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A Distribution Network Clustering Method Considering Source-load-storage Power

Coordination and Uncertainty
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ABSTRACT: To address the coordination and autonomy
challenges posed by large-scale distributed PV integration and
the limitations of existing clustering methods regarding energy
storage  supply-demand coordination and source-load
uncertainty, this paper proposes a clustering method that
considers the coordination of source-load-storage power. By
integrating an improved grey wolf algorithm with source-load

uncertainty analysis, the proposed method enhances the

applicability and stability of clustering under extreme scenarios.

First, a comprehensive performance index system combines
electrical distance-based modularity, cluster active and reactive
power balance, and energy storage supply-demand
coordination. Next, the grey wolf algorithm is enhanced
through Tent chaotic mapping and nonlinear control parameter
strategies to increase population diversity and global search
capability, thereby avoiding local optima. Finally, scenario
analysis is used to convert the source-load uncertainty model
into specific scenarios for optimizing the distribution network
clustering model. The improved IEEE 33-bus and 10kV actual
distribution network clustering case studies demonstrate that
the proposed clustering method exhibits significant adaptability
and effectiveness in distribution networks requiring autonomy

and coordination capabilities.

KEY WORDS: distribution network; cluster division;
comprehensive performance index; improved grey wolf

algorithm ; source-load uncertainty
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Table 4 Influence of different indices on cluster division

UES 7 91 P ?q Pe
1 0.75 0.73 0.78 0.64 0.57
2 0.81 0.69 1 0.75 0.57
3 0.85 0.71 1 0.72 0.65
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Table S Comparison of cluster division algorithm results
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3673/current.shtml).
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Table C1 Parameters of distributed energy storage
28 Bt
KA RS 0.9
B/ M RS 0.1
WIgaA RS 0.2
FERARER 0.95
W 1 fEBEA /AW h 1550
W5 2 fEBEA R /AW h 1410
5 3 fEEEA /AW h 1290
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Table C2 Cluster division results of different algorithms
Hk SRR S5
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B M [ bt bt ]
[1314 1516 17]: [192021]: [272829303132]
X [123418222324]; [567252627]: [89 10 11]:
K-means 5%
[1213 141516 17]; [192021]; [28293031 32]
118192021]; [234222324]; [562526272829];
B I [ et b ]
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Table C3 Parameters of cluster energy storage

£ NI i RER /AW h fili BE T kW y
1 4 30 10

R 39 25 10

B3 47 10 5

R4 13 10 5

EHES 54 150 50 0.76
) 18 80 25

EHET 29 50 15

EHES 27 20 5




