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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 40 member TSOs, representing 36 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 Nordic and Baltic Grid Disturbance Statistics 2024 provides an overview of grid grid disturbances, faults, and energy
not supplied (ENS) in the Nordic and Baltic 100–420 kV alternating current grids across the Nordic and Baltic regions. It
should be noted that 2024 values for Finland and Sweden include only faults which affect Transmission SystemOperators’
(TSO) networks. This impacts the values a lot for 100 kV – 150 kV level for 2024 compared to 2023, and to a lesser extent
the 10‐year averages.

In 2024, the total number of grid disturbances was 1176, much less than the 10‐year average of 1560, but this difference
is mainly caused by including less grid from Finland and Sweden as just explained. ENS due to faults amounted to 5075
MWh in the Nordic countries and 153 MWh in the Baltic countries, with a combined total of 5228 MWh—40 % higher
than the 10‐year average. The Nordic region saw a significant increase in ENS (142 % of the 10‐year average), mainly due
to extreme weather in Norway in early February, which accounted for nearly 90 % of Norway’s total ENS. In contrast, the
Baltic countries experienced ENS at 97 % of the 10‐year average.

The number of faults in the Nordic region was significantly lower than average (766 faults, 62 % of average), while the
Baltic region remained stable. Overhead lineswere the primary contributors to ENS inmost countrieswith environmental
causes.

Key items for 2024 statistics:

• 2024 data for Finland includes all TSO’s data and DSO’s 110 kV branch lines

• 2024 data for Sweden includes only TSO data

• Total grid disturbances: 1176 (10‐year avg: 1560)

• ENS: 5228 MWh (10‐year avg: 3728 MWh)

• Nordic ENS: 5075 MWh (10‐year avg: 3571 MWh)

• Baltic ENS: 153 MWh (10‐year avg: 157 MWh)

• Notable event: Extreme weather in Norway, February 2024

Policies for examining the cause of line faults are listed in Appendix B on page 53.

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 2024 and the
corresponding annual averages for the 10‐year period 2015–2024.

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

Annual avg. Annual avg. 2015– Annual avg.
Country 2024 2015–2024 2024 2015–2024 2024 2024 2024 2015–2024

Estonia 195 160 184 150 1.1 1.1 70 67
Latvia 160 141 152 126 1.1 1.1 53 53
Lithuania 127 152 126 142 1.0 1.1 30 37

Baltic total 482 453 462 418 1.0 1.1 153 157

Denmark 70 71 64 65 1.1 1.1 19 41
Finland 240 408 232 393 1.0 1.0 364 215
Iceland 21 64 20 45 1.1 1.4 352 795
Norway 339 316 301 283 1.1 1.1 4336 1322
Sweden 97 369 97 356 1.0 1.0 5 1198

Nordic total 767 1229 714 1142 1.1 1.1 5075 3571

Baltic & Nordic total 1249 1682 1176 1560 1.1 1.1 5228 3728
1 2024 values for Finland and Sweden include only transmission system operators’ (TSO) networks.
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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. 18].
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. 18].
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. 10].
Fault cause “Cause relating to design, production, installation, operation or maintenance which results in a fault” [1,

p. 14].
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. 8].
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”.
ppm Parts per million.
Primary cause (of a fault) “Event or circumstance which leads to a fault” [1, p. 12].
Primary fault “A fault which initiates a grid disturbance” [1, p. 12].
RGN Regional Group Nordic.
Secondary fault A fault that aggravates a grid disturbance [1, p. 12].
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 HVAC NORDIC AND BALTIC GRID DISTURBANCE STATISTICS 2024 gives an overview of the faults, disturbances, and
energy not supplied (ENS) in the Nordic and Baltic 100–420 kV alternating current power grids for the year 2024. Trans‐
mission System Operators (TSOs) providing the statistical data are Energinet in Denmark, Elering in Estonia, Fingrid Oyj
in Finland, Landsnet in Iceland, Augstsprieguma tīkls in Latvia, Litgrid in Lithuania, Statnett SF in Norway and Svenska
kraftnät in Sweden. The statistics are published on ENTSO‐E’s website, www.entsoe.eu. Figure 1.1 presents the grids of
the statistics.

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 ENTSO‐E
Grid Disturbance Definitions for the Power System above 100 kV [1].

The report is organised into six chapters. Chapter 2 has a short summary the statistics and, each TSO worst disturbances
during the year 2024.

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–C describe how the TSO of each country calculates ENS, examines line fault causes, and contacts for TSOs
as well as distribution network statistics.

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.

Up untill 2022 the report included faults causing grid disturbances according to ’Nordel’s Guidelines for the Classification
of Grid Disturbances’. From 2023 the report includes faults causing grid disturbances according to the ENTSO‐E Grid
Disturbance Definitions for the Power Systems above 100 kV.

1Nordel was the co‐operation organization of the Nordic Transmission System Operators until 2009.

ENTSO‐E | Rue de Spa, 8 | 1000 Brussels | info@entsoe.eu | www.entsoe.eu | @entso_e Page 1 of 58

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


HVAC NORDIC AND BALTIC GRID DISTURBANCE STATISTICS 2024
19 November 2025

NORTH SEA

BALTIC SEA

BELARUS

DENMARK

ESTONIA

FINLAND

GERMANY

LATVIA

LITHUANIA

THE NETHERLANDS

NORWAY

POLAND

RUSSIA

SWEDEN

UKRAINE

RUSSIA
Ensted

Kassø

Nordjyllandsværket

Idomlund

Stovstrup

Karlsgårde

Esbjergværket
Endrup

Landerupgård

Kingstrup

Tjele

Radsted

Hovegård

Kyndbyværket Glentegård

Ishøj

Vendsyssel

Ferslev

Trige

Skærbækværket

Fraugde

Fynsværket

Bjæverskov

Teglstrupgård

HC ørsted
værket

Horns Rev 1

Horns Rev 2

Studstrupværket

Anholt

Iru

Eesti

Tartu

Püssi

Vester Hassing

Askær

Harku

Sindi

Aruküla

Paide

Rakvere Püssi DC - EL2

Utsjoki

Vanttauskoski

Vaskiluoto

Seitakorva

Valajaskoski

Ossauskoski

Taivalkoski

Seitenoikea

Pyhäkoski

Haapavesi

Seinäjoki

Nurmijärvi

Petäjävesi

Visulahti

Espoo

Isohaara

Naantali

VuosaariMartinlaakso

Alholmen

Voerde

Huntorf Farge

Erzhausen

3

Wolfsburg
Stöcken

Rönkhausen

30

26

Werne-Stockum

27

42

Waldeck

Tuovila

Vajukoski

Kokkosniva

Ivalo

Petäjäskoski

Keminmaa
Sellee

Pirttikoski

Nuojua

Utanen

Pikkarala
Pyhänselkä

Jylkkä

Vuolijoki

Alapitkä

Alajärvi

Vihtavuori

Ulvila

Rauma

Hikiä

Tammisto

Länsisalmi

Kangasala

Toivila

Loviisa

Anttila

Koria
Kymi

Yllikkälä

Lieto

Inkoo

Salo

Huittinen

Isoniemi

Uusnivala

Kopula

Mussalo

Keljonlahti

Suomenoja

Salmisaari

Hanasaari

Kymijärvi

Naistenlahti

Wisaforest

Lielahti

Toppila

Tahkoluoto
Meri-Pori

Kristiina

Olkiluoto

Bergkamen

Elverlingsen

Heyden

Landesbergen

Grohnde

Wedel

Flensburg

Lippendorf

Schkopau

Emden

1
38

13
9 8

10
21

7
31

28

Pfalzdorf

Utfort

Niederrhein
Gersteinwerk

24

Linde

Opladen

37
33

Gremberghoven

14

48

52
51

15

41

49

36 29

Kusenhorst

47

25

Altenkleusheim

Bomig Setzer Wiese

Bixterheide

50
Unna

Lippborg

Gronau

Hanekenfähr

Niederlangen

Emden/Borßum

Roxel

Ibbenbüren

Hesseln

Westerkappeln

Lüstringen

Voslapp

Cloppenburg
Ost

Conneforde

Arpe

Nehden

Borken

Twistetal

Bechterdissen

Gütersloh

Bielefeld Ost

Eickum

Lage

Elsen

Ganderkesee

St. Hülfe

Unterweser

Blockland

Wechold

Hannover West

Brunsbüttel

Sottrum

Wilster West

Dollern

Itzehoe/W

Hardegsen

Göttingen

Godenau

Wolkramshausen

Klostermansfeld

Stadorf

Lahe (enercity)

Lehrte

Algermissen

Klein Ilsede

Hamburg/N
(TenneT)Kummerfeld

Audorf/Süd

Hamburg/O

Kiel/West

Kiel/Süd

Hattorf

Wahle

Krümmel

Herrenwyk

Lübeck

Schmölln

Vieselbach

Röhrsdorf

Eula

Dresden/Süd

Perleberg

Ragow

Preilack

Graustein

Bärwalde

Hagenwerder

Eisenhüttenstadt

Bentwisch

Güstrow

Lüdershagen

Lubmin

Würgassen

Pulgar

Rhede

Meppen

Bertikow

Jänschwalde

Schwarze
Pumpe

Boxberg

Verlautenheide

Braunschweig Nord

Enniger

Lauchstädt

Stendal/West

Freiberg/Nord

Vörden

BorWin alpha

Plavinu HES

Valmiera

Grobina

Broceni

Rigas TEC 1

Viskali

Bisuciems
Salaspils

Krustpils

Liksna

Rezekne

Imanta

Mazeikiai

Kauno E

Kauno HE
Bitenai

Kaunas

Jurbarkas

Alytus

Kruonis

Jonava

Telsiai Siauliai
Panevezys

Neris

Utena

Kruonio HAE

Klaipėda

BtB

Benaiciu VE

Adamselv
Skaidi

Varangerbotn

Alta
kraftverk

Kvænangsbotn

Guolasjakka

Balsfjord

Ofoten

Svartisen

Kolsvik

Tunnsjødal

Namsos

Ørskog

Aura

Høyanger

Refsdal

SkagenLeirdøla

Jostedal

Aurland 2
Aurland 1

Arna

Dale

Mauranger
Oksla

Heimsil 1

Heimsil 2

Nes

Nore

Ringerike

Ådal

Blåfalli

Børtveit

Spanne

Håvik

Sauda

Bærheim

Fagrafjell

Roskrepp

Duge

Lyse

Kvinen

Solhom

Tonstad

Røldal

Kvanndal

Kjela

Nesflaten

Kjelland

Åna-Sira

Lista

Kvinesdal
Kristiansand

Arendal

Brokke

Hekni

Jørundland

Finndøla Fjone

Kvarenes

Songa

Vinje

Tokke

Sundsbarm

Vemork

Såheim

Tveiten

Flesaker

Sylling

RødHolen

Nea

Vågåmo

Fåberg

Vardal
Vang

Minne

Øvre Vinstra

HarpefossenNedre Vinstra

Rendalen

Litjfossen

Brattset

Tegneby

Hasle

Halden

Åskara

Bardufoss

Nyhamna

Hof

Fræna

Samnanger

Kårstø

Kollsnes

Dolna Odra

Bełchatów

2

Emden/Ost

Wehrendorf

Maade

Bergshausen

Ovenstädt

Meißen

Gleidingen

Lüneburg

Alfstedt

Niederwartha

Daugavpils

Lietuvos E

Vilnius

Skibotn

Kvandal

Kobbelv

Rana

Salten

Marka

Ogndal

Verdal

Eidum
Strinda

Klæbu
Orkdal

Grana

Årøy

Aurland 3

Borgund

Steinsland

Litle Sotra

Fana

Evanger

Tysso

Tjodan

Dagali

Hylen

Saurdal
Kvilldal

Husnes

Førre

Stølaheia

Tjørhom

Novle

Ostrołęka B

Krajnik

Cieplice
Świebodzice

Groszowice

Dobrzeń

Żukowice

Mikułowa

Morzyczyn

Leśniów

Gorzów

Leszno
Gronowo

Polkowice

Pasikurowice

Ostrów

Poznań
Południe

Czerwonak

Plewiska

Piła Krzewina

Bydgoszcz
Zachód Jasiniec

Dunowo

Glinki

Police

Recław

Gdańsk I

Gdańsk Błonia

Rożki

Łośnice

Piotrków

Wrzosowa

Rogowiec

Zgierz

Pabianice

Janów

Włocławek
Azoty

Kielce Piaski

Sochaczew

Podolszyce

Płock

Mory

Towarowa

Piaseczno

Mościska

Zamość

Abramowice

Chmielów

Ostrowiec
Mokre

Lublin Systemowa

Puławy
Chełm

Ełk

Olsztyn

Toruń Elana

Grudziądz
Węgrowo

Olsztyn Mątki

Narew

Słupsk
Wierzbięcino DC

Huta Częstochowa

Zielona Góra CHP

Wrocław

Słupsk
Wierzbięcino

Margonin

Żarnowiec

Ostrołęka

Pątnów

Kozienice

Stalowa Wola

Tsentralnaya

Pskov

Velikoretskaya

Kingiseppskaya

Novosokol'niki

Yugo-Zapadnaya

Chudovo

Okulovskaya

Starorusskaya

Vykhodnoy

Olenegorsk

Titan

Knyazhegubskaya

Loukhi

Kostomuksha

Vyborgskaya

Medvezh'egorsk

Petrozavodsk

Syas

Tikhvin-Liteynyy

Gatchinskaya

Severnaya-330

Monchegorsk

Segezha

Kondopoga

Petrozavodskmash

Drevlyanka

Suoyarvi

Lyaskelya

Sortavalskaya

Czarna

Trębaczew

Aniołów
Joachimów

Bełchatów
Kopalnia

Kielce

Radkowice

Miłosna

Opole

Novgorodskaya

Nikel

Leningradskaya

Kamennogorskaya

Sovetsk

Saint-Petersburg

Ritsem

Borgvik

Skogssäter

Timmersdala

Moholm

Kilanda

Hisingen

Stenkullen

Lindome Strömma

Horred

Uddebo

Tenhult

Hallsberg

Lindbacka

Hedenlunda

Åker

Glan

Kimstad

Bäsna Repbäcken

Morgårdshammar

Horndal

Stackbo

Starfors

Finnslätten

Himmeta

Kolstad

Svartbyn

Tuggen

Moliden

Betåsen

Hjälta

Rätan

Ånge
Nysäter

Hällsjö

Ljusdal

Ockelbo

Söderala

Valbo

Dannebo

Odensala

Tuna

Gråska

Malsta

Bredåker

Vallentuna

Kolbotten

Hall

Hamra

Ekudden

Solberga

Alvesta

Hemsjö

Barsebäck

Kruseberg

Arrie

Sege

Mörap

Söderåsen

Breared

Hurva

Stockholm

Barkeryd

Häradsbo

Nybro

Bandsjö

Vaple

Stärnö

Harku
DC -
EL1

Feda

Brest-1

Pinsk

Grodno
Juznaya

Rossj

Lida

Severnaja

Baranovichi

Ivatsevichi

Stolbtsy

Smorgon

Molodechno

Mikashevichi

Kalijnaja

Svetlogorskaja

Mozir

Miradino

Slutskaya

Koljadichi

Beloruskaja

Osipovichi

Borisov

Vostotsnaya

Zhlobin 330
Zhlobin-Zapadnaja

Mogilev-Severni,
Магілёў Северный

Mogilev 220

Vitebsk

Orsha

Polock

Grodno

Mogilev 330

Rivnenska NPP

Dobrotvirska TPP

Hrabiv

Lutsk
pivnichna

Lviv-2

Novovolynsk

Radyvyliv

Lutsk
pivdenna

Kovel

Koziatyn

Lisova

Rivne

Shepetivka

Zhytomyrska

Minskaja
TEC 5

Lapichi

Brest-2

Chornobylska NPP

Kyivska

Total

Drogenbos

Ringvaart

Avelgem

Izegem

Eeklo Noord
Massenhoven

Bruegel

Rodenhuize Mercator

V.Brug

Lint Meerhout

Herdersbrug

Van Eyck

BraekGravelines Brode
Les attaques

Echinghen

Mandarins
Holque

Ruminghen

Longuenesse

Woestyne

Warande

Les Crechets

Weppes
La Croix

Borssele

Zandvliet Eindhoven

Oostzaan

Doetinchem

Drakelow

Ratcliffe-on-Soar

West Burton

Drax

Stella West

2221

Sizewell

Staythorpe

Little
Barford

East Caydon

Melksham

Minety

Fleet

Botley Wood

Lovedean

Bramley

Didcot

Cowley

Culham Jet

Bolney

7

Chessington

5

8

Iver

Amersham Main
Elstree

Watford

Sundon

11

16

Beddington

15

18

Rowdown

14

3

Wymondley

2
19

9

Washway
Farm

Daines

Feckenham

Berkswell

Bustleholm
Hams Hall

Whitegate
Kearsley

2

Padiham

Macclesfield

Cellarhead

Rochdale

3

1

Hutton

Westfield

Tealing

Blackhillock

Keith

Poppleton

17

Chesterfield

Coventry

Enderby

Kirkstall

13
4 15

Elland

Bradford
West

16

8 10

Grendon

Eaton Socon

Monk Fryston

12

Thornton
Creyke Beck

South Shields

Spennymoor

Norton

Tynemouth

Kintore

Eccles

West Boldon

Hart Moor

Saltholme

Hawthorne Pit

Lackenby
Greystones

Hartlepool

Sellindge

Ninfield

Pelham

24

Warley
Rayleigh Main

Braintree

Grimsby West

Burwell Main

Walpole

Canterbury North

Bramford

26

Norwich Main

Middleton

Shoreham

Great Yarmouth

1

Saltend South

Spalding North

Brigg South Humber Bank

Lynemouth

Blythe

25

Mossmorran

40

34 36

35

Crystal Rig

Offerton

Skelton G.

Rugeley

Patford
Bridge

Leighton Buzzard

Fawley

Cowes

Causeymire

Paul's
Hill

Aikengall

Bicker Fenn

Fourstones

Grangetown

Immingham

Sutton Bridge

Marchwood

4

Stevens Croft

Fawley CHP

Thanet

Greater Gabbard

Torness

Medway

Tornehamn

Tsirguliina

Šalčininkai

Oshmani

Voronovo

Nesterov

Liosna

Laleham

W. Weybridge

Osbaldwick

Didcot B

42

Dounreay

Rudnya

Knippegroen

Ängsberg

Finnböle

Höljes

Lutufallet

Charlottenberg

Eidskog

Tingsbacka

Senneby

Østkraft

Borrby

Peterborough

Stade West

Baltic 2

Rødsand 1
(Nysted)

Rødsand 2

Revsing

Svetogorskaya
HPP-11

Imatra

Hagermarsch

Wilhelmshaven

Mehrum

Straumsmo

Innset

Sildvik

Skjomen

Trollheim

Hove

Mongstad

Uvdal

Embretsfoss

Amagerværket

Anjala

Kuusaanniemi

Mertaniemi

Joutseno

Tainionkoski

Kaukopää
Pursiala

Kellosaari

Neste Porvoo

Kirkniemi

Forssa

Kaanaa

Huutokoski

Joensuu

Uimaharju

Pamilo

Jylhämä

Pälli

Nuottasaari

Raasakka

Kemi
Veitsiluoto

Metsä-Rauma

Dresden Nossener Brücke

Inesco
Exxon

Thornton bank

Bligh bank

Högåsen

Plenninge

Boländerna

Łomża

Driva

Hofstad

Hitra

Smøla Bratsberg

Framruste

Tyin

Lomen

Åbjøra

Torpa

Hunderfossen

Skollenborg

Høg-Jæren

Steinsfoss

Siedlce
Ujrzanów

Żerań CHP

Siekierki CHP

Ołtarzew

Kromolice

Karścino Pobłocie

Tymień

Karcino

Tychowo 1

Włocławek

Dychów

Tume

Ventspils

Wrocław CHP

Gdańsk 2 CHP

Karolin CHP

Lublin-Wrotków CHP

Aulepa

Dörpen/West

HelWin alpha
HelWin beta

DolWin alpha

DolWin beta

alpha ventus

BorWin beta

SylWin alpha

Horns Rev 3

Kriegers Flak

BorWin gamma

Lavianvuori

Kristinestad

Hill of
Towie

Mid Hill

Lincs

London Array

Kuusankoski

Kaukas

Harjavalta

Äänekoski

Bagn

Rånåfossen

DolWin gamma

Darłowo

Inhausen

Tessenderlo

Stevin

Ham

D.Les

Kondopoga (16)

Ust'-Luga

Luzhskaya

Khmelnytska NPP

Nedre Røssåga

Turów

Stasevang

Paldiski
wind farm

Stanisławów

Pągów

Chwiram

Hirvisuo

41

Stoke Bardolph

Horta

Szczecin CHP

Nemo1

Canterbury

Sheringham Shoal

Rigas TEC 2

Rigas HES

Isokangas

Bräcke

Östansjö

Lihula

Marszewo

Gdańsk
Przyjaźń

Pelplin
Żydowo Kierzkowo

Korsze

Pomorzany

Iłża II

Kabaldiku VE

<ITA>Baillie & Bernaheig</ITA>

Camster

Kilbraur

Rothes II
Rothes I

Berry Burn

Markinch

Humber GatewayHedon

King’s Lynn

Westermost Rough

Wilton

Keadby

Rye House

Djuptjärn

Ohlensehlen

Süderdonn

Wikinger

Arkona-Becken Südost

Kuolajärvi

Myllykangas

Mustilankangas

Zelenogorskaya

Banie

A. Dumont

Auvere

Włocławek CHP

Baczyna

Płock CHP

Bardy-Dygowo

Ełk BIS

Büttel

Konin

Połaniec

Loviseholm

Niedervieland

Leipiö

Korytnica

Krobia

Osieki

Musa

Doel

Avedøreværket

Strepeikiu VE
Sysos VE

Herslev

Hasle

Crystal Rig I

Koporskaya

Crystal Rig II

Teesside

Inner Dowsing

Gunfleet Sands I
Dodewaard

Meeden

Eemshaven Oude Schip

Oudehaske Zeyerveen

CDCL

Scroby Sands

Gunfleet Sands II

Didcot A

Hessenweg
Zwolle

Eemshaven/Robbenplaat

Louwsmeer
Bergum Vierverlaten

Weiwerd
Delfzijl

Wateringen

Maasvlakte
Simonshaven

Crayestein

Krimpen

Bleiswijk

Vijfhuizen
Diemen

Beverwijk
Lelystad Ens

Boxmeer

Maasbracht

Rilland

Geertruidenberg

Grain23 17

Gørløse

Postavy

HengeloWesterlee

TilburgCleve Hill

Persley

20

Tod Point

Humber Refinery

Cottam
7

6

14

High Marnham

10

Saltend North

Knaresborough

5

Willington

Ironbridge

Van Maerlant

Gezelle
Lillo

Heze

Kiisa Emergency
Power Plant

Teufelsbruch
MalchowHennigsdorf

Wustermark

Thyrow

Neuenhagen

Pasewalk

Siedenbrünzow

Altentreptow/Süd

Parchim/Süd

Helmstedt

PCK Schwedt

Gransee

Altentreptow/Nord

Putlitz/Süd

Ålfoten

Sogndal

Moskog

Ørsta

Kirkenes

Lubiechnia
Wielka

Resko 2

Lubartów

Orłowo

Namskogan

Surna

Praga

Förderstedt

Marke

Heinersdorf

Sandtorstraße

Rostock

Jessen/Nord

Sandershausen/Ost

Trofors

Honna

Snilldal

Åfjord

Bamble

Grenland

Husum/Nord

Lamspringe

Fedderwarden

Elsfleth/West Wyszków

Darbenai

32
KW Bergkamen

23

Datteln
22

T-Point

Thurso South

Offshore Switching Yard 1
Offshore Switching Yard 2

Öchtel

Uentrop40

46

43

44

34

35

Beeck
Schwelgern

Walsum

Zensenbusch
Ossenberg

12

Dünnwald

Halfeshof

NordLink

Diele

Wolmirstedt

Heide/West

Lindås

Porsgrunn

Rampion Wind farm

Siems

Handewitt

Spittal

Viklandet

Stord

Lio

Ertsmyra

Sjønstå

Rjukan

Mustvee

Sopi

Oslo

Kilingi-Nõmme

Medinos VE

Pabalves VE

Kanteikiu VE

Kikoniu VE

Degaiciu VE

Tuhavälja

Grytåga

Bogna

Fortun

Choczewo

Sykkylven

Modalen
Haugsvær

Follo

Bjerkreim

Stokkeland

Åsen

Kobbvatnet

Przykona 2

Biały Bór

Ryhall

12

Potęgowo Zachód

Dzierzgoń -
Stary TargRybice

Wielkopolska

Brudzew

Race Bank

Isovaara

Edinge

Avesta
Krylbo

Karlslund

39

Midtfjellet

Eidsborg

Roa

Hadeland

Balti

Viru

Bjelland

Pikeliu VE

Ruusmäe

Põhja

Breukelen Kortrijk

Tooma

Altdöbern

Øvre
Røssåga

Skillemoen

Gryfino

Ostrołęka C

Grudziądz

Fjotland

Connagil

Loch Buidhe

Strathbrora

Fetteresso

Rothienorman

New Deer

Richborough

Sellindge West

Chilling

Necton

Bulls Lodge

13

6

9

Sławoszewek

Zwartowo

Dargikowo

Jasna

Potęgowo
Wschód

Karlino

Pruszcz

Janikowo

Udanin

Dębsk

Witnica

Triton Knoll

Dudgeon

Porjus

Trolltjärn

45 16

19

11

20

18

Kottigerhook

Klixbüll_Süd

Schuby West

17

Helgum

Hageskruv

Vittersjö

Grönviken

Torpberget

Tovåsen

Olingan

Pysäysperä

Kärppiö

MallingVHS

VHN

THOR

Kiisa

Jardelund

Brokdorf

Hollandse
Kust West

Prinquiau

Ignalinos AE

Meiluskiu SE

Padvarniu SE

Naujazerio SE

Galaiciai VE

Sapnagiu VE

Antakalniskiu VE

Kamaju VE

Darguziu VE

Tytuvenai

VKJ I

Piktupėnų VE

Kellarijänkä

Nokia

Witznitz

Ullava

4

Kruopiu VE

Pielių
VE

Zagórzyca

Stara
Korytnica

Nidzica
Solar Park

Helenowo

Miłkowice

Proszówek 1

Serby 1

Lipno

Jeziórko 1

Bielice

Chociwiel

Banie 2

Adamów

Mierzyn

Młotkowo

Bąków 1

Bąków 2

Pelplin 2

Ględowo

Gromadka

Dungeness
275kV

Kemsley

Asvnæsværket

Nowogródek Pomorski

Poland
1. Bieruń
2. Łaziska
3. Jaworzno III
4. Kopanina
5. Komorowice
6. Czeczeot

GB (3)
 1. Port Dundas
 2. Easterhouse
 3. Damarnock
 4. Clydes Mill
 5. Charlotte Street
 6. Newarthill
 7. Coatbridge
 8. Neilston
 9. Giffnock
10. Busby
11. West George Street
12. East Kilbridge South
13. Whitelee
14. Whitelee Extn
15. Harting Rig
16. New Communck
17. Dalquhandy
18. Afton
19. Blackcraig
20. Gorgie
21. Bonnybridge
22. Grangemouth
23. Little Raith BES
24. Harburn Head
25. Wishaw

26. Currie
27. Strathaven
28. Galawhistle
29. Kype Muir
30. Coalburn
31. Douglas West
32. Middle Muir
33. Harestanes
34. Shrubhill
35. Cockenzie
36. Portobello
37. White House
38. Kaimes
39. Dewar Place
40. Smeaton
41. Fallago Rig
42. Fallago
43. Black Law Extension
44. Black Law
45. Kilmarnock South
46. Hunterson North
47. Hunterston East
48. Hunterston
49. Sneddon Law
50. Whitelee Extension

GB (2)
 1. Stalybridge
 2. S. Manchester
 3. Bredbury
 4. Neepsend
 5. Wincobank
 6. Sheffield City
 7. Jordanthorpe
 8. Brinsworth
 9. Norton Lees
10. Thurcroft
11. Monk Fryston
12. Thorpe Marsh
13. Stocksbridge
14. Pitsmoor

15. Templeborough
16. West Melton
17. Aldwarke
18. Flintshire Bridge
19. Connah's Quay
20. Deeside
21. Capenhurst
22. Birkenhead
23. Lister Drive
24. Rainhill
25. Carrington
26. Fiddlers Ferry
27. Rocksavage
28. Frodsham

Germany
 1. Niederaußem
 2. Rommerskirchen
 3. Frimmersdorf
 4. KW Neurath
 5. Weisweiler
 6. Oberzier
 7. Gohrpunkt
 8. Paffendorf
 9. Siersdorf
10. Dülken
11. Gellep
12. Rath
13. Zukunft
14. Bellendorf
15. Nordlicht
16. Gelsenberg
17. LMG
18. Rheinhausen
19. Uerdingen
20. Edelstahlwerk Krefeld
21. Norf
22. Lippe
23. Elmenhorst
24. Mengede
25. Pöppinghausen
26. Wambel
27. Dortmund
28. Mündelheim
29. Witten
30. Ering

31. Osterath
32. Garenfeld
33. Ohligs
34. Welper
35. Mettmann
36. Hattingen
27. Eller
38. St. Peter
39. Brauweiler
40. Ruhrzink
41. Polsum
42. Scholven
43. Emscherbruch
44. Hüllen
45. Bergmannsglück
46. Karnap
47. Bochum
48. Büscherhof
49. Eiberg
50. Kruckel
51. Rosenblumendelle
52. Selbeck
53. Oberwald
54. Karlsruhe West
55. Karlsruhe Ost
56. Wiesloch
57. Neurott
58. Altlußheim
59. Rheinau

Luxembourg
1. Oxylux
2. Heisdorf
3. Berchem
4. Schifflange
5. Bertrange
6. Blooren

22
0k

V

2x
22

0k
V

22
0+

2x
40

0k
V

220+2x400kV

220 kV

C
on

ne
ct

io
n

lin
e refers

to
on

e
of

13
units

Radial operation

220+400kV

2x220 kV

2x
22

0k
V

220+400kV

Sw
ePol

220+400kV

70°N

65°N

60°N

55°N

50°N

70°N

65°N

60°N

55°N

50°N

40°E35°E30°E25°E20°E15°E10°E5°E0°5°W10°W

40°E

35°E

30°E

25°E20°E15°E10°E5°E0°

5°W

10°W

0 100 200 300 40050
Kilometers

Interconnected network
of Northern Europe

2024

© ENTSO-E 2024

Scale: 1:3.000.000

(as of 20/11/2024)

Information compiled under the responsibility of the Data Expert Group.

regions institution
ENTSO-E members and
observer members

European Network of
Transmission System Operators
for Electricity

Med TSO members Mediterranean Transmission
System Operators

Russia System Operators of the UPS of
Russia

Source of information

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)

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

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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* this designation is without prejudice to positions on status, and is in line with UNSCR 1244 and the ICJ Opinion
on the Kosovo Declaration of Independence.
** data as of 2019
*** synchronisation with Continental Europe in 2025

Country CHPs included Non renewable Renewable Country CHPs included Non renewable Renewable
Belarus** n.a. n.a. n.a.
Russia** n.a. n.a. n.a.
Albania yes 95 2
Austria n.a. 50 20
Bosnia & Herzegovina yes 100 30
Belgium no 100 100
Bulgaria yes 75 60
Switzerland no 100 100
Cyprus n.a. 100 30
Czech Republic no 150 30
Germany yes 200 100
Denmark yes 70 160
Estonia*** yes 70 15
Spain no 65 50
Finland yes 100 50
France yes 150 80
GB (England & Wales) yes 30 30
GB (Northern Ireland) yes 30 30
GB (Scotland South) yes 30 30
GB (Scotland North) yes 10 10
Greece yes 100 25

Croatia yes 90 10
Hungary yes 50 50
Ireland n.a. 80 15
Iceland no 10 10
Italy n.a. 100 50
Lithuania*** yes 35 20
Luxembourg yes 100 50
Latvia*** yes 45 95
Montenegro no 10 10
The Republic of
Northern Macedonia

yes 100 0

The Netherlands no 100 50
Norway no 50 50
Poland yes 200 50
Portugal yes 100 50
Serbia yes 108 23
Sweden n.a. 100 100
Slovenia yes 80 10
Slovak Republic yes 100 100
Turkiye yes 100 50
Ukraine n.a. n.a. n.a.

Figure 1.1: The Nordic and Baltic main grids [2] in 2024. 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 [3].
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
The report includes all available data for 100–420 kV up till 2023. Finnish 2024 data include TSO’s data and DSO’s 110 kV
branch lines connected to TSO Fingrid. Swedish 2024 data cover only TSO Svenska kraftnät.

Some of the tables in the report present aggregated numbers for the Baltic and Nordic regions, as well as for all partic‐
ipating countries. When the numbers for each country are normalised by consumption (e.g. Table 4.2), or the number
of components or km (e.g. Table 6.9), the aggregated numbers for each region are calculated the same way as they are
calculated for each country. This means that we take the total number of faults (or ENS) in a region and divide this num‐
ber with the total number of components (or consumption) in the same region. That is opposed to summation of e.g.
number of disturbances, number of faults or values for Energy Not Supplied (ENS), where we simply add up the numbers
for each country to get the regional sum (e.g. Table 3.1).

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.

1.6 Fault causes
Each grid disturbance and fault has a cause connected to it. The used causes in this report are detailed in Figure 1.3.
Appendix B describes how each Nordic and Baltic TSO examines the cause of line faults. The fault causes used in these
statistics are explained in detail in the ENTSO‐E guidelines [1, Tab. 5.1].

Page 4 of 58 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


HVAC NORDIC AND BALTIC GRID DISTURBANCE STATISTICS 2024
19 November 2025

Figure 1.3: The cause scheme with 5 top‐level categories: environmental causes, external influences, operation and
maintenance, technical equipment, and unknown.

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 1.1 presents the statistical voltage levels used in this report and their percentage allocation. Table 1.2 presents the
coverage of the statistics in each country.
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Table 1.1: 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 %

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

Sweden UN / p % 130 kV / 100 % 220 kV / 100 % 400 kV / 100 %
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 1.2: Percentage of networks included in the statistics per statistical voltage level in 2024. The percentage is esti‐
mated per line length.

Voltage level

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

Denmark 100 % 100 % 100 %
Estonia 100 % 100 % –
Finland 50 % 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 2024, 1 176 grid disturbances occurred in the Nordic and Baltic 100–420 kV grids, which is much less than the 10‐
year annual average of 1 560 disturbances. The energy not supplied (ENS) due to faults in the Nordic grids amounted to
5 075 MWh and 153 MWh in the Baltic. In total, there were 5 228 MWh of ENS in the Nordic and Baltic grids, which is
40 % higher than the 10‐year annual average. Out of all 1 176 disturbances, 161 caused ENS in 2024. For Finland and
Sweden, the figures cover only disturbances reported by the transmission system operators (TSOs).

The following sections present the summaries for each Nordic and Baltic country including the most significant issues in
2024.

2.1 Summary of Denmark
In Denmark, the ENS caused by grid disturbances was 19 MWh in 2024 (10‐year annual average 41 MWh). There were
64 grid disturbances (10‐year annual average 65) and 2 of them caused ENS.

In 2024, 60 % of the total ENS was caused by substation faults, and 40 % by faults in Lines. The most significant reasons
for ENS caused by disturbances were operation and maintenance (60 %) and environmental causes (40 %). Disturbances
were caused most by external influences (48 %) and technical equipment (31 %).

Secondary faults in Denmark accounted for 9 % of all faults in 2024 and caused 0 % of the total ENS. Secondary faults
were caused by operation and maintenance (67 %) and technical equipment (33 %).

The three most significant disturbances in 2024 were the following:

• Due to an installation error of a relay, a transformer tripped while troubleshooting a ground fault. The resulting
ENS was 11.2 MWh.

• Lack of vegetation management caused an overhead line to trip and automatically reclose. Two transformers
in a substation tripped as they were connected through a T‐junction between two lines. The resulting ENS was
7.5 MWh.

• A 400 kV busbar tripped due to an installation error when reinvesting a reactor. The point‐of‐wave‐relay was by‐
passed which led the breakers to reignite when the breakers open. This fault did not cause ENS.

2.2 Summary of Estonia
In Estonia, there were 184 grid disturbances (10‐year annual average 150), of which 10 caused ENS. The ENS caused by
grid disturbances was 69.6 MWh in 2024 (10‐year annual average 67.4 MWh).

In 2024, 87 % of the total ENS was caused by overhead line faults, and 13 % by substation faults. The most significant
reasons for ENS were environmental causes (92 %) and operation and maintenance (7 %). Disturbances occurred most
often due to technical equipment (39 %) and environmental causes (26 %).

Secondary faults in Estonia accounted for 6 % of all faults in 2024 and caused an ENS of 3.18 MWh. Secondary faults
were primarily due to operation and maintenance (45 %) and technical equipment (27 %).

The three most significant disturbances in the 110–330 kV grid in 2024 were:

• Single‐phase earth fault in a 110 kV substation. A 110 kV surge arrester in a transformer bay was damaged due to
lightning, causing an ENS of 4.64 MWh.

• Two‐phase earth fault on a 110 kV overhead line caused by a combination of ice accumulation on the phase wires
and strong wind. ENS was 12.77 MWh.

• Two‐phase earth fault on a 110 kV overhead line caused by a combination of ice accumulation on the phase wires
and strong wind. ENS was 42.49 MWh.
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2.3 Summary of Finland
The Finnish data from 2024 onwards include the length of the main transmission grid owned by Fingrid and length of the
110 kV branch lines connected to the main transmission grid owned by the distribution network companies. Faults on
the 110 kV branch lines are included if they affect the main transmission. For 220 kV – 400 kV lines crossing the national
border, only the length of the AC network owned by Fingrid and those faults whose fault location is on a line owned by
Fingrid have been recorded in the statistics. The data covers almost all 220 kV and 400 kV grid and about 50% of length of
all 110 kV grids in Finland. There were 232 grid disturbances and 240 faults in Fingrid in 2024. Disturbances were caused
most by environmental causes (82 %). Energy not supplied (ENS) was 364 MWh. Overhead line faults caused 75 % of
the ENS. The most significant reasons for ENS caused by faults were operation and maintenance (74 %) and technical
equipment (24 %). Secondary faults in Finland accounted for 3 % of all faults in 2024 and caused 6 % of the total ENS.

Four most significant disturbances in the Fingrid’s 110–400 kV grid in 2024 were:

• 110 kV overhead line tower fell in July 2024. A total of approximately 10,000 distribution network customers were
initially without power in the area. Power was restored to 4,000 customers using replacement connections in
three hours and to 7,000 customers in eleven hours. The fallen 110 kV tower was replaced and the power line
was restored to service in 23 hours. After this, the distribution network companies restored electricity to all their
customers. ENS 209 MWh.

• Current transformer failure at a 110 kV substation, resulting in the entire substation being de‐energized by the
busbar protection in May. ENS 57 MWh.

• Unjustified relay protection operation at a 110 kV substation during an exceptional switching situation in April. ENS
21 MWh.

• The hurricane knocked down two 400 kV transmission line towers in November. The repair work went well, and
the line was restored to service in seven days. The disturbance caused voltage and frequency fluctuations in the
main grid. No ENS.

2.4 Summary of Iceland
In Iceland, the ENS caused by grid disturbances was 352 MWh in 2024 (10‐year annual average 757 MWh). There were
20 grid disturbances (10‐year annual average 42) and 10 of them caused ENS.

In 2024, 60 % of the total ENS was caused by overhead line faults, 20 % by substation faults. The most significant reason
for ENS caused disturbances were weather (50 %) and adjoining grid (20 %).

Secondary faults in Iceland accounted for 5 % of all faults in 2024 and caused 0 % of the total ENS. Secondary faults were
all caused by technical equipment.

Secondary faults were caused by technical equipment:

• January 25 – The 132 kV overhead line SN1 tripped due to a lightning strike. The total ENS was 50.5 MWh.

• October 2 – An emergency trip on the power‐intensive user side affected the relay protection scheme, resulting in a
system split. Due to weak 132 kV connections between the northeast and southwest parts of the grid, the system’s
stability threshold was low. Power flows exceeded stability limits, and the grid sections began to separate, causing
widespread load shedding. The total ENS was 197.4 MWh.

• November 21 – The 132 kV overhead line SM1 tripped due to a volcanic eruption. Lava flowed beneath the line at
one location between two towers, causing the conductors to melt and leading to the outage. The total ENS was 66
MWh.
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2.5 Summary of Latvia
In Latvia, the ENS caused by grid disturbances was 53.4MWh in 2024 (10‐year annual average 51MWh). There were 152
grid disturbances (10‐year annual average 126) and 13 of them caused ENS.

In 2024, 67 % of the total ENS was caused by overhead line faults, and 33 % by control equipment faults.

The most significant reasons for ENS caused by disturbances were environmental causes (65 %) and operations and
maintenance causes (32 %). Disturbances were caused most by environmental causes (34 %) and external influences
causes (33 %). Secondary faults in Latvia accounted for 5 % of all faults in 2024 and almost did not cause ENS. Secondary
faults were primarily caused by operation and maintenance (25 %) and technical equipment (75 %).

The most significant disturbances in 2024 were the following:

• Multiple human errors working on control equipment and operations in combination with only one feeding line
led to an outage of one substation for 2.5 h and resulted in 17 MWh of ENS (32 % from annual ENS). Disturbance
caused almost all annual ENS for fault type “control equipment” and cause type “operations and maintenance”.

• Series of faults in one day period due to summer storm caused an outage of 20 OHL and 6 substations and resulted
with 28 MWh of overall ENS (52 % from annual ENS).

• Third person intendedly damaged 110 kV power cable. The repair of the cable, due to time period necessary for
procurement of spare parts, took more than 6 months.

2.6 Summary of Lithuania
In Lithuania, the ENS caused by grid disturbances was 29.6 MWh in 2024 (10‐year annual average 36.5 MWh). There
were 126 grid disturbances (10‐year annual average 142), of which 14 caused ENS.

In 2024, 94 % of the total ENS was caused by overhead line faults, and 3 % each by power transformer faults and adjacent
grid faults. The most significant reasons for ENS caused by disturbances were environmental causes (51 %) and technical
equipment (43 %). Disturbances occurred most often due to technical equipment (23 %), unknown causes (23 %) and
external influences (21 %).

Secondary faults in Lithuania accounted for less than 1 % of all faults in 2024 and did not cause any ENS. Secondary faults
were primarily due to operation and maintenance (100 %).

The most significant disturbances in 2024 were the following:

• On 8 January 2024, a poorly installed 110 kV OHL conductor connection, under low ambient temperature, caused a
phase conductor failure, resulting in power supply interruption to four transformer substations. ENSwas 10.3MWh.

• On 7 July 2024, a motorized hang glider flew into a 110 kV overhead line and became suspended on one phase
conductor and the shield wire, which caused the interruption of electricity supply to four substations. ENS was
5.09 MWh.

• On 29 July 2024, a series of faults caused by very strong winds (up to 27.9 m/s in places) led to the outage of five
110 kV OHLs and six substations, resulting in 9.9 MWh of overall ENS.
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2.7 Summary of Norway
Energy not supplied (ENS) caused by disturbances in the 100–420 kV grid was the highest in 10 years with 4336 MWh,
while the number of grid disturbances (301) was just above the average for the same 10‐year period (283). Extreme
weather at the end of January and beginning of February caused many grid disturbances on the north‐west coast of
Norway. Several of these caused large interruption consequences. In the period from 1 to 4 February, faults in the
network above 100 kV led to ENS of around 3800 MWh, which corresponds to 88 % of the total ENS at these voltage
levels in the whole of 2024.

In total, 83 % of the ENS was caused by overhead line faults and 11 % by substation faults. This unusually high share of
ENS from overhead lines was mainly due to the extreme weather. The most significant reasons for ENS caused by grid
disturbances were environmental causes (95 %). The disturbance with the highest number of end‐users affected and the
largest power interruption was a short circuit on a 420 kV overhead line in February during very strong winds. This fault
led to interruption of 26,000 end‐users with approximately 285 MW interrupted load. One large end‐user was out of
service for 14 hours due to a permanent fault on the overhead line. Due to the extreme weather and darkness, it was
impossible to locate the fault and carry out the repair work any sooner.

2.8 Summary of Sweden
In Sweden, the ENS caused by grid disturbances was 4.7 MWh in 2024. There were 97 grid disturbances and 8 of them
caused ENS.

In 2024, 100 % of the total ENS was caused by overhead line faults.

Secondary faults in Sweden accounted for 0 % of all faults in 2024 and did not cause any ENS.

The year 2024 was a calm year as a whole. The most significant grid disturbances during 2024 were:

• When attempting to re‐connect a reactor, a faulty blocking device for a disconnecting breaker caused a fault and
subsequent outage when reconnection failed for one of the phases.

• One series capacitor bank had four short outages throughout the year due to a faulty spark gap.

• One power line had ENS of 1,1 MWh due to lightning strikes that caused a short outage with ENS. The outage was
in part due to that maintenance outage was being done in the area and that automatic re‐connection therefore
had been disabled.
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3 Disturbances
3.1 Overview
This chapter presents grid disturbances, including an overview (Section 3.1), disturbances by month (Section 3.2), and
by cause (Section 3.3).

Table 3.1 shows the number of grid disturbances in 2024 by country and the annual averages for 2015–2024, and Fig‐
ure 3.1 the annual number of disturbances for 2015–2024, both in the 100–420 kV grids.

A grid disturbance is defined as:
“Automatic, unintended, ormanual undeferrable outage affecting at least one systemunit as a result of faults
in the power grid” [1, p. 8].

It is essential to distinguish a grid disturbance from a fault: a disturbance is initiated by a primary fault and may be
followed by consequential secondary faults. Only secondary faults that extend or aggravate a disturbance are included.
The voltage level of a grid disturbance is determined by that of its primary fault.

Table 3.1: The number of disturbances and disturbances causing ENS in 2024, and their annual averages for 2015–2024
in the 100–420 kV grids.

Disturbances Disturbances causing ENS

Number Annual average Number Annual average
Country 2024 2015–2024 2024 2015–2024

Estonia 184 150 10 21.3
Latvia 152 126 13 13.3
Lithuania 126 142 14 15.0

Baltic total 462 418 37 49.6

Denmark 64 65 2 5.4
Finland1 232 393 9 63.5
Iceland 20 45.0 10 18.1
Norway 301 283 95 71.5
Sweden1 97 356 8 129.8

Nordic total 714 1142 124 288.3

Baltic & Nordic total 1176 1560 161 337.9
1 2024 values for Finland and Sweden include only transmission system operators’ (TSO) networks.
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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 2024. Table 3.3
presents percentage allocation by month over 2015–2024.

Table 3.2: Percentage allocation of grid disturbances in the 100–420 kV grids by month in 2024. 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 3.1

10.6
20.0
3.9
6.3
2.4
4.6
7.1

1.0
6.0
10.0
5.6
4.7
1.6
8.6
5.4

10.3
2.3
15.0
2.6
12.5
4.8
6.6
3.8

7.2
8.3
0.0
6.9
9.4
11.1
2.6
5.4

10.3
5.6
10.0
13.8
9.4
17.5
18.4
13.6

11.3
6.6
5.0
18.1
18.8
15.9
26.3
6.0

12.4
10.0
0.0
16.4
4.7
9.5
10.5
8.2

14.4
12.0
5.0
19.8
6.3
18.3
7.9
16.8

6.2
3.0
5.0
7.3
14.1
9.5
6.6
17.4

10.3
1.7
5.0
0.9
6.3
3.2
3.3
2.7

4.1
18.6
10.0
1.7
3.1
1.6
2.0
7.6

9.3
15.3
15.0
3.0
4.7
4.8
2.6
6.0

Table 3.3: Percentage allocation of grid disturbances in the 100–420 kV grids by month over 2015–2024. 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 4.7

9.2
12.7
7.7
11.6
3.3
5.7
5.7

4.7
8.0
4.7
4.0
7.6
3.5
4.8
4.9

5.4
6.3
8.2
4.1
8.5
4.2
7.9
6.0

7.4
6.3
7.1
6.8
10.7
6.1
7.5
7.3

17.5
7.5
3.3
14.2
11.3
24.4
22.1
15.2

19.4
9.8
6.4
19.4
9.8
16.6
12.9
13.2

14.8
9.2
5.8
13.8
7.3
12.1
12.9
12.0

7.1
5.3
5.3
9.6
6.5
10.2
6.5
11.2

4.8
3.7
5.3
6.5
6.8
5.9
5.4
8.5

4.2
5.0
12.2
3.3
5.3
7.0
6.7
5.1

4.2
11.6
18.7
3.4
5.9
2.4
2.8
5.2

5.8
18.1
10.2
7.3
8.8
4.3
4.8
5.7
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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, environmental causes, external influences, operation and mainte‐
nance, 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 2024. Table 3.5
shows the respective percentages over 2015–2024.

Table 3.6 presents the percentage allocation of grid disturbances that caused ENS by cause in terms of the primary fault
in 2024. Table 3.7 shows the respective percentages over 2015–2024.

Table 3.4: Grid disturbances (%) by cause for 2024. Proportionately higher percentage values are highlighted in yellow
and red.

Country
Environmental

causes
External
influences

OperaƟon and
maintenance

Technical
equipment Unknown

Estonia
Latvia
Lithuania
Denmark
Finland
Iceland
Norway
Sweden 19.6

3.7
0.0
0.0
1.6
23.0
13.2
14.1

22.7
17.3
45.0
6.5
31.3
23.0
17.1
39.1

12.4
19.3
15.0
9.9
14.1
16.7
3.3
14.7

6.2
3.0
0.0
1.7
48.4
21.4
32.9
6.0

39.2
56.8
40.0
81.9
4.7
15.9
33.6
26.1

Table 3.5: Percentage allocation of grid disturbances by cause over 2015–2024. Proportionately higher percentage values
are highlighted in yellow and red.

Country
Environmental

causes
External
influences

OperaƟon and
maintenance

Technical
equipment Unknown

Estonia
Latvia
Lithuania
Denmark
Finland
Iceland
Norway
Sweden 31.6

5.2
2.9
19.1
5.9
27.9
15.9
12.5

23.8
23.5
46.0
16.9
31.7
24.0
19.4
39.7

8.9
17.2
11.6
6.3
19.5
8.3
4.8
16.0

2.1
2.6
1.3
2.0
27.2
27.0
23.6
10.2

33.6
51.6
38.2
55.7
15.6
12.8
36.3
21.5
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Table 3.6: Percentage allocationof grid disturbances that caused ENSby cause in 2024. Proportionately higher percentage
values are highlighted in yellow and red.

Country
Environmental

causes
External
influences

OperaƟon and
maintenance

Technical
equipment Unknown

Estonia
Latvia
Lithuania
Denmark
Finland
Iceland
Norway
Sweden 0.0

3.2
0.0
0.0
0.0
0.0
0.0
0.0

0.0
11.6
20.0
44.4
0.0
42.9
15.4
10.0

0.0
24.2
20.0
44.4
50.0
28.6
23.1
20.0

0.0
5.3
0.0
0.0
0.0
0.0
0.0
20.0

100.0
55.8
60.0
11.1
50.0
28.6
61.5
50.0

Table 3.7: Percentage allocation of grid disturbances that caused ENS by cause over 2015–2024. Proportionately higher
percentage values are highlighted in yellow and red.

Country
Environmental

causes
External
influences

OperaƟon and
maintenance

Technical
equipment Unknown

Estonia
Latvia
Lithuania
Denmark
Finland
Iceland
Norway
Sweden 29.0

3.9
0.6
35.3
0.0
2.7
3.8
9.4

23.1
21.5
29.8
20.3
29.6
20.0
18.8
40.4

10.1
23.5
12.2
10.4
53.7
24.0
13.5
24.9

1.7
3.1
2.2
3.6
3.7
40.0
22.6
11.3

36.1
48.0
55.2
30.4
13.0
13.3
41.4
14.1
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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 2024 by country and the annual averages for 2015–2024. 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 2024 by country and the annual averages for 2015–2024.
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].

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 2024 and the annual averages for 2015–2024.

ENS (MWh)

Annual average
Country 2024 2015–2024

Estonia 69.6 67.4
Latvia 53.4 52.9
Lithuania 29.6 36.5

Baltic total 152.7 156.8

Denmark 18.6 41.1
Finland1 364.1 215.3
Iceland 351.6 794.7
Norway 4336.4 1321.6
Sweden1 4.7 1198.3

Nordic total 5075.4 3571.0

Baltic & Nordic total 5228.1 3727.8
1 2024 values for Finland and Sweden include only transmission system operators’ (TSO) networks.
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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 2024 and the corresponding annual averages for 2015–2024.
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 2024 2024 2024 2015–2024

Estonia 8.3 69.6 8.4 7.9
Latvia 7.0 53.4 7.7 7.5
Lithuania 12.4 29.6 2.4 3.1

Baltic total 27.6 152.7 5.5 5.7

Denmark 38.4 18.6 0.5 1.2
Finland 82.0 364.1 4.4 2.6
Iceland 18.7 351.6 18.8 42.9
Norway 136.8 4336.4 31.7 9.9
Sweden 136.4 4.7 0.0 8.7

Nordic total 412.3 5075.4 12.3 8.8

Baltic & Nordic total 439.9 5228.1 11.9 8.6
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Figure 4.1: 5‐year moving average for the amount of ENS divided by consumption (ppm). Ppm (parts per million) repre‐
sents 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 2024 and Table 4.4 presents the respective percentage values over 2015–2024.

Table 4.3: ENS (%) by month in 2024. 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 0.0

0.7
0.1
-
0.0
5.1
0.0
5.0

0.0
0.1
19.6
0.0
0.0
0.0
12.4
3.3

0.0
0.3
56.1
0.0
0.0
0.8
2.2
0.0

0.0
0.9
0.0
5.3
0.0
1.4
0.0
0.0

0.0
0.2
0.2
0.0
60.0
3.7
0.0
0.0

2.1
0.9
8.0
59.6
0.0
53.2
84.0
0.0

29.8
1.6
0.0
2.0
40.0
0.0
0.4
6.7

46.8
0.7
0.0
22.2
0.0
0.0
0.0
0.0

0.0
0.2
0.0
5.9
0.0
0.2
0.0
61.0

0.0
0.1
0.0
0.0
0.0
1.0
0.0
0.0

0.0
93.2
1.0
0.0
0.0
0.0
0.3
0.0

21.3
1.2
15.1
4.8
0.0
34.8
0.7
24.1

Report year
2024

Table 4.4: Percentage allocation of ENS by month over 2015–2024. 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 4.6

2.4
26.7
16.7
14.9
2.0
6.8
4.1

4.6
11.9
3.4
2.5
4.1
2.6
5.5
6.0

6.2
2.6
7.6
4.1
20.4
4.6
9.7
21.0

6.5
3.8
3.4
3.2
12.5
2.1
10.2
10.9

16.3
3.0
2.7
17.4
11.7
7.6
12.3
4.7

20.1
3.6
3.4
22.4
2.0
21.5
14.7
4.1

15.9
9.3
2.5
9.5
3.2
23.9
31.9
3.3

7.6
1.8
0.4
7.6
1.2
6.9
3.9
6.9

2.8
3.6
1.1
6.0
3.6
5.0
0.4
15.2

3.3
0.7
6.3
2.6
6.7
12.9
2.3
3.2

5.9
43.0
23.3
2.5
10.4
2.4
0.1
8.1

6.1
14.4
19.0
5.5
9.4
8.6
2.0
12.5
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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, 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 2024. Table 4.6 shows the respective percentages over
2015–2024.

Table 4.5: ENS (%) by cause in 2024. Proportionately higher percentage values are highlighted in yellow and red.

Country
Environmental

causes
External
influences

OperaƟon and
maintenance

Technical
equipment Unknown

Estonia
Latvia
Lithuania
Denmark
Finland
Iceland
Norway
Sweden 0.0

0.1
0.0
0.0
0.0
0.0
0.0
0.0

0.0
1.8
56.3
24.1
0.0
43.4
2.9
1.2

0.0
2.9
8.7
74.0
60.0
6.0
33.4
6.6

0.0
0.3
0.0
0.0
0.0
0.0
0.0
0.4

100.0
95.0
35.0
1.9
40.0
50.6
63.7
91.7

Report year
2024

Table 4.6: Percentage allocation of ENS by cause over 2015–2024. Proportionately higher percentage values are high‐
lighted in yellow and red.

Country
Environmental

causes
External
influences

OperaƟon and
maintenance

Technical
equipment Unknown

Estonia
Latvia
Lithuania
Denmark
Finland
Iceland
Norway
Sweden 19.7

2.7
0.0
12.1
0.0
0.6
0.2
0.9

35.3
27.4
39.2
40.3
25.2
39.1
11.0
63.9

6.5
10.2
14.3
21.4
63.4
14.1
53.8
9.7

5.2
1.9
2.9
2.8
0.0
31.3
12.9
11.9

33.3
57.8
43.5
23.4
11.4
14.9
22.2
13.6

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 show the amount of ENS and its allocation by voltage level in 2024 and for 2015–2024, while Table 4.8 presents
ENS for faults only.

Table 4.7: ENS in 2024 and its annual average for 2015–2024, and the annual average amount of ENS by voltage level for
2015–2024.

Average annual ENS (MWh)
ENS (MWh) by voltage level over 2015–2024

Annual average
Country 2024 2015–2024 100–150 kV 220–330 kV 380–420 kV Other1

Estonia 69.6 67.4 54.7 5.5 0.0 13.2
Latvia 53.4 52.9 35.4 17.4 0.0 0.2
Lithuania 29.6 36.5 35.0 0.3 0.0 1.2

Baltic total 152.7 156.8 125.1 23.1 0.0 14.6

Denmark 18.6 41.1 38.2 0.0 1.0 2.0
Finland 364.1 215.3 206.3 0.6 0.0 10.3
Iceland 351.6 794.7 318.1 319.7 0.0 194.9
Norway 4336.4 1321.6 639.9 253.6 397.2 30.9
Sweden 4.7 1198.3 952.6 128.7 24.7 122.7

Nordic total 5075.4 3571.0 2155.2 702.7 422.8 360.8

Baltic & Nordic total 5228.1 3727.8 2280.3 725.8 422.8 375.4
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 2024.

Region Country 100–150 kV 220–330 kV 380–420 kV
BalƟc Estonia

Latvia
Lithuania
Total

Nordic Denmark
Finland
Iceland
Norway
Sweden
Total

BalƟc & Nordic total

0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0

151.7
28.6
53.4
69.6

3370.6
0.2

3370.4
0.0
0.0
0.0

394.2
4.5
361.5
28.2
0.0
0.0

1078.8
0.0
570.7
125.4
364.1
18.6

3370.6394.21230.5

Report year
2024
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4.6 Energy not supplied by component
Table 4.9 presents the percentage allocation of ENS by component in 2024, and Table 4.10 shows the respective percent‐
ages over 2015–2024. The ENS is allocated to the component where each fault occurred. The total amount of ENS in
2024 and the annual average values for 2015–2024 are in Table 4.7.

Table 4.9: ENS (%) by component in 2024. 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 100.0

88.6
35.0
75.4
40.0
94.0
66.6
86.7

100.0
83.2
35.0
75.4
40.0
94.0
66.6
86.7

0.0
5.4
0.0
0.0
0.0
0.0
0.0
0.0

0.0
10.7
8.7
24.6
60.0
2.6
33.4
13.3

0.0
0.3
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.3
0.0
0.0
0.0
0.0
0.0
6.7

0.0
0.4
0.0
0.0
0.0
2.6
0.1
0.0

0.0
0.0
0.0
16.3
0.0
0.0
0.0
2.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
2.5
8.7
8.3
60.0
0.0
33.3
0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0
4.6

0.0
0.1
0.0
0.0
0.0
0.0
0.0
0.0

0.0
7.1
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
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
0.0
0.0
0.0
0.0

0.0
0.8
56.3
0.0
0.0
3.4
0.0
0.0

0.0
0.8
0.0
0.0
0.0
0.0
0.0
0.0

0.0
0.0
56.3
0.0
0.0
3.4
0.0
0.0

Report year2024

SVCTotal Total TotalTotal

Table 4.10: Percentage allocation of ENS by component over 2015–2024. 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 49.3

54.5
28.0
63.8
8.9
58.6
34.9
22.9

47.8
49.6
27.2
63.8
4.9
58.1
34.9
22.9

1.5
4.9
0.8
0.0
4.0
0.5
0.0
0.0

38.1
43.1
47.4
30.1
86.2
38.0
64.8
53.1

5.3
1.6
7.0
0.7
0.0
0.4
0.0
16.3

2.8
0.9
1.0
0.0
0.0
1.4
0.0
0.7

4.6
0.5
17.4
5.1
4.8
0.3
2.5
1.9

4.1
5.1
2.1
7.8
5.8
1.4
1.3
1.4

4.4
5.5
0.2
1.9
2.2
7.4
4.5
2.4

9.1
17.9
14.5
7.5
24.4
18.5
55.4
19.6

1.6
1.5
0.0
0.5
0.0
0.0
0.0
0.5

3.2
3.2
5.1
4.4
5.0
5.6
0.5
10.3

3.1
6.9
0.1
2.2
43.9
3.1
0.7
0.1

2.3
0.1
0.0
1.3
0.0
0.0
0.0
4.4

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

1.3
0.0
0.0
0.0
0.0
0.0
0.0
4.4

0.0
0.0
0.0
0.9
0.0
0.0
0.0
0.0

1.1
0.1
0.0
0.5
0.0
0.0
0.0
0.0

10.2
2.3
24.5
4.8
4.9
3.4
0.3
19.6

0.1
2.3
2.6
0.8
0.0
0.0
0.0
0.0

10.1
0.0
22.0
4.0
4.9
3.4
0.3
19.6

Report year
2024

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 2024.

Faults in 2024 Secondary faults in 2024

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

Estonia 195 10 69.6 11 3.2
Latvia 160 13 53.4 8 0.8
Lithuania 127 14 29.6 1 0.0

Baltic total 482 37 152.7 20 4.0

Denmark 70 2 18.6 6 0.0
Finland1 240 10 364.1 8 20.5
Iceland 21 10 351.6 1 0.0
Norway 339 101 4336.4 38 2.5
Sweden1 97 8 4.7 0 0.0

Nordic total 767 131 5075.4 53 23.0

Baltic & Nordic total 1249 168 5228.1 73 27.0
1 2024 values for Finland and Sweden include only transmission system operators’ (TSO) networks.
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5.2 Statistics of secondary faults
Table 5.2 presents the percentage allocation of secondary faults by cause in 2024, and Table 5.3 shows the respective
values over 2017–2024. Table 5.4 presents the annual number of secondary faults for 2017–2024.

Table 5.5 presents the percentage allocation of ENS due to secondary faults in 2024, and Table 5.6 shows the respective
values over 2017–2024. Table 5.7 presents the annual amounts of ENS caused by the secondary faults for 2017–2024.

Data about secondary faults have been collected since 2017.

Table 5.2: Percentage allocation of secondary faults by cause in 2024. Proportionately higher percentage values are
highlighted in yellow and red.

Country
Environmental

causes
External
influences

OperaƟon and
maintenance

Technical
equipment Unknown

Estonia
Latvia
Lithuania
Denmark
Finland
Iceland
Norway
Sweden -

13.2
0.0
0.0
0.0
0.0
0.0
18.2

-
23.7
100.0
12.5
33.3
0.0
75.0
27.3

-
28.9
0.0
50.0
66.7
100.0
25.0
45.5

-
0.0
0.0
0.0
0.0
0.0
0.0
0.0

-
34.2
0.0
37.5
0.0
0.0
0.0
9.1

Report year2024Table 5.3: Percentage allocation of secondary faults by cause over 2017–2024. Proportionately higher percentage values
are highlighted in yellow and red.

Country
Environmental

causes
External
influences

OperaƟon and
maintenance

Technical
equipment Unknown

Estonia
Latvia
Lithuania
Denmark
Finland
Iceland
Norway
Sweden 8.4

6.3
0.0
8.3
0.0
30.4
3.3
10.5

78.3
37.2
71.2
26.0
22.2
36.2
59.8
43.4

3.6
27.3
16.3
41.7
75.6
31.9
36.9
34.2

1.2
0.8
0.0
4.2
2.2
0.0
0.0
3.9

8.4
28.5
12.5
19.8
0.0
1.4
0.0
7.9
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Table 5.4: Annual number of secondary faults for 2017–2024.

Country 2017 2018 2019 2020 2021 2022 2023 2024
Estonia
Latvia
Lithuania
Denmark
Finland
Iceland
Norway
Sweden
BalƟc & Nordic 73

0
38
1
8
6
1
8
11

94
7
30
4
7
8
8
13
17

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

106.0
10.4
31.6
13.0
12.0
5.6
15.3
8.6
9.5

Report year
2024

Table 5.5: Percentage allocation of ENS due to secondary faults by cause in 2024. Proportionately higher percentage
values are highlighted in yellow and red.

Country
Environmental

causes
External
influences

OperaƟon and
maintenance

Technical
equipment Unknown

Estonia
Latvia
Lithuania
Denmark
Finland
Iceland
Norway
Sweden -

1.5
-
0.0
-
-
0.0
0.0

-
21.4
-
0.0
-
-
0.0
0.0

-
3.2
-

100.0
-
-

100.0
100.0

-
0.0
-
0.0
-
-
0.0
0.0

-
73.9
-
0.0
-
-
0.0
0.0

Report year
2024

Table 5.6: Percentage allocation of ENS due to secondary faults by cause over 2017–2024. Proportionately higher per‐
centage values are highlighted in yellow and red.

Country
Environmental

causes
External
influences

OperaƟon and
maintenance

Technical
equipment Unknown

Estonia
Latvia
Lithuania
Denmark
Finland
Iceland
Norway
Sweden 16.2

0.0
0.0
6.7
0.0
0.0
0.4
0.0

83.8
32.9
96.3
49.3
4.2
97.2
5.1
28.1

0.0
25.4
0.0
23.0
95.8
2.8
94.6
71.3

0.0
22.0
0.0
0.6
0.0
0.0
0.0
0.5

0.0
19.7
3.7
20.4
0.0
0.0
0.0
0.1

Report year
2024
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Table 5.7: Annual amount of ENS (MWh) due to secondary faults for 2017–2024.

Country 2017 2018 2019 2020 2021 2022 2023 2024
Estonia
Latvia
Lithuania
Denmark
Finland
Iceland
Norway
Sweden
BalƟc & Nordic 27.0

0.0
2.5
0.0
20.5
0.0
0.0
0.8
3.2

170.2
0.0
132.3
0.0
10.5
24.8
2.1
0.5
0.0

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

Report year
2024
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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 2024 and for 2015–2024.
Table 6.2 shows the number of faults and number of grid disturbances in 2024, their annual averages for 2015–2024, and
the faults to disturbance ratio over 2015–2024.

Table 6.3 shows the percentage allocation of faults per component in 2024, and Table 6.4 shows the respective percent‐
ages over 2015–2024. 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 2024 and their annual
averages for 2015–2024.

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

Annual avg. Annual avg. Annual avg.
Country 2024 2015–2024 2024 2015–2024 2024 2015–2024

Estonia 195 160.3 10 21.6 69.6 67.4
Latvia 160 140.6 13 13.6 53.4 52.9
Lithuania 127 152.3 14 15.2 29.6 36.5

Baltic total 482 453.2 37 50.4 152.7 156.8

Denmark 70 70.7 2 6.1 18.6 41.1
Finland1 240 408.3 10 100.9 364.1 215.3
Iceland 21 64.5 10 19.1 351.6 794.7
Norway 339 316.0 101 78.7 4336.4 1321.6
Sweden1 97 369.3 8 154.2 4.7 1198.3

Nordic total 767 1228.8 131 359.0 5075.4 3571.0

Baltic & Nordic total 1249 1682.0 168 409.4 5228.1 3727.8
1 2024 values for Finland and Sweden include only transmission system operators’ (TSO) networks.
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Table 6.2: The number of faults and the number of grid disturbances in 2024, their annual averages for 2015–2024, and
the fault to disturbance ratio in 2024 and over 2015–2024.

Number of faults No. of disturbances Ratio

Annual avg. Annual avg. Annual avg.
Country 2024 2015–2024 2024 2015–2024 2024 2015–2024

Estonia 195 160.3 184 150.3 1.1 1.1
Latvia 160 140.6 152 126.0 1.1 1.1
Lithuania 127 152.3 126 141.9 1.0 1.1

Baltic total 482 453.2 462 418.2 1.0 1.1

Denmark 70 70.7 64 64.6 1.1 1.1
Finland1 240 408.3 232 393.4 1.0 1.0
Iceland 21 64.5 20 45.0 1.1 1.4
Norway 339 316.0 301 282.7 1.1 1.1
Sweden1 97 369.3 97 356.0 1.0 1.0

Nordic total 767 1228.8 714 1141.7 1.1 1.1

Baltic & Nordic total 1249 1682.0 1176 1559.9 1.1 1.1
1 2024 values for Finland and Sweden include only transmission system operators’ (TSO) networks.

Table 6.3: Percentage allocationof faults by component in 2024. 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 60.8

55.2
38.1
86.2
50.0
67.7
79.4
39.5

60.8
53.4
38.1
86.2
50.0
67.7
78.8
39.5

0.0
1.8
0.0
0.0
0.0
0.0
0.6
0.0

24.7
34.5
42.9
9.6
34.3
16.5
13.8
39.5

1.0
1.2
0.0
1.3
0.0
0.0
0.0
0.0

0.0
1.2
0.0
0.0
0.0
0.0
1.9
1.5

1.0
4.1
9.5
1.3
17.1
2.4
1.3
4.1

1.0
1.8
9.5
0.4
4.3
0.8
3.8
5.6

1.0
1.2
0.0
0.0
0.0
0.0
0.0
4.1

18.6
19.5
14.3
4.6
12.9
11.8
6.9
12.3

0.0
2.1
0.0
0.4
0.0
0.0
0.0
2.1

2.1
2.9
4.8
1.7
0.0
0.8
0.0
7.2

0.0
0.6
4.8
0.0
0.0
0.8
0.0
2.6

14.4
3.5
0.0
4.2
10.0
0.0
0.0
7.7

0.0
0.3
0.0
0.0
1.4
0.0
0.0
3.6

1.0
2.4
0.0
0.8
0.0
0.0
0.0
0.0

0.0
0.3
0.0
0.4
8.6
0.0
0.0
0.0

11.3
0.0
0.0
2.1
0.0
0.0
0.0
0.0

2.1
0.6
0.0
0.8
0.0
0.0
0.0
4.1

0.0
6.8
19.0
0.0
5.7
15.7
6.9
13.3

0.0
6.2
0.0
0.0
0.0
0.8
0.6
0.0

0.0
0.6
19.0
0.0
5.7
15.0
6.3
13.3

Report year
2024

SVCTotal Total TotalTotal

Table 6.4: Percentage allocation of faults by component over 2015–2024. 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 59.7

51.4
32.1
83.0
48.4
66.6
68.0
43.1

58.7
50.1
31.8
82.7
43.4
66.6
67.6
42.8

1.0
1.3
0.3
0.2
5.0
0.1
0.4
0.3

25.6
38.3
30.1
12.9
35.2
17.3
22.4
41.2

1.8
4.0
3.9
2.1
1.6
0.6
0.2
3.3

0.5
0.9
0.5
0.4
0.6
0.8
0.7
0.4

3.0
2.4
5.6
1.9
9.1
0.7
2.7
7.1

1.2
2.1
0.6
0.7
2.4
1.0
2.4
3.3

3.1
1.2
0.8
0.3
1.1
0.9
0.8
4.6

12.6
20.6
12.4
5.8
12.5
9.5
13.2
11.4

0.5
2.0
0.2
0.3
0.3
0.4
0.1
1.5

2.2
4.2
4.7
1.1
3.1
2.6
1.8
7.0

0.5
0.8
1.6
0.3
4.5
1.0
0.6
2.6

4.7
7.0
1.2
2.0
7.1
0.2
0.4
4.0

0.0
0.8
0.0
0.0
3.3
0.0
0.0
1.4

1.0
4.5
0.3
0.1
0.7
0.2
0.0
0.0

0.4
1.1
0.8
0.4
1.3
0.0
0.0
0.7

1.8
0.0
0.2
1.3
0.0
0.0
0.0
0.0

1.4
0.5
0.0
0.1
1.8
0.0
0.4
1.9

10.0
3.3
36.6
2.2
9.4
15.8
9.2
11.7

0.7
3.2
13.5
0.1
0.0
0.3
0.1
0.0

9.4
0.1
23.1
2.1
9.4
15.6
9.1
11.7

Report year2024

SVCTotal Total TotalTotal
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6.2 Faults by cause
This section presents faults according to cause, with the cause of a fault defined as the primary cause of the fault. The
used causes are lightning, environmental causes, external influences, operation and maintenance, 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 Figure 1.3. 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 2024. Table 6.6 shows the respective percentages over
2015–2024.

Table 6.7 presents the percentage allocation of faults that caused ENS by cause in 2024. Table 6.8 shows the respective
percentages over 2015–2024.

Table 6.5: Percentage allocation of the number of faults by cause in 2024. Proportionately higher percentage values are
highlighted in yellow and red.

Country
Environmental

causes
External
influences

OperaƟon and
maintenance

Technical
equipment Unknown

Estonia
Latvia
Lithuania
Denmark
Finland
Iceland
Norway
Sweden 19.6

4.7
0.0
0.0
1.4
22.8
12.5
14.4

22.7
18.0
47.6
6.7
31.4
22.8
20.0
38.5

12.4
20.4
14.3
11.3
18.6
17.3
4.4
16.4

6.2
2.7
0.0
1.7
44.3
21.3
31.3
5.6

39.2
54.3
38.1
80.3
4.3
15.7
31.9
25.1

Report year
2024Table 6.6: Percentage allocation of the number of faults by cause over 2015–2024. Proportionately higher percentage

values are highlighted in yellow and red.

Country
Environmental

causes
External
influences

OperaƟon and
maintenance

Technical
equipment Unknown

Estonia
Latvia
Lithuania
Denmark
Finland
Iceland
Norway
Sweden 29.7

5.2
0.5
19.1
5.4
28.0
14.6
12.6

27.4
25.2
56.7
17.2
31.4
25.0
23.0
40.4

8.9
18.2
10.2
7.3
23.8
9.7
8.8
16.8

2.0
2.4
0.9
2.1
25.0
25.3
21.1
9.6

32.0
49.0
31.6
54.4
14.4
12.1
32.6
20.6
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Table 6.7: Percentage allocation of the number of faults that caused ENS by cause in 2024. Proportionately higher per‐
centage values are highlighted in yellow and red.

Country
Environmental

causes
External
influences

OperaƟon and
maintenance

Technical
equipment Unknown

Estonia
Latvia
Lithuania
Denmark
Finland
Iceland
Norway
Sweden 0.0

4.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
12.9
20.0
40.0
0.0
42.9
15.4
10.0

0.0
23.8
20.0
50.0
50.0
28.6
30.8
30.0

0.0
5.0
0.0
0.0
0.0
0.0
0.0
10.0

100.0
54.5
60.0
10.0
50.0
28.6
53.8
50.0

Report year
2024Table 6.8: Percentage allocation of the number of faults that caused ENS by cause over 2015–2024. Proportionately

higher percentage values are highlighted in yellow and red.

Country
Environmental

causes
External
influences

OperaƟon and
maintenance

Technical
equipment Unknown

Estonia
Latvia
Lithuania
Denmark
Finland
Iceland
Norway
Sweden 26.9

3.7
0.0
45.2
0.0
2.6
2.9
9.3

28.5
23.6
31.4
12.8
31.1
22.4
22.8
39.8

10.2
24.8
11.5
7.7
57.4
25.7
31.6
25.9

1.6
3.2
1.6
2.3
0.0
37.5
11.8
10.6

32.7
44.7
55.5
32.0
11.5
11.8
30.9
14.4
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6.3 Faults in cables
This section presents cable faults in 2024 and for 2015–2024.

Table 6.9 presents the length of cables and the number of faults in 2024, and the 10‐year annual average of the number
of faults for 2015–2024. Table 6.10 presents the number of faults per 100 km of cable in 2024 and the annual averages
for 2015–2024.

Table 6.11 shows the percentage allocation of cable faults by cause in 2024. Table 6.12 presents the respective percent‐
ages over 2015–2024.

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 2024, and the annual average number of faults for
2015–2024, grouped by voltage level.

Region 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

BalƟc Estonia
Latvia

Lithuania

Total
Nordic Denmark

Finland
Iceland

Norway

Sweden
Total

BalƟc & Nordic total

0.9

0.1
0.3

0.5

 1

 0
 1

 0

 322

 118
 83

 122

0.2

0.0
0.2

0.0

 0

 0
 0

 0

 23

 0
 22

 0

0.0

0.0
0.0

0.0

 0

 0
 0

 0

 0

 0
 0

 0

9.3

2.1
2.9

0.2

1.0
3.1

 4

 0
 4

 0

 0
 0

2 594

 0
 571

 111

 0
1 912

2.0

1.1
0.6

0.0

0.0
0.3

 2

 0
 2

 0

 0
 0

 517

 17
 116

 17

 0
 366

1.2

0.4
0.7

0.0

0.0
0.1

 0

 0
 0

 0

 0
 0

 303

 14
 44

 0

 0
 245

10.2 52 916 2.2 2 539 1.2 0 303

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

Report year
2024in 2024 in 2024 in 2024 in 2024 in 2024 in 2024

Table 6.10: Number of cable faults per 100 km in 2024 and the annual average for 2015–2024, grouped by voltage level.

Region 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

BalƟc Estonia
Latvia
Lithuania
Total

Nordic Denmark
Finland
Iceland
Norway
Sweden
Total

BalƟc & Nordic total

 0.33
 0.10
 0.38
 0.56

 0.31
 0.00
 1.21
 0.00

 1.07
 0.00
 1.09
 0.00

 0.00
 0.00
 0.00
 0.00

 0.00
 0.00
 0.00
 0.00

 0.00
 0.00
 0.00
 0.00

 0.33
 0.51
 0.50
 0.18
 0.58
 0.20

 0.15
 0.00
 0.70
 0.00
 0.00
 0.00

 0.39
 0.92
 0.53
 0.00
 0.00
 0.11

 0.39
 0.00
 1.72
 0.00
 0.00
 0.00

 0.46
 2.18
 1.63
 0.00
 0.00
 0.05

 0.00
 0.00
 0.00
 0.00
 0.00
 0.00

 0.33 0.17  0.42 0.37  0.46 0.00

in 2024 in 2024 in 2024
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Table 6.11: Percentage allocation of cable faults by cause in 2024. Proportionately higher percentage values are high‐
lighted in yellow and red.

Country
Environmental

causes
External
influences

OperaƟon and
maintenance

Technical
equipment Unknown

Estonia
Latvia
Lithuania
Denmark
Finland
Iceland
Norway
Sweden -

0.0
-
-
-
-

0.0
-

-
50.0
-
-
-
-
0.0
-

-
0.0
-
-
-
-
0.0
-

-
16.7
-
-
-
-

100.0
-

-
33.3
-
-
-
-
0.0
-

Components
# faults, Adjoining grid
# faults, System faults
Busbars
Cables
Circuit breakers
Common ancillary equi..
Control equipment
Disconnectors and ear..
ENS, faults, Adjoining ..
ENS, faults, System fau..
Ignored
Instrument transforme..
Other high voltage app..
Overhead lines
Power transformers
Reactors
Series capacitors
Shunt capacitors
Surge arresters and sp..
SVC and statcom
Synchronous compens..
Unknown

Report year
2024Table 6.12: Percentage allocation of cable faults by cause over 2015–2024. Proportionately higher percentage values are

highlighted in yellow and red.

Country
Environmental

causes
External
influences

OperaƟon and
maintenance

Technical
equipment Unknown

Estonia
Latvia
Lithuania
Denmark
Finland
Iceland
Norway
Sweden 16.7

4.8
0.0
0.0
5.7
0.0
0.0
0.0

66.7
52.4
50.0
50.0
60.0
100.0
60.0
20.0

13.9
2.4
0.0
30.0
22.9
0.0
0.0
20.0

0.0
16.7
0.0
10.0
11.4
0.0
40.0
60.0

2.8
23.8
50.0
10.0
0.0
0.0
0.0
0.0

Components
# faults, Adjoining grid
# faults, System faults
Busbars
Cables
Circuit breakers
Common ancillary equi..
Control equipment
Disconnectors and ear..
ENS, faults, Adjoining ..
ENS, faults, System fau..
Ignored
Instrument transforme..
Other high voltage app..
Overhead lines
Power transformers
Reactors
Series capacitors
Shunt capacitors
Surge arresters and sp..
SVC and statcom
Synchronous compens..
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BalƟc Nordic

2015 2018 2021 2024

End year of moving window

2015 2018 2021 2024

End year of moving window
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lts
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er
 1
00
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m

Country
Denmark
Estonia
Finland
Iceland
Latvia
Lithuania
Norway
Sweden
Average

Components
# faults, Adjoining grid
# faults, System faults
Busbars
Cables
Circuit breakers
Common ancillary eq..
Control equipment
Disconnectors and ea..
ENS, faults, Adjoining ..
ENS, faults, System fa..
Ignored
Instrument transform..
Other high voltage ap..
Overhead lines
Power transformers
Reactors
Series capacitors
Shunt capacitors
Surge arresters and s..
SVC and statcom
Synchronous compen..
Unknown

Report year
2024

Figure 6.1: 5‐year moving average of cable faults per 100 km. Estonia and Lithuania do not own 220–330 kV cables.
Estonia, Iceland and Latvia do not own 380–420 kV cables. Finnish TSO Fingrid does not own 100–400 kV AC‐cables.
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6.4 Faults on overhead lines
This section presents overhead line faults in 2024 and for 2015–2024.

Table 6.13 presents the length of overhead lines and the number of faults in 2024, and the 10‐year annual average of the
number of faults for 2015–2024. Table 6.14 presents the number of faults per 100 km of overhead line in 2024 and the
annual averages for 2015–2024.

Table 6.15 presents the number of faults and the number of permanent faults for 2024 and their 10‐year respective
average values for 2015–2024.

Table 6.16 shows the percentage allocation of overhead line faults by cause in 2024. Table 6.17 presents the respective
percentages over 2015–2024.

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 2024, and the annual average number of faults for 2015–
2024, grouped by voltage level.

Region 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

BalƟc Estonia
Latvia

Lithuania

Total
Nordic Denmark

Finland
Iceland

Norway

Sweden
Total

BalƟc & Nordic total

237.3

92.3
85.9

59.1

 258

 79
 108

 71

12 041

4 969
3 730

3 342

27.3

8.5
9.3

9.5

 31

 7
 18

 6

5 582

2 011
1 720

1 851

0.6

0.6
0.0

0.0

 0

 0
 0

 0

 103

 103
 0

 0

600.4

157.3
83.7

15.9

317.9
25.6

 324

 0
 104

 7

 179
 34

24 017

 1
10 999

1 383

8 701
2 933

73.0

27.2
29.2

4.6

11.8
0.2

 57

 26
 18

 1

 12
 0

10 037

3 773
4 095

1 112

1 032
 25

90.7

32.4
45.4

0.0

8.1
4.8

 108

 33
 59

 0

 15
 1

23 151

11 374
4 766

 0

5 634
1 377

837.7 58236 057 100.3 8815 619 91.3 10823 253

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

Report year
2024in 2024 in 2024 in 2024 in 2024 in 2024 in 2024

Table 6.14: Number of overhead line faults per 100 km in 2024 and the annual average for 2015–2024, grouped by voltage
level.

Region 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

BalƟc Estonia
Latvia
Lithuania
Total

Nordic Denmark
Finland
Iceland
Norway
Sweden
Total

BalƟc & Nordic total

 1.95
 1.85
 2.26
 1.74

 2.14
 1.59
 2.90
 2.12

 0.52
 0.46
 0.60
 0.52

 0.56
 0.35
 1.05
 0.32

 0.65
 0.65
 0.00
 0.00

 0.00
 0.00
 0.00
 0.00

 1.36
 1.17
 0.77
 1.24
 2.02
 0.89

 1.35
 0.00
 0.95
 0.51
 2.06
 1.16

 0.69
 0.73
 0.66
 0.49
 0.78
 0.56

 0.57
 0.69
 0.44
 0.09
 1.16
 0.00

 0.43
 0.32
 1.09
 0.00
 0.14
 0.35

 0.47
 0.29
 1.24
 0.00
 0.27
 0.07

 1.48 1.61  0.63 0.56  0.43 0.46

in 2024 in 2024 in 2024
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Table 6.15: Number of overhead lines faults and permanent faults in 2024 and their 10‐year annual average values for
2015–2024, grouped by voltage level.

Region 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

BalƟc Estonia
Latvia
Lithuania
Total

Nordic Denmark
Finland
Iceland
Norway
Sweden
Total

BalƟc & Nordic total

61.0
12.8
35.2
13.0

 66
 8
 35
 23

 237.3
 92.3
 85.9
 59.1

 258
 79
 108
 71

5.8
1.3
1.4
3.1

 7
 0
 3
 4

 27.3
 8.5
 9.3
 9.5

 31
 7
 18
 6

0.4
0.4
0.0
0.0

 0
 0
 0
 0

 0.6
 0.6
 0.0
 0.0

 0
 0
 0
 0

58.9
6.7
21.6
2.4
25.6
2.6

 33
 0
 29
 1
 1
 2

 600.4
 157.3
 83.7
 15.9
 317.9
 25.6

 324
 0

 104
 7

 179
 34

7.2
1.4
3.2
1.2
1.4
0.0

 1
 0
 1
 0
 0
 0

 73.0
 27.2
 29.2
 4.6
 11.8
 0.2

 57
 26
 18
 1
 12
 0

5.9
2.0
2.0
0.0
0.9
1.0

 3
 1
 1
 0
 1
 0

 90.7
 32.4
 45.4
 0.0
 8.1
 4.8

 108
 33
 59
 0
 15
 1

119.9 99 837.7 582 13.0 8 100.3 88 6.3 3 91.3 108

Report year
2024

Faults                    Permanent faults

Components
# faults, Adjoining grid
# faults, System faults
Busbars
Cables
Circuit breakers
Common ancillary equipment
Control equipment
Disconnectors and earth connecto..
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 2024 in 2024 in 2024 in 2024 in 2024 in 2024

Faults                    Permanent faults Faults                    Permanent faults

Table 6.16: Percentage allocation of overhead line faults by cause in 2024.

Country
Environmental

causes
External
influences

OperaƟon and
maintenance

Technical
equipment Unknown

Estonia
Latvia
Lithuania
Denmark
Finland
Iceland
Norway
Sweden 22.0

0.6
0.0
0.0
2.9
33.7
15.9
16.9

0.0
3.3
0.0
1.0
14.3
5.8
5.6
3.9

5.1
0.0
0.0
5.8
2.9
7.0
0.0
5.2

10.2
2.2
0.0
1.9
71.4
30.2
38.1
14.3

62.7
93.9
100.0
91.3
8.6
23.3
40.5
59.7

Components
# faults, Adjoining grid
# faults, System faults
Busbars
Cables
Circuit breakers
Common ancillary equi..
Control equipment
Disconnectors and ear..
ENS, faults, Adjoining ..
ENS, faults, System fau..
Ignored
Instrument transforme..
Other high voltage app..
Overhead lines
Power transformers
Reactors
Series capacitors
Shunt capacitors
Surge arresters and sp..
SVC and statcom
Synchronous compens..
Unknown

Report year
2024Table 6.17: Percentage allocation of overhead line faults by cause over 2015–2024.

Country
Environmental

causes
External
influences

OperaƟon and
maintenance

Technical
equipment Unknown

Estonia
Latvia
Lithuania
Denmark
Finland
Iceland
Norway
Sweden 41.6

2.1
0.5
20.1
8.8
37.8
20.2
18.1

4.3
4.0
6.8
12.1
8.8
3.7
2.0
7.7

3.2
1.8
0.5
2.0
6.2
3.1
1.1
10.3

2.6
1.8
2.9
2.2
50.3
37.5
28.9
20.3

48.4
90.3
89.3
63.6
25.8
17.9
47.9
43.6

Components
# faults, Adjoining grid
# faults, System faults
Busbars
Cables
Circuit breakers
Common ancillary equi..
Control equipment
Disconnectors and ear..
ENS, faults, Adjoining ..
ENS, faults, System fau..
Ignored
Instrument transforme..
Other high voltage app..
Overhead lines
Power transformers
Reactors
Series capacitors
Shunt capacitors
Surge arresters and sp..
SVC and statcom
Synchronous compens..
Unknown
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BalƟc Nordic
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Components
# faults, Adjoining grid
# faults, System faults
Busbars
Cables
Circuit breakers
Common ancillary eq..
Control equipment
Disconnectors and ea..
ENS, faults, Adjoining ..
ENS, faults, System fa..
Ignored
Instrument transform..
Other high voltage ap..
Overhead lines
Power transformers
Reactors
Series capacitors
Shunt capacitors
Surge arresters and s..
SVC and statcom
Synchronous compen..
Unknown

Report year
2024

Figure 6.2: 5‐year moving average of overhead line faults per 100 km. 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 2024 and for 2015–2024.

Table 6.18 presents the number of circuit breakers and the number of faults in 2024, and the 10‐year annual average of
the number of faults for 2015–2024. Table 6.19 presents the number of faults per 100 devices in 2024 and the annual
averages for 2015–2024.

Table 6.20 presents the percentage allocation of circuit breaker faults by cause in 2024. Table 6.21 presents the respective
percentages over 2015–2024.

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 2024, and the annual average number of faults for 2015–2024,
grouped by voltage level.

Region 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

BalƟc Estonia
Latvia
Lithuania
Total

Nordic Denmark
Finland
Iceland
Norway
Sweden
Total

BalƟc & Nordic total

 12.8
 3.4
 2.4
 7.0

 8
 1
 0
 7

2 260
 906
 635
 719

 4.8
 0.5
 0.1
 4.2

 7
 0
 0
 7

 413
 160
 110
 143

 0.1
 0.1
 0.0
 0.0

 0
 0
 0
 0

 11
 11
 0
 0

 18.0
 3.2
 7.0
 2.2
 3.9
 1.7

 6
 0
 4
 1
 1
 0

4 846
 0

2 693
 173
 958
1 022

 6.1
 1.4
 3.7
 0.8
 0.1
 0.1

 4
 1
 2
 0
 1
 0

1 106
 214
 684
 107
 63
 38

 7.1
 3.7
 2.6
 0.0
 0.4
 0.4

 7
 1
 4
 0
 2
 0

2 072
 688
 630
 0

 446
 308

 30.8 147 106  10.9 111 519  7.2 72 083

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 2024 in 2024 in 2024 in 2024 in 2024 in 2024

Table 6.19: Number of circuit breaker faults per 100 devices in 2024 and the annual average for 2015–2024, grouped by
voltage level.

Region 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

BalƟc Estonia
Latvia
Lithuania
Total

Nordic Denmark
Finland
Iceland
Norway
Sweden
Total

BalƟc & Nordic total

 0.60
 0.39
 0.39
 1.09

0.354
0.110
0.000
0.974

 1.37
 0.42
 0.10
 3.29

1.695
0.000
0.000
4.895

 1.43
 1.43
 0.00
 0.00

0.000
0.000
0.000
0.000

 0.21
 0.14
 0.28
 1.40
 0.15
 0.18

0.124
0.000
0.149
0.578
0.104
0.000

 0.50
 0.43
 0.52
 0.91
 0.14
 0.35

0.362
0.467
0.292
0.000
1.587
0.000

 0.40
 0.56
 0.52
 0.00
 0.11
 0.16

0.338
0.145
0.635
0.000
0.448
0.000

 0.290.197  0.690.724  0.400.336

in 2024 in 2024 in 2024
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Table 6.20: Percentage allocation of circuit breakers faults by cause in 2024. Proportionately higher percentage values
are highlighted in yellow and red.

Country
Environmental

causes
External
influences

OperaƟon and
maintenance

Technical
equipment Unknown

Estonia
Latvia
Lithuania
Denmark
Finland
Iceland
Norway
Sweden 0.0

10.0
0.0
0.0
-

0.0
-

21.4

100.0
20.0
100.0
50.0
-

100.0
-

78.6

0.0
70.0
0.0
50.0
-
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

Components
# faults, Adjoining grid
# faults, System faults
Busbars
Cables
Circuit breakers
Common ancillary equi..
Control equipment
Disconnectors and ear..
ENS, faults, Adjoining ..
ENS, faults, System fau..
Ignored
Instrument transforme..
Other high voltage app..
Overhead lines
Power transformers
Reactors
Series capacitors
Shunt capacitors
Surge arresters and sp..
SVC and statcom
Synchronous compens..
Unknown

Report year
2024Table 6.21: Percentage allocation of circuit breaker faults over 2015–2024. Proportionately higher percentage values are

highlighted in yellow and red.

Country
Environmental

causes
External
influences

OperaƟon and
maintenance

Technical
equipment Unknown

Estonia
Latvia
Lithuania
Denmark
Finland
Iceland
Norway
Sweden 8.4

18.8
0.0
15.9
0.0
5.0
0.0
10.7

67.5
39.1
90.0
43.2
13.6
57.5
88.0
78.6

13.3
34.6
3.3
34.1
86.4
37.5
8.0
7.1

0.0
3.0
0.0
2.3
0.0
0.0
4.0
1.8

10.8
4.5
6.7
4.5
0.0
0.0
0.0
1.8

Components
# faults, Adjoining grid
# faults, System faults
Busbars
Cables
Circuit breakers
Common ancillary equi..
Control equipment
Disconnectors and ear..
ENS, faults, Adjoining ..
ENS, faults, System fau..
Ignored
Instrument transforme..
Other high voltage app..
Overhead lines
Power transformers
Reactors
Series capacitors
Shunt capacitors
Surge arresters and sp..
SVC and statcom
Synchronous compens..
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# faults, Adjoining grid
# faults, System faults
Busbars
Cables
Circuit breakers
Common ancillary eq..
Control equipment
Disconnectors and ea..
ENS, faults, Adjoining ..
ENS, faults, System fa..
Ignored
Instrument transform..
Other high voltage ap..
Overhead lines
Power transformers
Reactors
Series capacitors
Shunt capacitors
Surge arresters and s..
SVC and statcom
Synchronous compen..
Unknown

Report year
2024

Trend length
5

Figure 6.3: 5‐year moving average of circuit breaker faults per 100 devices. 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 2024 and for 2015–2024. 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. Number of control equipment are in this report equal
to number of circuit breakers per voltage level.

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 2024, and the 10‐year annual average
of the number of faults for 2015–2024. Table 6.23 presents the number of faults per 100 devices in 2024 and the annual
averages for 2015–2024.

Table 6.24 presents the percentage allocation of control equipment faults by cause in 2024. Table 6.25 presents the
respective percentages over 2015–2024.

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 2024, and the annual average number of faults for 2015–
2024, grouped by voltage level.

Region 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

BalƟc Estonia
Latvia
Lithuania
Total

Nordic Denmark
Finland
Iceland
Norway
Sweden
Total

BalƟc & Nordic total

 41.0
 10.0
 16.1
 14.9

 32
 7
 8
 17

2 298
 906
 673
 719

 10.2
 4.3
 2.5
 3.4

 17
 7
 3
 7

 413
 160
 110
 143

 0.1
 0.1
 0.0
 0.0

 1
 1
 0
 0

 11
 11
 0
 0

 73.6
 17.9
 28.7
 4.7
 15.9
 6.4

 46
 0
 31
 1
 10
 4

4 846
 0

2 693
 173
 958
1 022

 38.5
 10.4
 20.2
 3.3
 4.3
 0.3

 25
 8
 15
 2
 0
 0

1 106
 214
 684
 107
 63
 38

 40.0
 18.2
 16.2
 0.0
 3.5
 2.1

 36
 10
 20
 0
 1
 5

2 072
 688
 630
 0

 446
 308

 114.6 787 144  48.7 421 519  40.1 372 083

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 2024 in 2024 in 2024 in 2024 in 2024 in 2024

Table 6.23: Number of control equipment faults per 100 devices in 2024 and the annual average for 2015–2024, grouped
by voltage level.

Region 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

BalƟc Estonia
Latvia
Lithuania
Total

Nordic Denmark
Finland
Iceland
Norway
Sweden
Total

BalƟc & Nordic total

 1.91
 1.15
 2.53
 2.32

1.393
0.773
1.189
2.364

 2.92
 3.62
 2.43
 2.66

4.116
4.375
2.727
4.895

 1.43
 1.43
 0.00
 0.00

9.091
9.091
0.000
0.000

 0.87
 0.77
 1.14
 3.00
 0.63
 0.67

0.949
0.000
1.151
0.578
1.044
0.391

 3.14
 3.20
 2.83
 3.75
 5.87
 1.05

2.260
3.738
2.193
1.869
0.000
0.000

 2.25
 2.75
 3.21
 0.00
 0.97
 0.85

1.737
1.453
3.175
0.000
0.224
1.623

 1.081.092  3.092.765  2.251.776

in 2024 in 2024 in 2024
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Table 6.24: Percentage allocation of control equipment faults by cause in 2024. Proportionately higher percentage values
are highlighted in yellow and red.

Country
Environmental

causes
External
influences

OperaƟon and
maintenance

Technical
equipment Unknown

Estonia
Latvia
Lithuania
Denmark
Finland
Iceland
Norway
Sweden 5.6

13.6
0.0
0.0
0.0
0.0
0.0
16.7

50.0
33.3
0.0
9.1
22.2
20.0
54.5
25.0

44.4
48.5
100.0
72.7
77.8
73.3
45.5
58.3

0.0
1.5
0.0
0.0
0.0
6.7
0.0
0.0

0.0
3.0
0.0
18.2
0.0
0.0
0.0
0.0

Components
# faults, Adjoining grid
# faults, System faults
Busbars
Cables
Circuit breakers
Common ancillary equi..
Control equipment
Disconnectors and ear..
ENS, faults, Adjoining ..
ENS, faults, System fau..
Ignored
Instrument transforme..
Other high voltage app..
Overhead lines
Power transformers
Reactors
Series capacitors
Shunt capacitors
Surge arresters and sp..
SVC and statcom
Synchronous compens..
Unknown

Report year
2024Table 6.25: Percentage allocation of control equipment faults by cause over 2015–2024. Proportionately higher percent‐

age values are highlighted in yellow and red.

Country
Environmental

causes
External
influences

OperaƟon and
maintenance

Technical
equipment Unknown

Estonia
Latvia
Lithuania
Denmark
Finland
Iceland
Norway
Sweden 10.5

5.7
0.0
4.6
1.1
25.7
5.4
15.8

50.8
38.1
58.8
19.4
27.3
27.1
47.3
35.5

33.1
48.7
41.3
67.9
63.6
46.5
46.7
44.8

0.2
2.9
0.0
0.0
3.4
0.7
0.0
0.0

5.4
4.6
0.0
8.0
4.5
0.0
0.5
3.8

Components
# faults, Adjoining grid
# faults, System faults
Busbars
Cables
Circuit breakers
Common ancillary equi..
Control equipment
Disconnectors and ear..
ENS, faults, Adjoining ..
ENS, faults, System fau..
Ignored
Instrument transforme..
Other high voltage app..
Overhead lines
Power transformers
Reactors
Series capacitors
Shunt capacitors
Surge arresters and sp..
SVC and statcom
Synchronous compens..
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Report year
2024

Trend length
5

Figure 6.4: 5‐year moving average of control equipment faults per 100 devices. Estonia, Iceland and Latvia do not own
380–420 kV transmission grids.
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6.7 Faults in instrument transformers
This section presents instrument transformer faults in 2024 and for 2015–2024.

Table 6.26 presents the number of instrument transformers and the number of faults in 2024, and the 10‐year annual
average of the number of faults for 2015–2024. Table 6.27 presents the number of faults per 100 devices in 2024 and
the annual averages for 2015–2024.

Table 6.28 presents the percentage allocation of instrument transformer faults by cause in 2024. Table 6.29 presents the
respective percentages over 2015–2024.

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 2024, and the annual average number of faults for
2015–2024, grouped by voltage level. The number of instrument transformers in Sweden is not accurate due to missing
data from some regional grid owners.

Region 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

BalƟc Estonia
Latvia
Lithuania
Total

Nordic Denmark
Finland
Iceland
Norway
Sweden
Total

BalƟc & Nordic total

 8.4
 1.4
 3.3
 3.7

 17
 1
 6
 10

9 176
3 465
2 388
3 323

 1.8
 0.1
 0.1
 1.6

 1
 0
 0
 1

2 267
 649
 468
1 150

 0.0
 0.0
 0.0
 0.0

 0
 0
 0
 0

 66
 66
 0
 0

 9.9
 3.4
 3.0
 0.2
 2.3
 1.0

 7
 0
 3
 1
 1
 2

16 063
 9

7 768
 597
4 049
3 640

 2.9
 0.3
 2.4
 0.2
 0.0
 0.0

 2
 0
 1
 1
 0
 0

5 312
1 478
2 805
 450
 336
 243

 3.3
 0.9
 1.3
 0.0
 0.4
 0.7

 4
 1
 2
 0
 0
 1

8 232
3 508
 930
 0

2 259
1 535

 18.3 2425 239  4.7 37 579  3.3 48 298

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 2024 in 2024 in 2024 in 2024 in 2024 in 2024

Table 6.27: Number of instrument transformer faults per 100 devices in 2024 and the annual average for 2015–2024,
grouped by voltage level.

Region 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

BalƟc Estonia
Latvia
Lithuania
Total

Nordic Denmark
Finland
Iceland
Norway
Sweden
Total

BalƟc & Nordic total

 0.12
 0.05
 0.17
 0.15

0.185
0.029
0.251
0.301

 0.11
 0.02
 0.03
 0.22

0.044
0.000
0.000
0.087

 0.00
 0.00
 0.00
 0.00

0.000
0.000
0.000
0.000

 0.04
 0.06
 0.04
 0.04
 0.03
 0.03

0.044
0.000
0.039
0.168
0.025
0.055

 0.06
 0.02
 0.09
 0.05
 0.00
 0.00

0.038
0.000
0.036
0.222
0.000
0.000

 0.05
 0.03
 0.14
 0.00
 0.02
 0.07

0.049
0.029
0.215
0.000
0.000
0.065

 0.060.095  0.070.040  0.050.048

in 2024 in 2024 in 2024
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Table 6.28: Percentage allocation of instrument transformer faults by cause in 2024. Proportionately higher percentage
values are highlighted in yellow and red.

Country
Environmental

causes
External
influences

OperaƟon and
maintenance

Technical
equipment Unknown

Estonia
Latvia
Lithuania
Denmark
Finland
Iceland
Norway
Sweden 0.0

0.0
0.0
0.0
0.0
0.0
0.0
0.0

100.0
16.7
100.0
100.0
66.7
100.0
100.0
81.8

0.0
66.7
0.0
0.0
33.3
0.0
0.0
18.2

0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.0
16.7
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 equi..
Control equipment
Disconnectors and ear..
ENS, faults, Adjoining ..
ENS, faults, System fau..
Ignored
Instrument transforme..
Other high voltage app..
Overhead lines
Power transformers
Reactors
Series capacitors
Shunt capacitors
Surge arresters and sp..
SVC and statcom
Synchronous compens..
Unknown

Report year
2024Table 6.29: Percentage allocation of instrument transformer faults by cause over 2015–2024. Proportionately higher

percentage values are highlighted in yellow and red.

Country
Environmental

causes
External
influences

OperaƟon and
maintenance

Technical
equipment Unknown

Estonia
Latvia
Lithuania
Denmark
Finland
Iceland
Norway
Sweden 4.3

4.5
0.0
7.4
5.9
0.0
0.0
3.8

76.1
53.7
75.0
66.7
58.8
73.3
100.0
83.0

6.5
28.4
0.0
11.1
29.4
26.7
0.0
13.2

0.0
3.0
0.0
0.0
5.9
0.0
0.0
0.0

13.0
10.4
25.0
14.8
0.0
0.0
0.0
0.0

Components
# faults, Adjoining grid
# faults, System faults
Busbars
Cables
Circuit breakers
Common ancillary equi..
Control equipment
Disconnectors and ear..
ENS, faults, Adjoining ..
ENS, faults, System fau..
Ignored
Instrument transforme..
Other high voltage app..
Overhead lines
Power transformers
Reactors
Series capacitors
Shunt capacitors
Surge arresters and sp..
SVC and statcom
Synchronous compens..
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5

Figure 6.5: 5‐year moving average of instrument transformer faults per 100 devices. Estonia, Iceland and Latvia do not
own 380–420 kV transmission grids. Denmark’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 2024 and for 2015–2024. 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 2024, and the 10‐year annual average
of the number of faults for 2015–2024. Table 6.31 presents the number of faults per 100 devices in 2024 and the annual
averages for 2015–2024.

Table 6.32 shows the percentage allocation of power transformer faults by cause in 2024. Table 6.33 presents the re‐
spective percentages over 2015–2024.

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 2024, and the annual average number of faults for 2015–
2024, grouped by voltage level.

Region 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

BalƟc Estonia
Latvia
Lithuania
Total

Nordic Denmark
Finland
Iceland
Norway
Sweden
Total

BalƟc & Nordic total

 10.7
 0.3
 2.6
 7.8

 8
 2
 2
 4

 799
 377
 247
 175

 5.5
 0.7
 1.2
 3.6

 5
 1
 0
 4

 75
 24
 27
 24

 0.0
 0.0
 0.0
 0.0

 0
 0
 0
 0

 3
 3
 0
 0

 26.3
 8.9
 4.5
 2.3
 6.1
 4.5

 21
 0
 11
 0
 1
 9

 919
 0

 757
 19
 13
 130

 5.0
 1.2
 1.6
 1.3
 0.7
 0.2

 2
 0
 0
 2
 0
 0

 206
 1
 164
 18
 13
 10

 5.2
 1.1
 1.6
 0.0
 0.8
 1.7

 9
 1
 3
 0
 2
 3

 309
 22
 141
 0
 79
 67

 37.0 291 718  10.5 7 281  5.2 9 312

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 2024 in 2024 in 2024 in 2024 in 2024 in 2024

Table 6.31: Number of power transformer faults per 100 devices in 2024 and the annual average for 2015–2024, grouped
by voltage level.

Region 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

BalƟc Estonia
Latvia
Lithuania
Total

Nordic Denmark
Finland
Iceland
Norway
Sweden
Total

BalƟc & Nordic total

 1.28
 0.08
 1.05
 3.87

1.001
0.531
0.810
2.286

 7.33
 2.93
 4.60
 14.40

6.667
4.167
0.000
16.667

 0.00
 0.00
 0.00
 0.00

0.000
0.000
0.000
0.000

 0.94
 1.18
 0.61
 9.09
 0.59
 1.97

2.285
0.000
1.453
0.000
7.692
6.923

 1.73
 1.25
 1.11
 8.50
 3.10
 1.98

0.971
0.000
0.000
11.111
0.000
0.000

 1.93
 1.50
 2.01
 0.00
 1.11
 3.85

2.913
4.545
2.128
0.000
2.532
4.478

 1.021.688  2.892.491  1.922.885

in 2024 in 2024 in 2024

Page 44 of 58 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


HVAC NORDIC AND BALTIC GRID DISTURBANCE STATISTICS 2024
19 November 2025

Table 6.32: Percentage allocation of power transformer faults by cause in 2024. Proportionately higher percentage values
are highlighted in yellow and red.

Country
Environmental

causes
External
influences

OperaƟon and
maintenance

Technical
equipment Unknown

Estonia
Latvia
Lithuania
Denmark
Finland
Iceland
Norway
Sweden 0.0

14.3
0.0
0.0
0.0
0.0
0.0
0.0

0.0
35.7
100.0
0.0
58.3
0.0
50.0
75.0

100.0
0.0
0.0
66.7
33.3
100.0
50.0
25.0

0.0
21.4
0.0
0.0
8.3
0.0
0.0
0.0

0.0
28.6
0.0
33.3
0.0
0.0
0.0
0.0

Components
# faults, Adjoining grid
# faults, System faults
Busbars
Cables
Circuit breakers
Common ancillary equi..
Control equipment
Disconnectors and ear..
ENS, faults, Adjoining ..
ENS, faults, System fau..
Ignored
Instrument transforme..
Other high voltage app..
Overhead lines
Power transformers
Reactors
Series capacitors
Shunt capacitors
Surge arresters and sp..
SVC and statcom
Synchronous compens..
Unknown

Report year
2024Table 6.33: Percentage allocation of power transformer faults by cause over 2015–2024. Proportionately higher percent‐

age values are highlighted in yellow and red.

Country
Environmental

causes
External
influences

OperaƟon and
maintenance

Technical
equipment Unknown

Estonia
Latvia
Lithuania
Denmark
Finland
Iceland
Norway
Sweden 32.1

11.7
0.0
19.7
1.6
10.0
5.3
10.5

24.1
37.7
77.8
40.8
43.8
30.0
31.6
59.6

25.0
19.5
13.9
15.8
35.9
40.0
42.1
23.7

7.1
10.4
0.0
2.6
4.7
20.0
21.1
2.6

11.6
20.8
8.3
21.1
14.1
0.0
0.0
3.5

Components
# faults, Adjoining grid
# faults, System faults
Busbars
Cables
Circuit breakers
Common ancillary equi..
Control equipment
Disconnectors and ear..
ENS, faults, Adjoining ..
ENS, faults, System fau..
Ignored
Instrument transforme..
Other high voltage app..
Overhead lines
Power transformers
Reactors
Series capacitors
Shunt capacitors
Surge arresters and sp..
SVC and statcom
Synchronous compens..
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Trend length
5

Figure 6.6: 5‐year moving average of power transformer faults per 100 devices. 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), and synchronous
compensators. The statistics include the number of devices and their faults, number of faults per 100 devices and ENS
in 2024 and their annual averages for 2015–2024.

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 2024, the number of faults per 100 devices, the amount of ENS
due to reactor faults in 2024 and their annual averages for 2015–2024.

Devices Faults Faults per 100 devices ENS (MWh)

Annual avg. Annual avg.
Country 2024 2024 2024 2015–2024 2024 2015–2024

Estonia 26 8 31 10.8 0.0 0.0
Latvia 17 0 0 3.5 0.0 0.0
Lithuania 2 0 0 0.0 0.0 0.0

Baltic total 45 8 18 7.5 0.0 0.0

Denmark 116 0 0 1.2 0.0 0.0
Finland 198 2 1 0.3 0.0 1.1
Iceland 22 0 0 0.0 0.0 0.0
Norway 167 2 1 0.9 0.0 1.1
Sweden 53 2 4 1.2 0.0 12.9

Nordic total 556 6 1 0.9 0.0 15.1

Baltic & Nordic total 601 14 2 1.3 0.0 15.2
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 2024, the number of faults per 100 devices, the amount
of ENS due to series capacitor faults in 2024 and their annual averages for 2015–2024.

Devices Faults Faults per 100 devices ENS (MWh)

Annual avg. Annual avg.
Country 2024 2024 2024 2015–2024 2024 2015–2024

Estonia 0 0 0.0 0.0 0.0 0.0
Latvia 0 0 0.0 0.0 0.0 0.0
Lithuania 0 0 0.0 0.0 0.0 0.0

Baltic total 0 0 0.0 0.0 0.0 0.0

Denmark 0 0 0.0 0.0 0.0 0.0
Finland 13 5 38.5 47.8 0.0 1.9
Iceland 1 0 0.0 11.1 0.0 0.0
Norway 3 0 0.0 0.0 0.0 0.0
Sweden 10 11 110.0 57.8 0.0 0.0

Nordic total 27 16 59.3 45.4 0.0 1.9

Baltic & Nordic total 27 16 59.3 43.5 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 2024, the number of faults per 100 devices, the amount
of ENS due to shunt capacitor faults in 2024 and their annual average for 2015–2024.

Devices Faults Faults per 100 devices ENS (MWh)

Annual average Annual average
Country 2024 2024 2024 2015–2024 2024 2015–2024

Estonia 10 0 0.0 11.3 0.0 3.0
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 8.3 0.0 3.0

Denmark 59 6 10.2 2.2 0.0 0.0
Finland1 17 1 5.9 4.5 0.0 0.0
Iceland 13 0 0.0 4.3 0.0 0.0
Norway 43 1 2.3 8.4 0.0 0.0
Sweden1 32 0 0.0 0.8 0.0 15.2

Nordic total 164 8 4.9 2.6 0.0 15.2

Baltic & Nordic total 178 8 4.5 2.8 0.0 18.2
1 2024 values for Finland and Sweden include only transmission system operators’ (TSO) networks.
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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 2024, the number of faults per 100 devices, the amount of ENS due
to SVC faults in 2024 and their annual averages for 2015–2024.

Devices Faults Faults per 100 devices ENS (MWh)

Annual avg. Annual avg.
Country 2024 2024 2024 2015–2024 2024 2015–2024

Estonia 0 0 0.0 0.0 0.0 0.0
Latvia 0 0 0.0 0.0 0.0 0.0
Lithuania 11 0 0.0 2.7 0.0 0.0

Baltic total 11 0 0.0 2.6 0.0 0.0

Denmark 1 0 0.0 50.0 0.0 0.0
Finland 1 2 200.0 21.4 0.0 0.0
Iceland 2 0 0.0 11.1 0.0 0.0
Norway 17 8 47.1 85.1 0.0 0.0
Sweden 1 1 100.0 155.1 0.0 0.0

Nordic total 22 11 50.0 78.0 0.0 0.0

Baltic & Nordic total 33 11 33.3 54.3 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
interruptionmultiplied by the outage duration. The transformer load is estimated frommeasurements from transformers
and production units in the distribution grid. The production contains both realmeasurements and aggregated units. The
aggregated units are estimated from similar units located nearby.

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.

ENTSO‐E | Rue de Spa, 8 | 1000 Brussels | info@entsoe.eu | www.entsoe.eu | @entso_e Page 53 of 58

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


HVAC NORDIC AND BALTIC GRID DISTURBANCE STATISTICS 2024
19 November 2025

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 ‘environmental causes’ is used more 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, 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‐112
Reykjavik, Iceland
Kjartan Sigurjónsson
Tel. +354 825 2393
E‐mail: kjartans@landsnet.is

Sólveig Helga Guðjónsdóttir
Tel. +354 786 4113
E‐mail: solveigh@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
Karlo Gustavo Emilio Manerheimo st. 8,
LT‐05131, Vilnius
Valdas Tarvydas
Tel. +370 6867 7626
E‐mail: valdas.tarvydas@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
Jonathan Kristensson
Tel: +46 10 475 81 69
Mobile: +46 72 512 22 80
E‐mail: Jonathan.Kristensson@svk.se

Tsega Muzollo
Mobile: +46 72 444 50 62
E‐mail: tsega.muzollo@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 Lightning faults

Most of the Baltic and Nordic electricity networks consists of overhead lines. The lengths of overhead lines per voltage
levels in 2024 Table 6.13.

• 100–150 kV: 36 057 km

• 220–330 kV: 15 619 km

• 380–420 kV: 23 253 km

Lightning and other environmental causes are the most common cause in overhead lines in a normal year for most
countries. Table 6.16 presents the percentage allocation of overhead line faults by cause in 2024.

This Appendix D presents the numbers and shares of lightning faults of all environmental causes and the shares of light‐
ning faults of all faults. Table D.1 presents the data for year 2024 and Table D.2 annual averages for 2021–2024.

Table D.1: Number of lightning faults, all environmental faults, all faults, and ratios for 2024.

Country Lightning faults All environ. faults All faults Ratio (light./environ.) Ratio (light./all)

Estonia 27 49 195 55% 14%
Latvia 11 51 160 22% 7%
Lithuania 11 20 127 55% 9%

Baltic total 49 120 482 41% 10%

Denmark 1 3 70 33% 1%
Finland 91 192 240 47% 38%
Iceland 1 8 21 13% 5%
Norway 71 184 339 39% 21%
Sweden 35 38 97 92% 36%

Nordic total 199 425 767 47% 26%

Baltic & Nordic total 248 545 1249 46% 20%
1 Ratios are calculated as lightning faults divided by the respective total (environmental or all faults).

Table D.2: Annual averages 2021–2024 of lightning faults, all environmental faults, all faults, and ratios.

Country Lightning faults All environ. faults All faults Ratio (light./environ.) Ratio (light./all)

Estonia 16 33 173 48% 9%
Latvia 13 53 140 24% 9%
Lithuania 10 23 152 44% 7%

Baltic total 39 109 465 36% 8%

Denmark 4 14 83 31% 5%
Finland 86 266 438 32% 20%
Iceland 1 20 56 6% 2%
Norway 59 158 310 37% 19%
Sweden 114 124 353 92% 32%

Nordic total 264 581 1239 45% 21%

Baltic & Nordic total 303 690 1704 44% 18%
1 Annual averages are calculated over the period 2021–2024.
2 Ratios follow the same definition as in Table D.1.
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E ENS, consumption and line length 2015–2024

Figure E.1 presents the annual amount of ENS, consumption and total length of lines for 2015–2024. 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.1: The annual amount of ENS (circle size), length of lines (x‐axis) and consumption (y‐axis) for 2015–2024. The
most recent statistical year 2024 is shown with the darkest colour. Each previous year is shown in a lighter colour.
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