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Abstract
The purpose of this paper is to establish a PV carrying capacity assessment method that takes into
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account the synergistic constraints of the main and distribution networks, and to realize the double
improvement of assessment accuracy and efficiency. By constructing an assessment model with main
and distribution synergistic constraints, with the maximum PV carrying capacity as the goal, the main
grid peak gap increment, the maximum fluctuation rate of the net load and the distribution network
voltage and line loss constraints are embedded synergistically; for the core pain point of the tradi-
tional global optimization in which the calculation of the massive time-sequence currents leads to
the long time-consuming calculation, this paper proposes an optimization algorithm combining ge-
netic algorithm (GA) and BP neural network, and constructs a high-precision nonlinear mapping
model of “photovoltaic installed capacity-multidimensional constraint index” through BP neural net-
work, and verifies it through model prediction and real current calculation, thus replacing a large
number of physical simulations. 33-node case validation shows that this hybrid optimization method
effectively solves the time-consuming and lengthy problem of the current calculation in the optimiza-
tion process, enabling efficient and accurate optimization of PV installed capacity under coordi-
nated transmission-distribution network constraints.
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Figure 1. Flow chart of GA + BP optimization algorithm
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Figure 3. Training performance analysis of BP neural network
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Table 1. Summary of optimal system indicators under fixed-node connection scenario
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Table 2. Optimal capacity allocation scheme for 20 fixed PV nodes
FZ222MEAETERARKREFTEREUIRSR

BB et HEIMW RiP=¢ R K EIMW =g HE/MW

2 0.2596 15 0.0238 25 0.5176
4 0.0589 16 0.0890 29 0.3005
5 0.5575 17 0.0039 30 0.5367
6 0.3599 18 0.1478 31 0.5843
7 0.1631 20 0.2565 32 0.3480
9 0.5946 22 0.2954 33 0.0442
14 0.3350 24 0.1655 / /

4.32. 1% B (BEREMLAR + £MTFK)

Y5t B R IEEE 33 %1 & R G0GAR A 1A 45 B4 B i ) 4 B

Substation

Optimization Result
Total PV: 5.9523 MW
Nodes Used: 32/33

IEEE 33-Bus System PV Hosting Capacity

26

27

28

29

30

31 32

33

PV Installed Capacity (MW)

Figure 4. Distribution of PV hosting capacity evaluation results of IEEE 33-bus system under

scenario B

4. 7% B R IEEE 33 R AZAMRAH NITHELER D HE

i GA + BP SLEREAT &ML IF SN T MA RS, RGBT R 2R A f#: s

DOI: 10.12677/s8.2026.163007

63

BRI


https://doi.org/10.12677/sg.2026.163007

3w, AL PV SENALE, R R EC R Py AR A L SRR L, BRI R LSO 1.0222 pu., IR
T IRAH.

Table 3. Summary of PV optimization results of IEEE 33-bus system under scenario B
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