be noted that all countries do not own every single
kind of power system component. Therefore, some figures
may bemissing values. If this is the case, it is informed about
in the caption of the respective figure.

6.1 Overview of faults

This chapter presents an overview of faults in the Nordic and
Baltic countries. The summary compares faults separately
with ENS and disturbances. Finally, the percentage distribu-
tion of faults per component type is shown.

One should take note of both the causes and consequences
of the fault when analysing the fault frequencies of different
devices. Furthermore, it should be noted that all countries
do not have every type of equipment in their network. For
example, static VAR compensators (SVCs) or STATCOM in-
stallations do not exist in every country. The distribution of
the number of components can also vary from country to
country, so one should be carefulwhen comparing countries.
Note that statistics also include faults that begin outside the
voltage range of the statistics (typically from networks with

voltages lower than 100 kV) but still influence the statistical
area.

Table 6.1 presents the number of faults and the amount of
ENS caused by them in 2019 and the average during 2010–
2019 for each Nordic and Baltic country. Table 6.2 shows the
number of faults and disturbances and the 10-year average
faults to disturbance ratio.

Table 6.3 shows the distribution of faults per component in
each Nordic and Baltic country in 2019, and Table 6.4 shows
the respective average values for the period 2010–2019 for
the Nordic countries and Estonia and the period 2012–2019
for Latvia and Lithuania. The component groups used in
these statistics are further described in the guidelines [2].
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Table 6.1: Number of faults and amount of energy not supplied (ENS) in 2019 and their averages during 2010–2019.

Number of faults ENS (MWh)

Country 2019 2010–2019 2019 2010–2019

Estonia 148 204.5 266.2 192.8
Latvia1 154 153.0 21.0 78.7
Lithuania1 165 169.2 52.4 41.5

Baltic total 467 526.8 339.6 313.0

Denmark 60 63.2 13.8 27.1
Finland 401 460.3 351.7 358.3
Iceland 77 53.5 1749.4 1044.1
Norway 299 341.5 854.0 3463.4
Sweden 426 490.7 1649.5 1649.7

Nordic total 1263 1409.2 4618.4 6542.5

Nordic & Baltic total 1730 1936.0 4958.0 6855.6
1 The average values of Latvia and Lithuania use the period 2012–2019.

Table 6.2: Number of faults and grid disturbances in 2019 and the average during 2010–2019. Additionally, the average ratio between
faults and disturbances is shown.

Number of faults Disturbances Ratio

Country 2019 2010–2019 2019 2010–2019 2010–2019

Estonia 148 204.5 138 199.4 1.0
Latvia1 154 153.0 131 138.9 1.1
Lithuania1 165 169.2 147 156.9 1.1

Baltic total 467 526.8 416 495.2 1.1

Denmark 60 63.2 54 55.9 1.1
Finland 401 460.3 395 440.1 1.0
Iceland 77 53.5 51 37.1 1.4
Norway 299 341.5 273 297.3 1.1
Sweden 426 490.7 412 475.8 1.0

Nordic total 1263 1409.2 1185 1306.2 1.1

Nordic & Baltic total 1730 1936.0 1601 1801.4 1.1
1 The average values of Latvia and Lithuania use the period 2012–2019.
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6.2 Faults distributed per cause

This chapter presents faults according to cause, with the
cause of a fault defined as the cause with the most impact.
The used cause categories are lightning, other environmen-
tal causes, external influences, operation and maintenance,
technical equipment, other and unknown. The fault cate-
gories are explained in more detail in Section 1.4.1.

Furthermore, each country in these statistics has its own de-
tailed way of gathering data per fault cause, as explained in
Appendix B. The guidelines [2] describe the relations be-
tween the exact fault causes and themutual cause allocation.

Table 6.5 presents faults per cause the year 2019 for each
Nordic and Baltic country. Table 6.6 shows the respective
average values for the period 2010–2019 in the Nordic coun-
tries andEstonia andduring 2012–2019 in Latvia andLithua-
nia. All voltage level ranges have been included, that is 100–
150 kV, 220–330 kV and 380–420 kV.

Many faults caused by unknown reasons probably have their
real cause in the categories other environmental cause and
lightning.

Table 6.5: Percentage distribution of faults per cause in 2019 in each Nordic and Baltic country.

Regions Country Lightning

Other
environmental

causes
External

influences
Operation and
maintenance

Technical
equipment Other Unknown

Baltic Estonia

Latvia

Lithuania

Total

Nordic Denmark

Finland

Iceland

Norway

Sweden

Total

Grand Total

17%

20%

19%

11%

13%

16%

10%

15%

16%

8%

13%

28%

11%

12%

10%

11%

23%

32%

19%

18%

7%

1%

20%

1%

12%

12%

9%

16%

15%

23%

7%

0%

15%

7%

13%

14%

7%

61%

5%

15%

12%

14%

24%

0%

3%

20%

9%

5%

15%

5%

8%

15%

3%

2%

3%

0%

1%

28%

22%

2%

22%

34%

43%

3%

27%

41%

22%

0%

25%

12%

15%13%13%9%8%18%23%

Report year
2019

Table 6.6: Average distribution of faults per cause during 2010–2019 in each Nordic country and Estonia and during 2012–2019 in Latvia
and Lithuania.

Regions Country Lightning

Other
environmental

causes
External

influences
Operation and
maintenance

Technical
equipment Other Unknown

Baltic Estonia

Latvia

Lithuania

Total

Nordic Denmark

Finland

Iceland

Norway

Sweden

Total

Grand Total

22%

35%

18%

15%

11%

13%

10%

10%

14%

8%

12%

20%

12%

9%

10%

16%

15%

22%

21%

6%

16%

3%

20%

22%

10%

9%

9%

11%

17%

24%

4%

0%

20%

12%

14%

13%

11%

41%

16%

12%

13%

15%

19%

16%

5%

17%

10%

8%

15%

9%

7%

20%

2%

2%

2%

1%

1%

19%

20%

4%

31%

32%

29%

9%

24%

35%

19%

2%

22%

10%

18%13%13%10%5%19%21%
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Table 6.7 presents faults that caused ENS distributed by its
cause for the year 2019. Table 6.8 shows the respective av-
erage values during 2010–2019 in the Nordic countries and

Estonia and during 2012–2019 in Latvia and Lithuania. All
voltage level ranges have been included, that is 100–150 kV,
220–330 kV and 380–420 kV.

Table 6.7: Percentage distribution of faults causing ENS per cause in 2019 in each Nordic and Baltic country.

Regions Country Lightning

Other
environmental

causes
External

influences
Operation and
maintenance

Technical
equipment Other Unknown

Baltic Estonia

Latvia

Lithuania

Total

Nordic Denmark

Finland

Iceland

Norway

Sweden

Total

Grand Total

11%

5%

0%

24%

11%

11%

0%

18%

28%

21%

18%

41%

21%

16%

36%

18%

23%

47%

18%

0%

6%

0%

27%

0%

0%

0%

0%

0%

19%

17%

4%

0%

70%

0%

15%

17%

8%

33%

8%

17%

15%

12%

28%

0%

11%

17%

11%

8%

20%

6%

5%

50%

2%

3%

1%

0%

0%

0%

8%

1%

11%

61%

5%

17%

30%

44%

27%

0%

0%

0%

18%14%17%13%5%8%26%

Table 6.8: Average distribution of faults causing ENS per cause during 2010–2019 in each Nordic country and Estonia and during
2012–2019 in Latvia and Lithuania.

Regions Country Lightning

Other
environmental

causes
External

influences
Operation and
maintenance

Technical
equipment Other Unknown

Baltic Estonia

Latvia

Lithuania

Total

Nordic Denmark

Finland

Iceland

Norway

Sweden

Total

Grand Total

8%

8%

4%

9%

12%

6%

2%

20%

21%

16%

26%

21%

27%

23%

30%

27%

18%

36%

15%

11%

12%

9%

23%

8%

3%

3%

1%

4%

20%

26%

3%

0%

33%

6%

13%

10%

13%

25%

14%

17%

13%

14%

15%

16%

8%

24%

13%

10%

19%

12%

12%

41%

2%

2%

2%

1%

3%

1%

13%

2%

26%

43%

15%

6%

25%

36%

22%

3%

15%

4%

18%12%14%15%4%13%22%
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6.3 Faults in cables
This section presents cable faults in 2019 and for 2010–2019
at the voltage levels 100–150 kV, 220–330 kV and 380–420 kV.

Table 6.9 presents the installed length of cables in kilome-
tres, the number of faults, and the 10-year average number
of faults in 2019. Table 6.10 presents additionally the num-
ber of faults per 100 km of cable in 2019 and the average for
2010–2019.

Table 6.11 shows the percentage distribution of faults per
cause in 2019. Table 6.12 presents the respective average val-
ues for the period 2010–2019 in the Nordic countries and
Estonia and for 2012–2019 in Latvia and Lithuania. The

used causes are lightning, other environmental causes, exter-
nal influences, operation and maintenance, technical equip-
ment, other and unknown. The fault categories used are ex-
plained inmoredetail in Section 1.4.1. All voltage level ranges
have been included, that is 100–150 kV, 220–330 kV and 380–
420 kV.

Figure 6.1, Figure 6.2 and Figure 6.3 present the 5-year mov-
ing average of 100–150 kV, 220–330 kV and 380–420 kV cable
faults per 100 km in each Nordic and Baltic country. Trend
curves are used to filter out the annual deviation and make
it easier to follow on trends and decide on whether actions
have to be taken in the future.

Table 6.9: Length of line and number of cable faults, separated by voltage level, in each Nordic and Baltic country in 2019. The average
number of faults is presented for 2010–2019 for the Nordic countries and Estonia and for 2012–2019 for Latvia and Lithuania.

Regions Country

100–150 kV

km
Number
of faults

10-year
average
# faults

220–330 kV

km
Number
of faults

10-year
average
# faults

380–420 kV

km
Number
of faults

10-year
average
# faults

Baltic Estonia

Latvia

Lithuania

Total

Nordic Denmark

Finland

Iceland

Norway

Sweden

Total

Grand Total

 0.4

 0.1

 0.1

 0.2

 0

 0

 0

 0

 254

 93

 82

 78

 0.1

 0.0

 0.1

 0.0

 0

 0

 0

 0

 18

 0

 17

 0

 0.0

 0.0

 0.0

 0.0

 0

 0

 0

 0

 0

 0

 0

 0

 5.1

 1.1

 1.8

 0.1

 0.6

 1.5

 7

 0

 3

 0

 1

 3

2 666

 481

 422

 90

 10

1 663

 1.7

 1.4

 0.0

 0.0

 0.0

 0.3

 1

 0

 0

 0

 0

 1

 568

 139

 98

 0

 0

 331

 1.2

 0.4

 0.7

 0.0

 0.0

 0.1

 4

 0

 4

 0

 0

 0

 243

 14

 25

 0

 0

 204

 5.4 72 920  1.8 1 585  1.2 4 243

Components
Adjoining grid
Busbars
Cables
Circuit breakers
Common ancillary equipment
Control equipment
Disconnectors and earth con..
Ignored
Instrumental transformers
Other high voltage appliances
Overhead lines
Power transformers
Reactors
Series capacitors
Shunt capacitors
Surge arresters and spark ga..
SVC and statcom
Synchronous compensators
System faults
Unknown

Table 6.10: Number of cable faults, length of cable (in km) and the number of faults per 100 km cable in 2019, grouped by voltage level.
Furthermore, the 10-year average number of faults per 100 km of cable is presented for 2010–2019 for the Nordic countries and Estonia
and for 2012–2019 for Latvia and Lithuania.

Regions Country

100–150 kV

Number
of faults km

# faults
/ 100 km

10-yr avg
# faults

/ 100 km

220–330 kV

Number
of faults km

# faults
/ 100 km

10-yr avg
# faults

/ 100 km

380–420 kV

Number
of faults km

# faults
/ 100 km

10-yr avg
# faults

/ 100 km
Baltic Estonia

Latvia

Lithuania

Total

Nordic Denmark

Finland

Iceland

Norway

Sweden

Total

Grand Total

 0.39

 0.32

 0.17

 0.69

 0.00

 0.00

 0.00

 0.00

 254

 93

 82

 78

 0

 0

 0

 0

 0.88

 0.00

 0.89

 0.00

 0.00

 0.00

 0.00

 0.00

 18

 0

 17

 0

 0

 0

 0

 0

 0.00

 0.00

 0.00

 0.00

 0.00

 0.00

 0.00

 0.00

 0

 0

 0

 0

 0

 0

 0

 0

 0.47

 0.56

 1.24

 0.09

 0.57

 0.26

 0.26

 0.00

 0.71

 0.00

 10.00

 0.18

2 666

 481

 422

 90

 10

1 663

 7

 0

 3

 0

 1

 3

 0.57

 1.26

 0.00

 0.00

 0.00

 0.29

 0.18

 0.00

 0.00

 0.00

 0.00

 0.30

 568

 139

 98

 0

 0

 331

 1

 0

 0

 0

 0

 1

 0.75

 3.75

 2.80

 0.00

 0.00

 0.08

 1.64

 0.00

 16.00

 0.00

 0.00

 0.00

 243

 14

 25

 0

 0

 204

 4

 0

 4

 0

 0

 0

 0.46 0.242 920 7  0.58 0.17 585 1  0.75 1.64 243 4
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Table 6.11: Percentage distribution of cable faults per cause in the Nordic and Baltic countries in 2019. All voltage level ranges have
been included, that is 100–150 kV, 220–330 kV and 380–420 kV.

Regions Country Lightning

Other
environmental

causes
External

influences
Operation and
maintenance

Technical
equipment Other Unknown

Baltic Estonia

Latvia

Lithuania

Total

Nordic Denmark

Finland

Iceland

Norway

Sweden

Total

Grand Total

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

8%

0%

14%

0%

0%

0%

0%

0%

0%

0%

0%

0%

58%

0%

43%

0%

0%

100%

0%

0%

0%

0%

0%

0%

8%

0%

0%

0%

100%

0%

25%

0%

43%

0%

0%

0%

0%

0%

0%

0%

0%

0%

8%0%58%0%8%25%0%

Table 6.12: Average distribution of cable faults per cause for 2010–2019 in each Nordic country and Estonia and for 2012–2019 in Latvia
and Lithuania. All voltage level ranges have been included, that is 100–150 kV, 220–330 kV and 380–420 kV.

Regions Country Lightning

Other
environmental

causes
External

influences
Operation and
maintenance

Technical
equipment Other Unknown

Baltic Estonia

Latvia

Lithuania

Total

Nordic Denmark

Finland

Iceland

Norway

Sweden

Total

Grand Total

0%

0%

0%

0%

0%

0%

0%

0%

63%

50%

100%

50%

0%

0%

0%

0%

38%

50%

0%

50%

0%

0%

0%

0%

0%

0%

0%

0%

12%

20%

9%

0%

17%

3%

9%

2%

19%

0%

25%

0%

54%

66%

35%

0%

25%

74%

10%

5%

7%

100%

25%

12%

6%

2%

5%

0%

8%

12%

7%

0%

23%

0%

0%

0%

2%

5%

2%

0%

0%

0%

11%8%54%9%8%7%2%

32 | Nordic and Baltic Grid Disturbance Statistics 2019



Section 6.3. Faults in cables
European Network of

Transmission System Operators
for Electricity

1999 2001 2003 2005 2007 2009 2011 2013 2015 2017 2019

End year of moving window

0.0
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er 1
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–15
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ge

Country
Denmark

Estonia

Finland

Iceland

Latvia

Lithuania

Norway

Sweden

Average

Components
Adjoining grid
Busbars
Cables
Circuit breakers
Common ancillary equipment
Control equipment
Disconnectors and earth connectors
Ignored
Instrumental transformers
Other high voltage appliances
Overhead lines
Power transformers
Reactors
Series capacitors
Shunt capacitors
Surge arresters and spark gaps
SVC and statcom
Synchronous compensators

Report year
2019

Year of Year_date
1995 to 2019Figure 6.1: 5-year moving average of faults per 100 km 100–

150 kV cable in each Nordic and Baltic country.
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Figure 6.2: 5-year moving average of faults per 100 km 220–
330 kV cable in each Nordic and Baltic country. Estonia, Finland
and Lithuania do not own 220–330 kV cables.
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Figure 6.3: 5-year moving average of faults per 100 km 380–
420 kV cable in each Nordic and Baltic country. Estonia has data
since 2007, and Latvia and Lithuania have data since 2012. Esto-
nia, Finland, Iceland, Latvia and Lithuania do not own 380–420 kV
cables, as can be seen in Table 6.9.
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6.4 Faults on overhead lines
This section presents overhead line faults in 2019 and for
2010–2019 at the voltage levels 100–150 kV, 220–330 kV and
380–420 kV.

Table 6.13 presents the installed length of overhead lines in
kilometres, the number of faults, the 10-year average number
of faults for 2010–2019 and the number of permanent faults
in 2019. Table 6.14 presents additionally the number of faults
per 100 kmof overhead line in 2019 and the average for 2010–
2019.

Table 6.15 shows the percentage distribution of faults per
cause in 2019. Table 6.16 presents the respective average val-
ues for the period 2010–2019 in the Nordic countries and
Estonia and for 2012–2019 in Latvia and Lithuania. The
used causes are lightning, other environmental causes, exter-

nal influences, operation and maintenance, technical equip-
ment, other and unknown. The fault categories used are ex-
plained inmoredetail in Section 1.4.1. All voltage level ranges
have been included, that is 100–150 kV, 220–330 kV and 380–
420 kV.

Figure 6.4, Figure 6.5 and Figure 6.6 present the 5-year mov-
ing average of 100–150 kV, 220–330 kV and 380–420 kV over-
head line faults per 100 km in eachNordic andBaltic country.
Trend curves are used to filter out the annual deviation and
make it easier to follow on trends and decide on whether ac-
tions have to be taken in the future.

Figure 6.7 presents the 5-year moving average of the per-
manent faults to number of faults ratio, for all voltage level
ranges, in each Nordic and Baltic country.

Table 6.13: Length of line (in km) and the number of faults separated by voltage level. The average number of faults is presented for
2010–2019 for the Nordic countries and Estonia and for 2012–2019 for Latvia and Lithuania. Furthermore, the number of permanent
faults in 2019 is shown.

Regions Country

100–150 kV

km
Number of

faults

10-year
average
# faults

Number of
permanent

faults

220–330 kV

km
Number of

faults

10-year
average
# faults

Number of
permanent

faults

380–420 kV

km
Number of

faults

10-year
average
# faults

Number of
permanent

faults

Baltic Estonia

Latvia

Lithuania

Total

Nordic Denmark

Finland

Iceland

Norway

Sweden

Total

Grand Total

 58

 18

 30

 10

 152.9

 50.8

 45.4

 56.8

 239

 88

 89

 62

12 189

4 984

3 790

3 415

 15

 8

 5

 2

 36.8

 12.1

 10.4

 14.3

 35

 13

 13

 9

5 277

1 864

1 535

1 878

 1

 1

 0

 0

 0.6

 0.6

 0.0

 0.0

 1

 1

 0

 0

 103

 103

 0

 0

 60

 15

 14

 2

 28

 1

 355.8

 116.6

 46.5

 7.5

 172.8

 12.5

 613

 184

 79

 11

 312

 27

46 877

14 876

10 736

1 247

17 216

2 802

 5

 2

 0

 2

 1

 0

 88.6

 31.7

 38.1

 3.4

 15.0

 0.4

 74

 37

 22

 4

 11

 0

11 253

3 634

5 355

 919

1 290

 55

 4

 0

 3

 0

 1

 0

 86.3

 37.4

 35.8

 0.0

 10.2

 2.9

 88

 31

 46

 0

 10

 1

20 984

10 938

3 266

 0

5 463

1 317

 118 508.7 85259 066  20 125.4 10916 530  5 86.9 8921 087

Table 6.14: Number of overhead line faults, length of overhead line (in km) and the number of faults per 100 km overhead line in 2019,
grouped by voltage level. Furthermore, the 10-year average number of faults per 100 km of overhead line is presented for 2010–2019
for the Nordic countries and Estonia and for 2012–2019 for Latvia and Lithuania.

Regions Country

100–150 kV

Number
of faults km

# faults
/ 100 km

10-yr avg
# faults

/ 100 km

220–330 kV

Number
of faults km

# faults
/ 100 km

10-yr avg
# faults

/ 100 km

380–420 kV

Number
of faults km

# faults
/ 100 km

10-yr avg
# faults

/ 100 km
Baltic Estonia

Latvia

Lithuania

Total

Nordic Denmark

Finland

Iceland

Norway

Sweden

Total

Grand Total

 2.56

 2.04

 2.38

 3.31

 1.96

 1.77

 2.35

 1.82

12 189

4 984

3 790

3 415

 239

 88

 89

 62

 0.75

 0.69

 0.75

 0.80

 0.66

 0.70

 0.85

 0.48

5 277

1 864

1 535

1 878

 35

 13

 13

 9

 1.22

 1.22

 0.00

 0.00

 0.97

 0.97

 0.00

 0.00

 103

 103

 0

 0

 1

 1

 0

 0

 1.51

 1.54

 0.87

 1.20

 2.06

 0.77

 1.31

 1.24

 0.74

 0.88

 1.81

 0.96

46 877

14 876

10 736

1 247

17 216

2 802

 613

 184

 79

 11

 312

 27

 0.70

 0.79

 0.70

 0.39

 0.69

 0.55

 0.66

 1.02

 0.41

 0.44

 0.85

 0.00

11 253

3 634

5 355

 919

1 290

 55

 74

 37

 22

 4

 11

 0

 0.43

 0.35

 1.21

 0.00

 0.19

 0.23

 0.42

 0.28

 1.41

 0.00

 0.18

 0.08

20 984

10 938

3 266

 0

5 463

1 317

 88

 31

 46

 0

 10

 1

 1.70 1.4459 066 852  0.72 0.6616 530 109  0.43 0.4221 087 89
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Table 6.15: Percentage distribution of overhead line faults per cause in the Nordic and Baltic countries in 2019. All voltage level ranges
have been included, that is 100–150 kV, 220–330 kV and 380–420 kV.

Regions Country Lightning

Other
environmental

causes
External

influences
Operation and
maintenance

Technical
equipment Other Unknown

Baltic Estonia

Latvia

Lithuania

Total

Nordic Denmark

Finland

Iceland

Norway

Sweden

Total

Grand Total

24%

25%

29%

14%

0%

1%

0%

0%

2%

1%

0%

6%

4%

2%

1%

10%

38%

51%

26%

35%

12%

1%

30%

3%

20%

19%

13%

32%

17%

28%

2%

0%

17%

11%

2%

0%

1%

7%

3%

0%

2%

1%

7%

0%

0%

0%

1%

2%

1%

0%

1%

0%

4%

2%

3%

0%

0%

61%

32%

1%

42%

93%

51%

4%

42%

65%

44%

0%

28%

25%

19%1%2%2%13%27%37%

Table 6.16: Average distribution of overhead line faults per cause for 2010–2019 in each Nordic country and Estonia and for 2012–2019
in Latvia and Lithuania. All voltage level ranges have been included, that is 100–150 kV, 220–330 kV and 380–420 kV.

Regions Country Lightning

Other
environmental

causes
External

influences
Operation and
maintenance

Technical
equipment Other Unknown

Baltic Estonia

Latvia

Lithuania

Total

Nordic Denmark

Finland

Iceland

Norway

Sweden

Total

Grand Total

29%

46%

25%

21%

0%

1%

0%

0%

4%

3%

1%

6%

7%

2%

1%

14%

21%

31%

29%

9%

23%

5%

29%

33%

15%

13%

14%

17%

21%

32%

2%

1%

22%

22%

7%

2%

3%

4%

13%

1%

2%

3%

2%

5%

1%

0%

2%

4%

1%

1%

2%

4%

2%

2%

1%

3%

1%

38%

29%

5%

56%

81%

36%

14%

36%

52%

35%

5%

26%

20%

23%5%2%3%7%28%31%

Nordic and Baltic Grid Disturbance Statistics 2019 | 35



European Network of
Transmission System Operators
for Electricity Section 6.4. Faults on overhead lines
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Components
Adjoining grid
Busbars
Cables
Circuit breakers
Common ancillary equipment
Control equipment
Disconnectors and earth connectors
Ignored
Instrumental transformers
Other high voltage appliances
Overhead lines
Power transformers
Reactors
Series capacitors
Shunt capacitors
Surge arresters and spark gaps
SVC and statcom
Synchronous compensators

Report year
2019

Year of Year_date
1995 to 2019Figure 6.4: 5-year moving average of 100–150 kV overhead line

faults per 100 km in each Nordic and Baltic country. Estonia has
data since 2007, and Latvia and Lithuania have data since 2012.
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Figure 6.5: 5-year moving average of 220–330 kV overhead line
faults per 100 km in each Nordic and Baltic country. Estonia has
data since 2007, and Latvia and Lithuania have data since 2012.
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Figure 6.6: 5-year moving average of 380–420 kV overhead line
faults per 100 km in each Nordic and Baltic country. Estonia has
data since 2007, and Latvia and Lithuania have data since 2012.
380–420 kV trend lines are missing for Estonia, Iceland and Latvia
because they do not own overhead lines in the 380–420 kV voltage
range, as can be seen in Table 6.13.
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Figure 6.7: 5-year moving average of the permanent faults to the
number of faults ratio in each Nordic and Baltic country. Estonia
has data since 2007, and Latvia and Lithuania have data since
2012.

36 | Nordic and Baltic Grid Disturbance Statistics 2019



Section 6.5. Faults in circuit breakers
European Network of

Transmission System Operators
for Electricity

6.5 Faults in circuit breakers

This section presents circuit breaker faults in 2019 and dur-
ing 2010–2019 at the voltage levels 100–150 kV, 220–330 kV
and 380–420 kV. Circuit breakers are used to protect the grid
when it is experiencing faults. When functioning correctly,
they isolate a faulty part of the network from the healthy,
thus preventing an outage from spreading further into the
grid. Therefore, it is essential to keep the circuit breakers in
good working condition.

Table 6.17 presents the number of installed circuit breakers,
the number of faults, and the average number of faults for
2010–2019. Table 6.18 presents additionally the number of
faults per 100 devices in 2019 and the average for 2010–2019.

Table 6.19 presents the percentage distribution of faults per
cause in 2019. Table 6.20 presents the respective average val-

ues for the period 2010–2019 in the Nordic countries and
Estonia and during 2012–2019 in Latvia and Lithuania. The
used causes are lightning, other environmental causes, exter-
nal influences, operation and maintenance, technical equip-
ment, other and unknown. The fault categories used are ex-
plained inmoredetail in Section 1.4.1. All voltage level ranges
have been included, that is 100–150 kV, 220–330 kV and 380–
420 kV.

Figure 6.8, Figure 6.9 and Figure 6.10 present the 5-year mov-
ing average of 100–150 kV, 220–330 kV and 380–420 kV cir-
cuit breaker faults per 100 devices in each Nordic and Baltic
country. Trend curves are used to filter out the annual de-
viation and make it easier to follow on trends and decide on
whether actions have to be taken in the future.

Table 6.17: Number of circuit breakers and faults, separated by voltage level, in each Nordic and Baltic country in 2019. The average
number of faults is presented for 2010–2019 for the Nordic countries and Estonia and for 2012–2019 for Latvia and Lithuania.

Regions Country

100–150 kV

Number
of

devices
Number
of faults

10-year
average
# faults

220–330 kV

Number
of

devices
Number
of faults

10-year
average
# faults

380–420 kV

Number
of

devices
Number
of faults

10-year
average
# faults

Baltic Estonia

Latvia

Lithuania

Total

Nordic Denmark

Finland

Iceland

Norway

Sweden

Total

Grand Total

 14.6

 7.1

 2.6

 4.8

 12

 5

 4

 3

2 155

 862

 631

 662

 3.1

 0.8

 0.1

 2.2

 3

 1

 0

 2

 350

 113

 106

 131

 0.1

 0.1

 0.0

 0.0

 1

 1

 0

 0

 5

 5

 0

 0

 21.6

 3.9

 9.1

 2.2

 4.2

 2.2

 14

 3

 6

 4

 1

 0

8 881

2 659

2 491

 125

2 655

 951

 6.1

 1.1

 4.3

 0.7

 0.0

 0.0

 3

 0

 3

 0

 0

 0

1 269

 341

 730

 86

 74

 38

 6.7

 3.5

 2.1

 0.0

 0.6

 0.5

 5

 3

 1

 0

 0

 1

1 682

 640

 453

 0

 365

 224

 36.2 2611 036  9.2 61 619  6.8 61 687

Table 6.18: Number of circuit breakers, faults, and the number of faults per 100 devices in 2019, grouped by voltage level. Furthermore,
the 10-year average number of faults per 100 devices is presented for 2010–2019 for the Nordic countries and Estonia and for 2012–2019
for Latvia and Lithuania.

Regions Country

100–150 kV

Number
of faults

Number
of

devices
# faults /
100 devs

10-yr avg
# faults /
100 devs

220–330 kV

Number
of faults

Number
of devices

# faults /
100 devs

10-yr avg
# faults /
100 devs

380–420 kV

Number
of faults

Number
of

devices
# faults /
100 devs

10-yr avg
# faults /
100 devs

Baltic Estonia

Latvia

Lithuania

Total

Nordic Denmark

Finland

Iceland

Norway

Sweden

Total

Grand Total

 0.72

 0.83

 0.43

 0.83

 0.56

 0.58

 0.63

 0.45

2 155

 862

 631

 662

 12

 5

 4

 3

 1.01

 0.72

 0.12

 1.83

 0.86

 0.88

 0.00

 1.53

 350

 113

 106

 131

 3

 1

 0

 2

 5.00

 5.00

 0.00

 0.00

 20.00

 20.00

 0.00

 0.00

 5

 5

 0

 0

 1

 1

 0

 0

 0.28

 0.18

 0.40

 1.36

 0.18

 0.27

 0.16

 0.11

 0.24

 3.20

 0.04

 0.00

8 881

2 659

2 491

 125

2 655

 951

 14

 3

 6

 4

 1

 0

 0.49

 0.33

 0.59

 0.87

 0.00

 0.00

 0.24

 0.00

 0.41

 0.00

 0.00

 0.00

1 269

 341

 730

 86

 74

 38

 3

 0

 3

 0

 0

 0

 0.48

 0.61

 0.61

 0.00

 0.21

 0.27

 0.30

 0.47

 0.22

 0.00

 0.00

 0.45

1 682

 640

 453

 0

 365

 224

 5

 3

 1

 0

 0

 1

 0.36 0.2411 036 26  0.59 0.371 619 6  0.49 0.361 687 6
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Table 6.19: Percentage distribution of circuit breakers faults per cause in the Nordic and Baltic countries in 2019. All voltage level ranges
have been included, that is 100–150 kV, 220–330 kV and 380–420 kV.

Regions Country Lightning

Other
environmental

causes
External

influences
Operation and
maintenance

Technical
equipment Other Unknown

Baltic Estonia

Latvia

Lithuania

Total

Nordic Denmark

Finland

Iceland

Norway

Sweden

Total

Grand Total

0%

0%

0%

0%

0%

0%

0%

0%

69%

57%

75%

80%

31%

43%

25%

20%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

14%

0%

10%

50%

0%

0%

50%

67%

60%

0%

0%

100%

14%

0%

30%

0%

0%

0%

5%

0%

0%

0%

100%

0%

9%

0%

0%

50%

0%

0%

9%

33%

0%

0%

0%

0%

0%8%58%21%3%5%5%

Table 6.20: Average distribution of faults in circuit breakers per cause during 2010–2019 in each Nordic country and Estonia and during
2012–2019 in Latvia and Lithuania.

Regions Country Lightning

Other
environmental

causes
External

influences
Operation and
maintenance

Technical
equipment Other Unknown

Baltic Estonia

Latvia

Lithuania

Total

Nordic Denmark

Finland

Iceland

Norway

Sweden

Total

Grand Total

11%

17%

0%

9%

2%

5%

0%

0%

65%

42%

86%

80%

19%

31%

9%

10%

2%

3%

5%

0%

0%

0%

0%

0%

1%

2%

0%

1%

12%

8%

14%

0%

25%

4%

6%

0%

7%

21%

10%

0%

39%

64%

30%

48%

31%

22%

32%

12%

43%

14%

21%

74%

2%

1%

2%

3%

4%

0%

3%

1%

2%

14%

2%

0%

6%

14%

3%

0%

6%

0%

12%5%47%28%2%2%4%
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Year of Year_date
1995 to 2019Figure 6.8: 5-year moving average of faults per 100 devices of

100–150 kV circuit breakers in each Nordic and Baltic country.
Estonia has data since 2007, and Latvia and Lithuania have data
since 2012.
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Figure 6.9: 5-year moving average of faults per 100 devices of
220–330 kV circuit breakers in each Nordic and Baltic country.
Estonia has data since 2007, and Latvia and Lithuania have data
since 2012.
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Figure 6.10: 5-year moving average of faults per 100 devices of
380–420 kV circuit breakers in each Nordic and Baltic country.
Estonia, Iceland, Latvia and Lithuania do not own circuit breakers
in the 380–420 kV voltage range, as can be seen in Table 6.17.
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6.6 Faults in control equipment

This section presents control equipment faults in 2019 and
during 2010–2019 at the voltage levels 100–150 kV, 220–
330 kV and 380–420 kV. Grid owners use control equipment
to monitor and control their power grid. It should be noted
that control equipment embedded in other components are
not included in this category as they are deemed to be a part
of the other component.

For control equipment, it is essential to distinguish between
faults in technical equipment and faults made by human er-
rors. Human errors include, for example, incorrect settings
in an Intelligent Electronic Device (IED). In these statistics,
human errors are registered under operation and mainte-
nance, separated from the category technical equipment.

In devices where the control equipment is integrated, which
is typical for SVCs, there is uncertainty whether faults are
registered in the control equipment or the actual device.
When the control equipment is embedded in another instal-
lation, faults should generally be categorised as faults in the
installation and not in the control equipment. However, this
definition is not yet fully applied in all countries.

Table 6.21 presents the number of installed control equip-
ment, the number of faults, and the average number of faults
for 2010–2019. Table 6.22 presents additionally the number
of faults per 100 devices in 2019 and the average for 2010–
2019.

Table 6.23 presents the percentage distribution of faults per
cause in 2019. Table 6.24 presents the respective average val-
ues for the period 2010–2019 in the Nordic countries and
Estonia and during 2012–2019 in Latvia and Lithuania. The
used causes are lightning, other environmental causes, exter-
nal influences, operation and maintenance, technical equip-
ment, other and unknown. The fault categories used are ex-
plained inmoredetail in Section 1.4.1. All voltage level ranges
have been included, that is 100–150 kV, 220–330 kV and 380–
420 kV.

Figure 6.11, Figure 6.12 and Figure 6.13 present the 5-year
moving average of 100–150 kV, 220–330 kV and 380–420 kV
control equipment faults per 100 devices in each Nordic and
Baltic country. Trend curves are used to filter out the annual
deviation and make it easier to follow on trends and decide
on whether actions have to be taken in the future.

Table 6.21: Number of control equipment and faults, separated by voltage level, in each Nordic and Baltic country in 2019. The average
number of faults is presented for 2010–2019 for the Nordic countries and Estonia and for 2012–2019 for Latvia and Lithuania.

Regions Country

100–150 kV

Number
of

devices
Number
of faults

10-year
average
# faults

220–330 kV

Number
of

devices
Number
of faults

10-year
average
# faults

380–420 kV

Number
of

devices
Number
of faults

10-year
average
# faults

Baltic Estonia

Latvia

Lithuania

Total

Nordic Denmark

Finland

Iceland

Norway

Sweden

Total

Grand Total

 40.3

 14.0

 18.8

 7.5

 58

 18

 22

 18

2 155

 862

 631

 662

 7.2

 3.0

 2.9

 1.3

 9

 3

 2

 4

 350

 113

 106

 131

 0.0

 0.0

 0.0

 0.0

 0

 0

 0

 0

 5

 5

 0

 0

 78.7

 15.1

 29.1

 5.0

 23.0

 6.5

 82

 42

 27

 6

 1

 6

8 881

2 659

2 491

 125

2 655

 951

 37.9

 10.2

 19.4

 3.2

 4.9

 0.2

 60

 5

 22

 2

 30

 1

1 269

 341

 730

 86

 74

 38

 40.8

 20.4

 12.7

 0.0

 5.7

 2.0

 33

 15

 14

 0

 1

 3

1 682

 640

 453

 0

 365

 224

 119.0 14011 036  45.1 691 619  40.8 331 687
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Table 6.22: Number of control equipment, faults, and the number of faults per 100 devices in 2019, grouped by voltage level. Furthermore,
the 10-year average number of faults per 100 devices is presented for 2010–2019 for the Nordic countries and Estonia and for 2012–2019
for Latvia and Lithuania.

Regions Country

100–150 kV

Number
of faults

Number
of

devices
# faults /
100 devs

10-yr avg
# faults /
100 devs

220–330 kV

Number
of faults

Number
of devices

# faults /
100 devs

10-yr avg
# faults /
100 devs

380–420 kV

Number
of faults

Number
of

devices
# faults /
100 devs

10-yr avg
# faults /
100 devs

Baltic Estonia

Latvia

Lithuania

Total

Nordic Denmark

Finland

Iceland

Norway

Sweden

Total

Grand Total

 1.93

 1.64

 3.07

 1.31

 2.69

 2.09

 3.49

 2.72

2 155

 862

 631

 662

 58

 18

 22

 18

 2.15

 2.86

 2.82

 1.15

 2.57

 2.65

 1.89

 3.05

 350

 113

 106

 131

 9

 3

 2

 4

 0.00

 0.00

 0.00

 0.00

 0.00

 0.00

 0.00

 0.00

 5

 5

 0

 0

 0

 0

 0

 0

 1.01

 0.70

 1.30

 3.10

 0.96

 0.78

 0.92

 1.58

 1.08

 4.80

 0.04

 0.63

8 881

2 659

2 491

 125

2 655

 951

 82

 42

 27

 6

 1

 6

 3.07

 3.08

 2.67

 3.99

 5.79

 1.59

 4.73

 1.47

 3.01

 2.33

 40.54

 2.63

1 269

 341

 730

 86

 74

 38

 60

 5

 22

 2

 30

 1

 2.94

 3.56

 3.70

 0.00

 1.95

 1.11

 1.96

 2.34

 3.09

 0.00

 0.27

 1.34

1 682

 640

 453

 0

 365

 224

 33

 15

 14

 0

 1

 3

 1.18 1.2711 036 140  2.90 4.261 619 69  2.93 1.961 687 33

Table 6.23: Percentage distribution of faults in control equipment per cause in the Nordic and Baltic countries in 2019. All voltage level
ranges have been included, that is 100–150 kV, 220–330 kV and 380–420 kV.

Regions Country Lightning

Other
environmental

causes
External

influences
Operation and
maintenance

Technical
equipment Other Unknown

Baltic Estonia

Latvia

Lithuania

Total

Nordic Denmark

Finland

Iceland

Norway

Sweden

Total

Grand Total

16%

33%

0%

18%

12%

19%

0%

18%

37%

5%

54%

50%

33%

43%

42%

14%

0%

0%

0%

0%

0%

0%

0%

0%

1%

0%

4%

0%

10%

18%

6%

0%

6%

0%

14%

8%

16%

50%

3%

40%

24%

40%

24%

0%

3%

10%

46%

23%

52%

50%

78%

50%

1%

2%

2%

0%

0%

0%

3%

3%

0%

0%

9%

0%

2%

6%

0%

0%

0%

0%

12%13%28%43%1%2%2%

Table 6.24: Average distribution of faults in control equipment per cause during 2010–2019 in each Nordic country and Estonia and
during 2012–2019 in Latvia and Lithuania.

Regions Country Lightning

Other
environmental

causes
External

influences
Operation and
maintenance

Technical
equipment Other Unknown

Baltic Estonia

Latvia

Lithuania

Total

Nordic Denmark

Finland

Iceland

Norway

Sweden

Total

Grand Total

16%

32%

6%

9%

4%

7%

1%

5%

34%

14%

43%

48%

43%

40%

48%

39%

3%

7%

1%

0%

0%

0%

1%

0%

0%

0%

1%

0%

7%

9%

4%

0%

12%

5%

9%

5%

11%

13%

7%

11%

34%

51%

29%

45%

21%

23%

43%

27%

47%

40%

58%

49%

2%

0%

3%

0%

1%

3%

3%

4%

4%

1%

1%

3%

2%

2%

2%

0%

1%

5%

9%8%34%43%2%3%1%
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1995 to 2019Figure 6.11: 5-year moving average of 100–150 kV control equip-

ment faults per 100 devices in each Nordic and Baltic country.
Estonia has data since 2007, and Latvia and Lithuania have data
since 2012.
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Figure 6.12: 5-year moving average of 220–330 kV control equip-
ment faults per 100 devices in each Nordic and Baltic country.
Estonia has data since 2007, and Latvia and Lithuania have data
since 2012.
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Figure 6.13: 5-year moving average of 380–420 kV control equip-
ment faults per 100 devices in each Nordic and Baltic country.
Lithuania has data since 2012. Estonia, Iceland and Latvia do not
own control equipment in the 380–420 kV voltage range, as can
be seen in Table 6.21.
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6.7 Faults in instrumental transformers
This sectionpresents instrumental transformer faults in 2019
and during 2010–2019 at the voltage levels 100–150 kV, 220–
330 kV and 380–420 kV. Instrumental transformers provide
the necessary power to metering and protection devices in
the power grid. These, in turn, trigger the protection relays
when needed and allow the grid owner to monitor the state
of the system. Both current and voltage transformers are in-
cluded in instrumental transformers.

Table 6.25 presents the number of instrumental transform-
ers, the number of faults, and the average number of faults
for 2010–2019. Table 6.26 presents additionally the number
of faults per 100 devices in 2019 and the average for 2010–
2019.

Table 6.27 presents the percentage distribution of faults per

cause in 2019. Table 6.28 presents the respective average val-
ues for the period 2010–2019 in the Nordic countries and
Estonia and during 2012–2019 in Latvia and Lithuania. The
used causes are lightning, other environmental causes, exter-
nal influences, operation and maintenance, technical equip-
ment, other and unknown. The fault categories used are ex-
plained inmoredetail in Section 1.4.1. All voltage level ranges
have been included, that is 100–150 kV, 220–330 kV and 380–
420 kV.

Figure 6.14, Figure 6.15 and Figure 6.16 present the 5-year
moving average of 100–150 kV, 220–330 kV and 380–420 kV
instrumental transformer faults per 100 devices in each
Nordic and Baltic country. Trend curves are used to filter out
the annual deviation and make it easier to follow on trends
and decide onwhether actions have to be taken in the future.

Table 6.25: Number of instrumental transformers and faults, separated by voltage level, in each Nordic and Baltic country in 2019. The
average number of faults is presented for 2010–2019 for the Nordic countries and Estonia and for the period 2012–2019 for Latvia and
Lithuania. The number of instrumental transformers in Sweden is not accurate due to missing data from some regional grid owners.

Regions Country

100–150 kV

Number
of

devices
Number
of faults

10-year
average
# faults

220–330 kV

Number
of

devices
Number
of faults

10-year
average
# faults

380–420 kV

Number
of

devices
Number
of faults

10-year
average
# faults

Baltic Estonia

Latvia

Lithuania

Total

Nordic Denmark

Finland

Iceland

Norway

Sweden

Total

Grand Total

 3.2

 0.9

 1.1

 1.2

 7

 1

 3

 3

9 114

3 375

2 814

2 925

 1.2

 0.4

 0.1

 0.7

 1

 0

 0

 1

1 947

 645

 462

 840

 0.0

 0.0

 0.0

 0.0

 0

 0

 0

 0

 27

 27

 0

 0

 11.9

 4.2

 3.4

 0.1

 2.8

 1.4

 13

 7

 3

 0

 3

 0

29 797

7 413

7 768

 375

9 789

4 452

 2.4

 0.2

 2.0

 0.0

 0.1

 0.1

 3

 1

 2

 0

 0

 0

5 541

1 894

2 805

 258

 434

 150

 4.0

 1.8

 1.6

 0.0

 0.2

 0.4

 1

 0

 1

 0

 0

 0

7 545

3 440

 930

 0

2 057

1 118

 15.1 2038 911  3.6 47 488  4.0 17 572

Table 6.26: Number of instrumental transformers, faults, and the number of faults per 100 devices in 2019, grouped by voltage level.
Furthermore, the 10-year average number of faults per 100 devices is is presented for 2010–2019 for the Nordic countries and Estonia
and for 2012–2019 for Latvia and Lithuania.

Regions Country

100–150 kV

Number
of faults

Number
of

devices
# faults /
100 devs

10-yr avg
# faults /
100 devs

220–330 kV

Number
of faults

Number
of devices

# faults /
100 devs

10-yr avg
# faults /
100 devs

380–420 kV

Number
of faults

Number
of

devices
# faults /
100 devs

10-yr avg
# faults /
100 devs

Baltic Estonia

Latvia

Lithuania

Total

Nordic Denmark

Finland

Iceland

Norway

Sweden

Total

Grand Total

 0.08

 0.05

 0.08

 0.09

 0.08

 0.03

 0.11

 0.10

9 114

3 375

2 814

2 925

 7

 1

 3

 3

 0.14

 0.12

 0.05

 0.21

 0.05

 0.00

 0.00

 0.12

1 947

 645

 462

 840

 1

 0

 0

 1

 0.00

 0.00

 0.00

 0.00

 0.00

 0.00

 0.00

 0.00

 27

 27

 0

 0

 0

 0

 0

 0

 0.06

 0.10

 0.04

 0.02

 0.06

 0.06

 0.04

 0.09

 0.04

 0.00

 0.03

 0.00

29 797

7 413

7 768

 375

9 789

4 452

 13

 7

 3

 0

 3

 0

 0.05

 0.02

 0.07

 0.00

 0.04

 0.33

 0.05

 0.05

 0.07

 0.00

 0.00

 0.00

5 541

1 894

2 805

 258

 434

 150

 3

 1

 2

 0

 0

 0

 0.11

 0.11

 0.17

 0.00

 0.02

 0.09

 0.01

 0.00

 0.11

 0.00

 0.00

 0.00

7 545

3 440

 930

 0

2 057

1 118

 1

 0

 1

 0

 0

 0

 0.06 0.0538 911 20  0.07 0.057 488 4  0.11 0.017 572 1
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Table 6.27: Percentage distribution of faults in instrumental transformers per cause in the Nordic and Baltic countries in 2019. All voltage
level ranges have been included, that is 100–150 kV, 220–330 kV and 380–420 kV.

Regions Country Lightning

Other
environmental

causes
External

influences
Operation and
maintenance

Technical
equipment Other Unknown

Baltic Estonia

Latvia

Lithuania

Total

Nordic Denmark

Finland

Iceland

Norway

Sweden

Total

Grand Total

0%

0%

0%

0%

0%

0%

0%

0%

100%

100%

100%

100%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

12%

25%

0%

0%

0%

0%

6%

13%

0%

0%

0%

0%

76%

63%

100%

0%

67%

0%

6%

0%

0%

0%

33%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

8%4%84%4%0%0%0%

Table 6.28: Average distribution of faults in instrumental transformers per cause during 2010–2019 in each Nordic country and Estonia
and during 2012–2019 in Latvia and Lithuania.

Regions Country Lightning

Other
environmental

causes
External

influences
Operation and
maintenance

Technical
equipment Other Unknown

Baltic Estonia

Latvia

Lithuania

Total

Nordic Denmark

Finland

Iceland

Norway

Sweden

Total

Grand Total

0%

0%

0%

0%

0%

0%

0%

0%

92%

90%

100%

89%

8%

10%

0%

11%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

8%

6%

4%

0%

16%

16%

10%

2%

19%

100%

10%

5%

60%

77%

43%

0%

61%

63%

11%

6%

19%

0%

6%

11%

2%

2%

1%

0%

0%

5%

1%

0%

3%

0%

0%

0%

8%

6%

11%

0%

6%

0%

7%9%65%11%1%1%6%
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Report year
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Year of Year_date
1995 to 2019Figure 6.14: 5-year moving average of 100–150 kV instrumen-

tal transformer faults per 100 devices in each Nordic and Baltic
country. Estonia has data since 2007, and Latvia and Lithuania
have data since 2012. The number of instrumental transformers
in Sweden is not accurate due to missing data from some regional
grid owners.
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Figure 6.15: 5-year moving average of 220–330 kV instrumen-
tal transformer faults per 100 devices in each Nordic and Baltic
country. Estonia has data since 2007, and Latvia and Lithuania
have data since 2012. Denmark’s high values during 2007–2016
are caused by 1 fault in 2012. The values seem to be extreme be-
cause Denmark owns significantly less instrumental transformers
than the other countries, as can be seen in Table 6.25.
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Figure 6.16: 5-year moving average of 380–420 kV instrumental
transformer faults per 100 devices in each Nordic and Baltic coun-
try. Lithuania has data since 2012. Estonia, Iceland and Latvia
do not own instrumental transformers in the 380–420 kV voltage
range, as can be seen in Table 6.25.
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6.8 Faults in power transformers

This section presents power transformer faults in 2019 and
during 2010–2019 at the voltage levels 100–150 kV, 220–
330 kV and 380–420 kV. Power transformers are essential
when power needs to be transferred from where power is
generated to where power is consumed, as they allow the
grid owner to optimise the voltage level to minimise trans-
mission losses. The rated voltage of a power transformer is
defined in these statistics as the winding with the highest
voltage, as stated in the guidelines in Section 6.2 [2].

Table 6.29 presents the number of power transformers, the
number of faults, and the average number of faults for 2010–
2019. Table 6.30 presents additionally the number of faults
per 100 devices in 2019 and the average for 2010–2019.

Table 6.31 shows the percentage distribution of faults per

cause in 2019. Table 6.32 presents the respective average val-
ues for the period 2010–2019 in the Nordic countries and
Estonia and during 2012–2019 in Latvia and Lithuania. The
used causes are lightning, other environmental causes, exter-
nal influences, operation and maintenance, technical equip-
ment, other and unknown. The fault categories used are ex-
plained inmoredetail in Section 1.4.1. All voltage level ranges
have been included, that is 100–150 kV, 220–330 kV and 380–
420 kV.

Figure 6.17, Figure 6.18 and Figure 6.19 present the 5-year
moving average of 100–150 kV, 220–330 kV and 380–420 kV
power transformer faults per 100 devices in each Nordic and
Baltic country. Trend curves are used to filter out the annual
deviation and make it easier to follow on trends and decide
on whether actions have to be taken in the future.

Table 6.29: Number of power transformers and faults, separated by voltage level, in each Nordic and Baltic country in 2019. The average
number of faults is presented for 2010–2019 for the Nordic countries and Estonia and for 2012–2019 for Latvia and Lithuania.

Regions Country

100–150 kV

Number
of

devices
Number
of faults

10-year
average
# faults

220–330 kV

Number
of

devices
Number
of faults

10-year
average
# faults

380–420 kV

Number
of

devices
Number
of faults

10-year
average
# faults

Baltic Estonia

Latvia

Lithuania

Total

Nordic Denmark

Finland

Iceland

Norway

Sweden

Total

Grand Total

 12.6

 0.3

 4.9

 7.5

 8

 0

 1

 7

 833

 378

 248

 207

 5.1

 1.0

 1.4

 2.7

 3

 1

 0

 2

 77

 25

 27

 25

 0.0

 0.0

 0.0

 0.0

 0

 0

 0

 0

 0

 0

 0

 0

 36.3

 19.6

 4.8

 1.5

 7.0

 3.4

 27

 7

 2

 5

 8

 5

3 173

 860

 913

 14

1 149

 237

 7.7

 3.8

 1.7

 0.8

 1.3

 0.1

 7

 2

 0

 1

 4

 0

 427

 117

 266

 16

 15

 13

 5.3

 1.5

 1.6

 0.0

 1.2

 1.0

 0

 0

 0

 0

 0

 0

 284

 79

 100

 0

 62

 43

 48.9 354 006  12.8 10 504  5.3 0 284

Table 6.30: Number of power transformers, faults, and the number of faults per 100 devices in 2019, grouped by voltage level. Further-
more, the 10-year average number of faults per 100 devices is presented for 2010–2019 for the Nordic countries and Estonia and for
2012–2019 for Latvia and Lithuania.

Regions Country

100–150 kV

Number
of faults

Number
of

devices
# faults /
100 devs

10-yr avg
# faults /
100 devs

220–330 kV

Number
of faults

Number
of devices

# faults /
100 devs

10-yr avg
# faults /
100 devs

380–420 kV

Number
of faults

Number
of

devices
# faults /
100 devs

10-yr avg
# faults /
100 devs

Baltic Estonia

Latvia

Lithuania

Total

Nordic Denmark

Finland

Iceland

Norway

Sweden

Total

Grand Total

 1.57

 0.06

 1.98

 3.49

 0.96

 0.00

 0.40

 3.38

 833

 378

 248

 207

 8

 0

 1

 7

 7.34

 4.19

 5.42

 11.59

 3.90

 4.00

 0.00

 8.00

 77

 25

 27

 25

 3

 1

 0

 2

 0.00

 0.00

 0.00

 0.00

 0.00

 0.00

 0.00

 0.00

 0

 0

 0

 0

 0

 0

 0

 0

 1.24

 2.56

 0.60

 3.81

 0.65

 1.43

 0.85

 0.81

 0.22

 35.71

 0.70

 2.11

3 173

 860

 913

 14

1 149

 237

 27

 7

 2

 5

 8

 5

 1.87

 3.73

 0.64

 6.30

 5.14

 1.67

 1.64

 1.71

 0.00

 6.25

 26.67

 0.00

 427

 117

 266

 16

 15

 13

 7

 2

 0

 1

 4

 0

 2.20

 2.24

 2.04

 0.00

 1.88

 3.16

 0.00

 0.00

 0.00

 0.00

 0.00

 0.00

 284

 79

 100

 0

 62

 43

 0

 0

 0

 0

 0

 0

 1.31 0.874 006 35  2.60 1.98 504 10  2.20 0.00 284 0
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Table 6.31: Percentage distribution of faults per cause in the Nordic and Baltic countries in 2019. All voltage level ranges have been
included, that is 100–150 kV, 220–330 kV and 380–420 kV.

Regions Country Lightning

Other
environmental

causes
External

influences
Operation and
maintenance

Technical
equipment Other Unknown

Baltic Estonia

Latvia

Lithuania

Total

Nordic Denmark

Finland

Iceland

Norway

Sweden

Total

Grand Total

27%

0%

0%

33%

0%

0%

0%

0%

45%

100%

0%

44%

18%

0%

0%

22%

9%

0%

100%

0%

0%

0%

0%

0%

0%

0%

0%

0%

15%

56%

0%

0%

0%

0%

21%

0%

50%

67%

8%

20%

21%

22%

0%

0%

25%

40%

9%

11%

50%

0%

0%

20%

0%

0%

0%

0%

0%

0%

12%

11%

0%

33%

0%

20%

24%

0%

0%

0%

67%

0%

18%16%27%11%2%9%18%

Table 6.32: Average distribution of faults per cause during 2010–2019 in each Nordic country and Estonia and during 2012–2019 in
Latvia and Lithuania. All voltage level ranges have been included, that is 100–150 kV, 220–330 kV and 380–420 kV.

Regions Country Lightning

Other
environmental

causes
External

influences
Operation and
maintenance

Technical
equipment Other Unknown

Baltic Estonia

Latvia

Lithuania

Total

Nordic Denmark

Finland

Iceland

Norway

Sweden

Total

Grand Total

6%

30%

4%

4%

0%

0%

0%

0%

56%

40%

36%

68%

25%

30%

30%

22%

11%

0%

30%

3%

2%

0%

0%

3%

1%

0%

0%

1%

19%

29%

6%

0%

14%

4%

13%

6%

20%

17%

24%

7%

25%

21%

26%

52%

23%

38%

19%

20%

17%

9%

19%

27%

2%

2%

1%

0%

3%

0%

8%

2%

22%

22%

2%

22%

15%

20%

7%

0%

15%

2%

15%9%33%21%4%6%11%
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1995 to 2019Figure 6.17: 5-year moving average of 100–150 kV power trans-

former faults per 100 devices in each Nordic and Baltic country.
Estonia has data since 2007, and Latvia and Lithuania have data
since 2012.

1999 2001 2003 2005 2007 2009 2011 2013 2015 2017 2019

End year of moving window

0

2

4

6

8

10

12

14

16

18

Num
ber

 of 
fau

lts p
er 1

00 
dev

ices
 in 

the
 22

0–3
30 

kV 
ran

ge

Country
Denmark

Estonia

Finland

Iceland

Latvia

Lithuania

Norway

Sweden

Average

Figure 6.18: 5-year moving average of 220–330 kV power trans-
former faults per 100 devices in each Nordic and Baltic country.
Estonia has data since 2007, and Latvia and Lithuania have data
since 2012.
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Figure 6.19: 5-year moving average of 380–420 kV power trans-
former faults per 100 devices in each Nordic and Baltic country.
Estonia, Iceland, Latvia and Lithuania do not own power trans-
formers in the 380–420 kV voltage range, as can be seen in Ta-
ble 6.29.
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6.9 Faults in compensation devices

The sections in this chapter present fault statistics for com-
pensation devices. Compensation devices are used to reduce
reactive and capacitive power and for stabilising voltage and
frequency in the power system. The following compensation
devices are presented in this chapter: reactors, series capac-
itors, shunt capacitors and SVC devices. The statistics in-
clude the number of devices and faults, the number of faults
per 100 devices and energy not supplied (ENS) in 2019 and
2010–2019.

6.9.1 Faults in reactors
Reactors add reactance to the power grid and limit short cir-
cuit currents. Table 6.33 presents the number of reactors and
faults, the number of faults per 100 devices, and the amount
of energy not supplied (ENS).

Table 6.33: The number of reactors and faults in 2019, and the
number of faults per 100 devices and the amount of ENS in 2019
and the average for 2010–2019.

Devices Faults Faults per 100 devices ENS (MWh)

Country 2019 2019 2019 2010–2019 2019 2010–2019

Estonia 28 4 14.3 9.7 0.0 0.0
Latvia2 2 0 0.0 6.1 0.0 0.0
Lithuania2 2 0 0.0 0.0 0.0 0.0

Baltic total 32 4 12.5 7.1 0.0 0.0

Denmark 112 1 0.9 1.7 0.0 0.3
Finland1 182 0 0.0 0.2 0.0 1.0
Iceland 0 0 0.0 0.0 0.0 0.0
Norway 36 4 11.1 3.3 0.0 0.0
Sweden 91 9 9.9 5.7 0.0 0.0

Nordic total 421 14 3.3 3.3 0.0 1.3

Nordic & Baltic total 453 18 4.0 3.6 0.0 1.3

1 In Finland, reactors compensating the reactive power of 380–420 kV
lines are connected to the 20 kV tertiary winding of the 380–420/100–
150/20 kV power transformers.

2 The average values of Latvia and Lithuania use the period 2012–2019.

6.9.2 Faults in series capacitors
Series capacitors compensate for the inductance created by
long transmission lines. The compensated inductance de-
creases the voltage drop and transmission losses and in-
creases the transmission capacity and voltage stability of
long lines. Table 6.34 presents the number of series capac-
itors and faults, the number of faults per 100 devices and the
amount of energy not supplied (ENS).

Table 6.34: The number of series capacitors and faults in 2019,
and the number of faults per 100 devices and the amount of ENS
in 2019 and the average for 2010–2019.

Devices Faults Faults per 100 devices ENS (MWh)

Country 2019 2019 2019 2010–2019 2019 2010–2019

Estonia 10 0 0.0 0.0 0.0 0.0
Latvia1 18 0 0.0 0.0 0.0 0.0
Lithuania1 2 0 0.0 0.0 0.0 0.0

Baltic total 30 0 0.0 0.0 0.0 0.0

Denmark 0 0 0.0 0.0 0.0 0.0
Finland 11 5 45.5 53.5 0.0 1.9
Iceland 1 0 0.0 20.0 0.0 0.0
Norway 3 0 0.0 3.3 0.0 0.0
Sweden 17 8 47.1 150.0 0.0 0.0

Nordic total 32 13 40.6 88.8 0.0 1.9

Nordic & Baltic total 62 13 21.0 74.2 0.0 1.9

1 The average values of Latvia and Lithuania use the period 2012–2019.

6.9.3 Faults in shunt capacitors
Shunt capacitors provide the grid with reactive power to
the grid, thus decreasing transmission losses and increas-
ing transmission capacity. Table 6.35 presents the number of
shunt capacitors and faults, the number of faults per 100 de-
vices and the amount of energy not supplied (ENS).

Table 6.35: The number of shunt capacitors and faults in 2019, and
the number of faults per 100 devices and the amount of ENS in
2019 and the average for 2010–2019.

Devices Faults Faults per 100 devices ENS (MWh)

Country 2019 2019 2019 2010–2019 2019 2010–2019

Estonia 0 0 0.0 8.9 0.0 3.0
Latvia1 0 0 0.0 0.0 0.0 0.0
Lithuania1 0 0 0.0 0.0 0.0 0.0

Baltic total 0 0 0.0 6.8 0.0 3.0

Denmark 35 0 0.0 0.4 0.0 0.0
Finland 24 1 4.2 3.7 0.0 0.0
Iceland 13 0 0.0 4.1 0.0 0.0
Norway 194 4 2.1 2.1 0.0 0.0
Sweden 152 1 0.7 0.8 81.7 15.2

Nordic total 418 6 1.4 1.8 81.7 15.2

Nordic & Baltic total 418 6 1.4 1.9 81.7 18.2

1 The average values of Latvia and Lithuania use the period 2012–2019.
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6.9.4 Faults in SVC devices
SVCs, or static VAR compensators, provide the power grid
with fast and dynamic reactive power to se the voltage levels,
the power factor and harmonics. However, SVC devices are
often subjects to temporary faults. A typical fault is an error
in the control system computer that trips the SVC device’s
circuit breaker. The fault is then simply cleared by restarting
the computer. However, the fault is recorded and is partly
the reason behind the high number of SVC device faults.

Table 6.36 presents the number of shunt capacitors and
faults, the number of faults per 100 devices and the amount
of energy not supplied (ENS).

Table 6.36: The number of SVCs and faults in 2019, and the num-
ber of faults per 100 devices and the amount of ENS in 2019 and
the average for 2010–2019.

Devices Faults Faults per 100 devices ENS (MWh)

Country 2019 2019 2019 2010–2019 2019 2010–2019

Estonia 0 0 0.0 0.0 0.0 0.0
Latvia1 2026 2 0.1 0.1 0.1 0.0
Lithuania1 11 1 9.1 3.5 0.0 0.0

Baltic total 2037 3 0.1 0.2 0.1 0.0

Denmark 1 1 100.0 40.0 0.0 0.0
Finland 1 0 0.0 16.7 0.0 0.0
Iceland 2 0 0.0 14.3 0.0 0.0
Norway 25 27 108.0 90.5 0.0 0.0
Sweden 2 2 133.3 308.8 0.0 0.0

Nordic total 30 30 98.4 99.4 0.0 0.0

Nordic & Baltic total 2068 33 1.6 9.5 0.1 0.0

1 The average values of Latvia and Lithuania use the period 2012–2019.
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A Calculation of energy not supplied

Every country has its own method to calculate energy not
supplied (ENS).Theprocess for each country is described be-
low.

Denmark

In Denmark, the ENS of the transmission grid is calcu-
lated as the transformer load just before the grid distur-
bance or interruption multiplied by the outage duration.
Transformer load covers load/consumption and generation
at lower/medium voltage.

Estonia

In Estonia, ENS calculation is based on interruption time
for the end-user. When the outage duration is less than
two hours, ENS is calculated by cut-off power (measured
straight before the outage) multiplied by the interruption
time. When the outage duration is more than two hours, the
load data of the previous or next day shall be taken into ac-
count, and ENS is calculated per these load profiles.

Finland

In Finland, ENS in the transmission grid is counted for those
faults that caused an outage at the point of supply, which is
the high voltage side of the transformer. ENS is calculated in-
dividually for all connection points and is linked to the fault
that caused the outage. ENS is counted by multiplying the
outage duration and the power before the fault. Outage du-
ration is the time that the point of supply is dead or the time
until the delivery of power to the customer can be arranged
via another grid connection.

Iceland

In Iceland, ENS is computed per the delivery from the trans-
mission grid. It is calculated at the points of supply in the
220 kV or 132 kV systems. ENS is linked to the fault that
caused the outage. In the data of the ENTSO-E Nordic and
Baltic statistics, ENS that was caused by the generation or
distribution systems has been left out. However, distribution
systems register ENS caused by outages in the transmission
anddistribution systemswith end-user impact. Mutual rules
for registration of faults and ENS in all grids are used in Ice-
land.

Latvia

In Latvia, the ENS is linked to the end-user, that is, ENS is not
counted as long as the end-user receives energy through the
distribution grid. Note that the distribution grid is 100 % de-
pendent on the TSO supply due to undeveloped energy gen-
eration. The amount of ENS is calculated by multiplying the
pre-outage load with the duration of the outage.

Lithuania

In Lithuania energy not delivered (END) is treated as the
energy not supplied (ENS). The END of the transmission
grid is calculated at the point of supply of the end cus-
tomer. The point of supply means the low voltage side of the
110/35/10 kV or 110/10 kV transformer at the low voltage
customer connection point. If an outage is in a radial 110 kV
connection, END is calculated by the distribution systemop-
erator (DSO), who considers the possibility to supply energy
from the other 35 kV or 10 kV voltage substations. The DSO
then uses the average load before the outage and its dura-
tion in the calculations. All events with the energy not sup-
plied shall be investigated together with the DSO or Signifi-
cantUser directly connected to 110 kVnetwork. Both parties
shall agree and confirm the amounts of not supplied energy.

Norway

In Norway, ENS is referred to the end-user. ENS is calculated
at the point of supply that is located on the low voltage side
of the distribution transformer (1 kV) or in some other lo-
cation where the end-user is directly connected. All ENS is
linked to the fault that caused the outage. ENS is calculated
per a standardised method that has been established by the
authority.

Sweden

In Sweden, energy not supplied is calculated by multiplying
the outage duration with the detected pre-outage load. Be-
cause the pre-outage load is rarely registered, some compa-
nies multiply the rated power at the point of supply by the
outage duration.

Starting in 2020, by recommendation from the regulator, the
yearly average output will be used instead of the pre-outage
load to calculate ENS.

Nordic and Baltic Grid Disturbance Statistics 2019 | 53



European Network of
Transmission System Operators
for Electricity Chapter B. Policies for examining the cause of line faults

B Policies for examining the cause of line faults

Denmark

In Denmark, the quality of data from disturbance recorders
and other information that has been gathered is not always
good enough to pinpoint the cause of the disturbance. In
this case, it leads to a cause stated as unknown. It is also
a fact that every line fault is not inspected, which may lead
to a cause stated as unknown.

Estonia

In Estonia, the cause of a line fault is determined by inspec-
tions or by identifying possible cause origins. The fault lo-
cation is usually found as disturbance recorders measure it,
although the accuracy may vary a lot. The 110 kV lines have
many trips with a successful automatic reclosing at nights
during summer months. After investigations, it turned out
that stork contamination on insulators was causing the
flashovers. In these cases, the fault sites are not always in-
spected. Elering has access to the lightning detection sys-
tem, which allows identifying the line faults caused by light-
ning. If no signs are referring to a particular cause, the cause
for a fault is reported as unknown.

Finland

In Finland, Fingrid Oyj changed the classification policy of
faults in July 2011, and more effort is put into clarifying
causes. Even if the cause is not 100%certain, but if the expert
opinion is that the cause is, for example, lightning, the cause
is reported as lightning. Additionally, the category ‘other en-
vironmental causes’ is used more often. Therefore, the num-
ber of unknown faults has decreased.

Iceland

In Iceland, disturbances in Landsnet‘s transmission system
are classified into two categories: sudden disturbances in
the transmission network and sudden disturbances in other
systems. System operation staff analyses monthly interfer-
ences, and corrections are made to the data if needed. In
2016, Landsnet started to hold meetings three times a year,
with representatives from the asset management and main-
tenance department to review the registration of interfer-
ence and corrections made if the cause was something else
than what was initially reported. This process also helps
in understanding how disturbances are listed in the distur-
bance database for these parties.

Latvia

In Latvia, disturbance recorders, relay protection systems,
on-sight inspections and information from witnesses are
used to find the cause of a disturbance. If enough evidence is
available, the cause is set accordingly. Unfortunately, there
are many cases, for example, lightning, other environmental
causes or external influences, where it is difficult to find the
right cause. In those cases, we use our experience to pinpoint
the most probable cause and mark it as such.

Lithuania

In Lithuania, disturbances in the transmission system are
mainly classified into two categories: disturbances that af-
fected the consumers (Significant users and the DSO) con-
nected to the transmission network and disturbances that
did not. All disturbances are investigated per the internal in-
vestigation procedures of Litgrid. To detect line faults, TSO
analyses the data from disturbance recorders, relay protec-
tion terminals and the post-inspection of the line. Litgrid
does not have access to the data of the lightning detection
system.

Norway

In Norway, primarily for these statistics, the reporting TSO
needs to distinguish between six fault categories and un-
known. Norway has at least a single-sided distance to a fault
on most lines on this reporting level, and all line faults are
inspected. The fault categories external influence (people),
operation and maintenance (people), technical equipment
and other is usually detected during the disturbance and the
post-inspection of the line. To distinguish between the re-
maining two categories lightning and other environmental
faults, Statnett uses waveform analysis on fault records, the
lightning detection system and weather information to sort
out the lightning. If the weather was good and no other cat-
egory is suitable, ‘unknown’ is used.

Sweden

In Sweden regarding lightning, data from disturbance
recorders and other gathered information might not be
enough to pinpoint the cause of the disturbance in many
cases. Svenska kraftnät does not have full access to raw data
from the lightning detection system. If a successful reclos-
ing has taken place, Svenska kraftnät prefers to declare the
cause as unknown instead of lightning, which may be the
most probable cause.
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C Contact persons

Denmark: Energinet
Tonne Kjærsvej 65
DK-7000 Fredericia, Denmark

Anders Bratløv
Tel. +45 51 38 01 31
E-mail: anv@energinet.dk

Morten Vadstrup
Tel. +45 25 32 27 74
E-mail: mvd@energinet.dk

Estonia: Elering AS
Kadaka tee 42
Tallinn, Estonia

Irene Puusaar
Tel. +372 508 4372
E-mail: irene.puusaar@elering.ee

Kaur Krusell
Tel. +372 564 86011
E-mail: kaur.krusell@elering.ee

Finland: Fingrid Oyj
Läkkisepäntie 21, P.O. Box 530
FI-00101 Helsinki, Finland

Markku Piironen
Tel. +358 30 395 4172
Mobile +358 40 351 1718
E-mail: markku.piironen@fingrid.fi

Iceland: Landsnet
Gylfaflöt 9, IS-.32
Reykjavik, Iceland

Ragnar Stefánsson
Tel. +354 863 7181 or +354 825 2395
E-mail: ragnars@landsnet.is

Latvia: AS “Augstsprieguma tīkls”
86 Darzciema Str.
Riga, LV-1073, Latvia

Anrijs Maklakovs
Tel. +371 293 352 216
E-mail: anrijs.maklakovs@ast.lv

Lithuania: Litgrid AB
Viršuliškių skg. 99B
LT-05131, Vilnius

Valdas Tarvydas
Tel. +370 7070 2207
E-mail: valdas.tarvydas@litgrid.eu

Vaidotas Rukša
Tel. +370 7070 2298
E-mail: vaidotas.ruksa@litgrid.eu

Norway: Statnett SF
Nydalen allé 33, PB 4904 Nydalen
NO-0423 Oslo

Jørn Schaug-Pettersen
Tel. +47 23 90 35 55
E-mail: jsp@statnett.no

Sweden: Svenska kraftnät
Sturegatan 1, P.O. Box 1200
SE-172 24 Sundbyberg

Tarek Tallberg
Tel. +46 10 475 86 79
Mobile: +46 72 244 96 97
E-mail: tarek.tallberg@svk.se

Jeremy Iehl
Tel: +46 10 475 87 78
Mobile: +46 70 512 28 18
E-mail: Jeremy.Iehl@svk.se

Production of the Hillner Consulting
report: Henrik Hillner

Tel. +358 41 505 7004
E-mail: henrik.hillner@hillner.fi

Publisher: ENTSO-E AISBL
Rue de Spa 8
1000 Brussels, Belgium
Tel. +32 2 741 09 50
info@entsoe.eu
www.entsoe.eu
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D Contact persons for the distribution network
statistics

ENTSO-E Regional Group Nordic provides no statistics for
distribution networks (voltage voltages lower than 100 kV).
However, there aremore or less developed national statistics
for these voltage levels.

More detailed information regarding these statistics can be
obtained from the representatives of the Nordic and Baltic
countries, which are listed below:

Denmark: Danish Energy Association R&D
Rosenørns Allé 9,
DK-1970 Frederiksberg

TilmanWeckesser
Tel. +45 35 30 04 58
E-mail. TWE@danskenergi.dk

Estonia: OÜ Elektrilevi
Kadaka tee 63, Tallinn

Taivo Tonne
Tel. +372 5078921
E-mail: Taivo.Tonne@elektrilevi.ee

Finland: Energiateollisuus ry,
Finnish Energy Industries
P.O. Box 100, FI-00101 Helsinki
Visiting address:
Fredrikinkatu 51–53 B, 5th floor

Vesa Korjula
E-mail: vesa.korjula@energia.fi

Iceland: Samorka
Sudurlandsbraut 48,
IS-108 Reykjavík

Sigurdur Ágústsson
Tel. +354 588 4430
E-mail: sa@samorka.is

Latvia: AS “Augstsprieguma tīkls”
86 Darzciema Str.,
Riga, LV-1073, Latvia

Anrijs Maklakovs
Tel. +371 293 352 216
E-mail: anrijs.maklakovs@ast.lv

Lithuania: Litgrid AB
A.Juozapavičiaus g. 13,
LT-09311, Vilnius

Valdas Tarvydas
Tel. +370 7070 2207
E-mail: valdas.tarvydas@litgrid.eu

Norway: Statnett SF
Nydalen allé 33,
PB 4904 Nydalen, NO-0423 Oslo

Jørn Schaug-Pettersen
Tel. +47 23 90 35 55
E-mail: jsp@statnett.no

Sweden: Svensk Energi
SE-101 53 Stockholm

Matz Tapper
Tel. +46 8 677 27 26
E-mail: matz.tapper@svenskenergi.se
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E Additional figures

This appendix was introduced to allow experimenting with
new kinds of figures without affecting the rest of the report.
Furthermore, it shows what kind of statistical data can be
derived from the data collected by the DISTAC group.

Section E.1 shows fault trends for other environmental
causes and operation and maintenance. Section E.2 shows
fault trends for operation and maintenance faults for over-
head lines.

E.1 Detailed view of faults due to other environmental causes and
operation and maintenance

This section presents trend curves specifically for other en-
vironmental causes and operation and maintenance faults,
to let us see if either one of them is a dominating cause of
faults in a country. The cause category ‘Other environmental
causes’ was selected because it is the main reason for higher
maintenance costs and depends significantly on theweather
conditions in a country. Furthermore, faults due to other
environmental causes can be decreased through increased
maintenance and by improvingwork procedures. ‘Operation
andmaintenance’ was selected because itmay be interesting
to see whether changes in work procedures or investments
in system upgrades have impacted the fault rates of the grid.

Furthermore, trend curves for operation and maintenance
might be connected to the increase in digital technology in-
side the substations and to number ofwork orders being per-
formed in the grids. There are a total of 7 fault categories,
which are defined in Section 1.4.1.

Figure E.1 shows the trend curves for other environmental
causes for each Nordic and Baltic country and Figure E.2 for
operation and maintenance causes. The trends are calcu-
lated using 5-year moving averages. With the help of the
trend curve, it may be possible to estimate the number of
faults in the future.
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Figure E.1: 5-year moving average of other environmental faults in each Nordic and Baltic country. Other environmental causes are the
main reason for higher maintenance costs and depends significantly on the weather conditions in a country. Furthermore, faults due to
other environmental causes can be decreased through increased maintenance and by improving work procedures.
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Figure E.2: 5-year moving average of operation and maintenance faults in each Nordic and Baltic country. Operation and maintenance
faults are directly connected to changes in work procedures and grid investments. Furthermore, trend curves for operation and mainte-
nance might be connected to the increase in digital technology inside the substations and to the amount of work orders being performed
in the grids.
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E.2 Other environmental causes and operation and maintenance
faults in overhead lines

This section presents trend curves for overhead line faults
according to other environmental causes and operation and
maintenance, to let us see if they happen to be a dominat-
ing cause of overhead line faults in the Nordic and Baltic
regions. The cause category ‘Other environmental causes’
was selected because it is the main reason for higher main-
tenance costs and depends significantly on the weather con-
ditions in a country. Furthermore, faults due to other envi-
ronmental causes can be decreased through increasedmain-
tenance and by improving work procedures. ‘Operation and
maintenance’ was selected because it may be interesting to
see whether changes in work procedures or investments in

system upgrades have impacted the fault rates of the grid.
Furthermore, trend curves for operation and maintenance
might be connected to the increase in digital technology in-
side the substations and to the number of work orders being
performed in the grids. There are a total of 7 fault categories,
which are defined in Section 1.4.1.

Overhead line fault trends for other environmental causes
and operation and maintenance causes are shown in Fig-
ure E.4 and Figure E.3, respectively. The trends are calculated
using 5-year moving averages. With the help of the trend
curve, it may be possible to estimate the number of faults in
the future.
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Figure E.3: 5-year moving average of overhead line faults due to operation and maintenance in each Nordic and Baltic country. Operation
and maintenance faults are directly connected to changes in work procedures and grid investments. Furthermore, trend curves for
operation and maintenance might be connected to the increase in digital technology inside the substations and to the amount of work
orders being performed in the grids.
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Figure E.4: 5-year moving average of overhead line faults due to other environmental causes in each Nordic and Baltic country. Other
environmental causes are the main reason for higher maintenance costs and depends significantly on the weather conditions in a
country. Furthermore, faults due to other environmental causes can be decreased through increased maintenance and by improving
work procedures.
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E.3 Annual number of units per HVAC component

This section presents the annual number of units for cables,
circuit breakers, control equipment, instrumental trans-
formers, overhead lines and power transformers. Cables
and overhead lines are calculated in kilometres, and circuit
breakers, control equipment and instrumental and power
transformers are calculated in the number of devices.

Figure E.5 presents the length of installed cables in kilome-
tres, with all voltage levels combined, in each Nordic and
Baltic country. Figure E.6 presents the length of installed
overhead lines in kilometres, with all voltage levels com-

bined, in each Nordic and Baltic country. Figure E.7 presents
the number of installed circuit breakers, with all voltage lev-
els combined, in each Nordic and Baltic country. The num-
ber of control equipment is not presented because it is pre-
cisely the same as the number of circuit breakers. Figure E.8
presents the number of installed instrumental transform-
ers, with all voltage levels combined, in each Nordic and
Baltic country. Figure E.9 presents the number of installed
power transformers, with all voltage levels combined, in each
Nordic and Baltic country.
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Figure E.5: Annual installed length of cables in kilometres, with
all voltage levels combined, in each Nordic and Baltic country.
Estonia has data since 2007, and Latvia and Lithuania have data
since 2012.
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Figure E.6: Annual installed length of overhead lines in kilometres,
with all voltage levels combined, in each Nordic and Baltic country.
Estonia has data since 2007, and Latvia and Lithuania have data
since 2012.
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Figure E.7: Annual number of installed circuit breakers, with all voltage levels combined, in each Nordic and Baltic country. Estonia
has data since 2007, and Latvia and Lithuania have data since 2012. The number of circuit breakers is equal to the number of control
equipment.
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Figure E.8: Annual number of installed instrumental transformers,
with all voltage levels combined, in each Nordic and Baltic country.
Estonia has data since 2007, and Latvia and Lithuania have data
since 2012.
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Figure E.9: Annual number of installed power transformers, with
all voltage levels combined, in each Nordic and Baltic country.
Estonia has data since 2007, and Latvia and Lithuania have data
since 2012.
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E.4 ENS compared to consumption and line length

Figure E.10 presents the annual amount of ENS compared
against the total length of lines and consumption during
2010–2019 in the Nordic countries and Estonia and during
2012–2019 in Latvia and Lithuania. The total line length is
the sum of the lengths of overhead lines and cables. All volt-
age level ranges have been included, that is 100–150 kV, 220–

330 kV and 380–420 kV.

One should note that there is a considerable difference from
year to year depending on occasional events, such as storms.
These events have a significant effect oneachcountry’s yearly
statistics.
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Figure E.10: The annual amount of ENS compared against the total length of lines (x-axis) and consumption (y-axis) during 2010–2019
in the Nordic countries and Estonia and during 2012–2019 in Latvia and Lithuania. The most recent statistical year 2019 is show with the
darkest colour with each succeeding previous year show in a slightly lighter colour. The value of ENS is the total amount of ENS caused
by all faults, that is, faults inside the statistical area and faults in adjacent grids that have caused ENS in the statistical area. This figure
has the following remarks:

• Iceland’s high values are a result of power intensive industries that cause substantial amounts of ENS even during short interrup-
tions.

• The unusually high ENS divided by the consumption in 2011 in Norway was caused by extreme weather conditions in December
(aka the storm named Dagmar).

• Denmark’s low values are a result of various elements such as having a meshed grid and compared to the other Nordic countries,
a mild climate.
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