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Table 2 Calculation results of comprehensive weight
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Fig.1 Vulnerability evaluation results and

load loss rate
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Node vulnerability evaluation of distribution network considering randomness
characteristic of distributed generation output
WANG Zixin"*,MIAO Shihong'?,GUO Shuyu'*,HAN Ji"?, YIN Haoran'?,MAO Wandeng’
(1. State Key Laboratory of Advanced Electromagnetic Engineering and Technology (AEET),
School of Electrical and Electronic Engineering, Huazhong University of Science and Technology, Wuhan 430074, China;
2. Hubei Electric Power Security and High Efficiency Key Laboratory, Wuhan 430074, China;

3. Electric Power Research Institute of State Grid Henan Electric Power Company,Zhengzhou 450052, China)
Abstract: Along with the access of distributed generation and continuous expansion of distribution network
scale, the safety and reliability of distribution network face challenges, and the problem of vulnerable link
identification for distribution network needs to be solved urgently. Considering the influence of the random-
ness of distributed generation output on the vulnerability of distribution network nodes, a random output
model of wind power and photovoltaic based on Latin hypercube sampling is established. The node vulnera-
bility evaluation indexes of improved node degree, improved betweenness, etc, are proposed based on the
complex network theory and radial topological condition of distribution network. The sampling results of
random output model of distributed generation are used to obtain the distribution characteristic of node
vulnerability index. A fuzzy comprehensive evaluation method based on sample correction weights is pro-
posed to analyze the node vulnerability of distribution network considering the randomness of distributed
generation. The feasibility and effectiveness of the proposed method are verified by the case results of an
improved IEEE 123-bus system.

Key words:distributed power generation;randomness;Latin hypercube sampling;complex network theory;vulne-

rability evaluation
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Robust planning of energy storage in distribution network considering
source-network-load flexible resources
ZHU Xiaorong, LU Guowei, XIE Wanying
(State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,
North China Electric Power University, Baoding 071003, China)

Abstract: The increase of permeability of distributed generations such as wind power and photovoltaic power
in distribution network causes the drastic fluctuation of net load,which leads to the sharp increase of distri-
bution network’s flexibility demand. Therefore,an optimal configuration method of energy storage in distribu-
tion network considering source-network-load flexible resources is proposed. Firstly, based on the flexibility
theory, the characteristics of flexible resources in the distribution network are analyzed, and the flexibility
supply-demand balance index to measure the distribution network’s overall flexibility and the flexibility res-
ponse ability index of branch to measure the network’s flexibility are established. Then, K-means method
and robust optimization theory are used to establish uncertain operation scenario sets from multiple time
scales. Finally,an economical and flexible multi-objective optimization model is established with the minimum
annual comprehensive cost of distribution network and the maximum daily average flexibility as its optimiza-
tion objectives,which is solved by the multi-objective composite differential evolution algorithm with embedded
power flow calculation. Based on TEEE 33-bus distribution network system,a numerical example is designed
and simulated, and the results verify the rationality and effectiveness of the proposed model considering
source-network-load flexible resources in solving the energy storage configuration scheme.

Key words: distribution network; optimal configuration of energy system;flexible resources;differential evolu-

tion algorithm ; robustness
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Fig.Al Topological diagram of improved IEEE 123-bus system
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Table Al Switch operating states of IEEE123-bus system
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Fig.A2 Sampling of DG output
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Table A2 Vulnerability evaluation results

RA2 EHEITMEER

Eretidis Bretizig /i o 2 e R I BretiatEeSuyie ZRe v
HE T G2 T ks T4 ECEI2 T EEL2 T ialel
1 13 1.00 8 1.00 13 1.00 1 1.00 13 84.98
2 18 0.96 13 0.98 67 0.98 8 0.98 8 82.43
3 67 0.95 1 0.81 60 0.91 13 0.94 1 80.17
4 60 0.89 7 0.78 57 0.84 7 0.90 150 77.45
5 8 0.88 149 0.65 54 0.84 149 0.82 7 76.50
6 150 0.76 150 0.65 52 0.79 150 0.82 60 74.45
7 1 0.71 152 0.64 53 0.79 152 0.63 149 73.87
8 72 0.64 52 0.64 152 0.79 52 0.63 67 7352
9 57 0.63 53 0.61 18 0.79 53 0.62 54 73.44
10 97 0.62 54 0.61 160 0.77 54 0.61 57 7321
11 21 0.60 57 0.59 72 0.56 57 0.59 152 7253
12 54 0.59 60 0.59 76 0.53 60 0.57 52 72.02
13 76 0.57 67 0.58 97 0.50 67 0.52 53 71.86
14 35 0.56 160 0.54 35 0.48 160 0.50 160 69.67
15 23 0.54 18 0.36 101 0.44 18 0.33 18 69.10
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