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Statistics and Analysis on Reliability of HVDC Power Transmission Systems of

State Grid Corporation of China
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ABSTRACT: Reliability level of HVDC power transmission
systems becomes an important factor impacting entire power
grid. The author analyzes the reliability of HVDC power
transmission systems owned by State Grid Corp. of China since
2003 in respect of forced outage times, forced energy
unavailability, scheduled energy unavailability and energy
utilization efficiency. Different reliability indices of HVDC
power transmission system interact one another, thus to
implement the maximization of property benefit of the power
grid it is necessary to build a scientific and reasonable
reliability evaluation system. The results of analysis on
reliability indices of HVDC power transmission systems home
and abroad show that the reliability level of HVDC power
transmission systems owned by State Power Grid Corp. of

China is in the forefront in the world.
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Tab.1 Basic information of the HVDC power
transmission systems of State Grid Corp. of China
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Tab. 2 Forced outage times of the HVDC transmission
systems of State Grid Corp. of China during 2003—2008
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20000 2 1 7 1 6 1 067 4.00
2060 1 6 1 1 0 0 2 067 225
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Fig.1 Annual mean of forced bipolar outage times of the
HVDC power transmission systems of State Grid Corp. of
China during 2003—2008
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Fig.2 Annual mean of forced monopolar outage times of
the HVDC power transmission systems of State Grid Corp.
of China during 2003—2008
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Tab.3 Sorting of forced outage times of HVDC power
transmission systems in 2005
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th RE 360

1 o i 1200 2

2 HA Kii hannel 1 400 3

3 N Rihand-Dadri 1 650 6

4 i YL 3000 7

5 o TEH 3000 8

5 L] Itaipu BP2 3150 8

5 Ef1E Chandrapur 1 000 8

8 o N 1 800 10

9 i iy 3000 11

9 %I CU 1138 11

11 (il Itaipu BP1 3150 17

12 1A Talcher-Kolar 2 000 32

13 &K Nelson River BP2 2 000 33

14 Nk Nelson River BP1 1855 34
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Tab. 4 Sorting of forced outage times of HVDC power
transmission systems in 2006
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Tab. 6 Sorting of forced outage times of HVDC power
transmission systems in 2008
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He4 P B R MW () Ha  EX B R4 MW (B4 AU
1 eS| TEI 3000 0 1 [ HAE 3000 1
2 th e 3000 2 th RE 360 1
h RE 360 2 2 HA Kii hannel 1400 2
2 HA Kii hannel 1 400 2 3 ] e 3000 4
4 =[5 CU 1138 5 4 =[5 CU 1138 5
5 L Itaipu BP1 3150 7 5 i ] 1200 6
6 N} Itaipu BP2 3150 8 5 o T 3000 6
7 o ) 1200 9 5 EHE NI 1 800 6
8 [ER)i3 Chandrapur 1000 10 8 (Wi} Itaipu BP1 3150 7
9 th iV 3000 11 9 L Itaipu BP2 3150 8
10 o ] PN 1 800 13 0 HHE GV 3000 9
11 ENJE Rihand-Dadri 1650 15 11 EEE Chandrapur 1000 10
12 E[V Talcher-Kolar 2 000 17 12 23 Rihand-Dadri 1 650 15
13 JIEN Nelson River BP1 1855 36 13 VA 3000 16
14 JIEPN Nelson River BP2 2 000 40 14 EppE Talcher-Kolar 2 000 17
ARS8 PRI BL (AR XU 12.5 15 %k Nelson River BPI 1855 36
o o S s 16 Jm% K Nelson River BP2 2 000 40
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Tab. 5 Sorting of forced outage times of HVDC power
transmission systems in 2007
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1 h JEB 3 000 1
1 ] YLk 3000 1
rpE RE 360 1
3 HA Kii hannel 1 400 2
4 B Ccu 1138 5
5 Hp 51 3000 6
6 rpE HM 1200 7
6 rpE HAE 3000 7
8 g Itaipu BP1 3150 7
9 iy Itaipu BP2 3150 8
10 s Chandrapur 1 000 10
11 I R 1 800 13
12 ERE Rihand-Dadri 1650 15
13 N Talcher-Kolar 2000 17
14 M#K Nelson River BP1 1855 36
15 JN#K Nelson River BP2 2 000 40
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Tab.7 Forced energy unavailability of the HVDC power
transformation systems of State Grid Corp. of China
during 2003—2008
CEIE BRI/ % RBU% TIM% EAE% RE% A FIBCTEI%

2003 0.46 0.53 0.51
2004  0.48 0.92 2 1.30
2005 0.22 1.26 1.86 0.622 1.30
2006 0.4 0.15 0.7 0.43 0.42
2007 0.7 0.01 1.19 1.49 2.69 0.93
2008 2.13 0.09 1.54 0.82 0.12 0.94
2008* 1.79*  0.09* 0.22* 0.82*  0.12* 0.53

ek B EROK ISR e R E .
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SRIBREE A AT R (N84 51 #2A9)
Tab. 8 Forced energy unavailability of HVDC power
transformation systems of State Grid Corp. of China
during 2003—2008(induced by station only)

ERE W% RBU% T% EE% A E IR/ %
2007 0.55 0 0.04 1.34 0.55
2008 1.52 0.07 0.16 0.68 0.44
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Tab.9 Sorting of forced energy unavailability of HVDC
power transmission systems in 2007
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Hi44 P B RS R -
1 h e 0 1
2 h T 0.04 1
3 S| cu 0.1 5
4 P Itaipu BP2 0.14 8
5 ELpg Itaipu BP1 0.41 7
6 JIEDN Nelson River BP1 0.51 36
7 o i 0.55 7
8 JIEON Nelson River BP2 0.62 40
9 ENJE Talcher-Kolar 0.71 17
10 th HAE 1.34 7
11 HA Kii hannel 2.04 2
12 E1)i- Chandrapur 242 10

th R 2.69 1
13 N Rihand-Dadri 25.24 15
EIMBCT- B RE AN T H /% 2.08

e EAMEIR 2006 4 £ .
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Tab. 10 Sorting of forced energy unavailability of HVDC
power transmission systems in 2008
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th RE 0.12 1
3 (Aii] Itaipu BP2 0.14 8
4 EHE LIk 0.16 6
5 (i) Itaipu BP1 0.41 7
6 Jn%K Nelson River BP1 0.51 36
7 Jn% Kk Nelson River BP2 0.62 40
8 th HIE 0.68 1
9 [E1EES Talcher-Kolar 0.71 17
10 EHE 1) 1.55
11 HA Kii hannel 2.04 2
12 E1)i- Chandrapur 242 10
13 ElES Rihand-Dadri 2524 12
AEIBCERRE AT /% 2.07
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Tab. 11 Scheduled energy unavailability of the HVDC
power transmission systems of State Grid Corp. of China

during 2003—2008
SERE BEE% RBU% TT3% EHAE% RE/% AT /Y%

2003 1344  0.89 4.48
2004 16.98 6.22 1.4 6.01
2005 34.41 3.15 4.25 7.27 8.74
2006 522 3.22 3.77 4.97 3.84
2007  8.69 2.93 4.5 6.92 2.83 5.16
2008  2.06 5.15 2095 1338  2.12 11.52
2008* 1.76* 3.35* 0.99* 0.18* 1.56*

T A HERUK T S JE FIHOR -

11.52
12
g’éi 8.74
=8 6.01 5.16
;F}E 4 4.48 3.84 -
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FE
B3 2003—2008 FEREMN AR ERMERLE
FTHIHREERATAR
Fig.3 Annual mean of scheduled energy unavailability of
HVDC power transmission systems of State Grid Corp. of
China during 2003—2008
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Tab. 12 Sorting of scheduled energy unavailability of
HVDC power transmission systems in 2005

i s i WUEDE, iR
HE44 [ XK B RS MW Rl I %

1 £ Chandrapur 1 000 0.99
2 HA Kii hannel 1 400 1.14
3 s Rihand-Dadri 1650 1.29
4 Eis Talcher-Kolar 2 000 1.38
5 (i) Itaipu BP2 3150 232
6 &K Nelson River BP2 2000 2.79
7 %K Nelson River BP1 1855 2.83
8 By Itaipu BP1 3150 3.06
9 h YA 3000 3.15
10 e CU 1138 3.71
11 T VLI 3000 425
12 o iV 3000 426
13 rh N 1 800 5.26
h RE 360 7.27
14 i 21 1200 34.41
AESP R R g AN T IABUT3)/ % 427

R13 2006 FETREERFITRIEERTTHEARF
Tab. 13  Sorting of scheduled energy unavailability of
HVDC power transmission systems in 2006

i g WEER,  RifeR
He4 [E% Hiih R4 MW RATRIA%
1 1 Chandrapur 1 000 0.3
2 E1ES Rihand-Dadri 1650 0.63
3 Ef Talcher-Kolar 2000 0.93
4 F CU 1138 1.48
5 JiE K Nelson River BP2 2000 1.84
6 (i) Itaipu BP1 3150 3
7 L Itaipu BP2 3150 3.21
8 o Je 3000 3.22
9 o iV 3000 3.59
10 h A 3000 3.77
11 Jn%-K Nelson River BP1 1855 436
h RE 360 497
12 R W 1200 5.22
13 ] N 1 800 5.7
14 H A Kii hannel 1 400 7.09
SRR R B S o] R GIBCT 1)/ % 3.22
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Tab. 14 Sorting of scheduled energy unavailability of
HVDC power transmission systems in 2007

BEh® ke

HE% [¥ 5 Hinkia &g MW RATHI%/%
1 E1):53 Chandrapur 1 000 0.3
2 2103 Rihand-Dadri 1650 0.63
3 [E1ES Talcher-Kolar 2 000 0.93
4 B CU 1138 1.48
5 JIE N Nelson River BP2 2000 1.84
6 rp[E ST 3000 2.53

th RE 360 2.83
7 th TEH 3000 2.93
8 i} Itaipu BP1 3150 3
9 sl Itaipu BP2 3150 321
10 JIE N Nelson River BP1 1855 436
11 rpE YTk 3000 45
12 B alEs| R~ 1 800 6.08
13 th HAE 3000 6.92
14 HA Kii hannel 1 400 7.09
15 o L 1200 8.69
SRR R AN T BT 3)/ % 3.65
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Tab. 15 Sorting of scheduled energy unavailability of
HVDC power transmission systems in 2008

- o i b 22 e WoER, kIR
He44 EER Bk RS MW EN e
1 i Im | 3000 0.3
1 E g Chandrapur 1 000 0.3
3 R Rihand-Dadri 1650 0.63
4 EIEE Talcher-Kolar 2 000 0.93
5 th NN 1 800 1.28
6 B CU 1138 1.48
7 JIEDN Nelson River BP2 2000 1.84
8 th ] 1200 2.06
th RE 360 2.12
9 &l Itaipu BP1 3150 3
10 sl Itaipu BP2 3150 321
11 JiiEwN Nelson River BP1 1855 436
12 EalEs| Je 3000 5.15
13 HA Kii hannel 1400 7.09
14 h HAE 3000 13.38
15 i [E iV 3000 19.81
16 T VLI 3000 20.95
SEPIT R AN T R OINBCT34)/% 7.29

e ESMERREI A 2006 FEH
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Chandrapur. EJJ¥ Rihand-Dadri. [ Talcher-Kolar.
F[E CU RIJN%K Nelson River BP2, 2006 435
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HEER 4 250, Hoph 4 AN TAEEEAL T 10 B LS.
I, THRIRE R AN AT HI 2 5 piia 5 1s ICBUX 2 AN bR
—ERE FUR R R R B Y TAE, &R
SRBER T RGP 2, (HEE— e R s “ B
JIANRARGE T IEH
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Tab. 16 Energy Utilization of the HVDC power transmission
systems of State Grid Corp. of China during 2003—2008
ERE BE/Y% TeBU% L% HHY% R % A FEIECT %

2003 56.3 60.69 59.44
2004 602 7813 58.73 67.06
2005 58.61 7741  69.64 73.1 71.14
2006 6749  63.62 74.36 94.59 69.97
2007 7196 5874 68.16 37.09 93.97 57.97
2008 84.23 5294 5442 543 98.12 58.84

ME 16 15 REEIEL FE M6 &5 H
HRIL T, 2008 4F R F I AE T Ae s A H Ik 98.12%,
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W& Wi, EHRY R, Bk &. Hil
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HEHE ARG IR 103 RO B, s
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REGR N 30%. K 5 sk 2008 £F FUXUR P R A
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TSR A& SR HBmE T BT A 17%, 5
2008 AP AR AT GIS HBAH G

S B e
12%

N

Bk o i
30% A 1%
/“ém’ B R %

6% 30%
AT Ve
11%

El4 2003—2008 FER MR EMEREETRABIRE
Fig. 4 Cause analysis of the HVDC power transmission
systems monopolar blocking and bipolar blocking of State

Grid Corp. of China during 2003—2008
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Fig. 5 Cause analysis of the HVDC power transmission
systems monopolar blocking and bipolar blocking of State
Grid Corp. of China in 2008
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