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Table 1 Actual power values of photovoltaics
and energy storage
TR 4 H/MW  JCIh/Mvar
4 Jetk 1.5 0
8 JeiR 2.0 0
13 Jetk 0.8 0
15 fitiig 0.6 0.1
18 Jetk 0.9 0
20 N 0.8 0
21 DIRIN 0.5 0
25 Jetk 1.0 0
26 fitifig 0.6 0.3
32 Jetk 0.9 0

2.1 RARBANGCEIHEN S HMIRREE O
DL 4 e B 5 5 10 T4, e A
S EER S AT TE B o [0.9,1.17 pou., MRS X 38
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*2 ZIP atqREHE
Table 2 The specific data of ZIP load
W oo o,
1 0.6 0.1 01 08 01 01 08
0.9 0.4 08 01 01 08 01 0.1
0.6 0.3 0 0 1 0 0 1
0.6 02 01 01 08 01 01 08

by Cq a, b, ¢,

0.6 0.3 01 01 08 01 01 08

O N N W W

0.6 0.2 0 0 1 0 0 1
11 0.45 0.3 08 01 01 08 01 0.1
12 0.6 0.35 0 0 1 0 0 1
14 1.2 0.8 01 01 08 01 01 08
16 0.6 0.2 1 0 0 1 0 0
17 0.6 0.2 08 01 01 08 01 0.1
19 0.9 0.4 0 0 1 0 0 1
22 0.9 0.4 01 01 08 01 01 08
23 0.9 0.5 0 0 1 0 0 1
24 32 2 01 0.8 01 01 08 0.1
27 0.6 0.25 1 0 0 1 0 0
28 0.6 0.2 08 01 01 08 01 0.1
30 2 0.6 01 0.8 01 01 08 0.1
31 1.5 0.7 0 0 1 0 0 1
33 0.6 0.4 01 01 08 01 01 08

HREIRC TS R CIY R 20 F9 6005, 980 9, T AR 16,
TR 19, 1A 24, 1R 27), A3 AEA 1 MW OGAR
WA, 8 o BTG AR H A [) IE F, X437 B 60 58 AL G
IR PR F Y520 o 7 FOGIREE A AR A
JEIR 5T MR SRR S 505 O AR BR 45 4 S
R3PUR.
F 3 HABAREMERIRNSPEMET
SEREFNRREE
Table 3 Reduced-order model parameters and grid-

connected critical capacity of infeed point for
photovoltaic access at different locations

RS EJpu.  Rgpu.  Xpu  SMW

2 09534 01091 02094  2.036
5 09555 0.1087 02094  2.117
9 09617 01063 02098  2.360
16 0.9634 0.1078 02146  2.374
19 0.9534 01091 02094  2.037
24 0.9543  0.1090 02097  2.066
27 09569  0.1087 02110  2.158
KA 09533 01107 02096  2.023
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Table 4 Reduced-order model parameters and
grid-connected critical capacity for different
scenarios at node 10 and node 29

BAGREUH  Egpu Rgpu
WA 10254, 35
208 AJEAR
10752k, 7S
20k ARfR 0933 01107
2975 8K, A

1032 Ak

TR2=H, W 09475 0.0939 0.1887  2.030
0kEARR " - ~ '

X /pu.  SIMW

09570 0.1082  0.2093 2.179

02096  2.023

09512 0.0914 0.1888  2.197
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Fig.6 Error values between the simplified model
and the grid characteristic function
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Fig.7 Simulation results of infeed point voltage
under different scenarios
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Interaction effect analysis of distributed photovoltaic access to
distributed network based on single-port reduced model

WEN Xiankui, ZHOU Ke, ZHANG Junwei, HE Mingjun, CAI Yongxiang
(Electric Power Research Institute of Guizhou Power Grid Co., Ltd., Guiyang 550002, China)

Abstract: A high penetration photovoltaic distribution network contain numerous voltage-sensitive power electronic devices,
which effect with each other, increasing the computational complexity of the node grid-connected critical capacity. Therefore,
an analytical method for calculating the grid-integration capacity of distributed photovoltaic devices at feeder injection points is
proposed, using a single-port reduced-order model, while analyzing the interactions effect between connected devices and the
injection point. Firstly, based on the current injection balance equation of the distribution network, the grid characteristic
function is defined to characterize the nonlinear relationship between the current and voltage at the infeed point. A single-port
reduced model is used to simplify the grid characteristic function to reduce the computational complexity. Then, the equivalent
parameters of the model are calculated by selecting some specific cross-sections of the grid characteristic function. The grid-
connected critical capacity expression at the infeed point and quantify the interaction effect is analytically derived. Finally, a
case study on the IEEE 33-node distribution network shows that the grid-connected critical capacity is improved to a greater
extent when the photovoltaic equipment is connected to the adjacent location of the infeed point. Among the different
distribution network topologies, radial distribution network has the strongest effect of access equipment with the infeed point,
followed by the ring distribution network and the smallest in the two-terminal power distribution network.

Keywords: distributed photovoltaic; high penetration photovoltaic distribution network; grid-connected critical capacity;

interaction effect; single-port reduced-order model; grid characteristic function
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