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SI = BECI x 60 (10)

SI AR AR B EEWMBEN, ARG RE
B, FREMMENEREREHYTERR
TR A RS R— 8, SCER( 13 ]R8 ST E
BIR/N B E R R BRI T 5 MR

0 & FIEZ AR RRE,SI<];

1 R S — N RENHIE B ELWMAT] R
REEBEANNIXFHEEHATE,] <SI<10;

2% AP ATERRMOART ERE, B
R FENRINTRIRGET AP ZBHENRE 0 %
B B2 B 10 - 100 45,10 < SI<100;

3G AP AREEREWHOATERS, AR
WHE TR THRET FA XL RE 0
BT BT 2R 5 100 451,100 < 81 <1000;

4 %3P IR E M AT RRE, &
FXANEHN TR RS RER A BI5GB K ERE
B ,S7>1000,

3 EAHER 2005 £FRMUAR

2530 ARG H7 B 2005 SR HLRI R R , o B
AT AEYE S5 B B RS

2005 4ERI G, AR NATE H ERFHAN K H
WP mEE, HhtEE FEHARMNE NN
%, 1 | £500 kV 3000 MW 5t B Jikii &
2 [8 500 kV 3SR, BiEE T EHAZE
R AT A%, B 1 [ +£500 kV 1800 MW X
T EIRREE 3 [F 500 kV 3Rk il , LB E 5
BB 2 ] 1 [ DA B A H 3k Bl R AR A5 Y SO0k V
AWK BRI . g R IO T i 2R Y D R A 1K O
$9000 MW £ 4, 76 R % 4 7000 MW 24,
77 E X 2005 FEMLRI TR EMBREME 1 FiR.

1 hERHEHEM 2005 £AYHREMER
Fig.1 Schematic diagram of China Southern

Power Grid in 2005

MG F7 L 2005 SRR REBE AT LA

B 75 v R 2005 EMLRIBHE S 975 KB .T14
BALEAY ) 148 &ML, it 1 837 4~ ouft X
TPLAN #93H R Z N, 7T DL B #1740 7. 2005
FERARMSFES =T 'R (ZKR - R) M
B, e RS R O I AT ST BN R RO
FE S LB R f, 1R B i 07 o PR A A
5 AKX,

4 TREERIFULSFER

4.1 BREWAHEHESER

FFR TPLAN, X3 785 J7 #2005 48 R R 75 R it
A7 BRI RAEEA , A R, X R RGO
ARG KA A RS E 3 ', AN
6]} 44. 23 min, 7T REBEART L 74 831 1,
WEIR SR P4 - 1.80 GHz HH8HL, Ak AL R
#1Fim,

£ 1 WHERM 2005 £ RGEA ML
Tab.1 System reliability indices of China Southern
Power Grid in 2005

G B AR/ MW 47 243
LOLP 0.003 2
LOLF ( occurrence/year) 1.869
LOLE (hour/year) 28.035
LOLD (hour/ occurrence) 15.01
EDNS (MW/year) 1479.22
ADNS (MW/year) 791.45
EENS (MWh /year) 22 185.92
BPII (MW/MW - a~') 0.031
BECI (MWh /MW - a~") 0.47
SI 28.18

MFE L ATLAE I FE 7 HLM 2005 AR08 75 R Y
SI{E 3 28. 18 RGeS, B xd R 9 45 et B2 o ) = L 4
B0 2 o TISCHRLT,8 1 Ay R 7 oL X B A 457 P
'R N | Ko PAERMENNERRN
RN

—RFERFN T ENAR, CR7,8] %
FISeRE BRI, i KB BTk B
PGSR, A SO R A T AT 8, oAl 5t
HERNEHBREE L &, -

TREH R ARG T RS R
FEZH], CHRI7,8 1 R A2 E M 1997 ~ 2001 1)
PRI SEVEGE T EOE , TAR SURT SR R JOiF AT SRt
B mTRE G HTREEE SO A
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2004 4 W T4 AT SEPERORTY R SemR [12] g
B HE |

M TPLAN {3t e ERE , 5HE AT ST
UL, TPLAN R TE R E RS E B R A
H—Emhe" BT BT EEE, Mk
WERGALIFENER MEES THKBERSE
HLRY, Xt A A B R B R R SE A R )
B, B MR, TEARIE R AT T
— R BT, LI R LI ER , R4
AR RN EE M,

AN, R REFERERT 2 #HF
BRE —EENEE F AR YT R KTE, B
B w2 I B R R, e X A

T R E RN R R E # AT IR KF, 2
REKEMME WEARERE, LATERAL
Bro B, ERFELERET YT, AAE B S
ST B MR, G0 R 0 X R B T A
R, AT LA SR 3R 5 SR SR X B AT SR R KR
A LENEE FRBSRENTREKFE.
4.2 RERHHRTRYEITMS

A R X B 7 H P BEAT A3 A, 4R AT
ARSI, 3% STHFSIN T 5 ME R ER AT &
PEAEAR, 03K 2 Bi7n. WS AR T R MB A M
BERER ATAT 10 AN AR sl 807 SRR, a03R 3 B

No

R OEAERK 2005 £&E T REER
Tab. 2 Area reliability indices of China Southern Power Grid in 2005

EDNS EENS BPII BECI

Hh Y fif/ MV 5
(MWh /year) (MWh /year) (MW/MW - a"") (MWh /MW - a"")
I 24 459 792.92 11 892.57 0.016 8 0.252 15. 10
I P 7152 219.98 3 299.37 0.004 7 0.070 4.19
M 8242 200. 54 3 007.83 0.004 2 0.064 3.82
i 4545 140. 36 2105.20 0.003 0 0.040 2.67
i 5 666 125.41 1 880.95 0.0027 0.045 2.39
it 47 243 7914.5 129 330.5 0.031 0.47 28.18
F3 @EAHERM 2005 £BL AT RMOATREER 4.3 ZFFEMER

Tab.3 Bus reliability indices of China Southern
Power Grid in 2005

0114 & EEH AE/ MW LoLp EENS
(MWh /year)

LIZHIJAO His 1 286 0.000 32 154.63
YUNLU2 IR 112 0.000 32 142.95
HETIAN2 4 335 0.000 26 114.93
TSQDAWAN — J7p§ 1 800 0.000 28 96.25
CIYUNSAN i 1100 0.000 24 95.40
TANGBU i) 99 0.000 27 93.45
GUINV B 398 0.000 29 93.13
LIAOBU I" % 251 0.000 25 91.10
YUANMOU ZE 68 0.000 27 88. 64
XIXIANG2 I % 324 0.000 28 88. 11

M2 W LAE H, R L ST R BAR AR &
BAREMEHIT IR, ) RE WA R, RE AR
P — 5, )T ARE AT RS, BRTRBA,
AGREARBANR BABRE LIKESMREEE S,
BRI 7R 2 o T A B 0 R 6 e 4 8 3 T P
SR TRE TR, EHil, 754 S A R
QIR b, RN R 77 i W A T SR K — 3,
AALBERTT AR R AR AN, o B R
ML S i R A B S R ROk R T
KF-

TPLAN BRi#AT _EiR A S 3FA5 Z 50, i B AT
STt TR RESRB P B R ER T ENETT
Ko BRATSIASCER[1S ] 5 pr 48 i i A P 45 L 1
4% BR % ( Composite Customer Damage Function ) #§.2;,
Xof 7 7 EE AT 2 B R 1A , A AT S5 SR AT LIVE R S
FRGERUN—NEESH,

3 DX FR) P P 45 B 40 O eR Rt 2R R DR R AL % 3
XA BRI RER, E RGBS EE,E
HHEBRITERMR(BE 6 1~5) , I 2 Fiik.

6

—

/

LK (3 W)

f;‘;
— N e Bl
—]

0 5 10 15 20
PR h

2 RREmAFERRKRNHE
Fig.2 Customer damage cost function curve for load curtailment
SCER( 12145 i TR E £ 4 1998 ~ 2001 4 4
AR ELGETE, AT LAFE %4 P B Ok BRI
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WIS EE, X7 e BT S B vEvEAY, BT &5
YRR 4 Fim.

&4 BEHBM2005 FLFHITHELER
Tab.4 Economics indices of China Southern Power Grid in 2005

44y EENS (MWh /year) {Zaifiz(si (x10* $)

K 11 892.57 1.161
i 1 880.95 0.343
i) 3299.37 0.298
P 2 105.20 0.172
M 3 007.83 0.141
Bit 129 330.5 2.114

MEZATLES, T REHEBBRAERK, X
HWAEF T HIER, AR H 285 7 R H
HWHE— N, 5 E—WhEae—¥.

4.4 RPEHIR

TERT AL VRH: , — BTSRRI 7 1

ToA B AT FEAE S Bk X R G0 AT SRR VEAG B0 4 RAE A

MR, B, AXBIR T RGEATREITMELER
MO AT RS R BE R, B R ERGETT
AR R, 15 3 T AR AR RIS :

T§00 1: R GEFT A O 9 B8 AR [ B /b
10% ;1500 2 : R GE B A 044 B R 8 4K = (6] B ol /)
5% ;1800 3: R G0 BT A1 JC 4 84 i 9 ABE 3% ] e Ok /s
1% ;600 4. R GEBT A TT 4 ) 0 R 45 36 [/ B 43 K
1% ;1860 5 7 G 57 A T4 B B0 B 45 3 [R) e 48 K
5% ;FEUL 6: RGLPT A T AF B 41 R [l B 3 K
10% ,

RSILET 6 MARIELE P AR RIS LN
o EER, KR | BB G RAE R ERE, I
& LS AR R4 R 5 AT X L, OB R
WS B (5 W E BRI S R0 2
BHRH R, ESRREREKR, AT MRRES
RH) o

# & FEI W 2005 SFRIRE A RQUES THER

Tab. 5 Reliability assessment of China Southem Power Grid based on sensitivity analysis

LOWVF - BLC EFNS . LR
LOLP X | 51 s
(/A1) MW/SE) (MW h /2E) (X107 8)
Aol 0.00120 1.8490 147922 22185.92 28.18 2114
. 0.00255 L5139 19822 17971.36 22.82 1913
(-19.06%) . { 18.99%) (-19.00%) G19.00%) | (19.02%) (-18.97%)
R 0.00288 1.6821 1335.76 20012.23 25.41 t.507
bt (-9.0296) (-10.00%) {-9.70%) (-9.80%) (-.83%) (-9.79%)
W3 Q.00314 18329 1449.64 21742.20 27.62 2.072
(-1.00%) (-1.93%) 1.99%) -1.99%) (-1.99%) 197%)
W« 0.00327 1.9073 1509.25 22631 08 2870 2.157
= (+2.08%) (+2.05%) (+2.03%) | (+2.02%) | (+2.06%) - (+2.03%) _ |
0.00353 2.0606 1631.62 24471 56 31.08 2.332
RS (+10.31%) (1 10.25%) {1 10.309%) +10 30%) (+10.32%) (+10.31%)
. 0.00388 T 2.2618 1792.83 26845.17 34.00 2,558
w6 (121.25%) (+21.00%) T (r21.20%) *21.01%) (+21.00%) (+21.00%)

WM& S ERALUES, TR EESH SN
ROAT RIS RERRKE W : 4 RRHE T
14 By 3 RRAGE 2R [] f 39 K (BRBU/N) 1% B, T S 4 F
Aii s SR AR 7 b 3% K (BN 2% 5 S BT A TL i Y
PR RE R R A4k 5% B, 2R G0 VA 45 SR o6 X g 28
1€ 10% ; T 24 5T A ToiF g9 T S J Rl B 284k 10%
i, R G R RACIE B R A E] 20% . X Bk
REEHA], Lo TR, A T RIERR A $
IS R AR, RS ERAR G TF AT
HSHERETIE,

5 &it

2% SCH R HURE K 4 R R 8 AT S A PRAG KA
TPLAN, X o B R 77 i 9 2005 £F L3 77 AT T AT

H#tf7 7B, t R SR BV T MERR
WA FEER AN 2 FKo BIHBAZEXREBENSF
AR TTREYESRAR, 7 LAAR ) AR o P B T Sk
FRAR, BB 7B M SHIRY , B HExR
BUBTERF R E M4, SIARP SRk
PRBRE S, X B 7 e EAT T 2 PP MG TR
2P REHWEFEER. WHRIERRT RZE
ARG RN Ol A S RO R BUE R,
PR REW , Jo4 0T S Bk X R 58 ol SE 4 0F
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2004 EFXEE N REMBATHREH TS,
Lit5 %,

FA BENATHESS(UREIAHE)

Tab. A Reliability data of generator unit ( thermal unit)

Pl /MW HEBE iz afEh
<100 0.091 66. 58
100 0.084 85.93
200 0.057 44.67
210 ~250 0.003 8.76
300 0.085 82.49
350 ~ 360 0.088 40.29
500 0.090 40 08
600 0.089 96.36
660 G.057 5068
700 0.078 4.6l
800 ~ 1000 0.162 5 30.66

®B BRLBATRMSHY

Tab. B Reliability data of transmission line

R IEFR B sy e ()
(kV) K/ BRE - 4F) (N 479)
110 0.2273 4.542
220 0.193 6 2.708
330 0.094 8 1.648
500 0.128 8 3.534

(1]

(2]

(3]

RC TEHRTHESH
Tab. C  Reliability data of transformer

AR %S (s RS R ]
(kV) (/5 (UDB)
110 0.0l ~0.02 450
220 0.02~0.04 700
330 0.04 ~0.06 2200
500 0.06 ~0.08 2 600
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Relability and econam ic evaluation of China Southern Power Grid basd on TPLAN

WANG Chao, XU Zheng, GAO Huimin
(Deparment of Electrical Engineering, Zhejiang U niversity, Hangzhou 310027, China)

Abstract: China Southem Power Grid is now the only long-distance and huge capacity pover systan with AC and DC transnission
lines in parallel in China Its reliability and econamic evaluation isof great engineering value Thispaper discusses the particularity of
hybrid AC/DC power systam and introduces the reliability evaluation ©ftvare package TRLAN regectively By calculating the systan
reliability indices, thispgper gets an overviewn of the reliability of China Southem Power Grid, and drawvs the conclusion that its severity
grade is Grade 2 By calculating the area and load bus reliability indices, the conclusion isdravn that Guangdong Province is the most
unsubstantial part of China Southern Power Grid  In order to improve the reliability of China Southem Power Grid, it should pay gecial
attention o mprove the reliability of Guangdong province first The conclusion is confimed by the econamic evaluation of China South-
em Power Grid based on the concept of CCDFE  Once the algorittm is selected, the statistic datawill affect the results greatly The sen-
sitivity of evaluation results o statistic data is studied Al these conclusions are very valuable for later operation and planning of powver
gystam in China
Thisproject is supported by National Natural Science Foundation of China (Na 50277034).

Key words China Southem Power Grid;  camposite generation and transnission systan; AC/DC gystan;  reliability;  econam-
ic evaluation;  ensitivity analysis  analytical method;, THALAN
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Analysisand nspiration on blackout of M oscow

LU Shun', GAO L i-qun’ ,WANG Ké',L U Jid , Zhenyu Far’, QJO Chun-yif
(1 School of Infomation Science and Engineering, Northeast U niversity, Shenyang 110004China;
2 KEMA T&D Conaulting Raleigh, NC, USA 27607,
3 Liaoning Electric Power D ipatching and Cammunication B ureau, Shenyang 110006, China)

Abstract:  The problens existed in the digatcher’s treament of arranging the mode of operation and Iimit the load etc, the processof
taking place, development of Moscow blackout are described This paper pointsout that power transnission at the margin, stable control
equipment mperfection, digatcher training unenough, transnission netvork construction lag, etc are the deep level reaonsof the black-
out For leaming the lesons fran the blackout, engineersmust do well for the power grid hardvare construct such as enhancing three-
defense line, enhancing reactive pover source construction and regulation, enhancing transnission netvork construction etc, and ftvare
construction such as persevere unified land control and graded management, enhancing monitoring of equipment operation, enhancing
digatcher training, etc

Key words  blackout power system digatching — security and stability



