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Fig.2 Network structure of extended black-start
restoration plans for Hebei Southern Grid
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Table 2 Conventional black-start plans
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Table 3 Value of input and output indexes for
different restoration plans

Sz i AR LT R 7N
R P./MW T./min G Nin
KD1 2.81 87.5 56 8240 1.78
KD2 1.48 65 56 5490 1.76
D1 1.32 30 49 3040 1.42
D2 1.33 17.5 48 1880 1.27
D3 1.3 15 51 500 0.69
D4 1.33 15 56 900 1.38
D5 2.06 15 55 1920 0.67

32 HEHER

Fie M8 A AOR B 4% 0 At CCR AL (4)
PLFR 3 s A R bR BCE 2 0 45 A R TEAL
O A VAR AL DL € KDL R ) B AR AL N
H (9 PR,
min[ 0 —&(si+s3+s3+sT+s3) |
1.482,+1.32A5+1.33 A,+1.3A5+1.33 A6 +

2.06A,+s7=2.810
650,430+ 17504+ 155+ 15A6+15)1,+5,=87.56
56 A,+49 A5+ 481+ 51 As+56 A6+55A5+55 =560
5490 A,+3040 A5+ 1880 A4+500A5+900 Ag+ 9)
1920A,—s7 =8240
1.76 A5+ 1.4215+1.27 A,+0.69 A5+ 1.38 A g+
0.67A,-s3=1.78
Ao, A3, Ai, As,Ag, A7 =0
§1,8%,83,57,s5=0
I 50 3 A SR i A5 21 5 48 KD AH X 2%
B 9=1.5, KA T A VAL T 2 R R R AT 2] 45 [ 4]
XPRHE WNER 4 s, #4507 AR CCR BLALCR T
FEE R UL 4 e 2 8 R SCHk [29 ] ek it B8
L2573 BT AL T AE & 43 51 B 0.000 1 1 0.000 04 Hf 7Y

R4 BREARHENLRITEER
Table 4 Relative efficiency evaluated by different
methods for different restoration plans
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Relative efficiency of extended black-start restoration plans based on
super efficiency data envelopment analysis model
WANG Dajiang',GU Xueping',JIA Jinghua®
(1. State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,
North China Electric Power University, Baoding 071003, China;
2. Hebei Electric Power Dispatching and Communication Center,Shijiazhuang 050021, China)
Abstract

is proposed to investigate the relative efficiency of extended black-start restoration plan. The basic theory of

An assessment method based on the SE-DEA(Super Efficiency Data Envelopment Analysis) model

DEA model is introduced and multiple assessment indexes are constructed according to the simultaneous
restart of multiple units in extended black-start to reflect the multiple factors of restoration process,such as
restoration time,unit restoration,network structure and so on,based on which,the SE-DEA model is adopted
to evaluate its relative efficiency. As an example,an actual extended black-start restoration plan is evaluated
by the proposed method and results demonstrate that it evaluates the relative efficiency of extended black-
start restoration plan objectively and effectively.

Key words: black-start; extended black-start; data envelopment analysis;

outages; efficiency; assessment;

assessment index



