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Fig.1 Planning idea of flexible distribution network

considering security boundary of rural network
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Fig.2 Structure of single-loop network
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Table 3 Hosting capacity results of DPV

) DPV #fEAZH / (MV-A) MR/
W32 W34 W43 k4T (MV-A)
1 4.182 2.493 1.730 0.677 9.082
2 4.182 4.080 3.828 0.586 12.675
3 4.402 3.124 3.913 0.761 12.218
4 4.894 4.080 4301 0.628 13.902
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Table 4 Sensitivity analysis of SOP

SOP %4451 DPV ifi A%¥5 / (MV-A) B/

FRR/ (kV-A) 5532 5434 W43 W47 (MV-A)
500 4296  4.080 4.417 0551 13.345
1000 4.894 4080 4301  0.628 13.902
1500 5366 4.082 4317  0.731 14.496
2000 6.088 4.080 4.191  0.737 15.097
2500 6.080 4.080 4.192  0.741 15.093
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Hosting capacity optimization of distributed photovoltaic in distribution network

considering security boundary and coordinate configuration of SOP
YAO Tianyu',LI Yong',QIAO Xuebo',HAN Yu'?,JIAO Shumei',CAO Yijia'
(1. College of Electrical and Information Engineering, Hunan University,Changsha 410082, China;
2. Jiangsu Xudian Construction Group Co.,Ltd., Xuzhou 210009, China)

Abstract: SOP(Soft Open Point) provides new ideas for the consumption of high penetration of photovoltaic
in distribution network, so the security boundary of rural network is incorporated into the planning model
of distribution network to optimize and research the hosting capacity of DPV (Distributed PhotoVoltaic).
The improved security boundary model considering the loss of the rural network is derived and analyzed,
and its linear expression is proposed. The SOP principle is explained and the mathematical model is built
for distribution network planning. Then, taking the maximum of DPV hosting capacity as the objective, the
active-reactive power coordinated optimal model of DPV and SOP considering the improved security boun-
dary and active management measures is proposed. Meanwhile,SOP and other parts in this model are linea-
rized by introducing linear approximation, so the original model is transformed into a mixed integer linear
programming model, and GAMS is used to solve the optimal problem. Finally, case studies are carried out
on a 51-bus rural network to illustrate the effectiveness and correctness of the proposed model and method,
and the impacts of security boundary,active management measures and SOP capacity on the maximum hos-
ting capacity of DPV are analyzed.
Key words: high penetration of photovoltaic; distributed power generation; rural network; security boundary;

linearization ; hosting capacity ;soft open point
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Table A1 Network parameters of 51 nodes

R AP

L1 LR E LRI A i A HITH/Q L HPT/Q VR /A o
FRIKV * A)

11 0 1 0.008434 0.492266 500 245+ j40
12 1 2 0.47242 0.444691 265 0

13 2 3 0.41814 0.393597 265 140+j47
14 3 4 0.368 0.3464 265 0

15 4 5 0.49588 0.466774 265 140+j66
16 5 6 0.3772 0.35506 265 70+j30
17 6 7 0.506 0.4763 265 35+j15
18 7 8 0.34592 0.325616 265 70+j10
19 8 9 0.3749 0.352895 265 70+j27
110 9 10 0.32844 0.309162 265 320+j105
111 10 11 0.32568 0.306564 265 0

112 11 12 0.45908 0.432134 265 175+j60
113 12 13 0.48576 0.457248 265 0

114 13 14 0.52072 0.490156 265 140+j62
115 2 15 0.33488 0.315224 265 140+j43
116 5 16 0.35696 0.336008 265 70+j20
117 16 17 0.24012 0.226026 265 70+j12
118 6 18 0.4186 0.39403 265 70+j10
119 9 19 0.4577 0.430835 265 245+j56
120 19 20 0.4163 0.391865 265 105+j48
121 19 21 0.39974 0.376277 265 105+j40
122 1 22 0.47242 0.444691 265 0

123 22 23 0.3588 0.33774 265 35+j14
124 23 24 0.45448 0.427804 265 35+j10
125 24 25 0.4784 0.45032 265 0
126 25 26 0.52486 0.494053 265 70+j21
127 26 27 0.43608 0.410484 265 0

128 27 28 0.3956 0.37238 265 354j10
129 28 29 0.33396 0.314358 265 70430
130 29 30 0.24518 0.230789 265 140+j50
131 30 31 0.38686 0.364153 265 140+j66
132 31 32 0.42688 0.401824 265 640+j245
133 23 33 0.5382 0.50661 265 140+j42
134 33 34 0.4692 0.44166 265 35+j14
135 2 35 0.48438 0.455949 265 210+j21
136 27 36 0.37214 0.350297 265 35+j6
137 36 37 0.51244 0.482362 265 70+j7
138 36 38 0.30452 0.286646 265 140+j62
139 28 39 0.35466 0.333843 265 280+j133
140 1 40 0.47242 0.444691 320 140+j55
141 40 41 0.21813 0.25118 320 0
142 41 42 0.13464 0.15504 320 210+j40
143 42 43 0.17028 0.19608 320 140+j30
144 43 44 0.35409 0.40774 320 280+j130
145 44 45 0.22341 0.25726 320 140+j67
146 45 46 0.28611 0.32946 320 480+j222
147 46 47 0.24618 0.28348 320 70+j15
148 46 48 0.34782 0.40052 320 210+j48
149 40 49 0.16203 0.18658 320 280+j115
150 42 50 0.16764 0.19304 320 640+j296
151 47 51 0.37983 0.43738 320 245+j40

RA2 BiR&ESH

Table A2 Parameters of each feeder

2Ltk BLAERE/ (kV « A) Bt 25 /KW I3 AT 2L PR A KW BIER/%
2% 2950 2105 1200 57.01
LR 11 2600 1900 0 0
2| 3900 2870 1500 52.26

Bt 9450 6875 2700 39.27
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Table A3 Different combinations of measures
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Table A4 SOP configuration results

SOP I RRI(KV - A)

SOP “ZHNE . &5

A IV - A) s FAEIKV - A)
500 100 400
1000 600 400
1500 2% 14-32 1000 2% 25-44 500
2000 1600 400
2500 1600 900




