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Two-stage optimal configuration of DESS for an unbalanced distribution network
considering four-quadrant operation of converters
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(1. School of Electronic Engineering, Xi'an Shiyou University, Xi'an 710065, China;
2. Shaanxi Railway Institute, Weinan 714000, China)

Abstract: A distributed energy storage system (DESS) can efficiently perform voltage management of the distribution
network through four-quadrant power operation. The existing DESS optimal configuration research oriented to improve
the voltage profile lacks a comprehensive consideration of the power four-quadrant operation of DESSs and the
three-phase imbalance of the distribution network. Therefore, a two-stage optimal configuration method of power
four-quadrant DESS suitable for an unbalanced distribution network is proposed. In the placement stage, based on the
three-phase Newton-Raphson power flow algorithm, a full-dimensional voltage sensitivity analysis method is proposed to
explore the optimal location of DESSs from the perspective of improving system voltage quality. In the capacity
allocation stage, considering the economic benefits of system operation, the DESSs economic operation model is
established with the lowest average annual operation cost and the smallest voltage deviation of buses as the optimization
objectives. Then the particle swarm-grey wolf algorithm is used to solve it. Taking the improved IEEE 33-bus three-phase
distribution network as an example, simulation results verify the effectiveness of the proposed method.
This work is supported by the Science and Technology Basic Research Program of Shaanxi Province (No. 2021JM-404).
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Fig. 1 Schematic diagram of distribution network structure
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Hpss ma/KVA 500 % 19.4
Goa/ B 4 YIEE 20

x2 HEEMIE
Table 2 Time-varying price settings

ENpEY Cepr /(3R TL/KWh)
18:00—24:00 0.75
08:00—18: 00 0.5
00:00—08: 00 0.2
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Table 3 Optimization results in different scenarios

W1 ikt 2 Y%t 3 ikt 4

et — 18,33 17,18 18,30
Hpess/ MVA — 0.47,0.45 048,049 045,041
EpessMWh — 149,144 139,147 134,1.14
Coess/3ETT 0x10°  0.85x10°  0.87x10°  0.76x10°
Cope/3£ TG 18.91x10° 12.67x10° 13.62x10°  11.45x10°

RRA/FE T 18.91x10° 13.52x10°  14.49x10° 12.21x10°
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Fig. 3 Operation performance in different scenarios
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Table 4 Optimization results of different numbers of DESS

Eppss/  Hpgss/

I LB HE dkhk C/%ET
MWh  MVA

ViE S 0 — — — 18.91x10°

HER= 1 18 1.48 0.47 16.12x10°
18 1.34 0.45

HR= 2 12.21x10°
30 1.14 0.41
18 1.07 0.44

RN 3 30 0.83 0.39 12.23x10°
25 0.59 0.24
18 1.05 0.45

i 30 0.78 0.35 .

S 4 12.92x10
25 0.55 0.22
8 0.51 0.20
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Fig. 4 Cost distribution under different numbers of DESS

11.0
0.9
10.8

I pa
SOC

10.2
0.1

. : : : : : o
00:00 04:00 08:00 12:00 16:00 20:00  24:00
g

(a) 18715 RiDESS

SOC

[Us

1 IhIh#H /p.u.

4 - : - - - :
00:00 04:00 08:00 12:00 16:00 20:00 24:00

I 2
(b) 307 £ DESS
E5 #AHRNME DESS B1TIER
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Fig. 6 Apparent power track of two DESSs in a typical day
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Table 5 Operating indicators of the system before and

after DESSs configuration

W Y PHER RREAA
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