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Executive Summary

The HVDC links are important components for a stable operation of the Nordic and Baltic power system while supporting
the commercial power trade in the European energy markets. Furthermore, the HVDC links can provide other important
functions like voltage and emergency power support to the HVAC grid. Hence, the advantages of keeping the HVDC links
in operation as much as possible are indisputable. The ENTSO-E HVDC Utilisation and Unavailability Statistics 2018 report
aims to provide an overview of the Nordic and Baltic HVDC links as well as a detailed view of each individual link. The
executive summary concludes the most important parts of the report into one chapter.

In 2018, 53.7 TWh of electric energy was transmitted through the Nordic and Baltic HVDC links. This is approximately 57 %
of the total technical capacity (Emay) and correlates well with the percentage utilisation from previous years.

The total number of disturbance outages registered was 42, preventing 1.8 TWh of potential energy transmission, or 1.9 %
of the total technical capacity (Emax). Maintenance outages amounted to 4.3 TWh, or 5.4 % of the total technical capacity
(Emax), and limitations reduced the transmission capacity by 2.9 TWh (3.0 %) of the total technical HVDC transmission ca-
pacity. The total amount of unavailable technical capacity (Ey) compared to the total technical capacity (Emax) has increased
by 1 % per year since 2015 and was in 2018 at its highest point since 2012. The change is mostly due to an increase in un-
planned maintenance outages (Eym). The unavailable technical capacity (Ey) includes disturbance outages (Ep), limitations
(Ep), unplanned (Eyym) and planned maintenance outages (Epy) and other outages (Eqo). The amount unavailable technical
capacity (Ey) due to limitations did not deviate significantly compared to recent years. However, a significant amount of
them were due to seasonal causes as a result of a hot summer in 2018.

The most significant events in 2018 occurred for Baltic Cable, Kontek, NordBalt, NorNed and Skagerak 1-3. Baltic Cable had
two larger disturbances caused by a cable and a transformer failure, Kontek had an oil leak from a land cable, NordBalt had
its DC underground cable joints replaced, NorNed had a cable fault and Skagerak 1-3 had their electrode masts regalvanized
and electrode lines replaced.

The use of Estlink 1 continued to be small in 2018. Only 11 % of the available technical capacity (E) was used to transmission
in 2018. The use of Estlink 2 increased compared to 2017 and was 51 %. The percentage of unavailable annual hours increased
to 8 % for Estlink 1 due to a major AC phase reactor fault, and the value for Estlink 2 continued to be very low, approximately
1 %. The number of disturbances were lower than average in both Estlink 1 and Estlink 2.

The use of Fenno-Skan 1 continued to be very high in 2018. Even 95 % of the available capacity (E) was used for transmission
of which 97 % was import to Finland. Fenno-Skan 1 was available almost all the time in 2018. The percentage of unavailable
annual hours was insignificant, as it was during 2016-2017. Technical capacity not used (Ercyy) for Fenno-Skan 2 remained
at the same level as during the previous year. It was 40 % in 2017 and 39 % in 2018. 53 % of the total available capacity (E,)
was used for import to Finland and 7 % export to Sweden in 2018. The number of disturbances were lower than the 5-year
average in both Fenno-Skan 1 and Fenno-Skan 2.

The utilisation of Konti-Skan 1 has decreased by 6 % since 2016, when it was 58 %, while the utilisation of Konti-Skan 2 has
not changed significantly. The unavailable technical capacity (Ey) has not changed significantly since 2016.

LitPol Link has been utilised more since 2016 and was 53 % of the total technical capacity (Emax) in 2018. Furthermore, the
unavailable technical capacity (Ey) has decreased annually since 2016.

Storebaelt and SwePol utilisations have not changed remarkably during the recent years, and were utilised for transmission
for 64 % and 66 % percent of the total technical capacity (Emayx) during 2018.

Annual utilization of Vyborg Link has increased every year during last 5 years. It was 67 % in 2018. 100 % of transmission is
import to Finland from Russia. There were no outages in 2018 but the connection was limited 12 % of annual hours, which
is 5 times more than normally.
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1 Introduction and Background

1 Introduction and Background

This report presents the availability and utilisation of HVDC links connected to the Nordic and Baltic power system in 2018,
with an emphasis on disturbance outages. This includes an overview of availability and utilisation for the HVDC links,
information about disturbances and unavailability and individual presentations of the performance of each HVDC link.

The first version of the HVDC statistics for utilization and unavailability was published in 2011 as an addition to the Nordic
Grid Disturbance and Fault Statistics of year 2010. At that time, the report covered only the Nordic power systems and pre-
sented 14 HVDC links. For the statistical year 2012, the HVAC Grid Disturbance Report and HVDC statistics were separated
into two reports, which is the format of the reports today. For the statistical year 2014, the Baltic TSOs joined. Additionally,
two HVDC links were added for the statistical year 2014: Estlink 2 and Skagerak 4. For the statistical year 2016, LitPol Link
and NordBalt were added to the report.

The total HVDC transmission capacity connected to the Nordic and Baltic power systems in 2018 is 10.2 GW, which makes
the annual transmission capacity 89.1 TWh. Most of the HVDC links connect the Nordic synchronous system to other
systems. The HVDC links and their defined export direction in the report are shown in Figure 1.1. Each HVDC link has a
defined export direction only in order to distinguish a direction of power flow.

Figure 1.1: Part of Interconnected network of Northern Europe [1] map showing the HVDC links. To distinguish the direction
of power flow, each link has a defined export direction in this report. This direction is indicated by the arrows.

The HVDC links are important components for a stable operation of the Nordic and Baltic power system while supporting
the commercial power trade in the European energy markets. Furthermore, the HVDC links can provide other important
functions like voltage and emergency power support to the HVAC grid. Hence, the advantages of keeping the HVDC links
in operation as much as possible are indisputable.

To achieve as much uptime as possible, the number and length of disturbance outages must be kept at minimum. This
requires high-quality hardware components, thorough installation routines, and efficient fault analysis combined with pre-
ventive maintenance. However, planned outages and limitations due to maintenance work are necessary but should be
planned and conducted as efficiently as possible.

Therefore, mapping the available capacity, including the reasons for unavailability, is of vital interest for the utilisation of this
infrastructure. Furthermore, the utilisation of the links directly correlates with the commercial value of the energy trade.

\___/
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2 Scope

The DISTAC HVDC statistics presents a macro view of the availability and utilization of each HVDC link, including distur-
bance, maintenance and other outage events as well as limitations. Limitations originating from maintenance work done
in the AC grid are also included if they affect the power transfer of an HVDC connection. Furthermore, disturbance outages
are more thoroughly examined than other events.

The DISTAC HVDC statistics has a different scope than the CIGRE HVDC statistics, which focuses more on outages, faults
and disturbances of the HVDC links. This means that CIGRE is more detailed regarding what happens at the HVDC station,
and includes transients, commutation failures, thyristor failures and so on. In general, DISTAC has the macro view and
CIGRE has the micro view. But most of the data is the same for both reports.

2.1 Contact persons

Each country is represented by at least one contact person, responsible for the statistical information of the corresponding
country. The contact person can provide additional information concerning the HVDC availability and utilisation statistics.
The relevant contact information is given in Appendix B.

s
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3 Methods, definitions and calculations

3 Methods, definitions and calculations

This Chapter explains the availability and utilisation categories of the HVDC statistics. For a more thorough explanation of
theory, calculations and definitions, read the HVDC Guideline for Utilisation and Unavailability Statistics [2].

The technical capacity (Emax) of the HVDC link is the maximum energy that can be physically transmitted through the
HVDC link to the converter station on the importing side, excluding all HVDC link losses, during a year.

To analyse the availability and utilisation of an HVDC link in detail, the technical capacity is divided into two categories:
available technical capacity (E,) and unavailable technical capacity (Ey). The available technical capacity (E,) is
further divided into categories of technical capacity that has been utilised, that is, imported energy (E;) and exported
energy (Eg), and into technical capacity that has not been utilised, that is, technical capacity not used (Ercyy). The
unavailable technical capacity (Ey) is divided into categories of technical capacity that could not be utilised. They are:
limitations (Epim ), disturbance outages (Ep), unplanned maintenance (Eyy ), planned maintenance (Epy ) and other
outages (Ego). These categories are visually presented in Figure 3.1.

As stated above, the available technical capacity (E4) is the part of the technical capacity (Epax) that has or could have
been utilised.

« Technical capacity not used (Ercyy) is the amount of energy that has not been imported or exported or been un-
available due to limitations or outages.

« Imported energy (E;) is the energy transferred from the HVDC link to the importing AC side. The direction of import
is defined for each HVDC link and can be viewed in Table 4.1 or in the respective subChapter for the link in Chapter
5.3. It does not include import losses (L;), that is, the energy losses in any of the HVDC link components during
import. It should be noted that these values are measurements and therefore considered factual.

« Exported energy (Eg) and export losses (Lg) is defined like the imported energy, but with an opposite point of view.

The unavailable technical capacity (Ey) is the part of the technical capacity (Enax) that could not be utilised. It consists
of limitations and outages, where an outage is when a component is fully disconnected from the system and the transfer
capacity is reduced to zero. Limitations and the different types of outages are explained as:

« A limitation (Ep;ny) is a condition when the transmission capacity of an HVDC link is limited, that is, the power
transmission capacity of the link is less than the rated power. The limitation is always motivated from a technical
perspective, but not always concerning the link itself. The most common causes of limitations are:

- faults on any HVDC link component that do not cause a total outage;
— faults, congestions or outages in the AC grid causing a limitation in the transmission capacity of the link;
- seasonal variations on the transmission capacity of the HVDC link.

- Disturbance outages (Ep) is technical capacity lost due to a fault on the HVDC link or in the AC grid causing a total
outage of the link. This could be a forced outage or an automatic trip.

« Unplanned maintenance outages (Eyy) is technical capacity lost due to emergency or otherwise urgent repair
work or maintenance on the HVDC link, often with minimal warning time. Repair work or replacements due to a
disturbance outage is also unplanned maintenance, even if the work lasts for a long time. Unplanned maintenance
might affect the intraday power market if it cannot be postponed to more suitable times.

« Planned maintenance outages (Epy) is technical capacity lost due to maintenance work on the HVDC link. The
work must be done to retain an entity’s ability to perform its required function. Examples for planned maintenance
are annual and preventive maintenance, replacement and updating of components.

- Other outages (Eqo) is technical capacity lost due to any other reason except those mentioned above. This could be,
for example, when the markets do not need the transmission capacity of the link and the link is disconnected.

\_—_/
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Import losses L,

) )
Available
Import E, -~ technical
capacity E,
Transmission E,
| Technical
capacity E__
J
Limitations E,_
Disturbance outages E Unavailable
Unplanned maintenance E ,, technical
capacity E

Planned maintenance E,,

Figure 3.1: The availability and utilisation categories used in the HVDC statistics. Every value is an energy value and represents
a part of the technical capacity. The technical capacity is divided into two smaller categories: available technical capacity
(Ea) and unavailable technical capacity (Ey). The available technical capacity is further divided into categories of technical
capacity that has been utilised, that is, imported energy (E;) and exported energy (Eg), and into technical capacity that has
not been utilised, that is, technical capacity not used (Ex¢yy). The unavailable technical capacity is divided into categories of
technical capacity that could not be utilised. They are: limitations (Ey;y), disturbance outages (Ep), unplanned maintenance
(Eym), planned maintenance (Epy) and other outages (Eqp).
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4 Technical details of the HVDC links

Table 4.1 presents the main properties of the HVDC links while Table 4.2 presents the technical properties of the HVDC
lines. The defined export directions are also presented in Figure 1.1.

Schematic presentations of the HVDC links and their converter stations, both for line-commutated converters (LCC) and
voltage source converters (VSC) are presented in Appendix A.

Table 4.1: Main properties of the HVDC links

Rated
power, Parallel

Commis- Market Type of mono- monopolar  Bipolar Defined

sioning connec- HVDC polar capacity capacity export
Link year tion converter  (MW) (MW) (MW) direction
Baltic Cable 1994 Yes LCC 600 South
Estlink 1 2006 Yes VSC 350 1000 South
Estlink 2 2014 Yes LCC 650 South
Fenno-Skan 1 1989 Yes LCC 400 1200 1200 West
Fenno-Skan 2 2011 Yes LCC 800 West
Kontek 1995 Yes LCC 600 South

P 2

Kont! Skan 1 2008 Yes LCC 370 680/740 West
Konti-Skan 22 1988 Yes LCC 370 West
LitPol Link 2015 Yes LCC 500 West
NordBalt 2016 Yes VSC 700 South
NorNed 2008 Yes LCC 700 South
Skagerak 1 1976 Yes LCC 236 South
Skagerak 2 1977 Yes LCC 236 1000 1000 South
Skagerak 3 1993 Yes LCC 478 South
Skagerak 4 2014 Yes VSC 682 South
Storebaelt 2010 Yes LCC 600 East
SwePol 2000 Yes LCC 600 South

1981,

1982
Vyborg Link’ 982, Partly LCC 1400 West

1984,

2000
Total 10272 3940 2200

1 Each commissioning increased capacity by 350 MW. However, the total commercial capacity of Vyborg Link is 1300 MW. Fingrid Oyj,
the Finnish transmission system operator, allocates 100 MW for reserves.

2 Konti-Skan is rated differently depending of direction of flow. West to east, that is import, 740 MW (370+370) and east to west, that
is export, 680 MW (340+340).

\J
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Table 4.2: Technical details of the HVDC lines

Length of DC

Length of Length of DC back-to-back
Total length of ~ mass cable Length of PEX overhead line connection
Link the link (km) (km) cable (km) (km) (km)
Baltic Cable 262 250 12
Estlink 1 105 210 (2 x 105 km)
Estlink 2 171 157 14
Fenno-Skan 1 233 200 33
Fenno-Skan 2 299 196 103
Kontek 160 160
Konti-Skan 1 150 89 61
Konti-Skan 2 150 89 61
LitPol Link <1 <1
NordBalt 450 2 x 450
NorNed 580 580
Skagerak 1 212.5 133.6 78.5
Skagerak 2 211.4 132.9 78.5
Skagerak 3 212.9 134.4 78.5
Skagerak 4 226 226
Storebaelt 57 57
SwePol 254 254
Vyborg Link <1 <1

s
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5 Results

This Chapter presents the utilisation and unavailability of all the HVDC links as well as individual presentations of each
HVDC link connected to the Nordic and Baltic power system.

Section 5.1 provides an overview of the HVDC links for the year 2018 and Section 5.2 provides an overview of the years 2012-
2018. Section 5.3 presents the availability and utilisation of each HVDC link for the year 2018 as well as an annual overview
of the utilisation and a trend of the utilisation and the number of outages for the years 2012-2018.

5.1 Overview of 2018

In 2018, 53.7 TWh of electric energy was transmitted through the Nordic and Baltic HVDC links. The total number of dis-
turbance outages registered was 42, preventing 1.8 TWh of potential energy transmission, or 1.9 % of the total technical
capacity (Emax)-

Maintenance outages amounted to 4.3 TWh, or 4.4 % of the total technical capacity (Emax), and limitations reduced the
transmission capacity by 2.9 TWh (3.0 %) of the total technical HVDC transmission capacity.

Figure 5.1 presents the overview of the availability and utilisation of HVDC statistics at an aggregated level, thus allowing
to compare links with each other. It should be noted that the usages of the links show big variations. Most links are market
dependent, some are mostly used only in one direction, and some are used for technical reasons to control power flow for
system stability according to agreements.

Appendix C shows the overviews of the HVDC links using the same values as Figure 5.1 but ranked according to the highest
unavailable technical capacity, according to the highest transmission, and according to the highest technical capacity not
used.

\_—/

ENTSO-E HVDC Utilisation and Unavailability Statistics 2018 | 7



ents O@ 5.1. OVERVIEW OF 2018

Utilisation overview of each HVDC link in 2018

Emax

Baltic Cable 33% 35% 32% 53TWh
Estlink 1 |JaEA % 82% 31TWh
Estink 2
Fenno-Skan 1 95% <7 35Twh
Fenno-Skan 2 60% 39% 7.0 TWh
Kontek 53% 26% 21% 53TWh
Konti-Skan 1 52% 4% 45% 32TWh
Konti-Skan 2 54% 5% 41% 32TWh
LitPol Link 54% 6% 40% 4.4TWh
NordBalt 50% 22% 28% 6.1TWh
NorNed 68% 14% 18% 6.1TWh
Skagerak 1 31% 17% 53% 21TWh
Skagerak 2 28% 25% 47% 21TWh
Skagerak 3 59% 15% 25% 42TWh
Skagerak 4 64% 5% 31% 6.0 TWh
Storebael
SwePol 66% 4% 30% 53TWh
Vyborg link 67% 5% 28% 114 TWh
Total 57% 10% 33% 89.1TWh

0%  10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

% of Emax

[ % Technical capacity not used
B % Unavailable technical capacity
B % Transmission

Figure 5.1: Overview of the availability and utilisation of each HVDC link in 2018. The unavailable technical capacity (Ey) is the
amount of technical capacity (Eqax) not available due to limitations or outages. Transmission (Er) is the amount of technical
capacity (Emax) imported and exported through the HVDC link. Technical capacity not used (Ecyy) is the amount of energy
that has not been imported or exported or been unavailable due to limitations or outages. More detailed explanations can be
read in Chapter 3.

Figure 5.2 presents the percentage unavailable technical capacity (Ey) of the annual technical capacity (Emayx) due to the
disturbance outages. Figure 5.3 presents the number of all disturbance, maintenance and other outages. The most notable
explanations for the unavailability in 2018 were the following;

« Baltic Cable had 4 disturbance outages during 2018, of which two were more severe. The former of them was caused
by a cable failure in March and the latter was caused by a transformer failure in December.

Estlink 1 had one major disturbance outage in November that was caused by a major fault in the AC phase reactors.
« Kontek had an oil leak from a land cable in May that was finally repaired in September.

« NordBalt planned maintenance was caused by a longer maintenance operation to replace the DC underground cable
joints.

« NorNed disturbance outage was caused by a cable fault in March, which was repaired in April;

« Skagerak 1,2 and 3 had their electrode masts regalvanized and electrode lines replaced, which caused the high amount
of planned maintenance in 2018. Additionally, Skagerak 2 had a disturbance outage caused by a transformer failure.

« The limitations on Skagerak 4 were mainly related to the electrode current when Skagerak 3 was out due to mainte-
nance.
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« Vyborg Link limitation in July was caused by annual maintenance. Normally, maintenance work causes only limita-
tions because the 350 MW units are not worked on simultaneously.

Unavailability percentage of the rated capacity in 2018 for each HVDC link

sl Cble
Estlink 1
Estlink 2 [}

Fenno-Skan 1 -

Fenno-Skan 2 l
Kontek [ERAZ)

Konti-Skan 1 BRCRAMENeLZ
Konti-Skan 2 N -
- B % Limitations
LitPol Link Lz 4.1% .
. % Disturbance outages

NordBalt 15.3% 1.8% 4.0%
NorNed 9.3% 2.9%

I % Unplanned maintenance

B % Planned maintenances

Skagerak 1 11.5% 4.9% % Other outages
Skagerak 2 11.0% 9.0%
Stagere
Skagerak 4
Storebaelt -
SN 2.5% 1.6%
Viyborg link
N 33% 21% 1.8% | 3.0%
0% 5% 10% 15% 20% 25% 30% 35%

% of Emax

Figure 5.2: Percentage distribution of unavailable technical capacity (Ey) due to limitations, disturbance outages, unplanned
and planned maintenance and other outages for each link in 2018. Several HVDC links were more limited in 2018 than
previous years due to high outdoor temperatures during summer.
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Number of outages in 2018

Baltic Cable
et
Estlink 2
Fenno-Skan 1 .
Fenno-Skan 2 . Unplanned maintenances

Kontek B Planned maintenances
konti-skan 1. [ N
Konti-Skan 2 _

LitPol Link

o

NorNed _

S

-

s I R

Skagerak 4

Il Disturbances

Other outages

Storebel _
swepol [T
Vyborg link
0 2 4 6 8 10 12 14 16 18 20 22

Number of events

Figure 5.3: The number of disturbance, unplanned maintenance, planned maintenance and other outages for each link in
2018.

5.2 Overview of years 2012-2018

Because the HVDC links are an important component in the Nordic and Baltic power systems, it is also very interesting to
see how the links have been utilised during the past years. Figure 5.4 presents the annual utilisation (%) of all HVDC links
and Figure 5.5 presents the annual utilisation with all utilisation categories. Figure 5.6 presents the percentage of hours a
link has been affected by either a limitation, unplanned or planned maintenance or disturbance or other outages.

As can be seen, the technical capacity not used (Ercny), the transmission (Er) and the unavailable technical capacity (Ey)
has not changed significantly since 2012. However, the total technical capacity (Emax) of all HVDC links has increased, as
can be seen in Figure 5.5.
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