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ENTSO‐E Mission Statement

Who we are

ENTSO‐E, the European Network of Transmission System Operators for Electricity, is the association for the cooperation of the
European transmission system operators (TSOs). The 39 member TSOs, representing 35 countries, are responsible for the secure
and coordinated operation of Europe’s electricity system, the largest interconnected electrical grid in the world. In addition to its
core, historical role in technical cooperation, ENTSO‐E is also the common voice of TSOs.

ENTSO‐E brings together the unique expertise of TSOs for the benefit of European citizens by keeping the lights on, enabling
the energy transition, and promoting the completion and optimal functioning of the internal electricity market, including via the
fulfilment of the mandates given to ENTSO‐E based on EU legislation.

Our mission

ENTSO‐E and its members, as the European TSO community, fulfil a commonmission: Ensuring the security of the interconnected
power system in all time frames at pan‐European level and the optimal functioning and development of the European intercon‐
nected electricitymarkets, while enabling the integration of electricity generated from renewable energy sources and of emerging
technologies.

Our vision

ENTSO‐E plays a central role in enabling Europe to become the first climate‐neutral continent by 2050 by creating a system that is
secure, sustainable and affordable, and that integrates the expected amount of renewable energy, thereby offering an essential
contribution to the European Green Deal. This endeavour requires sector integration and close cooperation among all actors.

Europe is moving towards a sustainable, digitalised, integrated and electrified energy system with a combination of centralised
and distributed resources. ENTSO‐E acts to ensure that this energy system keeps consumers at its centre and is operated and
developed with climate objectives and social welfare in mind.

ENTSO‐E is committed to use its unique expertise and system‐wide view – supported by a responsibility to maintain the system’s
security – to deliver a comprehensive roadmap of how a climate‐neutral Europe looks.

Our values

ENTSO‐E acts in solidarity as a community of TSOs united by a shared responsibility.

As the professional association of independent and neutral regulated entities acting under a clear legal mandate, ENTSO‐E serves
the interests of society by optimising social welfare in its dimensions of safety, economy, environment, and performance.

ENTSO‐E is committed to working with the highest technical rigour as well as developing sustainable and innovative responses
to prepare for the future and overcoming the challenges of keeping the power system secure in a climate‐neutral Europe. In all
its activities, ENTSO‐E acts with transparency and in a trustworthy dialogue with legislative and regulatory decision makers and
stakeholders.

Our contributions

ENTSO‐E supports the cooperation among its members at European and regional levels. Over the past decades, TSOs have un‐
dertaken initiatives to increase their cooperation in network planning, operation and market integration, thereby successfully
contributing to meeting EU climate and energy targets.

To carry out its legally mandated tasks, ENTSO‐E’s key responsibilities include the following:

› Development and implementation of standards, network codes, platforms and tools to ensure secure system and market oper‐
ation as well as integration of renewable energy; › Assessment of the adequacy of the system in different timeframes;

› Coordination of the planning and development of infrastructures at the European level (Ten‐Year Network Development Plans,
TYNDPs);

› Coordination of research, development and innovation activities of TSOs;

› Development of platforms to enable the transparent sharing of data with market participants.

ENTSO‐E supports its members in the implementation and monitoring of the agreed common rules.

ENTSO‐E is the common voice of European TSOs and provides expert contributions and a constructive view to energy debates to
support policymakers in making informed decisions.
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Executive Summary

The 2022 Nordic and Baltic Grid Disturbance Statistics gives both an overview of the grid disturbances, faults, and energy
not supplied (ENS) in the Nordic and Baltic 100–420 kV alternating current grids, as well as a deeper dive into the statistics
of individual components used in the grids.

The year 2022 was good; disturbances had much smaller effect on the end‐users compared to average years. ENS was
only 54 % in Baltic and only 55 % in Nordic countries of the corresponding ten‐year annual averages.

Year 2022 compared to ten‐year annual averages:

• The number of faults and the number of disturbances was about 5 % smaller in Baltic and about 10 % higher in
Nordic.

• The number of disturbances that caused ENS was only half in Baltic and on the same level in Nordic.

The grid components that caused the largest share of ENS in 2022 was overhead line in Finland 99 %, Iceland 59 %,
Sweden 57 %, Lithuania 56 %, and Norway 45 %. In Estonia it was circuit breakers 91 %, in Latvia control equipment 74 %,
and in Denmark busbars 49 %.

The causes of the overhead line faults are usually lightning and other environmental causes.

In 2022 there were also external causes (Lithuania and Denmark) and unknown (Sweden and Finland). Unknown includes
also causes not well enough examined and reported. Also these faults are most likely lightning and other environmental
causes. Policies for examining the cause of line faults are listed in Appendix B on page 51.

Table 1 shows the key figures of this report for each participating country.

Table 1: The number of faults, the number of disturbances, the fault to disturbance ratio, and ENS in 2022 and the
corresponding annual averages for the 10‐year period 2013–2022.

Number of faults No. of disturbances Ratio ENS (MWh)

Annual avg. Annual avg. 2013– Annual avg.
Country 2022 2013–2022 2022 2013–2022 2022 2022 2022 2013–2022

Estonia 149 172 144 165 1.0 1.0 50 74
Latvia 131 141 118 126 1.1 1.1 13 78
Lithuania 168 162 162 151 1.0 1.1 39 37

Baltic total 448 475 424 443 1.1 1.1 102 189

Denmark 85 72 80 65 1.1 1.1 37 34
Finland 596 436 572 418 1.0 1.0 125 256
Iceland 85 66 58 44 1.5 1.5 1269 797
Norway 323 341 292 301 1.1 1.1 418 2151
Sweden 435 456 426 438 1.0 1.0 650 1343

Nordic total 1524 1372 1428 1266 1.1 1.1 2498 4581

Baltic & Nordic total 1972 1847 1852 1708 1.1 1.1 2600 4770
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Glossary
Disturbance See grid disturbance.
DSO Distribution System Operator.
End‐user “Buyers of electrical energy who do not resell all the energy” [1, p. 11].
Energy not supplied “The estimated energy which would have been supplied to end‐users if no interruption and no

transmission restrictions had occurred” [1, p. 12].
ENS Energy not supplied.
ENTSO‐E European Network of Transmission System Operators for Electricity.
Fault “The inability of a component to perform its required function” [1, p. 3–4].
Fault cause “Cause relating to design, production, installation, operation ormaintenancewhich results in a fault” [1, p. 7].
Grid disturbance “Outages, forced or unintended disconnection or failed re‐connection (of a component) as a result of

faults in the power grid” [1, p. 5].
HVAC High‐voltage alternating current. As explained in Section 1.3, this report encompasses HVAC components in the

100–420 kV voltage range.
HVDC High‐voltage direct current.
kV Kilovolt.
MWhMegawatt hour.
Nominal voltage “Value of the voltage bywhich the electrical installation or part of the electrical installation is designated

and identified” [2].
ppm Parts per million.
Primary cause (of a fault) “Event or circumstance which leads to a fault” [1, p. 7].
Primary fault “A fault which initiates a grid disturbance” [1, p. 4].
RGN Regional Group Nordic.
Secondary fault A fault that aggravates a grid disturbance [1, p. 3–4].
SGU Significant Grid User.
Statistical area The area inside a country’s borders. The statistical area is further limited to central components, as shown

in Figure 1.2.
Statistical voltage level This report groups the voltage levels into three statistical voltage levels. The statistical voltage

levels are 100–150 kV, 220–330 kV and 380–420 kV.
SVC Static var compensator.
TSO Transmission System Operator.
TWh Terawatt hour.
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1 Introduction

1.1 Description of the report
The 2022 Nordic and Baltic Grid Disturbance Statistics gives an overview of the faults, disturbances, and energy not sup‐
plied (ENS) in the Nordic and Baltic 100–420 kV alternating current power grids for the year 2022. Transmission System
Operators (TSOs) providing the statistical data are Energinet in Denmark, Elering in Estonia, Fingrid Oyj in Finland, Land‐
snet 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.

All of Denmark is included in the disturbance data of this report, although only the grid of eastern Denmark belongs to
the Nordic synchronous system.

The report includes faults causing grid disturbances or ENS in the 100–420 kV grids and it is made according to Nordel’s
Guidelines for the Classification of Grid Disturbances [1].

The report is organised into six chapters. Chapter 2 summarises the statistics, covering the consequences of disturbances
in the form of ENS and covering the total number of disturbances in the Nordic and Baltic 100–420 kV grids. Besides,
each TSO presents the key events of the year 2022.

Chapter 3 presents the grid disturbances and focuses on the allocation of their causes.

Chapter 4 presents the tables and figures of ENS for each country.

Chapter 5 presents secondary faults and their impact on the Nordic and Baltic transmission grids.

Chapter 6 presents an overview of faults causing grid disturbances in the Nordic and Baltic power grids and faults in
the following components: cables, overhead lines, circuit breakers, control equipment, instrument transformers, power
transformers, and compensation devices.

Appendices A–D describe how the TSO of each country calculates ENS, examines line fault causes, and contacts for TSOs
as well as distribution network statistics. Appendix E includes additional figures.

1.2 History
The disturbance statistics has a long history with mutual Nordic rules made already in 1964. In the beginning, the statis‐
tics covered Denmark, Finland, Norway and Sweden and was published by Nordel1 in Swedish with the name “Driftstörn‐
ingsstatistik” (Eng. Fault statistics) along with a summary in English. Iceland joined in 1994.

In 2007, the language of the statistics was changed to English, and the name became Nordic 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 the name of the report today.

1Nordel was the co‐operation organization of the Nordic Transmission System Operators until 2009.
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The map is a comprehensive illustration of the interconnected networks, it shows existing elements and those under construc-
tion: power plants, converters, substations and high-voltage cables/lines with towers designed for voltages of a) 220 kV and
higher b) 110 kV to 150 kV in the areas of Cyprus, Denmark, Iceland, Israel/PA and Norway and c) 110 kV to 150 kV if these
lines cross national frontiers and are operated by TSOs. If the operation voltage differs from that indicated by the colour, this
voltage is given alongside the line. Lines with more than 2 circuits bear a numeral that is explained below. The first number
indicates the number of circuits and the voltage at the final stage of construction (depending on the design of towers); the
numerals in brackets indicate the number of circuits and the voltage at the present stage of construction.

Lines and cables
Different voltages (colours)

750 kV transmission line
500 kV transmission line
380-400 kV transmission line
300-330 kV transmission line
220 kV transmission line
132-150 kV transmission line
DC-line

Different lines (for all voltages) under operation
1 circuit
Double circuit
Double circuit with 1 circuit mounted
>= 3 circuits

Additional information for all lines and voltages
Under construction (dashed)
Underground (for onshore lines and cables)
Currently used voltage
Temporary voltage
Numeral as explained below

Other elements
Connection line
Phase shifter, under construction
Substation, under construction
Converter Station
Converter Station Back-to-back
Substations + Power Plants

Power plants
Symbols for under operation and under

Biogas
Biomass
Brown coal/Lignite
Coal derived gas
Fossil fuel
Fossil gas
Fossil oil
Fossil peat
Geothermal
Hard coal
Hydro marine
Hydro mixed pump storage
Hydro pure pump storage
Hydro pure storage
Hydro run of river & pondage
Mixed fuels
Nuclear
Oil shale
Other fossil fuels
Other or not listed
Solar
Solar photovoltaic
Solar thermic
Waste
Waste (non renewable)
Waste (renewable)
Wind farm

1 1x380 + 2x220
2 2x380 + 2x220
3 3x380
4 4x380
5 4x380 + 2x220
6 2x380 + 1x220
7 2x380 + 4x220
8 2x380 + 2x220 (1x380)
9 2x380 + 2x220 (2x380)
10 2x380 + 4x220 (4x220)

ID descr
11 2x380 + 2x220 (1x220)
12 2x380 + 2x220 (2x220)
13 2x380 + 2x220 (3x220)
14 2x380 + 2x220 (4x220)
15 2x380 + 2x220 (1x380 + 1x220)
16 2x380 + 2x220 (1x380 + 2x220)
17 2x380 + 2x220 (1x380 + 3x220)
18 2x380 + 2x220 (2x380 + 1x220)
19 1x380 + 2x220 (1x380 + 1x220)
20 1x380 + 2x220 (1x220)

ID descr
21 4x380 (1x220)
22 4x380 (2x220)
23 4x380 (3x220)
24 4x380 (1x380)
25 4x380 (2x380)
26 4x380 (3x380)
27 4x380 (1x380 + 1x220)
28 4x380 (1x380 + 2x220)
29 4x380 (1x380 + 3x220)
30 4x380 (2x380 + 1x220)

ID descr
31 4x380 (2x380 + 2x220)
32 4x380 (3x380 + 1x220)
33 4x380 + 2x220 (2x380 + 1x220)
34 4x380 + 2x220 (3x380 + 2x220)
35 4x380 + 2x220 (2x380)
36 3x220
37 4x220 (1x220)
38 4x220 (2x220)
39 4x220 (3x220)
40 4x220

ID descr

Albania yes 100 2
Austria n.a. 50 50
Belarus** n.a. n.a. n.a.
Belgium yes 100 100
Bosnia & Herzegovinia yes 100 30
Bulgaria yes 75 60
Croatia yes 100 40
Cyprus n.a. 100 30
Czech Republic no 150 30
Denmark yes 100 100
Estonia*** yes 15 15
Finland yes 100 50
France yes 150 80
GB (England & Wales) yes 30 30
GB (Northern Ireland) yes 30 30
GB (Scotland North) yes 10 10
GB (Scotland South) yes 30 30
Germany yes 200 100
Greece yes 100 25
Hungary yes 50 50
Iceland no 10 10
Ireland n.a. 100 50

Italy n.a. 100 50
Kosovo* yes 100 50
Latvia*** no 100 40
Lithuania*** yes 20 24
Luxembourg yes 100 50
Moldova n.a. n.a. n.a.
Montenegro no 10 10
Norway no 50 50
Poland yes 200 50
Portugal yes 100 50
Russia** n.a. n.a. n.a.
Serbia yes 20 20
Slovak Republic yes 100 100
Slovenia yes 80 10
Spain no 65 50
Sweden (220 kV) n.a. 100 100
Sweden (380 kV) n.a. 300 300
Switzerland no 100 100
The Netherlands no 100 50
Turkiye n.a. 100 50
Ukraine n.a. n.a. n.a.

Country CHPs included Non renewable Renewable Country CHPs included Non renewable Renewable

All existing power plants and those under construction with NGC (Net Generating Capacity) equal or higher than the values
indicated in the following table are displayed on the map even if they are not connected to the high-voltage network. CHP
(Combined Heat & Power) classification (coal, natural gas, biomass ...) is based on main fuel. The third column of the table
below indicates the visibility of CHP by country.
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Figure 1.1: The Nordic and Baltic main grids [3] in 2023. All of Denmark is included in the disturbance data of this report
although only the grid of eastern Denmark belongs to the Nordic synchronous area.
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1.3 The scope and limitations of the statistics
The statistics comprise grid disturbances, faults causing ENS, and the amounts of ENS in the Nordic and Baltic 100–420 kV
grids.

When a table or figure in these statistics does not explicitly state voltages, all voltages 100–420 kV are included.
The statistics do not comprise:

• Faults in production units;
• Faults having nominal voltages below 100 kV;
• Faults detected during maintenance or testing;
• Planned outages operational interruptions in parts of the electricity system;
• The behaviour of circuit breakers and relay protection if they do not result in or extend a grid disturbance.
• High‐voltage direct current (HVDC) units are not included in this report. ENTSO‐E produces a separate report called

ENTSO‐E HVDC Utilisation and Unavailability Statistics [4].
Control equipment and installations for reactive compensation are included in the statistics if they control 100–420 kV
systems. A graphical interpretation of the grid 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 grid components in the statistics.

Although the statistics are built upon common guidelines [1], there are slight differences in the interpretations between
different countries and companies. These differences are considered to have a minor impact on the statistical material.
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1.4 Available data in the report
Many figures and tables present data for 2022 or for 2013–2022. Somefigures use data from longer periods. For example,
moving average figures for component faults in Chapter 6 use data from 1995. However, not all participating TSO’s have
data since 1995. In these cases, the figures and tables show all the available data.

Many of the reported values are presented in percentages. When the calculations are done, the percentage values are
rounded to the nearest decimal and may result in the total sum deviating slightly from 100 %.

1.5 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 concerning the ENTSO‐E Nordic and Baltic disturbance statistics. The
relevant contact information is given in Appendix C.

There are currently no mutual Nordic and Baltic disturbance statistics for voltage levels lower than 100 kV. However,
Appendix D presents the relevant contact persons for these statistics.

1.6 Fault causes
Each grid disturbance and fault has a cause connected to it. The used causes in this report are detailed in Table 1.1.

There are minor differences in the fault cause groupings between countries. This report uses the fault causes presented
in Table 1.1. Appendix B describes how each Nordic and Baltic TSO examines the cause of line faults.

Table 1.1: The fault causes used in these statistics, the explanations being similar as in the Nordel guidelines [1, Tab. 5.1].
‘Other natural causes’ has been renamed to ‘Other environmental causes’.

Fault cause Explanation

Lightning Lightning is separated from the environmental causes because it causes a large
share of overhead line faults in some countries and is therefore insignificant
from a maintenance perspective.

Other environmental causes Environmental causes except for lightning, such as moisture, ice, low temper‐
atures, 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, ex‐
plosion, tree felling, vandalism.

Operation and maintenance Lack ofmonitoring, 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, manuals),
design, corrosion, materials, installation, production, vibration, ageing.

Other causes 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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1.7 Voltage levels in the Nordic and Baltic grids

Because slightly different voltage levels are used in each country, this report groups the voltage levels into three statistical
voltage ranges. The statistical voltage in this report is the same as the nominal grid voltage at the fault.

When a table or figure in these statistics does not explicitly state voltages, all voltages 100–420 kV are included.

Table 1.2 presents the statistical voltage levels used in this report and their percentage allocation. Table 1.3 presents the
coverage of the statistics in each country. The network statistics of each country cover data from several grid owners
(TSOs and DSOs).

Table 1.2: Nominal voltage levels (UN) included in this report and their percentage (p) allocation. Because slightly different
voltage levels are used in each country, this report groups the voltage levels into the ranges below.

Statistical voltage range, kV

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

Denmark UN / p % 150 kV / 64 % 220 kV / 100 % 400 kV / 100 %
132 kV / 36 %

Estonia UN / p % 110 kV / 100 % 330 kV / 100 % –

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 %

Norway1 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 %
1 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.

Table 1.3: Percentage of networks included in the statistics per statistical voltage level. The percentage is estimated per
line length.

Voltage level

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

Denmark 100 % 100 % 100 %
Estonia 100 % 100 % –
Finland 87 % 100 % 100 %
Iceland 100 % 100 % –
Latvia 100 % 100 % –
Lithuania 100 % 100 % 100 %
Norway 100 % 100 % 100 %
Sweden 76 % 99 % 100 %
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2 Summary

In 2022, 1852 grid disturbances occurred in the Nordic and Baltic 100–420 kV grids, which is below the 10‐year annual
average of 1708 disturbances. The energy not supplied (ENS) due to faults in the Nordic grids amounted to 2498 MWh
and 102MWh in the Baltic. There were 2600MWh of ENS in the Nordic and Baltic grids, which is only 55 % of the 10‐year
annual average. Out of all 1852 disturbances, 371 caused ENS in 2022.

The following sections present the summaries for each Nordic and Baltic country including the most significant issues in
2022.

2.1 Summary of Denmark
In Denmark, the ENS caused by grid disturbances was 37 MWh in 2022 (10‐year annual average 34 MWh). There were
80 grid disturbances (10‐year annual average 65) and 4 of them caused ENS.

In 2022, 50 % of the total ENS was caused by substation faults, and 50 % by overhead line faults. The most significant
reasons for ENS caused by disturbances were environmental causes (85 %) and operation and maintenance (15 %). Dis‐
turbances were caused most by technical equipment (29 %) and and external influences (26 %).

Secondary faults in Denmark accounted for 6 % of all faults in 2022 and caused 45 % of the total ENS. Secondary faults
were primarily caused by technical equipment (60 %) and operation and maintenance (40 %).

The three most significant disturbances in 2022 were the following:

• Due to a storm insulator on different substations got polluted with salt causing flashovers and components tripping
in many places. This includes a complete substation due to a busbar fault. Furthermore, due to faulty protection
settings at a nearby substation, another cable tripped leading to a total of two substations being disconnected from
the grid. The resulting ENS was 31.4 MWh.

• After maintenance work at a substation the substation is being released to the control center which energize the
substation. Unfortunately, maintenance contractor forgot to remove a temporary grounding, causing the total
substation to trip. The resulting ENS was 3.1 MWh.

• A human error during coupling causes a substation to be disconnected from the grid. The resulting ENS was
2.0 MWh.

2.2 Summary of Estonia
In Estonia, the ENS caused by grid disturbances was 49,7 MWh in 2022 (10‐year annual average is 74 MWh). There were
144 grid disturbances (10‐year annual average 165) and 6 of them caused ENS.

In 2022, 98 % of the total ENS was caused by 110 kV substation faults, and 2 % by 110 kV overhead line faults. The most
significant reasons for ENS caused by disturbances was external influences (91 %) and the other reason was technical
equipment (2%) and unknown (1%). Disturbanceswere causedmostly by technical equipment (37%) and environmental
causes (22 %).

Secondary faults in Estonia accounted for 3 % of all faults in 2022 and did not cause ENS. Majority of secondary faults
were caused by technical equipment (60 %).

The three most significant disturbances in the 110–400 kV grid in 2022 were the following:

• All the 110 kV cirquit breakers of 110 kV substation feeding the city and its surroundings were swiched off by an
unknown person. ENS was 45.18 MWh.

• Because of the critical need to repair the terminals of the 110 kV disconnector it was necessary to make an inter‐
ruption to the consumers. ENS was 2.07 MWh.

• 110 kV transformer tripped from non‐selective back‐up current protection due to failure of main protection. ENS
was 0.9 MWh.
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2.3 Summary of Finland
In Finland, the ENS caused by grid disturbances was 125 MWh in 2022 (10‐year annual average 256 MWh). There were
572 grid disturbances (10‐year annual average 418) and 73 (73) of them caused ENS.

In 2022, 99%of the total ENSwas caused by overhead line faults. Themost significant reasons for ENS caused by technical
equipment (26 %). Lightning and other environmental causes formed 24 %. Disturbances were caused most by lightning
and other environmental causes (47 %). There were also lots of unknown and causes not reported by DSOs.

Secondary faults in Finland accounted for 3 % of all faults in 2022 and caused 6 % of the total ENS. Secondary faults were
primarily caused by operation and maintenance 79 % (10‐year annual average 43 %).

The three most significant disturbances in the 110–400 kV grid in 2022 were:

• One‐phase fault on the 110 kV line. The post insulator of 110 kV disconnector broken. ENS 28 MWh.

• One‐phase fault on 110 kV line. Outsider project. The piling machine was working too close to the line. ENS
20 MWh.

• One‐phase fault on 110 kV line. The line protection relay fault. ENS 8 MWh.

2.4 Summary of Iceland
In Iceland, the ENS caused by grid disturbances was 1269 MWh in 2022 (10‐year annual average 749 MWh). There were
58 grid disturbances (10‐year annual average 41) and 31 of them caused ENS.

In 2022, 59 % of the total ENS was caused by overhead line faults, and 41 % of by substation faults. The most significant
reasons for ENS caused disturbances were weather (43 %) and technical equipment (10 %).

Secondary faults in Iceland accounted for 12,9 % of all faults in 2022 and caused approximately 1 % of the total ENS.
Secondary faults were primarily caused by technical equipment (73 %) and environmental cause (27 %), and the majority
of ENS due to secondary fault was mainly caused by technical equipment (86 %).

The most significant disturbances in 2022 were the following:

• On 21 February 2022, one 220 kV overhead line BU3 disconnected 4 times during stormy weather with ice and
high wind power. The total ENS was 86 MWh.

• On 25 February 2022, an extremeweather condition hit the country, one 220 kV transmission line BU2 tripped due
to lighting strike. Geothermal station tripped 7 units and cause a widespread disturbance causing ENS at power
intensive users. Total ENS was 514 MWh.

• On 25 February 2022, a fault occurred in PowerStation Sigalda and 220 kV busbar tripped. Four geothermal units
disconnected, and system protection split the system in two islands. Total ENS in this disturbance was 163 MWh.

2.5 Summary of Latvia
In Latvia, the ENS caused by grid disturbances was 13,2MWh in 2021 (10‐year annual average 78MWh). There were 118
grid disturbances (10‐year annual average 126) and 8 of them caused ENS.

In 2022, 92 % of the total ENS was caused by substation faults, and 8 % by overhead line faults. The most significant
reasons for ENS caused by disturbances were external influences (46 %) and technical equipment (43 %). Disturbances
were caused most by environmental causes (53 %) and external influences (24 %).

Secondary faults in Latvia accounted for 10 % of all faults in 2022 and caused approximately 49 % of the total ENS.
Secondary faults were primarily caused by operation and maintenance (54 %) and technical equipment (46 %), and all
most ENS of the secondary faults was due to operation and maintenance.

The most significant disturbances in 2022 were the following:
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• A tree gnawed by a beaver fell in overhead line and caused a secondary fault in the other lines control equipment.
The disconnection of both lines resulted of one substation blackout. Underlying fault in communications did not
allow dispatchers to reconnect undamaged line remotely. Overall result was 6,2 MWh of ENS.

• A fault from winds torn off roof part on 110 kV disconnector induced two secondary faults in independent control
equipment – onewas connected to differences inmagnetizing curves of instrument transformers andotherwas due
to mistake in primary operations. In summary it took outages of two overhead lines and two power transformers.

• Short‐circuit in distribution grid caused a secondary fault in the control equipment of a power transformer. The
disturbance resulted in 3,3 MWh of ENS due to planned outage of backup transformer.

2.6 Summary of Lithuania
In Lithuania, the ENS caused by grid disturbances was 38,7 MWh in 2022 (10‐year annual average 37,3 MWh). There
were 162 grid disturbances (10‐year annual average 151) and 15 of them caused ENS.

In 2022, 56 % of the total ENS was caused by overhead line faults, and 44 % by substation faults. The most significant
reasons for ENS caused by disturbances were external influences (58 %) and technical equipment (18 %). Disturbances
were caused most by external influences (40 %) and unknown causes (19 %).

Secondary faults in Lithuania accounted for 2 % of all faults in 2022 and caused approximately 18 % of the total ENS.
Secondary faults were primarily caused by technical equipment (75 %) and operation and maintenance (25 %).

The most significant disturbances in 2022 were the following:

• On 14 January 2022, multiple 110 kV overhead lines were disconnected due to very high winds which caused trees
to fall on the lines. ENS was 13.3 MWh.

• On 11 May 2022, during construction works in Cukrus substation the last 110 kV overhead line of these substation
was disconnected by short circuit caused by personnel of contractor. ENS was 3.5 MWh.

• On 4 Augus 2022, due to maintenance personnel mistake the 110 kV busbar tripped in Telšiai substation. ENS was
2.2 MWh.

2.7 Summary of Norway
In Norway, the ENS caused by grid disturbances was 418 MWh in 2022 (10‐year annual average 2151 MWh). There were
292 grid disturbances (10‐year annual average 301) and 76 of them caused ENS.

In 2022, 45 % of the total ENS was caused by overhead line faults, and 32 % by substation faults. The most significant
reasons for ENS caused by disturbances were environmental causes (46 %) and operation and maintenance (36 %).

Secondary faults in Norway accounted for 10 % of all faults in 2022 and caused approximately 14 % of the total ENS.
Secondary faults were primarily caused by technical equipment (42 %) and operation and maintenance (29 %), and the
majority of ENS due to secondary faults was mainly caused by technical equipment (61 %).

The most significant disturbances in 2022 were a few events that led to separate network areas (islanding), e.g. this
event:

• In January, two 420 kV overhead lines serving the most northern part of Norway both disconnected nearly simul‐
taneously during stormy weather, leading to islanding of the area with a large production surplus. The frequency
increased to more than 52 Hz, leading to automatic disconnection of practically all wind power in the area, and
the frequency then decreased to 48 Hz. Frequency controlled system protection schemes took out about 100 MW
load and the separate network then stabilized at 50 Hz. The 420 kV lines were reconnected after 15 minutes, and
the disconnected load was uploaded.
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2.8 Summary of Sweden
In Sweden, the ENS caused by grid disturbances was 650MWh in 2022 (10‐year annual average 1343MWh). There were
426 grid disturbances (10‐year annual average 438) and 158 of them caused ENS.

In 2022, 57 % of the total ENS was caused by overhead line faults, and 27 % by substation faults. The most significant
reasons for ENS caused by disturbances were lightning (54 %) and other (25 %). Disturbances were caused most by
unknown causes (35 %) and lightning (31 %).

Secondary faults in Sweden accounted for 2 % of all faults in 2022 and did not cause any ENS. Secondary faults were
caused by technical equipment (44 %) and others (44 %).

In 2022, therewere no notable grid disturbances that distinguished themselves fromothers. However, a fewdisturbances
occurred on overhead lines, particularly on transmission towers. These disturbances were primarily caused by damaged
parts resulting from strong winds and the natural wear and tear associated with an aging transmission network.
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3 Disturbances
3.1 Overview
This chapter presents grid disturbances. The presentation includes an overview in Section 3.1, disturbances by month in
Section 3.2, and disturbances by cause in Section 3.3.

Table 3.1 presents the number of grid disturbances in 2022 by country and the annual averages for 2013–2022, and
Figure 3.1 shows the annual number of disturbances for 2013–2022, both in the 100–420 kV grids.

A grid disturbance is defined as:
“Outages, forced or unintended disconnection or failed re‐connection (of a component) as a result of faults
in the power grid” [1, p. 5].

It is essential to note the difference between a grid disturbance and a fault. A grid disturbance is initiated by a fault,
called the primary fault, and may be followed by consequential faults, called secondary faults. Only secondary faults that
extend or aggravate a disturbance are included in this report.

The voltage level of a grid disturbance is determined by the voltage level of its primary fault.

Table 3.1: The number of disturbances and disturbances causing ENS in 2022, and their annual averages for 2013–2022
in the 100–420 kV grids.

Disturbances Disturbances causing ENS

Number Annual average Number Annual average
Country 2022 2013–2022 2022 2013–2022

Estonia 144 165.3 6 24.7
Latvia 118 126.5 8 14.4
Lithuania 162 151.0 15 16.7

Baltic total 424 442.8 29 55.8

Denmark 80 64.7 4 6.1
Finland 572 418.1 73 72.7
Iceland 58 44.5 31 19.7
Norway 292 300.9 76 79.1
Sweden 426 437.5 158 149.0

Nordic total 1428 1265.7 342 326.6

Baltic & Nordic total 1852 1708.5 371 382.4
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Figure 3.1: Annual number of grid disturbances in the 100–420 kV grids.
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3.2 Disturbances by month
Table 3.2 presents the percentage allocation of grid disturbances in the 100–420 kV grids by month in 2022. Table 3.3
presents percentage allocation by month over 2013–2022.

Table 3.2: Percentage allocation of grid disturbances in the 100–420 kV grids by month in 2022. Proportionately higher
percentage values are highlighted in yellow and red.

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

Estonia

Latvia

Lithuania

Denmark
Finland

Iceland

Norway

Sweden 5%
9%

5%

15%

9%

3%

6%

13%

3%
6%

0%

3%

5%

2%

5%

3%

4%
9%

9%

3%

4%

2%

6%

4%

4%
4%

12%

5%

15%

4%

6%

8%

27%
9%

2%

14%

11%

24%

17%

9%

16%
7%

3%

16%

8%

18%

12%

10%

17%
7%

0%

10%

8%

12%

10%

7%

7%
4%

9%

7%

8%

5%

3%

11%

5%
3%

2%

5%

6%

5%

3%

6%

3%
3%

7%

6%

4%

9%

15%

6%

4%
16%

41%

2%

5%

4%

3%

11%

5%
23%

10%

14%

19%

10%

14%

11%

Table 3.3: Percentage allocation of grid disturbances in the 100–420 kV grids by month over 2013–2022. Proportionately
higher percentage values are highlighted in yellow and red.

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

Estonia

Latvia

Lithuania

Denmark
Finland

Iceland

Norway

Sweden 5%
11%

14%

7%

14%

4%

7%

5%

4%
8%

5%

3%

7%

3%

4%

4%

5%
6%

7%

4%

9%

4%

7%

7%

7%
6%

8%

6%

9%

5%

8%

7%

19%
9%

3%

14%

11%

27%

21%

19%

23%
11%

6%

21%

8%

17%

12%

16%

14%
8%

6%

14%

8%

12%

14%

13%

7%
4%

5%

10%

7%

9%

8%

10%

4%
4%

5%

6%

6%

6%

5%

6%

4%
8%

13%

3%

6%

7%

7%

5%

4%
9%

18%

3%

6%

2%

3%

4%

5%
16%

11%

7%

9%

4%

4%

4%
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3.3 Disturbances by cause
This section presents grid disturbances in the 100–420 kV grids by cause, the cause defined as the cause of the distur‐
bance’s primary fault. The used causes are lightning, other environmental causes, external influences, operation and
maintenance, technical equipment, other causes and unknown. The causes are explained in more detail in Section 1.6.

Table 3.4 presents the percentage allocation of grid disturbances by cause in terms of the primary fault in 2022. Table 3.5
shows the respective percentages over 2013–2022.

Table 3.6 presents the percentage allocation of grid disturbances that caused ENS by cause in terms of the primary fault
in 2022. Table 3.7 shows the respective percentages over 2013–2022.

Table 3.4: Grid disturbances (%) by cause for 2022. Proportionately higher percentage values are highlighted in yellow
and red.

Country Lightning

Other
environmental

causes
External
influences

OperaƟon and
maintenance

Technical
equipment Other Unknown

Estonia

Latvia
Lithuania

Denmark
Finland
Iceland

Norway
Sweden 35%

4%
0%
44%

6%
19%

7%
15%

19%

8%
16%
0%

9%
16%

7%
15%

8%

22%
16%
4%

20%
3%

8%
24%

3%

11%
0%
3%

15%
6%

2%
17%

3%

4%
2%
3%

26%
40%

24%
8%

2%

37%
64%
31%

15%
10%

42%
15%

31%

14%
3%
16%

9%
6%

12%
7%

Table 3.5: Percentage allocation of grid disturbances by cause over 2013–2022. Proportionately higher percentage values
are highlighted in yellow and red.

Country Lightning

Other
environmental

causes
External
influences

OperaƟon and
maintenance

Technical
equipment Other Unknown

Estonia

Latvia
Lithuania

Denmark
Finland
Iceland

Norway
Sweden 28%

4%
3%
19%

9%
33%

17%
8%

11%

8%
32%
17%

12%
15%

9%
12%

13%

19%
13%
4%

20%
6%

9%
25%

7%

14%
9%
6%

19%
7%

6%
14%

2%

2%
2%
2%

22%
26%

24%
8%

4%

34%
38%
32%

11%
6%

25%
22%

36%

19%
3%
20%

8%
7%

10%
10%
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Table 3.6: Percentage allocationof grid disturbances that caused ENSby cause in 2022. Proportionately higher percentage
values are highlighted in yellow and red.

Country Lightning

Other
environmental

causes
External
influences

OperaƟon and
maintenance

Technical
equipment Other Unknown

Estonia

Latvia
Lithuania

Denmark
Finland
Iceland

Norway
Sweden 23%

7%
0%
41%

0%
0%

0%
17%

28%

3%
10%
0%

0%
0%

0%
17%

3%

28%
10%
7%

0%
0%

25%
50%

1%

18%
0%
10%

75%
20%

0%
0%

0%

5%
0%
10%

0%
67%

13%
17%

1%

21%
77%
29%

25%
13%

50%
0%

44%

18%
3%
4%

0%
0%

13%
0%

Table 3.7: Percentage allocation of grid disturbances that caused ENS by cause over 2013–2022. Proportionately higher
percentage values are highlighted in yellow and red.

Country Lightning

Other
environmental

causes
External
influences

OperaƟon and
maintenance

Technical
equipment Other Unknown

Estonia

Latvia
Lithuania

Denmark
Finland
Iceland

Norway
Sweden 27%

3%
1%
34%

5%
7%

3%
8%

10%

7%
18%
14%

10%
4%

7%
24%

12%

16%
14%
7%

25%
11%

13%
21%

8%

20%
11%
10%

49%
24%

17%
26%

2%

2%
2%
3%

0%
41%

26%
10%

2%

26%
51%
16%

8%
10%

33%
9%

39%

25%
4%
16%

3%
4%

2%
3%
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4 Energy not supplied

This chapter presents energy not supplied (ENS) caused by grid disturbances. The presentation includes the amount
of ENS in 2022 by country and the annual averages for 2013–2022. Furthermore, ENS is compared to consumption in
Section 4.2, allocated by month in Section 4.3, allocated by cause in Section 4.4, allocated by voltage level in Section 4.5,
and examined at component level in Section 4.6.

4.1 Overview
Table 4.1 shows the amount of ENS in 2022 by country and the annual averages for 2013–2022.
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” [1].

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.

Table 4.1: ENS in 2022 and the annual averages for 2013–2022.

ENS (MWh)

Annual average
Country 2022 2013–2022

Estonia 49.7 74.0
Latvia 13.2 77.9
Lithuania 38.7 37.3

Baltic total 101.5 189.2

Denmark 36.8 33.9
Finland 125.1 256.3
Iceland 1268.6 796.9
Norway 418.0 2150.7
Sweden 649.6 1343.2

Nordic total 2498.1 4580.9

Baltic & Nordic total 2599.6 4770.1
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4.2 Energy not supplied and total consumption
This section presents ENS normalised by the total electricity consumption. Table 4.2 shows the consumption, ENS, and
the ENS to consumption ratio.

Figure 4.1 presents the 5‐year moving average of ENS scaled to consumption since 2000 in the Nordic countries, since
2007 in Estonia, and since 2012 in Latvia and Lithuania.

There is a considerable annual variance due to occasional events, such as storms. These events have a significant effect
on each country’s annual statistics.

More information on past events are available in the previous Nordic and Baltic statistics and from the contact persons in
Appendix C. Iceland’s high values, seen in Table 4.2 and Figure 4.1, are a result of power intensive industries that cause
substantial amounts of ENS even during short interruptions.

Table 4.2: Electricity consumption, ENS, and their ratio in 2022 and the corresponding annual averages for 2013–2022.
Ppm (parts per million) represents ENS (MWh) as a proportional value of the consumed energy (TWh).

ENS / consumption
Consumption ENS (ppm)

(TWh) (MWh) Annual average
Country 2022 2022 2022 2013–2022

Estonia 9.0 49.7 5.5 8.8
Latvia 7.4 13.2 1.8 11.0
Lithuania 12.0 38.7 3.2 3.3

Baltic total 28.4 101.5 3.6 7.1

Denmark 35.5 36.8 1.0 1.0
Finland 79.2 125.1 1.6 3.1
Iceland 19.1 1268.6 66.4 43.6
Norway 131.6 418.0 3.2 16.4
Sweden 136.7 649.6 4.8 9.7

Nordic total 402.1 2498.1 6.2 11.3

Baltic & Nordic total 430.5 2599.6 6.0 11.0
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Figure 4.1: 5‐year moving average for the amount of ENS divided by consumption (ppm) since 2000. Estonia has data
since 2007 and since Latvia and Lithuania have data since 2012. Ppm (parts per million) represents ENS (MWh) as a
proportional value of the consumed energy (TWh).
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4.3 Energy not supplied by month
This section presents ENS due to disturbances that occurred in the 100–420 kV grids by month. Table 4.3 shows the
percentage allocation of ENS bymonth in 2022 and Table 4.4 presents the respective percentage values over 2013–2022.

Table 4.3: ENS (%) by month in 2022. Proportionately higher percentage values are highlighted in yellow and red.

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

Estonia

Latvia

Lithuania

Denmark

Finland

Iceland

Norway

Sweden 12%

7%

1%

17%

0%

0%

0%

4%

10%

6%

0%

1%

0%

0%

64%

0%

5%

4%

12%

0%

0%

1%

25%

1%

0%

1%

3%

1%

6%

0%

0%

1%

34%

4%

0%

1%

8%

6%

0%

0%

12%

5%

0%

24%

0%

1%

0%

0%

19%

5%

0%

8%

0%

21%

0%

1%

3%

3%

1%

0%

0%

9%

0%

0%

4%

39%

0%

1%

0%

5%

0%

91%

0%

0%

3%

25%

0%

6%

4%

2%

0%

4%

72%

1%

0%

2%

3%

0%

1%

21%

10%

22%

85%

50%

3%

0%
Report year
2022

Table 4.4: Percentage allocation of ENS by month over 2013–2022. Proportionately higher percentage values are high‐
lighted in yellow and red.

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

Estonia

Latvia

Lithuania

Denmark

Finland

Iceland

Norway

Sweden 4%

4%

27%

15%

8%

2%

6%

4%

5%

7%

2%

5%

3%

3%

4%

5%

7%

2%

3%

6%

26%

6%

36%

31%

5%

3%

3%

3%

9%

2%

7%

10%

15%

3%

1%

16%

11%

7%

9%

4%

23%

3%

4%

17%

1%

17%

7%

6%

15%

5%

7%

8%

5%

24%

23%

4%

7%

1%

2%

4%

3%

7%

4%

7%

3%

5%

1%

6%

4%

6%

0%

8%

4%

48%

6%

11%

4%

13%

2%

5%

6%

10%

27%

2%

14%

8%

0%

6%

6%

9%

17%

8%

14%

6%

2%

10%
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4.4 Energy not supplied by cause
This section presents ENS by the cause of each fault. The used causes are lightning, other environmental causes, external
influences, operation and maintenance, technical equipment, other causes and unknown. The causes are explained in
more detail in Section 1.6.

Table 4.5 presents the percentage allocation of ENS by cause in 2022. Table 4.6 shows the respective percentages over
2013–2022.

Table 4.5: ENS (%) by cause in 2022. Proportionately higher percentage values are highlighted in yellow and red.

Country Lightning

Other
environmental

causes
External
influences

OperaƟon and
maintenance

Technical
equipment Other Unknown

Estonia

Latvia
Lithuania

Denmark
Finland
Iceland

Norway
Sweden 6%

1%
0%
29%

0%
0%

0%
1%

25%

6%
22%
0%

0%
0%

0%
1%

5%

43%
3%
26%

0%
18%

46%
7%

4%

8%
0%
4%

59%
17%

46%
0%

0%

1%
0%
17%

0%
58%

0%
91%

7%

36%
35%
20%

41%
7%

7%
0%

54%

5%
40%
4%

0%
0%

0%
0%

Report year
2022

Table 4.6: Percentage allocation of ENS by cause over 2013–2022. Proportionately higher percentage values are high‐
lighted in yellow and red.

Country Lightning

Other
environmental

causes
External
influences

OperaƟon and
maintenance

Technical
equipment Other Unknown

Estonia

Latvia
Lithuania

Denmark
Finland
Iceland

Norway
Sweden 19%

2%
0%
12%

1%
2%

0%
1%

12%

9%
29%
24%

5%
2%

0%
33%

28%

20%
14%
25%

24%
34%

8%
44%

6%

5%
15%
10%

58%
14%

39%
14%

5%

1%
1%
4%

0%
37%

12%
7%

1%

57%
32%
15%

11%
10%

41%
1%

30%

5%
9%
11%

0%
1%

0%
0%

The reason behind Sweden having more disturbances and ENS due to unknown causes is that if the cause of a distur‐
bance is not 100 % certain, which might be the case with lightning, it is reported as an unknown cause as explained in
Appendix B.
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4.5 Energy not supplied by voltage level
Table 4.7 and Table 4.8 show the amount of ENS and its allocation by voltage level in 2022 and for 2013–2022.

Table 4.7: ENS in 2022 and its annual average for 2013–2022, and the annual average amount of ENS by voltage level for
2013–2022.

Average annual ENS (MWh)
ENS (MWh) by voltage level over 2013–2022

Annual average
Country 2022 2013–2022 100–150 kV 220–330 kV 380–420 kV Other1

Estonia 49.7 74.0 51.8 5.9 0.0 24.2
Latvia 13.2 77.9 60.3 17.5 0.0 0.1
Lithuania 38.7 37.3 36.7 0.1 0.0 0.6

Baltic total 101.5 189.2 148.8 23.5 0.0 24.9

Denmark 36.8 33.9 31.9 0.0 1.0 1.2
Finland 125.1 256.3 235.7 0.9 0.0 35.1
Iceland 1268.6 796.9 308.6 367.6 0.0 218.9
Norway 418.0 2150.7 846.0 258.4 1030.5 15.8
Sweden 649.6 1343.2 1080.0 111.5 52.8 127.4

Nordic total 2498.1 4580.9 2502.2 738.4 1084.3 398.3

Baltic & Nordic total 2599.6 4770.1 2651.0 761.9 1084.3 423.2
1 The category Other contains ENS from, for example, system faults, lower voltage level networks and connections to foreign countries.

Table 4.8: ENS (MWh) by statistical voltage level in 2022.

Country
100–150

kV
220–330

kV
380–420

kV
Estonia
Latvia
Lithuania
Denmark
Finland
Iceland
Norway
Sweden
BalƟc & Nordic 0,3

0,1
0,2
0,0
0,0
0,0
0,0
0,0
0,0

1089,1
247,6
33,8
807,5
0,3
0,0
0,0
0,0
0,0

1103,0
300,2
360,3
179,4
124,8
36,8
38,7
13,2
49,7 Report year

2022
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4.6 Energy not supplied by component
Table 4.9 presents the percentage allocation of ENS by component in 2022, and Table 4.10 shows the respective percent‐
ages over 2013–2022. The ENS is allocated to the component where each fault occurred. The total amount of ENS in
2022 and the annual average values for 2013–2022 are in Table 4.7.

Table 4.9: ENS (%) by component in 2022. The ENS is allocated to the component where each fault occurred. Propor‐
tionately higher percentage values are highlighted in yellow and red.

Cables
Lines

Overhead lines

Substation components

Circuit breakers
Busbars

Common ancillary equipment
Control equipment
Disconnectors

Instrument transformers
Power transformers
Surge arresters and spark gaps
Other high voltage appliances SVC

Compensation devices
Reactors
Series capacitors
Shunt capacitors
SVC and statcom
Synchronous compensators

Other
Adjoining grid
System faults

Lines Substation components Compensation devices Other

Estonia

Latvia

Lithuania

Denmark

Finland

Iceland

Norway

Sweden 57%

62%

59%

99%

50%

56%

8%

2%

57%

45%

59%

99%

5%

56%

8%

2%

0%

17%

0%

0%

45%

0%

0%

0%

27%

32%

18%

1%

50%

44%

92%

98%

0%

2%

0%

0%

0%

0%

0%

0%

0%

0%

3%

0%

0%

0%

0%

0%

8%

2%

1%

0%

1%

0%

0%

1%

0%

5%

13%

1%

0%

0%

18%

0%

0%

3%

0%

0%

0%

0%

0%

4%

7%

13%

2%

0%

0%

24%

74%

2%

0%

0%

0%

0%

0%

0%

0%

0%

12%

8%

0%

0%

0%

0%

0%

91%

0%

0%

0%

0%

49%

21%

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%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

16%

6%

22%

0%

0%

0%

0%

0%

0%

6%

0%

0%

0%

0%

0%

0%

16%

0%

22%

0%

0%

0%

0%

0%

Report year
2022

SVCTotal Total TotalTotal

Table 4.10: Percentage allocation of ENS by component over 2013–2022. The ENS is allocated to the component where
each fault occurred. Proportionately higher percentage values are highlighted in yellow and red. The symbols are pre‐
sented in Table 4.9.

Lines Substation components Compensation devices Other

Estonia

Latvia

Lithuania

Denmark

Finland

Iceland

Norway

Sweden 49%

63%

21%

60%

7%

52%

52%

11%

48%

58%

20%

59%

3%

51%

52%

11%

1%

5%

1%

0%

5%

1%

0%

0%

39%

36%

51%

25%

89%

47%

47%

52%

5%

3%

10%

2%

0%

0%

0%

21%

2%

4%

1%

0%

0%

1%

0%

0%

6%

1%

17%

4%

6%

0%

3%

2%

6%

4%

2%

6%

7%

2%

1%

1%

3%

4%

0%

1%

3%

8%

3%

2%

8%

13%

15%

6%

12%

26%

37%

17%

1%

1%

0%

0%

0%

0%

0%

0%

3%

2%

6%

4%

10%

6%

1%

9%

4%

3%

0%

2%

52%

3%

3%

0%

2%

0%

0%

1%

0%

0%

0%

4%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

0%

1%

0%

0%

0%

0%

0%

0%

4%

0%

0%

0%

1%

0%

0%

0%

0%

1%

0%

0%

0%

0%

0%

0%

0%

9%

1%

27%

14%

4%

2%

0%

33%

0%

1%

10%

1%

0%

0%

0%

0%

9%

0%

18%

13%

4%

2%

0%

33%

Report year
2022

SVCTotal Total TotalTotal
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5 Secondary faults

5.1 Overview
This chapter presents statistics about secondary faults, that is, faults that extend or aggravate a grid disturbance.

The number of disturbances with secondary faults is significantly smaller than the number of disturbances with only one
fault. However, these disturbances may cause more ENS.

Table 5.1 presents an overview of faults connected to grid disturbances as well as the secondary faults.

Table 5.1: The number of faults (including secondary faults), the number of faults that caused ENS, total ENS, the number
of secondary faults, and the amount of ENS caused by secondary faults in 2022.

Faults in 2022 Secondary faults in 2022

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

Estonia 149 6 49.7 5 0.0
Latvia 131 8 13.2 13 6.5
Lithuania 168 16 38.7 4 7.0

Baltic total 448 30 101.5 22 13.5

Denmark 85 5 36.8 5 16.4
Finland 596 76 125.1 19 7.7
Iceland 85 30 1268.6 11 13.8
Norway 323 80 418.0 31 60.1
Sweden 435 158 649.6 9 0.0

Nordic total 1524 349 2498.1 75 98.1

Baltic & Nordic total 1972 379 2599.6 97 111.6
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5.2 Statistics of secondary faults
Table 5.2 presents the percentage allocation of secondary faults by cause in 2022, and Table 5.3 shows the respective
values over 2017–2022. Table 5.4 presents the annual number of secondary faults for 2017–2022.

Table 5.5 presents the percentage allocation of ENS due to secondary faults in 2022, and Table 5.6 shows the respective
values over 2017–2022. Table 5.7 presents the annual amounts of ENS caused by the secondary faults for 2017–2022.

Data about secondary faults have been collected since 2017.

Table 5.2: Percentage allocation of secondary faults by cause in 2022. Proportionately higher percentage values are
highlighted in yellow and red.

Country Lightning

Other
environmental

causes
External
influences

OperaƟon and
maintenance

Technical
equipment Other Unknown

Estonia

Latvia
Lithuania

Denmark
Finland
Iceland

Norway
Sweden 0%

3%
0%
5%

0%
0%

0%
40%

44%

10%
0%
0%

60%
0%

0%
0%

44%

42%
73%
5%

0%
75%

46%
0%

0%

29%
0%
79%

40%
25%

54%
60%

11%

0%
0%
0%

0%
0%

0%
0%

0%

10%
27%
0%

0%
0%

0%
0%

0%

6%
0%
11%

0%
0%

0%
0%

Report year
2022Table 5.3: Percentage allocation of secondary faults by cause over 2017–2022. Proportionately higher percentage values

are highlighted in yellow and red.

Country Lightning

Other
environmental

causes
External
influences

OperaƟon and
maintenance

Technical
equipment Other Unknown

Estonia

Latvia
Lithuania

Denmark
Finland
Iceland

Norway
Sweden 9%

5%
0%
10%

0%
35%

4%
8%

11%

10%
65%
14%

23%
12%

6%
19%

70%

34%
18%
9%

3%
25%

50%
31%

4%

22%
4%
43%

71%
27%

40%
29%

1%

1%
0%
5%

3%
0%

0%
6%

0%

14%
13%
10%

0%
0%

0%
6%

5%

13%
0%
10%

0%
2%

0%
0%

Table 5.4: Annual number of secondary faults for 2017–2022.

Country 2017 2018 2019 2020 2021 2022
Estonia
Latvia
Lithuania
Denmark
Finland
Iceland
Norway
Sweden
BalƟc & Nordic 97

9
31
11
19
5
4
13
5

116
27
36
14
16
3
0
16
4

112
9
28
22
18
5
6
9
15

126
14
26
26
6
6
18
23
7

118
7
34
18
9
3
19
20
8

112
10
30
8
13
9
13
20
9

Annual
average

113,5
12,7
30,8
16,5
13,5
5,2
16,8
10,0
8,0

Report year
2022
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Table 5.5: Percentage allocation of ENS due to secondary faults by cause in 2022. Proportionately higher percentage
values are highlighted in yellow and red.

Country Lightning

Other
environmental

causes
External
influences

OperaƟon and
maintenance

Technical
equipment Other Unknown

Estonia

Latvia
Lithuania

Denmark
Finland
Iceland

Norway
Sweden 0%

0%
0%
94%

0%
0%

0%
0%

0%

29%
0%
0%

0%
0%

0%
0%

0%

61%
86%
0%

0%
100%

6%
0%

0%

7%
0%
6%

100%
0%

94%
0%

0%

0%
0%
0%

0%
0%

0%
0%

0%

0%
14%
0%

0%
0%

0%
0%

0%

3%
0%
0%

0%
0%

0%
0%

Report year
2022

Table 5.6: Percentage allocation of ENS due to secondary faults by cause over 2017–2022. Proportionately higher per‐
centage values are highlighted in yellow and red.

Country Lightning

Other
environmental

causes
External
influences

OperaƟon and
maintenance

Technical
equipment Other Unknown

Estonia

Latvia
Lithuania

Denmark
Finland
Iceland

Norway
Sweden 16%

0%
0%
9%

0%
0%

0%
0%

63%

35%
81%
47%

8%
4%

0%
2%

20%

7%
15%
7%

0%
95%

5%
77%

0%

9%
0%
10%

92%
1%

95%
19%

0%

27%
0%
1%

0%
0%

0%
1%

0%

22%
4%
19%

0%
0%

0%
0%

0%

1%
0%
8%

0%
0%

0%
0%

Report year
2022

Table 5.7: Annual amount of ENS (MWh) due to secondary faults for 2017–2022.

Country 2017 2018 2019 2020 2021 2022
Estonia
Latvia
Lithuania
Denmark
Finland
Iceland
Norway
Sweden
BalƟc & Nordic 111,6

0,0
60,1
13,8
7,7
16,4
7,0
6,5
0,0

170,9
10,2
130,9
4,7
15,3
0,0
0,0
8,6
1,2

451,7
0,0

167,2
84,1
12,9
0,0
24,1
163,3
0,1

100,0
8,4
71,3
0,2
12,6
4,7
0,5
2,2
0,1

239,3
0,0

131,3
0,0
48,2
0,3
25,2
34,1
0,3

166,9
32,0
58,8
0,0
6,0
4,0
50,0
16,0
0,1

Annual
average

206,7
8,4

103,3
17,1
17,1
4,2
17,8
38,4
0,3

Report year
2022
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6 Faults in power system components

This chapter presents an overview of all faults related to grid disturbances. Furthermore, faults for each type of power
system component are shown. Some figures and tables show values normalised by the length of overhead line or cable,
or the number of installed components in each country to allow comparable results.

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

6.1 Overview of faults
This section presents an overview of faults. A fault is defined as:

“The inability of a component to perform its required function” [1, p. 3–4].

This report includes only faults that caused, aggravated or extended a grid disturbance. The causes are presented inmore
detail in Section 1.6.

Table 6.1 presents the number of faults and the energy not supplied (ENS) caused by them in 2022 and for 2013–2022.
Table 6.2 shows the number of faults and number of grid disturbances in 2022, their annual averages for 2013–2022, and
the faults to disturbance ratio over 2013–2022.

Table 6.3 shows the percentage allocation of faults per component in 2022, and Table 6.4 shows the respective percent‐
ages over 2013–2022. The component groups used in these statistics are further described in the guidelines [1, Sec‐
tion 5.4.10].

Table 6.1: The number of faults, the number of faults that caused ENS and amount of ENS in 2022 and their annual
averages for 2013–2022.

Number of faults No. of faults with ENS ENS (MWh)

Annual avg. Annual avg. Annual avg.
Country 2022 2013–2022 2022 2013–2022 2022 2013–2022

Estonia 149 172.2 6 24.8 49.7 74.0
Latvia 131 140.8 8 15.4 13.2 77.9
Lithuania 168 161.9 16 16.9 38.7 37.3

Baltic total 448 474.9 30 57.1 101.5 189.2

Denmark 85 72.4 5 6.8 36.8 33.9
Finland 596 436.0 76 78.0 125.1 256.3
Iceland 85 66.0 30 21.6 1268.6 796.9
Norway 323 341.1 80 88.4 418.0 2150.7
Sweden 435 456.4 158 174.3 649.6 1343.2

Nordic total 1524 1371.9 349 369.1 2498.1 4580.9

Baltic & Nordic total 1972 1846.8 379 426.2 2599.6 4770.1
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Table 6.2: The number of faults and the number of grid disturbances in 2022, their annual averages for 2013–2022, and
the fault to disturbance ratio in 2022 and over 2013–2022.

Number of faults No. of disturbances Ratio

Annual avg. Annual avg. Annual avg.
Country 2022 2013–2022 2022 2013–2022 2022 2013–2022

Estonia 149 172.2 144 165.3 1.0 1.0
Latvia 131 140.8 118 126.5 1.1 1.1
Lithuania 168 161.9 162 151.0 1.0 1.1

Baltic total 448 474.9 424 442.8 1.1 1.1

Denmark 85 72.4 80 64.7 1.1 1.1
Finland 596 436.0 572 418.1 1.0 1.0
Iceland 85 66.0 58 44.5 1.5 1.5
Norway 323 341.1 292 300.9 1.1 1.1
Sweden 435 456.4 426 437.5 1.0 1.0

Nordic total 1524 1371.9 1428 1265.7 1.1 1.1

Baltic & Nordic total 1972 1846.8 1852 1708.5 1.1 1.1

Table 6.3: Percentage allocationof faults by component in 2022. Proportionately higher percentage values are highlighted
in yellow and red.

Cables
Lines

Overhead lines

Substation components

Circuit breakers
Busbars

Common ancillary equipment
Control equipment
Disconnectors

Instrument transformers
Power transformers
Surge arresters and spark gaps
Other high voltage appliances SVC

Compensation devices
Reactors
Series capacitors
Shunt capacitors
SVC and statcom
Synchronous compensators

Other
Adjoining grid
System faults

Lines Substation components Compensation devices Other

Estonia

Latvia

Lithuania

Denmark

Finland

Iceland

Norway

Sweden 71%

54%

47%

83%

68%

73%

76%

45%

71%

51%

47%

83%

59%

73%

75%

44%

0%

3%

0%

0%

9%

0%

1%

1%

11%

35%

27%

15%

16%

11%

18%

42%

0%

2%

6%

7%

0%

0%

0%

0%

0%

1%

1%

0%

0%

1%

0%

1%

2%

2%

6%

1%

8%

0%

1%

12%

0%

4%

1%

2%

0%

0%

4%

3%

0%

2%

2%

0%

0%

0%

1%

4%

6%

20%

9%

5%

0%

8%

12%

10%

0%

1%

0%

0%

0%

0%

0%

1%

2%

2%

1%

1%

1%

2%

1%

10%

0%

0%

0%

0%

7%

1%

0%

1%

4%

5%

1%

2%

7%

0%

0%

1%

0%

1%

0%

0%

0%

0%

0%

0%

0%

3%

0%

0%

0%

0%

0%

0%

0%

0%

1%

0%

4%

0%

0%

0%

3%

0%

0%

2%

0%

0%

0%

0%

0%

1%

0%

0%

4%

0%

0%

1%

14%

6%

25%

0%

8%

16%

6%

11%

1%

6%

0%

0%

0%

0%

0%

0%

13%

0%

25%

0%

8%

16%

6%

11%

Report year
2022

SVCTotal Total TotalTotal

Table 6.4: Percentage allocation of faults by component over 2013–2022. Proportionately higher percentage values are
highlighted in yellow and red. The symbols are presented in Table 6.3.

Lines Substation components Compensation devices Other

Estonia

Latvia

Lithuania

Denmark

Finland

Iceland

Norway

Sweden 62%

52%

33%

82%

50%

68%

67%

52%

61%

50%

33%

82%

44%

68%

67%

51%

1%

2%

0%

0%

6%

0%

0%

0%

25%

39%

28%

13%

35%

18%

24%

36%

1%

7%

4%

2%

3%

0%

0%

5%

0%

1%

0%

0%

1%

1%

0%

0%

5%

2%

4%

2%

7%

1%

4%

7%

1%

2%

0%

1%

2%

1%

2%

2%

2%

1%

1%

0%

1%

1%

1%

4%

12%

19%

13%

6%

12%

9%

14%

9%

0%

2%

0%

0%

0%

1%

0%

1%

2%

4%

5%

1%

4%

4%

2%

6%

1%

1%

0%

0%

4%

1%

1%

2%

4%

7%

1%

2%

6%

0%

0%

2%

0%

1%

0%

0%

3%

0%

0%

0%

1%

5%

0%

0%

1%

0%

0%

0%

0%

1%

1%

0%

1%

0%

0%

1%

1%

0%

0%

1%

0%

0%

0%

0%

1%

0%

0%

0%

2%

0%

0%

1%

9%

2%

38%

3%

10%

13%

9%

11%

0%

2%

16%

0%

0%

0%

0%

0%

9%

0%

21%

3%

10%

13%

9%

11%

Report year
2022

SVCTotal Total TotalTotal
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6.2 Faults by cause
This sectionpresents faults according to cause, with the cause of a fault defined as the primary cause of the fault. The used
causes are lightning, other environmental causes, external influences, operation andmaintenance, technical equipment,
other causes and unknown. The causes are explained in more detail in Section 1.6.

There are minor differences in the fault cause groupings between countries. This report uses the fault causes presented
in Table 1.1. Appendix B describes how each Nordic and Baltic TSO examines the cause of line faults.

Table 6.5 presents the percentage allocation of faults by cause in 2022. Table 6.6 shows the respective percentages over
2013–2022.

Table 6.7 presents the percentage allocation of faults that caused ENS by cause in 2022. Table 6.8 shows the respective
percentages over 2013–2022.

Table 6.5: Percentage allocation of the number of faults by cause in 2022. Proportionately higher percentage values are
highlighted in yellow and red.

Country Lightning

Other
environmental

causes
External
influences

OperaƟon and
maintenance

Technical
equipment Other Unknown

Estonia

Latvia
Lithuania

Denmark
Finland
Iceland

Norway
Sweden 34%

4%
0%
43%

6%
18%

6%
15%

19%

8%
25%
0%

12%
16%

6%
14%

9%

24%
25%
4%

19%
5%

11%
23%

3%

13%
0%
5%

16%
7%

7%
19%

3%

4%
1%
3%

25%
38%

21%
7%

2%

34%
47%
30%

14%
10%

37%
15%

30%

13%
2%
15%

8%
6%

11%
7%

Report year
2022

Table 6.6: Percentage allocation of the number of faults by cause over 2013–2022. Proportionately higher percentage
values are highlighted in yellow and red.

Country Lightning

Other
environmental

causes
External
influences

OperaƟon and
maintenance

Technical
equipment Other Unknown

Estonia

Latvia
Lithuania

Denmark
Finland
Iceland

Norway
Sweden 26%

4%
1%
19%

8%
33%

16%
8%

13%

9%
46%
17%

13%
15%

9%
12%

14%

19%
14%
4%

19%
7%

13%
26%

7%

15%
6%
7%

21%
9%

10%
15%

2%

2%
1%
2%

20%
24%

21%
8%

4%

32%
31%
31%

11%
5%

23%
21%

34%

19%
2%
20%

7%
7%

9%
10%
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Table 6.7: Percentage allocation of the number of faults that caused ENS by cause in 2022. Proportionately higher per‐
centage values are highlighted in yellow and red.

Country Lightning

Other
environmental

causes
External
influences

OperaƟon and
maintenance

Technical
equipment Other Unknown

Estonia

Latvia
Lithuania

Denmark
Finland
Iceland

Norway
Sweden 23%

6%
0%
60%

0%
0%

0%
17%

28%

4%
10%
0%

0%
0%

0%
17%

3%

30%
7%
1%

0%
6%

38%
50%

1%

20%
0%
2%

80%
19%

13%
0%

0%

4%
0%
2%

0%
63%

0%
17%

1%

19%
80%
35%

20%
13%

38%
0%

44%

18%
3%
0%

0%
0%

13%
0%

Report year
2022

Table 6.8: Percentage allocation of the number of faults that caused ENS by cause over 2013–2022. Proportionately
higher percentage values are highlighted in yellow and red.

Country Lightning

Other
environmental

causes
External
influences

OperaƟon and
maintenance

Technical
equipment Other Unknown

Estonia

Latvia
Lithuania

Denmark
Finland
Iceland

Norway
Sweden 26%

3%
0%
43%

4%
6%

3%
8%

14%

8%
22%
10%

15%
4%

3%
24%

14%

17%
14%
5%

22%
14%

21%
21%

8%

20%
10%
8%

49%
25%

32%
26%

2%

2%
1%
2%

0%
39%

15%
10%

2%

25%
49%
21%

7%
9%

24%
9%

35%

25%
3%
10%

3%
3%

2%
3%
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6.3 Faults in cables
This section presents cable faults in 2022 and for 2013–2022.

Table 6.9 presents the length of cables and the number of faults in 2022, and the 10‐year annual average of the number
of faults for 2013–2022. Table 6.10 presents the number of faults per 100 km of cable in 2022 and the annual averages
for 2013–2022.

Table 6.11 shows the percentage allocation of cable faults by cause in 2022. Table 6.12 presents the respective percent‐
ages over 2013–2022.

Figure 6.1 presents the 5‐year moving average of cable faults per 100 km.

Table 6.9: Length of cable (km) and the number of cable faults in 2022, and the annual average number of faults for
2013–2022, grouped by voltage level.

Country
100–150 kV

km Number
of faults

10-year
ann. avg
of faults

220–330 kV
km Number

of faults
10-year
ann. avg
of faults

380–420 kV
km Number

of faults
10-year
ann. avg
of faults

Estonia

Latvia

Lithuania

Denmark

Finland

Iceland

Norway

Sweden

BalƟc & Nordic 11.9

2.3

4.1

0.2

1.0

3.5

0.1

0.2

0.5

 16

 1

 5

 0

 0

 8

 0

 1

 1

3 028

 322

 571

 111

 46

1 672

 112

 83

 112

2.4

1.5

0.4

0.0

0.0

0.3

0.0

0.2

0.0

 5

 1

 4

 0

 0

 0

 0

 0

 0

 559

 52

 108

 10

 0

 366

 0

 22

 0

1.4

0.4

0.8

0.0

0.0

0.2

0.0

0.0

0.0

 0

 0

 0

 0

 0

 0

 0

 0

 0

 294

 28

 22

 0

 22

 222

 0

 0

 0

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

Report year
2022in

2022 in 2022
in

2022 in 2022
in

2022 in 2022

Table 6.10: Number of cable faults per 100 km in 2022 and the annual average for 2013–2022, grouped by voltage level.

Country
100–150 kV

Number of
faults / 100 km

10-year ann.
avg no. of

faults / 100 km

220–330 kV
Number of

faults / 100 km
10-year ann.
avg no. of

faults / 100 km

380–420 kV
Number of

faults / 100 km
10-year ann.
avg no. of

faults / 100 km
Estonia

Latvia

Lithuania

Denmark

Finland

Iceland

Norway

Sweden

BalƟc & Nordic  0.41

 0.52

 0.81

 0.18

 0.55

 0.25

 0.11

 0.26

 0.66

 0.53

 0.31

 0.88

 0.00

 0.00

 0.48

 0.00

 1.21

 0.89

 0.53

 1.17

 0.43

 0.00

 0.00

 0.14

 0.00

 1.20

 0.00

 0.89

 1.92

 3.70

 0.00

 0.00

 0.00

 0.00

 0.00

 0.00

 0.66

 2.42

 3.28

 0.00

 0.00

 0.12

 0.00

 0.00

 0.00

 0.00

 0.00

 0.00

 0.00

 0.00

 0.00

 0.00

 0.00

 0.00
in 2022 in 2022 in 2022
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Table 6.11: Percentage allocation of cable faults by cause in 2022. Proportionately higher percentage values are high‐
lighted in yellow and red.

Country Lightning

Other
environmental

causes
External
influences

OperaƟon and
maintenance

Technical
equipment Other Unknown

Estonia

Latvia
Lithuania

Denmark
Finland
Iceland

Norway
Sweden 50%

0%
0%
0%

0%
0%

0%
0%

0%

0%
0%
0%

0%
0%

0%
0%

50%

56%
0%
0%

50%
0%

0%
0%

0%

0%
0%
0%

38%
0%

0%
100%

0%

33%
0%
0%

13%
0%

100%
0%

0%

11%
0%
0%

0%
0%

0%
0%

0%

0%
0%
0%

0%
0%

0%
0%

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

Report year
2022

Table 6.12: Percentage allocation of cable faults by cause over 2013–2022. Proportionately higher percentage values are
highlighted in yellow and red.

Country Lightning

Other
environmental

causes
External
influences

OperaƟon and
maintenance

Technical
equipment Other Unknown

Estonia

Latvia
Lithuania

Denmark
Finland
Iceland

Norway
Sweden 16%

4%
0%
0%

5%
0%

0%
0%

5%

15%
50%
30%

0%
0%

0%
0%

64%

43%
0%
20%

65%
100%

75%
20%

11%

4%
0%
30%

20%
0%

0%
20%

0%

11%
0%
10%

10%
0%

25%
60%

0%

23%
50%
10%

0%
0%

0%
0%

5%

0%
0%
0%

0%
0%

0%
0%

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

Estonia

Finland

Iceland

Latvia

Lithuania

Norway

Sweden

Average

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

Report year
2022

Figure 6.1: 5‐year moving average of cable faults per 100 km. Estonia has data since 2007, and Latvia and Lithuania have
data since 2012. Estonia, Finland and Lithuania do not own 220–330 kV cables. Estonia, Finland, Iceland, Latvia and
Lithuania do not own 380–420 kV cables.
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6.4 Faults on overhead lines
This section presents overhead line faults in 2022 and for 2013–2022.

Table 6.13 presents the length of overhead lines and the number of faults in 2022, and the 10‐year annual average of the
number of faults for 2013–2022. Table 6.14 presents the number of faults per 100 km of overhead line in 2022 and the
annual averages for 2013–2022.

Table 6.15 presents the number of faults and the number of permanent faults for 2022 and their 10‐year respective
average values for 2013–2022.

Table 6.16 shows the percentage allocation of overhead line faults by cause in 2022. Table 6.17 presents the respective
percentages over 2013–2022.

Figure 6.2 presents the 5‐year moving average of overhead line faults per 100 km.

Table 6.13: Length of overhead line (km) and number faults in 2022, and the annual average number of faults for 2013–
2022, grouped by voltage level.

Country
100–150 kV

km Number
of faults

10-year
ann. avg
of faults

220–330 kV
km Number

of faults
10-year
ann. avg
of faults

380–420 kV
km Number

of faults
10-year
ann. avg
of faults

Estonia

Latvia

Lithuania

Denmark

Finland

Iceland

Norway

Sweden

BalƟc & Nordic 946.9

213.2

93.5

17.6

334.4

26.5

100.1

85.5

76.1

1 121

 242

 79

 30

 464

 44

 115

 96

 51

56 269

12 044

10 999

1 273

17 066

2 781

4 968

3 777

3 361

111.3

28.3

34.5

3.9

13.5

0.3

10.1

8.6

12.1

 118

 35

 26

 10

 22

 0

 8

 2

 15

14 669

3 261

4 095

1 002

1 061

 0

1 896

1 720

1 634

94.0

36.4

42.8

0.0

9.1

5.1

0.6

0.0

0.0

 106

 32

 59

 0

 9

 6

 0

 0

 0

20 870

8 423

4 766

 0

6 106

1 472

 103

 0

 0

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

Report year
2022in

2022 in 2022
in

2022 in 2022
in

2022 in 2022

Table 6.14: Number of overhead line faults per 100 km in 2022 and the annual average for 2013–2022, grouped by voltage
level.

Country
100–150 kV

Number of
faults / 100 km

10-year ann.
avg no. of

faults / 100 km

220–330 kV
Number of

faults / 100 km
10-year ann.
avg no. of

faults / 100 km

380–420 kV
Number of

faults / 100 km
10-year ann.
avg no. of

faults / 100 km
Estonia

Latvia

Lithuania

Denmark

Finland

Iceland

Norway

Sweden

BalƟc & Nordic  1.61

 1.42

 0.86

 1.41

 2.03

 0.89

 2.01

 2.24

 2.23

 1.99

 2.01

 0.72

 2.36

 2.72

 1.58

 2.31

 2.54

 1.52

 0.66

 0.74

 0.67

 0.44

 0.76

 0.68

 0.56

 0.58

 0.66

 0.80

 1.07

 0.63

 1.00

 2.07

 0.00

 0.42

 0.12

 0.92

 0.46

 0.36

 1.24

 0.00

 0.16

 0.38

 0.84

 0.00

 0.00

 0.51

 0.38

 1.24

 0.00

 0.15

 0.41

 0.00

 0.00

 0.00
in 2022 in 2022 in 2022
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Table 6.15: Number of overhead lines faults and permanent faults in 2022 and their 10‐year annual average values for
2013–2022, grouped by voltage level.

Country

100–150 kV

Number 10-year
ann. avg

Number 10-year
ann. avg

220–330 kV

Number 10-year
ann. avg

Number 10-year
ann. avg

380–420 kV

Number 10-year
ann. avg

Number 10-year
ann. avg

Estonia

Latvia

Lithuania

Denmark

Finland

Iceland

Norway

Sweden
BalƟc & Nordic 122.8

7.9

21.3

1.6

27.4

2.5

14.8

32.9

14.4

 167

 5

 21

 0

 66

 6

 14

 40

 15

 946.9

 213.2

 93.5

 17.6

 334.4

 26.5

 100.1

 85.5

 76.1

1 121

 242

 79

 30

 464

 44

 115

 96

 51

13.7

1.7

3.0

0.8

1.4

0.0

1.8

1.1

3.9

 19

 2

 5

 0

 4

 0

 1

 0

 7

 111.3

 28.3

 34.5

 3.9

 13.5

 0.3

 10.1

 8.6

 12.1

 118

 35

 26

 10

 22

 0

 8

 2

 15

6.3

2.1

1.8

0.0

1.2

0.8

0.4

0.0

0.0

 13

 7

 3

 0

 2

 1

 0

 0

 0

 94.0

 36.4

 42.8

 0.0

 9.1

 5.1

 0.6

 0.0

 0.0

 106

 32

 59

 0

 9

 6

 0

 0

 0

Report year
2022

Faults            Permanent faults Faults            Permanent faults Faults            Permanent faults

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

in 2022 in 2022 in 2022 in 2022 in 2022 in 2022

Table 6.16: Percentage allocation of overhead line faults by cause in 2022.

Country Lightning

Other
environmental

causes
External
influences

OperaƟon and
maintenance

Technical
equipment Other Unknown

Estonia

Latvia
Lithuania

Denmark
Finland
Iceland

Norway
Sweden 46%

1%
0%
42%

6%
24%

8%
17%

4%

0%
0%
0%

4%
0%

0%
3%

3%

5%
0%
0%

12%
2%

1%
9%

0%

1%
0%
2%

10%
2%

0%
15%

3%

4%
3%
3%

38%
51%

28%
14%

3%

63%
93%
36%

16%
14%

49%
29%

41%

26%
5%
17%

14%
8%

14%
14%

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

Report year
2022

Table 6.17: Percentage allocation of overhead line faults by cause over 2013–2022.

Country Lightning

Other
environmental

causes
External
influences

OperaƟon and
maintenance

Technical
equipment Other Unknown

Estonia

Latvia
Lithuania

Denmark
Finland
Iceland

Norway
Sweden 36%

2%
1%
21%

14%
43%

22%
9%

2%

2%
4%
15%

2%
1%

0%
0%

3%

3%
2%
1%

5%
2%

1%
7%

2%

1%
0%
2%

5%
2%

1%
12%

2%

1%
3%
2%

40%
34%

29%
14%

4%

57%
85%
37%

18%
8%

34%
38%

51%

34%
6%
23%

15%
10%

13%
19%

Components
# faults, Adjoining grid
# faults, System faults
Busbars
Cables
Circuit breakers
Common ancillary equipment
Control equipment
Disconnectors and earth con..
ENS, faults, Adjoining grid
ENS, faults, System faults
Ignored
Instrument transformers
Other high voltage appliances
Overhead lines
Power transformers
Reactors
Series capacitors
Shunt capacitors
Surge arresters and spark ga..
SVC and statcom
Synchronous compensators
Unknown
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Report year
2022

Figure 6.2: 5‐year moving average of overhead line faults per 100 km. Estonia has data since 2007, and Latvia and
Lithuania have data since 2012. Estonia, Iceland and Latvia do not own 380–420 kV transmission grids.
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6.5 Faults in circuit breakers
This section presents circuit breaker faults in 2022 and for 2013–2022.

Table 6.18 presents the number of circuit breakers and the number of faults in 2022, and the 10‐year annual average of
the number of faults for 2013–2022. Table 6.19 presents the number of faults per 100 devices in 2022 and the annual
averages for 2013–2022.

Table 6.20 presents the percentage allocation of circuit breaker faults by cause in 2022. Table 6.21 presents the respective
percentages over 2013–2022.

Figure 6.3 presents the 5‐year moving average of circuit breaker faults per 100 devices.

Table 6.18: Number of circuit breakers and their faults in 2022, and the annual average number of faults for 2013–2022,
grouped by voltage level.

Country
100–150 kV

Number
of devices

Number
of faults

10-year
ann. avg
of faults

220–330 kV
Number
of devices

Number
of faults

10-year
ann. avg
of faults

380–420 kV
Number
of devices

Number
of faults

10-year
ann. avg
of faults

Estonia

Latvia

Lithuania

Denmark

Finland

Iceland

Norway

Sweden

BalƟc & Nordic  35.9

 4.3

 7.9

 2.2

 4.3

 2.3

 5.2

 2.7

 7.0

 29

 5

 5

 1

 2

 1

 3

 1

 11

11 211

2 257

2 693

 142

2 989

 979

 870

 602

 679

 10.4

 1.4

 4.4

 1.0

 0.0

 0.1

 0.7

 0.1

 2.7

 8

 2

 2

 0

 0

 0

 0

 0

 4

1 509

 292

 684

 87

 61

 37

 115

 100

 133

 7.3

 4.3

 2.2

 0.0

 0.3

 0.4

 0.1

 0.0

 0.0

 3

 1

 1

 0

 1

 0

 0

 0

 0

2 029

 715

 630

 0

 403

 270

 11

 0

 0

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

in 2022 in 2022 in 2022 in 2022 in 2022 in 2022

Table 6.19: Number of circuit breaker faults per 100 devices in 2022 and the annual average for 2013–2022, grouped by
voltage level.

Country
100–150 kV

Number of
faults / 100
devices

10-year ann.
avg no. of
faults / 100
devices

220–330 kV
Number of
faults / 100
devices

10-year ann.
avg no. of
faults / 100
devices

380–420 kV
Number of
faults / 100
devices

10-year
ann. avg no.
of faults /
100 devices

Estonia
Latvia
Lithuania
Denmark
Finland
Iceland
Norway
Sweden
BalƟc & Nordic  0.34

 0.18
 0.33
 1.40
 0.17
 0.26
 0.61
 0.44
 1.14

 0.26
 0.22
 0.19
 0.70
 0.07
 0.10
 0.34
 0.17
 1.62

 0.66
 0.42
 0.61
 1.21
 0.00
 0.43
 0.63
 0.10
 2.18

 0.53
 0.68
 0.29
 0.00
 0.00
 0.00
 0.00
 0.00
 3.01

 0.45
 0.69
 0.51
 0.00
 0.09
 0.19
 2.08
 0.00
 0.00

 0.15
 0.14
 0.16
 0.00
 0.25
 0.00
 0.00
 0.00
 0.00

in 2022 in 2022 in 2022
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Table 6.20: Percentage allocation of circuit breakers faults by cause in 2022. Proportionately higher percentage values
are highlighted in yellow and red.

Country Lightning

Other
environmental

causes
External
influences

OperaƟon and
maintenance

Technical
equipment Other Unknown

Estonia

Latvia
Lithuania

Denmark
Finland
Iceland

Norway
Sweden 0%

13%
0%
0%

0%
0%

0%
7%

25%

13%
0%
0%

0%
0%

0%
0%

50%

50%
100%
100%

0%
33%

100%
80%

0%

25%
0%
0%

100%
67%

0%
7%

0%

0%
0%
0%

0%
0%

0%
7%

0%

0%
0%
0%

0%
0%

0%
0%

25%

0%
0%
0%

0%
0%

0%
0%

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

Report year
2022

Table 6.21: Percentage allocation of circuit breaker faults over 2013–2022. Proportionately higher percentage values are
highlighted in yellow and red.

Country Lightning

Other
environmental

causes
External
influences

OperaƟon and
maintenance

Technical
equipment Other Unknown

Estonia

Latvia
Lithuania

Denmark
Finland
Iceland

Norway
Sweden 6%

16%
0%
24%

4%
15%

0%
8%

4%

8%
31%
9%

0%
3%

0%
1%

66%

34%
50%
30%

18%
45%

86%
78%

11%

34%
9%
26%

79%
35%

11%
10%

0%

3%
3%
2%

0%
0%

4%
1%

0%

3%
6%
2%

0%
0%

0%
0%

13%

2%
0%
7%

0%
2%

0%
1%

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

Sweden

Average

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

Report year
2022

Trend length
5

Figure 6.3: 5‐year moving average of circuit breaker faults per 100 devices. Estonia has data since 2007, and Latvia and
Lithuania have data since 2012. Estonia, Iceland and Latvia do not own 380–420 kV transmission grids.
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6.6 Faults in control equipment
This section presents control equipment faults in 2022 and for 2013–2022. Protection devices are considered as part
of the control equipment in this report. Control equipment embedded in other components are not included in this
category as they are deemed to be a part of the other component.

In these statistics, human error is registered under operation and maintenance, separated from the category technical
equipment. Human errors include, for example, incorrect settings in control or protection equipment.

Table 6.22 presents the number of control equipment and the number of faults in 2022, and the 10‐year annual average
of the number of faults for 2013–2022. Table 6.23 presents the number of faults per 100 devices in 2022 and the annual
averages for 2013–2022.

Table 6.24 presents the percentage allocation of control equipment faults by cause in 2022. Table 6.25 presents the
respective percentages over 2013–2022.

Figure 6.4 presents the 5‐year moving average of control equipment faults per 100 devices.

Table 6.22: Number of control equipment and their faults in 2022, and the annual average number of faults for 2013–
2022, grouped by voltage level. Control equipment embedded in other components are not included in this category as
they are deemed to be a part of the other component.

Country
100–150 kV

Number
of devices

Number
of faults

10-year
ann. avg
of faults

220–330 kV
Number
of devices

Number
of faults

10-year
ann. avg
of faults

380–420 kV
Number
of devices

Number
of faults

10-year
ann. avg
of faults

Estonia

Latvia

Lithuania

Denmark

Finland

Iceland

Norway

Sweden

BalƟc & Nordic  116.5

 17.8

 29.5

 5.2

 16.5

 6.3

 11.7

 16.7

 12.8

 102

 8

 29

 7

 23

 0

 9

 13

 13

11 261

2 257

2 693

 142

2 989

 979

 870

 652

 679

 47.9

 11.3

 20.5

 3.3

 4.4

 0.4

 3.2

 2.7

 2.1

 34

 2

 20

 1

 2

 0

 4

 3

 2

1 509

 292

 684

 87

 61

 37

 115

 100

 133

 45.6

 23.6

 15.8

 0.0

 3.9

 2.3

 0.0

 0.0

 0.0

 35

 16

 15

 0

 4

 0

 0

 0

 0

2 029

 715

 630

 0

 403

 270

 11

 0

 0

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

in 2022 in 2022 in 2022 in 2022 in 2022 in 2022

Table 6.23: Number of control equipment faults per 100 devices in 2022 and the annual average for 2013–2022, grouped
by voltage level. Control equipment embedded in other components are not included in this category as they are deemed
to be a part of the other component.

Country
100–150 kV

Number of
faults / 100
devices

10-year ann.
avg no. of
faults / 100
devices

220–330 kV
Number of
faults / 100
devices

10-year ann.
avg no. of
faults / 100
devices

380–420 kV
Number of
faults / 100
devices

10-year
ann. avg no.
of faults /
100 devices

Estonia
Latvia
Lithuania
Denmark
Finland
Iceland
Norway
Sweden
BalƟc & Nordic  1.11

 0.74
 1.23
 3.31
 0.63
 0.72
 1.37
 2.68
 2.09

 0.91
 0.35
 1.08
 4.93
 0.77
 0.00
 1.03
 1.99
 1.91

 3.05
 3.42
 2.84
 3.99
 5.71
 1.74
 2.90
 2.66
 1.73

 2.25
 0.68
 2.92
 1.15
 3.28
 0.00
 3.48
 3.00
 1.50

 2.83
 3.77
 3.65
 0.00
 1.18
 1.08
 0.00
 0.00
 0.00

 1.72
 2.24
 2.38
 0.00
 0.99
 0.00
 0.00
 0.00
 0.00

in 2022 in 2022 in 2022
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Table 6.24: Percentage allocation of control equipment faults by cause in 2022. Proportionately higher percentage values
are highlighted in yellow and red.

Country Lightning

Other
environmental

causes
External
influences

OperaƟon and
maintenance

Technical
equipment Other Unknown

Estonia

Latvia
Lithuania

Denmark
Finland
Iceland

Norway
Sweden 0%

2%
0%
7%

0%
8%

0%
33%

15%

2%
0%
0%

0%
0%

0%
0%

50%

44%
100%
21%

0%
31%

44%
20%

35%

50%
0%
72%

0%
62%

56%
47%

0%

0%
0%
0%

0%
0%

0%
0%

0%

3%
0%
0%

0%
0%

0%
0%

0%

0%
0%
0%

0%
0%

0%
0%

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

Report year
2022

Table 6.25: Percentage allocation of control equipment faults by cause over 2013–2022. Proportionately higher percent‐
age values are highlighted in yellow and red.

Country Lightning

Other
environmental

causes
External
influences

OperaƟon and
maintenance

Technical
equipment Other Unknown

Estonia

Latvia
Lithuania

Denmark
Finland
Iceland

Norway
Sweden 9%

4%
0%
5%

2%
28%

6%
15%

5%

9%
20%
11%

11%
7%

1%
5%

51%

31%
44%
9%

24%
15%

43%
41%

30%

47%
36%
68%

52%
43%

49%
38%

0%

3%
0%
1%

3%
6%

0%
0%

3%

4%
0%
4%

3%
0%

0%
0%

2%

1%
0%
2%

3%
0%

1%
0%

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

Components
# faults, Adjoining grid
# faults, System faults
Busbars
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Circuit breakers
Common ancillary equipment
Control equipment
Disconnectors and earth con..
ENS, faults, Adjoining grid
ENS, faults, System faults
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Other high voltage appliances
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Unknown

Report year
2022

Trend length
5

Figure 6.4: 5‐year moving average of control equipment faults per 100 devices. Estonia has data since 2007, and Latvia
and Lithuania have data since 2012. Estonia, Iceland and Latvia do not own 380–420 kV transmission grids. Control
equipment embedded in other components are not included in this category as they are deemed to be a part of the
other component.
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6.7 Faults in instrument transformers
This section presents instrument transformer faults in 2022 and for 2013–2022.

Table 6.26 presents the number of instrument transformers and the number of faults in 2022, and the 10‐year annual
average of the number of faults for 2013–2022. Table 6.27 presents the number of faults per 100 devices in 2022 and
the annual averages for 2013–2022.

Table 6.28 presents the percentage allocation of instrument transformer faults by cause in 2022. Table 6.29 presents the
respective percentages over 2013–2022.

Figure 6.5 presents the 5‐year moving average of instrument transformer faults per 100 devices.

Table 6.26: Number of instrument transformers and their faults in 2022, and the annual average number of faults for
2013–2022, grouped by voltage level. The number of instrument transformers in Sweden is not accurate due to missing
data from some regional grid owners.

Country
100–150 kV

Number
of devices

Number
of faults

10-year
ann. avg
of faults

220–330 kV
Number
of devices

Number
of faults

10-year
ann. avg
of faults

380–420 kV
Number
of devices

Number
of faults

10-year
ann. avg
of faults

Estonia

Latvia

Lithuania

Denmark

Finland

Iceland

Norway

Sweden

BalƟc & Nordic  17.0

 3.7

 3.5

 0.1

 2.6

 1.1

 1.2

 2.5

 2.3

 23

 2

 6

 0

 8

 0

 0

 5

 2

43 357

10 002

7 768

 426

10 631

5 848

3 110

2 261

3 311

 4.0

 0.1

 2.3

 0.1

 0.1

 0.0

 0.1

 0.1

 1.2

 10

 0

 6

 1

 0

 0

 0

 3

7 614

1 982

2 805

 261

 308

 243

 640

 428

 947

 4.3

 1.9

 1.5

 0.0

 0.3

 0.6

 0.0

 0.0

 0.0

 2

 0

 1

 0

 1

 0

 0

 0

 0

8 297

3 756

 930

 0

2 071

1 474

 66

 0

 0

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

in 2022 in 2022 in 2022 in 2022 in 2022 in 2022

Table 6.27: Number of instrument transformer faults per 100 devices in 2022 and the annual average for 2013–2022,
grouped by voltage level.

Country
100–150 kV

Number of
faults / 100
devices

10-year ann.
avg no. of
faults / 100
devices

220–330 kV
Number of
faults / 100
devices

10-year ann.
avg no. of
faults / 100
devices

380–420 kV
Number of
faults / 100
devices

10-year
ann. avg no.
of faults /
100 devices

Estonia
Latvia
Lithuania
Denmark
Finland
Iceland
Norway
Sweden
BalƟc & Nordic  0.06

 0.07
 0.05
 0.02
 0.04
 0.04
 0.06
 0.15
 0.11

 0.05
 0.02
 0.08
 0.00
 0.08
 0.00
 0.00
 0.22
 0.06

 0.07
 0.01
 0.08
 0.03
 0.03
 0.00
 0.02
 0.03
 0.22

 0.13
 0.00
 0.21
 0.38
 0.00
 0.00
 0.00
 0.00
 0.32

 0.08
 0.08
 0.16
 0.00
 0.02
 0.09
 0.00
 0.00
 0.00

 0.02
 0.00
 0.11
 0.00
 0.05
 0.00
 0.00
 0.00
 0.00

in 2022 in 2022 in 2022
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Table 6.28: Percentage allocation of instrument transformer faults by cause in 2022. Proportionately higher percentage
values are highlighted in yellow and red.

Country Lightning

Other
environmental

causes
External
influences

OperaƟon and
maintenance

Technical
equipment Other Unknown

Estonia

Latvia
Lithuania

Denmark
Finland
Iceland

Norway
Sweden 0%

8%
0%
11%

0%
0%

0%
0%

50%

0%
0%
0%

0%
0%

0%
20%

50%

69%
0%
44%

0%
0%

100%
60%

0%

23%
0%
0%

0%
0%

0%
20%

0%

0%
0%
0%

0%
0%

0%
0%

0%

0%
100%
0%

0%
0%

0%
0%

0%

0%
0%
44%

0%
0%

0%
0%

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

Report year
2022

Table 6.29: Percentage allocation of instrument transformer faults by cause over 2013–2022. Proportionately higher
percentage values are highlighted in yellow and red.

Country Lightning

Other
environmental

causes
External
influences

OperaƟon and
maintenance

Technical
equipment Other Unknown

Estonia

Latvia
Lithuania

Denmark
Finland
Iceland

Norway
Sweden 5%

3%
0%
7%

6%
0%

0%
6%

4%

10%
50%
10%

6%
8%

0%
3%

75%

51%
0%
57%

65%
69%

100%
83%

5%

22%
0%
10%

18%
23%

0%
9%

0%

1%
0%
0%

6%
0%

0%
0%

2%

3%
50%
0%

0%
0%

0%
0%

9%

11%
0%
17%

0%
0%

0%
0%

Components
# faults, Adjoining grid
# faults, System faults
Busbars
Cables
Circuit breakers
Common ancillary equipment
Control equipment
Disconnectors and earth con..
ENS, faults, Adjoining grid
ENS, faults, System faults
Ignored
Instrument transformers
Other high voltage appliances
Overhead lines
Power transformers
Reactors
Series capacitors
Shunt capacitors
Surge arresters and spark ga..
SVC and statcom
Synchronous compensators
Unknown
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Report year
2022

Trend length
5

Figure 6.5: 5‐year moving average of instrument transformer faults per 100 devices. Estonia has data since 2007, and
Latvia and Lithuania have data since 2012. Estonia, Iceland and Latvia do not own 380–420 kV transmission grids. Den‐
mark’s high values during 2012–2016 are caused by one fault in 2012.
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6.8 Faults in power transformers
This section presents power transformer faults in 2022 and for 2013–2022. The rated voltage of a power transformer is
defined in these statistics as the winding with the highest voltage, as stated in the guidelines [1, p. 26].

Table 6.30 presents the number of power transformers and the number of faults in 2022, and the 10‐year annual average
of the number of faults for 2013–2022. Table 6.31 presents the number of faults per 100 devices in 2022 and the annual
averages for 2013–2022.

Table 6.32 shows the percentage allocation of power transformer faults by cause in 2022. Table 6.33 presents the re‐
spective percentages over 2013–2022.

Figure 6.6 presents the 5‐year moving average of power transformer faults per 100 devices.

Table 6.30: Number of power transformers and their faults in 2022, and the annual average number of faults for 2013–
2022, grouped by voltage level.

Country
100–150 kV

Number
of devices

Number
of faults

10-year
ann. avg
of faults

220–330 kV
Number
of devices

Number
of faults

10-year
ann. avg
of faults

380–420 kV
Number
of devices

Number
of faults

10-year
ann. avg
of faults

Estonia

Latvia

Lithuania

Denmark

Finland

Iceland

Norway

Sweden

BalƟc & Nordic  45.0

 16.7

 4.3

 2.0

 6.8

 3.5

 0.3

 3.5

 7.9

 29

 6

 6

 3

 5

 4

 0

 0

 5

3 624

 659

 757

 11

1 141

 244

 372

 245

 195

 12.7

 3.0

 1.2

 0.9

 1.0

 0.2

 0.8

 1.5

 4.1

 17

 0

 1

 2

 0

 0

 0

 1

 13

 340

 66

 164

 15

 14

 12

 23

 26

 20

 4.7

 1.3

 1.3

 0.0

 0.7

 1.4

 0.0

 0.0

 0.0

 5

 2

 0

 0

 0

 3

 0

 0

 0

 348

 82

 141

 0

 71

 51

 3

 0

 0

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

in 2022 in 2022 in 2022 in 2022 in 2022 in 2022

Table 6.31: Number of power transformer faults per 100 devices in 2022 and the annual average for 2013–2022, grouped
by voltage level.

Country
100–150 kV

Number of
faults / 100
devices

10-year ann.
avg no. of
faults / 100
devices

220–330 kV
Number of
faults / 100
devices

10-year ann.
avg no. of
faults / 100
devices

380–420 kV
Number of
faults / 100
devices

10-year
ann. avg no.
of faults /
100 devices

Estonia
Latvia
Lithuania
Denmark
Finland
Iceland
Norway
Sweden
BalƟc & Nordic  1.16

 2.08
 0.52
 6.64
 0.60
 1.46
 0.08
 1.42
 3.77

 0.80
 0.91
 0.79
 27.27
 0.44
 1.64
 0.00
 0.00
 2.56

 2.71
 2.85
 0.49
 6.38
 4.24
 2.20
 3.38
 5.84
 17.01

 5.00
 0.00
 0.61
 13.33
 0.00
 0.00
 0.00
 3.85
 65.00

 1.70
 1.74
 1.38
 0.00
 1.04
 3.56
 0.00
 0.00
 0.00

 1.44
 2.44
 0.00
 0.00
 0.00
 5.88
 0.00
 0.00
 0.00

in 2022 in 2022 in 2022
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Table 6.32: Percentage allocation of power transformer faults by cause in 2022. Proportionately higher percentage values
are highlighted in yellow and red.

Country Lightning

Other
environmental

causes
External
influences

OperaƟon and
maintenance

Technical
equipment Other Unknown

Estonia

Latvia
Lithuania

Denmark
Finland
Iceland

Norway
Sweden 13%

43%
0%
100%

0%
0%

0%
22%

25%

0%
0%
0%

0%
0%

0%
6%

38%

0%
80%
0%

57%
0%

100%
28%

13%

14%
0%
0%

29%
0%

0%
33%

0%

29%
0%
0%

0%
0%

0%
6%

0%

14%
20%
0%

14%
0%

0%
6%

13%

0%
0%
0%

0%
0%

0%
0%

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

Report year
2022

Table 6.33: Percentage allocation of power transformer faults by cause over 2013–2022. Proportionately higher percent‐
age values are highlighted in yellow and red.

Country Lightning

Other
environmental

causes
External
influences

OperaƟon and
maintenance

Technical
equipment Other Unknown

Estonia

Latvia
Lithuania

Denmark
Finland
Iceland

Norway
Sweden 26%

10%
0%
19%

2%
18%

4%
8%

5%

10%
31%
27%

4%
0%

0%
2%

23%

25%
48%
18%

39%
45%

32%
64%

18%

19%
10%
16%

33%
18%

36%
21%

4%

6%
0%
1%

0%
18%

28%
3%

1%

19%
10%
5%

22%
0%

0%
3%

23%

10%
0%
14%

0%
0%

0%
0%

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

Estonia

Finland

Iceland

Latvia

Lithuania

Norway

Sweden

Average

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

Report year
2022

Trend length
5

Figure 6.6: 5‐year moving average of power transformer faults per 100 devices. Estonia has data since 2007, and Latvia
and Lithuania have data since 2012. Estonia, Iceland, Latvia and Lithuania do not own 380–420 kV power transformers
in their transmission grids.
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6.9 Faults in compensation devices
The following sections present fault statistics for compensation devices. The following compensation devices are pre‐
sented in this section: reactors, series capacitors, shunt capacitors and Static var compensators (SVCs). The statistics
include the number of devices and their faults, number of faults per 100 devices and ENS in 2022 and their annual aver‐
ages for 2013–2022.

The voltage level of compensation devices is not registered in the collected data for this report.

6.9.1 Faults in reactors
Table 6.34 presents the number of reactors and their faults, the number of faults per 100 devices, and the amount of
ENS.

Table 6.34: The number of reactors and their faults in 2022, the number of faults per 100 devices, the amount of ENS
due to reactor faults in 2022 and their annual averages for 2013–2022.

Devices Faults Faults per 100 devices ENS (MWh)

Annual avg. Annual avg.
Country 2022 2022 2022 2013–2022 2022 2013–2022

Estonia 30 2 6.7 7.7 0.0 0.0
Latvia 18 0 0.0 4.1 0.0 0.0
Lithuania 2 0 0.0 0.0 0.0 0.0

Baltic total 50 2 4.0 5.8 0.0 0.0

Denmark 133 3 2.3 1.5 0.0 0.0
Finland 208 0 0.0 0.2 0.0 1.1
Iceland – – – – – –
Norway 167 3 1.8 2.7 0.0 0.0
Sweden 105 1 1.0 1.8 0.0 12.9

Nordic total 613 7 1.1 1.5 0.0 14.0

Baltic & Nordic total 663 9 1.4 1.8 0.0 14.0
1 In Finland, reactors compensating the reactive power of 400 kV lines are connected to the 20 kV tertiary winding of the 400/110/20 kV power
transformers.

2 The number of reactors in Sweden in 2019 was reported erroneously as 91 devices. The correct value was 803 devices, and the annual average
value over 2012–2021 above is calculated with this corrected value.
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6.9.2 Faults in series capacitors
Table 6.35 presents the number of series capacitors and their faults, the number of faults per 100 devices and the amount
of ENS.

Table 6.35: The number of series capacitors and their faults in 2022, the number of faults per 100 devices, the amount
of ENS due to series capacitor faults in 2022 and their annual averages for 2013–2022.

Devices Faults Faults per 100 devices ENS (MWh)

Annual avg. Annual avg.
Country 2022 2022 2022 2013–2022 2022 2013–2022

Estonia – – – – – –
Latvia – – – – – –
Lithuania – – – – – –

Baltic total – – – – – –

Denmark – – – – – –
Finland 13 9 69.2 48.6 0.0 1.9
Iceland 1 0 0.0 12.5 0.0 0.0
Norway 3 0 0.0 3.3 0.0 0.0
Sweden 9 13 144.4 45.3 0.0 0.0

Nordic total 26 22 84.6 40.6 0.0 1.9

Baltic & Nordic total 26 22 84.6 38.8 0.0 1.9

6.9.3 Faults in shunt capacitors
Table 6.36 presents the number of shunt capacitors (including filters) and their faults, the number of faults per 100 devices
and the amount of ENS.

Table 6.36: The number of shunt capacitors and their faults in 2022, the number of faults per 100 devices, the amount
of ENS due to shunt capacitor faults in 2022 and their annual average for 2013–2022.

Devices Faults Faults per 100 devices ENS (MWh)

Annual average Annual average
Country 2022 2022 2022 2013–2022 2022 2013–2022

Estonia 10 0 0.0 11.7 0.0 3.3
Latvia 2 0 0.0 0.0 0.0 0.0
Lithuania 2 0 0.0 0.0 0.0 0.0

Baltic total 14 0 0.0 8.8 0.0 3.3

Denmark 43 3 7.0 1.3 0.0 0.0
Finland 37 0 0.0 4.5 0.0 0.0
Iceland 13 1 7.7 4.3 0.0 0.0
Norway 43 1 2.3 2.0 0.0 0.0
Sweden 161 2 1.2 0.8 0.0 15.2

Nordic total 297 7 2.4 1.9 0.0 15.2

Baltic & Nordic total 311 7 2.3 2.1 0.0 18.5
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6.9.4 Faults in SVC devices
Table 6.37 presents the number of SVCs and their faults, the number of faults per 100 devices and the amount of ENS.

Table 6.37: The number of SVCs and their faults in 2022, the number of faults per 100 devices, the amount of ENS due
to SVC faults in 2022 and their annual averages for 2013–2022.

Devices Faults Faults per 100 devices ENS (MWh)

Annual avg. Annual avg.
Country 2022 2022 2022 2013–2022 2022 2013–2022

Estonia – – – – – –
Latvia 1 0 0.0 0.0 0.0 0.0
Lithuania 11 0 0.0 2.7 0.0 0.0

Baltic total 12 0 0.0 2.6 0.0 0.0

Denmark 1 0 0.0 50.0 0.0 0.0
Finland 1 0 0.0 14.8 0.0 0.0
Iceland 2 0 0.0 12.5 0.0 0.0
Norway 17 11 64.7 81.1 0.0 0.0
Sweden 2 0 0.0 181.1 0.0 0.0

Nordic total 23 11 47.8 77.7 0.0 0.0

Baltic & Nordic total 35 11 31.4 56.9 0.0 0.0
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A Calculation of energy not supplied

Every country has its ownmethod to calculate energy not supplied (ENS). The process for each country is described below.

Denmark

In Denmark, the ENS of the transmission grid is calculated as the transformer load just before the grid disturbance or inter‐
ruption multiplied by the outage duration. Transformer load covers load/consumption and generation at lower/medium
voltage.

Estonia

In Estonia, ENS in the transmission grid is calculated for those faults that have caused an outage at the point of supply.
When the outage lasts less than two hours, ENS is calculatedwith 5minute average load before the outage andmultiplied
by the interruption time at the consumption point. If the interruption last longer, ENS is calculated based on the average
load from the same period of the previous or next day, depending on if the interruption occurred during the working
days or not, and multiplied by the time of outage. The outage time ends when power has been restored to the point of
consumption regardless of whether the supply is restored by TSO or by the customer.

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 individually 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
duration 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 transmission 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 and distribution systems with end‐user impact. Mutual rules
for registration of faults and ENS in all grids are used in Iceland.

Latvia

In Latvia, the ENS is linked to the end‐user, that is, ENS is not counted if the end‐user receives energy through the
distribution grid. Note that the distribution grid is 100 % dependent on the TSO supply due to undeveloped energy
generation. The amount of ENS is calculated by multiplying the pre‐outage load with the duration of the outage.

Lithuania

In Lithuania, ENS is calculated at the end‐customer’s point of supply, which is the low voltage side of the 110/35/10 kV
or 110/10 kV transformer at the low voltage customer’s connection point. ENS for outages in radial 110 kV connections
is calculated by the Distribution System Operator (DSO), which during the outage, considers the possibility to supply
the energy from the other 35 kV or 10 kV voltage substations. The DSO then uses the average load before the outage
multiplied by its duration to calculate ENS. All events with the energy not supplied are investigated with the DSO or the
Significant Grid Users (SGUs) directly connected to 110 kV network. All parties also agree and confirm the amounts of
energy not supplied.
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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 location 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 as of 2020, ENS is calculated by using the annual average output after directions from the Swedish regulator.

Prior to 2020, ENS was calculated by multiplying the outage duration with the detected pre‐outage load. However, some
companies used instead the rated power at the point of supply because the pre‐outage load was rarely registered.
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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 inspections or by identifying possible cause origins. The fault location
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 inspected. Elering
has access to the lightning detection system, which allows identifying the line faults caused by lightning. 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 environmental causes’ is usedmore often. Therefore, the number
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 maintenance 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 disturbance 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 aremainly classified into two categories: disturbances that affected
the consumers (Significant users and the DSO) connected to the transmission network and disturbances that did not. All
disturbances are investigated per the internal investigation procedures of Litgrid. To detect line faults, TSO analyses the
data from disturbance recorders, relay protection 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 unknown.
Norway has at least a single‐sided distance to a fault onmost 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 remaining
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 category is
suitable, ‘unknown’ is used.
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Sweden

In Sweden, lightning is set as the fault cause if it can be concluded from the lightning detection system or other well
known source. Without confirmation, Svenska kraftnät prefers to declare the cause as unknown even though lightning
might 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
Jakob Cordes Nørskov
Tel. +45 26 36 40 50
E‐mail: JNV@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 Heggset
Tel. +47 71 66 92 53
E‐mail: jorn.heggset@statnett.no

Sweden: Svenska kraftnät
Sturegatan 1, P.O. Box 1200
SE‐172 24 Sundbyberg
Jeremy Iehl
Tel: +46 10 475 87 78
Mobile: +46 70 512 28 18
E‐mail: Jeremy.Iehl@svk.se

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).
Contact persons for the distribution network statistics are listed below:

Denmark: Green Power Denmark
Vodroffsvej 59
1900 Frederiksberg C
Can Karatas
Tel. +45 35 30 04 64
E‐mail: CKA@greenpowerdenmark.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
Veli‐Petteri Liedes
E‐mail: veli‐petteri.liedes@energia.fi
Jonna Pasi
E‐mail: jonna.pasi@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
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: Energiföretagen Sverige
SE‐101 53 Stockholm
Matz Tapper
Tel. +46 8 677 27 26
E‐mail: matz.tapper@energiforetagen.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 collected data.

Section E.1 and Section E.2 show statistics about other environmental causes and operation and maintenance, respec‐
tively.

E.1 Faults due to other environmental causes
The following two figures show 5‐year moving averages for fault causes due to other environmental causes. Figure E.1 is
for all component faults, and Figure E.2 is for overhead line faults only. The cause category ‘Other environmental causes’
is explained in Section 1.6.

Country
Denmark

Estonia

Finland

Iceland

Latvia

Lithuania

Norway

Sweden

2001 2003 2005 2007 2009 2011 2013 2015 2017 2019 2021 2023
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Figure E.1: 5‐year moving average for fault causes due to other environmental causes. All components are included.
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To NullFigure E.2: 5‐year moving average of overhead line fault causes due to other environmental causes.

E.2 Faults due to operation and maintenance
The following two figures show 5‐year moving averages for faults due to operation and maintenance. Figure E.3 is for
all component faults, and Figure E.4 is for overhead line faults only. The cause category ‘Operation and maintenance’ is
explained in Section 1.6.

Country
Denmark

Estonia

Finland

Iceland

Latvia

Lithuania

Norway

Sweden

2001 2003 2005 2007 2009 2011 2013 2015 2017 2019 2021 2023

End year of 5-year window

0%

5%

10%

15%

20%

25%

EE
NO

IS

FI

DK

LT

Figure E.3: 5‐year moving average of fault causes due to operation and maintenance. All components are included.
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Figure E.4: 5‐year moving average of overhead line fault causes due to operation and maintenance.
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E.3 Installed components
This section presents the length of lines (km) and the number of components in the 100–420 kV grids at the end of each
year.

Figure E.5 and Figure E.6 present the length of cables and overhead lines (km). Figure E.7–E.9 present the number of
circuit breakers, control equipment, instrument transformers and power transformers.
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Figure E.5: Length of cables (km) in the 100–420 kV grids
at the end of each year.
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Figure E.6: Length of overhead lines (km) in the 100–
420 kV grids at the end of each year.
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Figure E.7: Number of circuit breakers in the 100–420 kV grids at the end of each year. The number of circuit breakers is
equal to the number of control equipment.
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Figure E.8: Number of instrument transformers in the
100–420 kV grids at the end of each year.
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Figure E.9: Number of power transformers in the 100–
420 kV grids at the end of each year.

Page 60 of 61 ENTSO‐E | Rue de Spa, 8 | 1000 Brussels | info@entsoe.eu | www.entsoe.eu | @entso_e

mailto:info@entsoe.eu
www.entsoe.eu
https://twitter.com/ENTSO_E


2022 Nordic and Baltic Grid Disturbance Statistics
For publishing | 18 October 2023

E.4 ENS, consumption and line length
Figure E.10 presents the annual amount of ENS, consumption and total length of lines for 2013–2022. The total line
length is the sum of the lengths of overhead lines and cables in the 100–420 kV grids.
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Figure E.10: The annual amount of ENS (circle size), length of lines (x‐axis) and consumption (y‐axis) for 2013–2022. The
most recent statistical year 2022 is shown with the darkest colour. Each previous year is shown in a lighter colour.
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