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Abstract

The distribution line of low-voltage rural power grid is long and the branch structure is complex.
The voltage of the low-voltage side of partial distribution transformer is often too low in the peak
load period, and the voltage quality problem is prominent. To solve the above problems, this pa-
per proposes a voltage quality improvement method based on photovoltaic and energy storage.
This method takes the maximum economic revenue of the whole construction period as the goal,
considers the constraints of energy storage operation, node voltage constraints and other relevant
constraints, and uses ant colony algorithm to solve the optimal configuration of distributed pho-
tovoltaic (DPV)-energy storage system, establishes the optimization model of rural grid photovol-
taic (PV)-energy storage low-voltage governance. Finally, the optimization model is verified by
IEEE-33 nodes. The results show that the photovoltaic (PV)-energy storage system can increase
the economic benefits of the whole distribution network system on the basis of improving the vol-
tage quality at the end of rural power grid, and has more economic advantages compared with the
non-PV energy storage system.
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Figure 1. The household distribution diagram of
a typical rural natural village
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Figure 2. Schematic diagram of photovoltaic energy storage system
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Figure 3. Operation flow chart
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Figure 4. Power distribution system of IEEE33 nodes
[ 4. IEEE33 TS SFELEE R %
Table 1. Branch parameters of the distribution network of IEEE33 nodes
= 1 IEEE33 TR MBS H
A =y T UKW S ij FHAT/Q
1 2 9+j4 0.4930+j0.2511
2 3 12+j8 0.3660+j0.1864
3 4 6+j3 0.3811+j0.1941
4 5 6+j2 0.8190+j0.7070
5 6 20+j10 0.1872+j0.6188
6 7 20+j10 0.7114+j0.2351
7 8 6+j2 1.0300+j0.7400
8 9 6+j2 1.0440+j0.7400
9 10 4.5+j3 0.1966+j0.0650
10 11 6+j3.5 0.3744+j0.1238
11 12 6+j3.5 1.4680+j1.1550
12 13 12+j8 0.5416+j0.7129
13 14 6+jl 0.5910+j0.5260
14 15 6+j2 0.7463+j0.5450
15 16 6+j2 1.2890+j1.7210
16 17 9+j4 0.3720+j0.5740
1 18 9+j4 0.1640+j0.1565
18 19 9+j4 1.5042+j1.3554
19 20 9+j4 0.4095+j0.4784
20 21 9+j4 0.7089+j0.9373
2 22 9+j5 0.4512+j0.3083
22 23 42+j20 0.8980+j0.7091
23 24 42+j20 0.8960+j0.7011
5 25 6+j2.5 0.2030+j0.1034
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Continued
25 26 6+j2.5 0.2842+j0.1447
26 27 6+j2 1.0590+j0.9337
27 28 12+j7 0.8042+j0.7006
28 29 20+j60 0.5075+j0.2585
29 30 15+j7 0.9744+j0.9630
30 31 21+j7 0.3105+j0.3619
31 32 6+j4 0.3410+j0.5362
32 33 10+j6 0.0922+j0.047
Table 2. Parameters of PVV-energy storage system
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Figure 5. PV sunrise force curve
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Figure 7. Average voltage deviation
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Table 4. Energy storage configuration results
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