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Table 1 Relationship between reliability and entropy of
decision-making
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Table 2 Reliability analysis results of decision-making
by five experts
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Table 3 Reliability analysis results of decision-making
by five experts (after reappraisement)
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Reliability Analysis on the Group Decision-making Results of Black-start Strategies in Smart Grids

LIN Zhenzhi', WEN Fushuan', XUE Yusheng®, ZHOU Hao'
(1. Zhejiang University, Hangzhou 310027, China;
2. State Gird Electric Power Research Institute, Nanjing 210003, China)

Abstract: High reliable decision-making results for black-start are required in smart grid. Based on the idea of entropy, a new
method for the reliability analysis on the black-start decision-making results is proposed, and an index for quantifying the
reliability level of black-start decision-making and measuring the decision-making level of the experts concerned is presented.
The decision-making reliability level of each decision-maker such as dispatchers and/or other power system experts could be
obtained by calculating the decision-making entropy, and then an integrated decision-making reliability level is attained. Based
on the results of the reliability analysis, the decision-makers could reappraise their black-start strategies. As a result, the
integrated reliability level could then be improved and the black-start decision-making results optimized. Furthermore, the
reliability analysis could extend the theoretical framework of the black-start decision support system in smart grids, and its
results would be helpful for dispatchers to understand the reliability of the obtained black-started restoration strategy and to
ultimately make the optimal decision-making of the black-start strategy with the accepted reliability level. Numerical examples
are served for demonstrating the developed method.

This work is supported by the Key Project of the National Science & Technology Pillar Program (No. 2008BAA13B10)
and Post-doctoral Science Foundation of China (No. 20090461352).

Key words: smart grid; black-start; multi-attribute group decision-making; reliability analysis; decision-making entropy
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Fig.A1 The flowchart of group decision-making procedure and reliability analysis of black-start strategies
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Table B1 Index values used to evaluate the black-start strategies (after standardization)

i & fabs ¢ fahs o E{=g I FEhr Fabs cs
a 1.000 0.333 0.960 0.200 0.200
a 0.667 0.778 0.533 0.300 0.250
as 0.417 0.556 1.000 0.500 0.333
as 0.417 0.333 0.500 0.500 0.333
as 0.167 0.778 0.267 1.000 1.000
as 0.667 1.000 0.912 0.300 0.250

RB2 4N ERSHRRHRKRMATRESTER
Table B2 The reliability results of decision-making by four experts
R PR B RFKF ) = H; (nat) VY TR
e (0.9520, 0.4892, 0.4997, 0.4955, 0.9053, 0.4850) 1.5322 60%
e (0.3304, 0.3281, 0.3296, 0.9797, 0.2459, 0.4898) 4.7551 <50%
e (0.9928, 0.9774, 0.3292, 0.9966, 0.3302, 0.9989) 2.2372 <50%
ey (0.9973, 0.9928, 0.9901, 0.9972, 0.9995, 0.9977) 0.0253 99%
EHELN 2.1375 <50%




