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Abstract

Under the background of carbon peaking and carbon neutrality, distributed
photovoltaic systems are being integrated at a fast pace. However, the stochastic
nature of PV generation and the uncertainty of load demand often lead to power
imbalance, voltage fluctuations, frequent switching operations, and reduced system
efficiency. To address these challenges, this paper proposes and implements an
integrated photovoltaic-energy storage control system based on Siemens S7-1511
PLC. The proposed scheme is built upon three core principles: power balance, safety
constraints, and interlock protection. A complete architecture is established, including
main circuit design, PLC I/O mapping, analog signal acquisition and scaling, power
coordination strategy, grid/island interlocking, fault diagnosis, and HMI-based
visualization. The software is developed in TIA Portal with modular programming.
The main program handles state management, start-stop logic, charging/discharging
mode decision, and alarm control, while functional blocks process analog engineering
conversion and output setpoint mapping. Simulation under typical operating
conditions demonstrates that the system can maintain stable charging/discharging
transitions during PV and load fluctuations, while ensuring operational safety through
SOC boundaries, DC bus protection, and fault latching logic. The proposed design
provides practical value for industrial and commercial PV-storage applications,
educational platforms, and fast engineering deployment.

Key Words: PLC; photovoltaic-energy storage integration; grid/island control;

power coordination; SOC constraint; HMI
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5.1 Bt R T
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FETEAECRAE . bR St DB Tl #5380t . ZE5TENT . Tk
P, EEESEESY .
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e BiER 2thE B M M TE HMI T REE Wi R
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UAWeb OPC I
API TR UA/
eb
Pl
qE
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PT Time T#0ms False True True True False
ET Time T#0ms False True False True False
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