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¢ HVDC reliability surveys since 1968 starting with
mercury arc valves

¢ LCC Thyristor systems since 1972

¢ VSCIGBT systems since 2013

* Paper published every two years ,:
Key Measures Key Measures
* Energy Availability * Thyristor or IGBT failures
* Forced Energy Unavailability * Number and cause of commutation failures (LCC)
¢ Scheduled Energy Unavailability * Data is concentrated on converter equipment
* Forced Outages * Minimal data on transmission lines or cables

Fault Classifications by Area Fault Classifications by Area

* ACE - ACEquipment * Other -Human error, unknown

. . ’ .
v Valve equipment and valve cooling « TL - DC transmission line or cable

* C-P - Control and protection . Ext - External

* DC-E -DCEquipment

Substation Equipment
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Survey for 2019 and 2020 Survey for 2021 and 2022

* In2019 In progress.
* 50LCC systems reported Your system can participate and help
* 6VSCsystem reported expand this important work.

* In 2020 Ask how to get involved!

* 50 LCC systems reported
* 7 VSC systems reported

Table I - System Energy Availability, Energy Utilization and Converter Station Energy Unavailability
var | Qe on | vy | Uil | U ot
Rt nting 4
System ‘;;“"':‘:' (ntnpne“i?:s percent percent (1) percent (2)
MW 19| 2020 | 2019 2019 | 2020
Skagerrak 1 & 2 1976/77 715 454 404 1628 1.82
Skagerrk 3 & 4 3) 1993/15 63 | 750 | asa 609 | 000
Shin-Shinano | 1977 982 | 938 | o4 179 | 62
Shin-Shinano 2 1992 926 | 936 | s00 235 | 642
Nelson River BP1 1973104 a8 | 904 | 533 441 | 428
Nelson River BP2 1978/83 880 | 700 [ 470 452 | 080
Nelson River BP3 2018 880 | osa [ 273 860 | 147
Hokiaido-Honshu 197993 00 | s06 [ 176 1096 | 1041
New Hokkaido-Honshu (6) | 2019 %3 | 969 | 465 36 | an
cu 199 888 | oss [ 70 1o | 419
(Gotland 2 & 3 1983/87 o5 | o1 [ 105 0s8 | 080
ltaipu BP1 1984785 920 | s | 47 750 | so8
ltaipu BP2 1987 00 | ss1 | 437 803 | 18
Highgate 1985 987 | 987 [ 930 128 | 120
Virginia Smith 1988 922 - 136 301 -
Konti Skan 2 1988 839 | 957 | so1 1505 | 150
Vindhyachal 1989 961 | 933 [ es2 322 | 646
MeNeill 1989 780 | 072 | 20 | 20 | 07 | 003 | 2028 | 281
Fenno-Skan 1 1990 982 | 983 | 9s2 | 976 | 006 | 014 | 175 | 12
Fenno-Skan 2 2011 86 | 996 | 744 | 783 | 013 | 008 | 131 | o3
Rihand-Dadri 1991 1650 984 | 074 | 73 | ms | 006 | 0 | 156 | 187
SACOI (4) 1992 | 30030050 | 745 | 666 | 454 | 522 | 655 | 238 | 7m | 798
New Zealand Pole 2 (5) 1992 500 98 | 868 | 414 | 308 [ 005 | 005 | 017 | 1334
New Zealand Pole 3 (5) 2013 700 96 | ots | 35 | 245 [ 000 [ 002 | 02 | 849
Sakuma 1965093 300 976 | 980 | o0 | 0o | 000 | 000 | 242 | 201
Kontck 1998 600 075 | @2 | 686 | 474 | 000 | oor | 251 | s0s
Haenam-Jeju | 1997 300 608 | oas | 175 | 22 | o016 | o2 | 3005 | 509
indo-Jiju 2 2014 400 907 | 970 | 401 | 300 | 000 | 005 | 032 | 201
[Chandrapur 1998 1000 o4 | oas | 583 | eas | sas | su | za1 | oos
Minami-Fukunitsu 1999 300 27 | s [ 17 | 210 | 00 | 00 | 728 | 1501
Vizag | East-South 2000 500 908 | 902 | aso | 431 | oos | oa2 | o2 | 03
Vizag Il East-South 2005 500 997 | 9990 | 543 | 437 | 003 | 003 | 029 | oo
Kii Channel 2000 1400 920 | oso | 727 | s12 | o2 | o0 | 78 | 398
Malaysia-Thailand 2001 300 96 | 961 | 108 | 100 | 1es | o7 | 1so | 310
Grita 2001 500 944 | 800 | 600 | 672 | 005 | 02 | ss5 | 987
[Talcher-Kolar 2003 2000 o84 | on1 | 7as | s3s | 000 | 1o | a3 | 122
Sasaram 2003 500 907 | 983 | 340 | 594 | 026 | oo+ | 000 | 1es
Higashi-Shimizu 2006 300 958 | 933 | esa | 579 | 000 | oar | a8 | 625
Basslink 2006 500 805 | 902 | 485 | 620 | o0s | 010 | 005 | o7
EstLink 1 (6) 2007 350 o84 | 914 | 230 | ses [ 003 [ oo | 140 | 259
EstLink 2 2013 450 915 | 915 | e0a | ser | 240 | 105 | 000 | 146
Al Fadhili 2000 1800 087 | 965 | a4 | 82 | 025 | 24 | 103 | 106
(Cahora Bassa 19772009 | 1920 w6 |- 00 | - |2 | - 326 -
SAPEL 2009 1000 960 | o7 | 380 | 307 | oo | 027 | 304 | 799
(Caprivi (6) 2009 300 332 | 960 | 371 | 660 [ 679 [ 225 | 000 | 180
Storebaclt 2010 600 987 | 908 | ssa | 707 [ 000 | 021 | 120 | oo
allia-Bhiwadi 2010 2500 91 | 987 | 187 | 170 | oo | oot | os7 | 123
BriiNed 2011 1000 986 | ont | 74 | sos | oos | 12 | 13 | 128
WATI 2016 1000 953 | o715 | 200 | 188 | oo | 000 | 467 | 248
EATL 2016 1000 956 | oro | 154 | 12 | e | 1ss | 27 | 738
Nemo Link (6) 2019 1000 < | 2 - | et - | oos - | o
NER-Agra BPI 2007 6000 or1 | 974 | 180 | 200 | 004 | 0s6 | 278 | 186
NER-Agra BP2 2007 6000 981 | 900 | 150 | 161 | 000 | 003 | 175 | 000
|Champa Kurukshetra | 2007 3000 890 | o087 | 358 | 987 | 034 | 0% | 970 | 003
(Champa Kurukshetra 2 2017 3000 B T - 217 - | om -] ses
NordBalt (6.7) 2016 700 976 | 986 | &9 | 906 [ 005 [ 000 | 232 | 136
Litbol 2016 500 980 | 932 | 18 | sso | 000 | 003 | 203 | 677
Rio Madeira BP2 2018 3150 970 | 985 o4 | 006 | 200 | 1as
Cobra (6) 2019 700 938 | 720 | 677 | s06 | 028 | 024 | s | 000
MONITA Polel (5) 2019 600 - | o2 - 03 - 023 -] s
MONITA Pole2 (5) 2019 600 - | o4 - 105 - s | - |
(1) Based on maximum cont ity () Converter. only (3) Onepole VSC (4) Three terminal monopole system  (5)

Bipole reporting as two poles X system  (7) Lithuainia station
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Table IT A - Number of Forced Outages and Eq nt Outage Hours - 2019
AC: v C&r DCA o ™ TOTAL
System No. | Hours | No. | Hours | No. | Hours | No. | Hours | No. | Hours | No. | Hours | No. | Hours
[Skagorrak 182 S 3®8 [0 00 0] 00 [2 [ 2054 [0 00 [0 00 [ 7 |542
[Skagerrak 3 & 4 (1) o || as [ 2] 25 [ o[ 967 0| 00 | 3|00 16|23
[Shin-Shinano 1 ol 00 [o| 00 |o| 0o |ofoo[o]| 00]0o] oo 0] 00
[Shin-Shinano 2 0 00 [o| 0o |o| 0o |ofoo o 00]o]foo o] o0
[Nelson River BP1 20| 920 | 0| 00 [13] 360 | 0| 00 9|20 0] 00 |a]i1520
[Nelson River BP2 6| 13 [ 4| 61 | 15|06 | 3 [1ses | 2| 07 | 0| 0o [30[6s6s
[Neson River BP3 469 [ 3 [ | 1| 03 | of oo [ 1| o8 |o]| oo |9 |201
Hokkaido-Honshu ol 00 [o| 00 |o| oo |ofoo[o]| 0o]o] oo o]0
[New Hokkaido-Honshu o oo [ 1| ss|of oo |ofoofo| o000l oo |1]ss
cu 102 ol oo [r| 18 ]of oo [of oo o] oo]2] 120
Gottand 2 & 3 s sa|of oo | 1| os [ofoo|s| 63|00 ||
ltaipu BP1 voos |l aa fa 23 | [ s [ 3] ra | o | s
Itaipu BP2 1 ooa |33 fo| oo |3 |assifo| o0 [3] 00 |0f s
Highgate o o0 [o| 00 |of oo |of oo o] oo ]|0] o0 00
Virginia Smith 700 | 0| s | 2] esofo| oo |1 |2es|of oo |1z
Konti Skan 2 3202 [ 3|24 |5 |aefof oo [o] 00 |2]as [15|o7
[Vindhyachal 4| 88 [ 2| 16 [18] 296 | a| 200 |0 00 |o0] 00 [28]e02
MoNeill slaas | 1|27 0f 00 [o| 00 |of oo |0 00 |%6]es5
Fenno-Skan | o 00 [o| 0 |o| oo |ofoo[3]|5s0]o]o0|3]5s0
o 00 [o| oo |of oo |ofoo [3]|me]|ofoo 3]s
e | f 30 [ 1] o3 |of oo [o| oo | 1] os|a]5s3
6200 [ 1| 04 | 5| 309|000 |6]s22]2]o0fn s
of 00 [2)30 1] 0 |of oo [o|00|2] 225 %3
of o0 [of oo o] oo |ofoofo| oo |1] 07 [1]o07
ol 00 [o| oo |o| oo |ofoo[o| 0o]o] oo o] o0
o 00 [of oo |of oo | 1| os o000l oo 1] o4
o 00 fof oo 2| afof oo o] 0o |of oo [2]ms
ol 00 [of oo |o| oo |ofoo[o|oo]o]oo o] o0
s 2072 0| 00 |6 [2e66[ 0| 00 |o| 0o |0 0o |1]ass
o 00 [o| 0o |o| 00 |0l oo |[o]| 00o]o] oo o] o0
o 00 [of oo | 1] a8 |of oo o000l oo [1]| 48
Vizag Il East-South o 00 [of 00 |of oo |of oo 1| 25)0] 00 [1]|23
Kii Channel o 00 [ 1|06 |o| 0o fof oo o] 0o |of oo [1] 106
[Malaysia-Thailand 0| 00 [ofas| o or | o oo |o| 00 [o] 00 |12
i ol 00 [of 00 |3] 38 |ofoo 1| o02]0]o0|a]a0
Talcher-Kolar 3 st fofoo 5|26 0] o0 o] 00 ]|3]36 [n|mn3
[Sasaram 1| 38 ol oo 5| 9]|of o0 [of oo o] o0o]e]|27
Higashi-Shimizu 0| 00 [of oo fof oo |ofoo]o| oo fo] oo o] o0
Basslink (1) 120 o 00 [ 3] a9 o] 0o |o| 0o |1]sea2|5]|oms
1| 26 | of oo fo| 0o ]of oo |ofoo|[1]5s0]2]76
0| 00 [2[107a]| 1] w05 |1 [wofo]| 0o |0l oo [3|279
2| 22 | 2052|440 o] 0o |of oo fo] 0o |i6]27
31| 36| so | ssor [ 11 60 | 9| 396 [ 4| 30 0| oo |n4f2873
1t 2 o oo [ 20 [of 00 |o| oo |o]| oo |2] 532
1| o4 |1 fssaiafo| 00 | of oo [of 00 |o]| oo |2 |sss0s
o 00 [o |00 |o| oo |of oo [o]| 0o]o] oo o] 00
1 o8 ol oo o] oo |6| 30 o oo |a] 3 [n]es
ol 00 [2)25|of oo |ofoo[2]25]0]o0|a]so
1 35 ol o0 o] 00 |of oo [o| oo o] oo |1]3s
X 0| 00 [o| 0o |of oo |1 [wofo] 0o |0l 0o [0
NER-Agra BPI 0| 00 [of oo [o] oo |of oo 2|39 [w] 70 2109
[NER-Agra BP2 3| a0 [ 2] 2 o] oo |of oo | 1| 24 [3] 19 |o] o
Champa Kurukshetra | Al aa fa 2w 2] 63 [o] 00 |5 | 22 3|3
[Nord: o 00 [ 1| a3 o] 00 |of oo [o| 00 ]o] oo [71]3
LitPol o 00 [of oo [o] oo |of oo |t]|or|of oo [1]or
o Madeira BP2 ploar 2| o fas ] [ s ez |2 o | o] oo [ 121
Cobra 1l 37 2] mfoloolofloo vl insfo] oo |a]oae

(1) Major time cable ~ (2) Major time fie in valve hall ~ (3) Major time converter transformer

ber of Forced Outages and Equivalent Outage Hours - 2020
2 v C&P DCE 0

System No. | Hours | No. | Hours | No. | Hours | No.] Hours | No. | Hours | No. [Hours
[Skagerrak 122 (1) 00| 00 [ 10| 77 [30] 471 [00] 00 |30 | 4593 [120]3623]
R 00| 00 [1of 31 |oo| oo |oo| oo [50]21093]60 [20123)

00| 00 [oof 00 |oo| oo |oof oo oo 00 |oo| 00
00| 00 00| 00 |oo| oo [oof oo foo| 00 |oo| 00
40| o1 [190[ 1841 00| 00 |eof 08 [20] 03 |47.0{4600
10| 34 40| 377 [110| 16453 [ 10| 04 [30| 03 |210{16902]
00| 00 |00 00| 00 [1o| o1 |oo| oo [no| s1
00| 00 [oo| 00 |oo| oo |oof oo foo| 0o |oo| oo
00| 00 [oo| 00 |oo| oo [oof oo foo| 0o |oo| oo
00| 00 [oo| 00 |oo| oo [oof oo foo| 0o |oo| oo
10| 05 |40| 36 [o0| oo [oo] oo foo| 00 0| 60
00| 00 oo| 00 |oo| oo |1of 230 [40] 06 |50 26
10| o1 |20f 37 f[oo| oo [20] 03 00| 00 |s50| 41
10| 50 |00f oo [oo| oo [oof 00 foo| 00 |10] 50
00| 00 [20[ 20 | 10| 2442 |1of 17 00| 00 |50[2083
10| 19 |90| 154 [oo| 0o [oo| 00 [oo| 00 00| 173
00| 00 [oo| 00 |oo| oo |tof 29 foo| 0o |10] 20
00| 00 oo| 00 | 10| 32 |oo| 00 [oo| oo |30 125
00| 00 [oo| 00 | 10| 74 |oof oo foo| o0 |10 74
00| 00 30| 35 |1o| 13 |oo| 00 |3 100| 596
20| 1095 [ 50 [ 931 |oo| o0 |to| 42 [100] 20173 |19.0{22259)
00| 00 [oo| 00 |oo| oo |oof oo |1 0 | 100
10| 16 |00f oo oo oo [oof oo foo| 00 |10 16
00| 00 [oo| 00 |oo| oo [oof oo foo| 00 |oo| 00
00| 00 00| 00 |oo| 00 |oof 0o [10]22543]20 2548
00| 00 20| 85 Joo| 00 |1of 25 |00 30| 108
00| 00 [20[ 41 |oo| oo |oof oo foo| 00 |30] 48
20| 59 [210[ 2762 | 00| 00 |oo| 00 [oo| 00 |250{4477
00| 00 [oo| 00 |oo| oo [oof oo foo| 0o |oo| 00
Vizag | East-South 40| 354 [oo| 00 |oo| oo Joo| 00 [oo| 0o |50]368
Vizag I East-South 00| 00 [oo| 00 |oo| oo [oof oo foo| oo |20 22
Kii Channcl 10| 86 |00f 00 [oo| 0o [oof 0o foo| 00 |10] 86
[Malaysia-Thailand 20| 38 [10| 15 | 10| 00 Joof 00 [10] 09 |i20] 629
ita 00| 00 [s0[ 155 |oo| 00 |oof 00 [oo] 00 |60 186
Talcher-Kolar 10| 52 |00| 00 |30 1ss [oo| oo [30[ 19 [120] 1430
s 00| 00 [10f 12 |oo| 00 |00 00[ 00 [20] 39
Higashi-Shimizs 00| 00 oo| 00 |oo| oo |20f 358 [00| 00 |20 358
Basslink 10| 77 |oo| o0 [oo| oo [tof 07 foo| 00 |30] 86
Eslink | 00| 00 10| 38 |oo| oo |oof oo foo| oo |10] 38
EstLink 2 00| 00 foo| 00 | 10| ss4 |20( 18 00| 00 |40 4
Al Fadhili 20| 2082 [ 10| 07 |oo| o0 |oo| 00 [oo| 00 |60|2134
[SAPEL 00| 00 oof o0 |1o]| 44 |10 00| 00 |30]| 239
(Caprivi 00| 00 [40| 303 |oo| oo |170[ 1578 [00| 00 |210{1970
[Storeboelt 00| 00 [30[ 175 [oo| oo |00 00| 00 |40 185
allz-Bhivadi 10| 03 |00f oo [1o| o8 [oof oo 20| 21 |40] 32
BritNed 00| 00 foo| 00 |30| &0 |tof 27 [10] 619 |1006690
[WATL 00| 00 [oo| 00 |oo| oo [oof 0o foo| 00 |oo| 00
EATL 00| 00 10| 254 Joo| oo |20f 15 [oo| 00 |80[13ss
[Nemo Link 00| 00 10| 16 |oo| oo |oof oo foo| 0o |20 42
INER-Agra BPI 10| 04 [30[ 104 [1o| 11 [rof o5 feo| 128 |40 621
[NER-Agra B2 00| 00 oo| 00 | 10| 29 foof oo [20 55 |30] 82
(Champa Kurukshetra | 20| 23 [250] 567 | 40| 15 00| 00 |60| 255 [400 1080
(Champa Kurukshetra 2 10| 13 |320] s46 [00| 00 [00| 00 [80| 365 |460| 986
[NordBalt 00| 00 00| 00 |oo| oo [oof oo foo| 00 |oo| 00
Litpol 00| 00 00| 00 |oo| oo |oof oo foo| 00 |20] 26
Rio Madeira BP2 20{ 38 [120[ o1 | 10| 15 |tof oo foo| oo |i70| 54
10| 204 | 10[ 05 [oo]| 00 [oo| 00 [ro|23493] 30 |23703]
MONITA Polel 00| 00 60| 137 |20] 30 |20f 13 foo| 00 |io0f 204
[MONITA Pole2 2) 10l 1o {30l s1 Jao)wsraloo| oo [ool 00 |80l

(1) Major time cable (2) Major time DCCT (3) Major time bypass switch

202.9 Average of System FEU Hours

255.4 Average of System FEU Hours
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Figure 1
Breakdown of Average FEU by
Equipment Category of All Reporting LCC and VSC
HVDC Systems (2019-2020)

Figure 2
Breakdown of Average FEU by
Equipment Category of All Reporting LCC and VSC
HVDC Systems (1989-2018)
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