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Three-phase unbalanced optimization of a distribution network with a high proportion of
distributed photovoltaic energy based on a data-driven power flow model

GAO Xuehan'!, GAO Yuan', ZHAO Jian', LIU Jian?, LIU Xingye*
(1. College of Electric Engineering, Shanghai University of Electric Power, Shanghai 200090, China;
2. Hangzhou Power Supply Company, State Grid Zhejiang Electric Power Co., Ltd., Hangzhou 310016, China)

Abstract: With the increasing penetration of distributed photovoltaic energy, the inherent three-phase unbalanced
problem of a distribution network is becoming more serious. This brings adverse effects on power quality and economic
operation of the system. In addition, a high proportion of photovoltaic leads to a more complex physical structure and
operation mode of the distribution network, resulting in it being difficult to apply the current three-phase unbalanced
optimization method that relies on precise topology and line parameters. Therefore, this paper proposes a three-phase
unbalanced optimization method of a distribution network with a high proportion of photovoltaic based on a data-driven
power flow model. First, a dual-stage attention-based recurrent neural network is used to establish the data-driven power
flow model, and the functional relationship between the variables in the three-phase power flow constraint is fitted. At the
same time, a graph feature embedding method is proposed to embed the partially known topology information into the
model to improve the fitting accuracy. Secondly, the three-phase unbalanced optimization model is reconstructed based on
a trained data-driven power flow model. Finally, the conditional gradient descent method is used to analyze the model,
and a modified IEEE 33-node distribution network is taken as an example to verify the effectiveness of the proposed method.
This work is supported by the National Natural Science Foundation of China (No. 51907114).
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Fig. 3 Flow chart of three-phase unbalanced optimization of a distribution network with a high proportion distributed

photovoltaic based on a data-driven power flow model
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Table 1 PV absorption rate under different control strategies
%

i - HR
T gzl RTWBERTIE ATk
PVI1 80.12 87.38 86.53
PV2 75.39 84.65 82.42
PV3 68.89 75.23 75.78
PV4 70.26 77.49 76.32
PV5 71.65 78.82 77.51
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Fig. 8 Maximum node voltage offset under different

control strategies
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Table 2 Active and reactive power loss under different

control strategies
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Fig. 9 Three-phase unbalance after optimization
in different topology scales
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Table 3 Distributed PV absorption rate in different topology scales
%
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Fig. 10 Maximum node voltage offset after optimization

in different topology scales
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Table 4 Active and reactive power loss after optimization

in different topology scales

S HME B A R/ MW T DAL/ Mvar
AH 0.573 0.385
0% B # 0.513 0.396
CHH 0.479 0.277
AH 0.481 0.315
30% B #H 0.484 0.327
CHH 0.308 0.215
AH 0.456 0.296
50% B #H 0.419 0.274
CHH 0.286 0.206
AH 0.432 0.297
70% B #H 0.378 0.253
CHH 0.281 0.206
A 0.415 0.281
100% B #H 0.371 0.245
CHH 0.269 0.207
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PVl 86.53 86.88 87.21 87.35 87.38
PV2 82.42 82.67 83.06 84.54 84.65
PV3 75.78 76.23 76.59 76.65 76.68
Pv4 76.32 76.48 76.63 77.12 77.49
PV5 77.51 77.64 77.83 78.59 78.82
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Table 5 Indicators with different permeability

BER N RERBESE S RENE%  FIEMW
10 4.41 80.31 0.523
20 3.67 82.24 0.414
30 345 82.16 0.372
40 3.27 81.53 0.356
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Fig. 12 Three-phase unbalance before and after optimization

with different grid connection methods
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Fig. 13 Node voltages before and after optimization with

different grid connection methods
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Table 6 Indicators before and after optimization with

different grid connection methods

EEEN (22 HIh R

ENGE RPN

R H/% BHEMW  HNR%

S 1 AT 11.94 0.816 74.26
Ak 3.52 0.521 81.31
S 2 AL 9.37 0.732 79.45
Ak 2.74 0.425 83.24
S 3 AL 8.65 0.627 80.78
s 2.53 0.378 81.57
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