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Robust optimization model and algorithm for power grid partitioning considering
the impact of system recovery process
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Abstract: Rational and systematic grid partitioning can significantly accelerate system recovery and improve restoration
success rates. This paper investigates a robust optimization model and algorithm for power grid partitioning that accounts
for the impact of the recovery process in new power systems. First, a robust optimization model for grid partitioning is
constructed, with the objective of minimizing a weighted sum of outage losses during recovery, tie-line power flows
between partitions, and differences in partition restoration times, while incorporating comprehensive operational
constraints. The model also considers frequency and voltage regulation constraints, and uncertainties in renewable energy
output within grid partitions, making it more consistent with engineering practice and yielding more practical partitioning
schemes. Since the objective function includes node load restoration time variables in the recovery process, which makes
direct solution difficult, an effective decomposition-based solution strategy is proposed. Specifically, the model is
reformulated as a two-level optimization framework: the upper-level model is a robust partitioning optimization problem
with given node load restoration times, solved using the constraint generation method (CG); the lower-level model is an
approximate recovery optimization model for a given partition scheme, solved using the column and constraint generation
method (C&CG). This solution algorithm effectively addresses the two interdependent subproblems of partitioning
optimization and system recovery. Case studies and practical system tests verify the effectiveness and superiority of the
proposed model and algorithm.
This work is supported by the National Natural Science Foundation of China (No. 51177107).
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Table 1 Number of iterations and solving time of the CG,

C&CG, and double-layer optimization algorithm

Jiik AREL SR AR 1)/
CG 5i: 3 24
C&CG 52 3 37
WA SE 2 68
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Table 2 Comparison of evaluation indicators of partition schemes
for IEEE39-bus system calculated by different methods
MEE RS sHEE

e b g gm0
AT 0.7262 0.6151 0.1977 0.5761
CHR[261757%  0.8007 0.6639 0.4026 0.6664
CRR[27157%  0.8021 0.6817 0.4259 0.6787
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Table 3 Comparison of load recovery quantities of IEEE39-bus

system in case of the worst scenario based on different

partition schemes

H PR MW

M AILTTE SCHR[26]75 SCRR[27]75 9%

1 114 22 30

2 192 61 58

3 350 127 120
4 570 207 189
5 810 350 314
6 1079 662 620
7 1359 976 980
8 1510 1290 1242
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Table 4 Comparison of power failure loss in IEEE39-bus

system recovery scheme in case of the worst scenarios
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Table 5 Comparison of evaluation indicators of different

partition schemes of IEEE118-bus system

WAl ERTE &A%

s R
KLk 0.6698 0.5824 0.1596 0.5328
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Fig. 5 Partition comparison of a practical power system
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Table 6 Evaluation indicators of partition schemes of

a practical power system
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Table B1 Regular generator parameters in [IEEE39-bus system

o 7, /MW P /MW 7./MW
1 83 50 250
2 226 136 678
3 550 330 650
4 544 326 632
5 169 102 508
6 217 130 650
7 187 112 560
8 180 108 540
9 277 166 830
10 66 40 200

# B2 IEEE39 TR ARG AT HIE
Table B2 Load data in IEEE39-bus system

g AP | A g
Yot Y

1 3 322 11 23 248
2 4 500 12 24 309
3 7 234 13 25 224
4 8 522 14 26 139
5 13 9 15 27 281
6 15 320 16 28 206
7 16 329 17 29 284
8 18 158 18 30 98
9 20 680 19 31 9
10 21 274 20 39 1104
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