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Abstract: The introduction of Distributed Energy Storage (DES) in the smart distribution network can reduce load
peak-to-valley difference, improve power supply reliability, reduce network losses, and improve voltage quality. Under the
premise of satisfying the constraints of voltage and current, this paper establishes a multi-objective optimization model with
the least cost of upgrading and reconstruction of distribution lines, the least cost of network loss, and the least total
investment cost of DES. The 9-node standard single-radiation system is used to optimize the model configuration.
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Tab. 1 Load level and load duration
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Tab. 2 9-node standard single-radial distribution network

system parameters
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0 1 0.1234j0.413 1 840 460
1 2 0.014+0.605 980 340
2 3 0.746+j1.205 1790 446
3 4 0.698+j0.608 1598 1840
4 5 1.983+j1.728 1610 600
5 6 0.905+j0.798 780 110
6 7 2.055+j1.164 1150 60

7 8 4.795+j2.716 980 130
8 9 5.343+j3.026 1640 200
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Tab. 3 Simulation results of the 9-node standard single

radiation calculation example
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0 0 4 300 8 0
1 0 5 300 9 300
2 0 6 0 - -
3 300 7 150 - -
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Tab. 4 Comparison of line loss of 9-node standard

single-radiation system before and after DES was added

DES JiiNJ5  DES JIAHj

Pike
/KW
0-1 41.1 1297 302 929 114 302 158 447

1-2 12.8 1422 12.0 1084 104 327 10.8 51.3
2-3 1654 2363 1275 1753 525 539 734 87.8

3-4 1148 818 915 615 423 18.3 54.8 294
4-5 173.5 137.7 1353 1043 509 302 705 47.5
5-6 205.1  35.1 166.1  27.7  60.1 7.5 78.7 11.1
6-7 63.2 35.8 476 270 13.4 7.6 21.1 11.9
7-8 80.6 41.5 627 312 238 8.6 32.1 13.5

8-9 324 18.3 20.8 11.8 6.7 3.8 12.8 7.3
7N

it 888.9 8584 693.7 640.1 271.5 1928 370.0 304.5
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Tab. 5 Comparison of the power loss of the 9-node
standard single-radiation system before and after the
addition of DES
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Fig. 1 Distribution system power flow distribution during
peak load before DES is added
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Fig. 2 Distribution system power flow distribution during
normal load before DES is added
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Fig. 3 Distribution system power flow distribution during
valley load before DES is added
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Fig. 4 Distribution system power flow distribution during
peak load after DES is added
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Fig. 5 Distribution system power flow distribution during
valley load after DES is added
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