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Modular Management of Photovoltaic
Power Generation Equipment

Overview
Coordinated operation and multi-layered optimization of hybridThe coordinated
operation of hybrid photovoltaic (PV) and Small Modular Reactor (SMR) microgr.

Key Takeaways
Modular management of PV systems enables scalable, efficient, and fault-tolerant
operation through module-level control, integrated power electronics, and smart
monitoring.Overview of Modular PV Management

Modular management in photovoltaic systems involves breaking down the PV array
and energy storage into smaller, autonomous units that can be independently
controlled and monitored. Each module typically includes a PV cell, a storage battery,
power switches, and a dedicated controller. This architecture allows flexible operation
modes, independent connection/disconnection, and optimized energy flow, improving
system efficiency and reliability while reducing the impact of shading or battery
imbalance on overall performance .

Module-Integrated Power Electronics

Module-integrated power electronics (MIPE) are key to modular PV management.
These include microinverters or DC/DC converters attached directly to individual
modules, enabling maximum power point tracking (MPPT) at the module level. MIPE
simplifies cabling, enhances energy yield, and allows reactive power support for grid
stabilization. Advances in MIPE technology have progressed from low-frequency
transformers to high-frequency and fully laminated in-module designs, which can
reduce system costs and improve compactness .
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Hierarchical System Topology

A modular PV system is often organized hierarchically:

• Module (Basic Unit): Autonomous PV cell and battery with independent control.

• Series String: Multiple modules connected in series to match voltage requirements.

• System Level: Parallel connection of series strings converging through DC/DC
converters to a common DC bus, which can supply DC loads or feed AC loads via
inverters . This topology eliminates shading and battery balancing issues, allows PV
cells to operate near their maximum power point without complex MPPT circuits, and
reduces reliance on traditional battery management systems (BMS), .
Smart Monitoring and Management

Modern modular PV systems integrate smart monitoring platforms that provide real-
time diagnostics, fault detection, and performance optimization. For example,
Huawei's Smart PV management system uses AI algorithms, I-V curve analysis, and
drone-assisted inspection to identify faulty modules with over 96% accuracy,
optimize tracker angles, and improve operation and maintenance efficiency by up to
80% . Open interfaces allow third-party systems to access operational data,
supporting scalable and interoperable PV plant management.

Advantages of Modular Management
• Scalability: Easy expansion by adding modules or strings.

• Fault Tolerance: Failure of a single module does not affect overall system operation.

• Efficiency: Module-level MPPT and smart tracking maximize energy yield.

• Reduced Costs: Simplified MPPT and BMS reduce hardware and maintenance costs.

• Grid Support: Module-integrated electronics can provide reactive power and
stabilize voltage .
Conclusion

Modular management of photovoltaic power generation equipment combines module-
level control, integrated power electronics, and intelligent monitoring to create
flexible, efficient, and reliable PV systems. This approach addresses traditional
challenges such as shading, battery imbalance, and complex maintenance, making it
particularly suitable for large-scale, building-integrated, and distributed PV
applications.
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introduction of the Internet of Things makes

Design and Engineering of Photovoltaic Power Generation System

Photovoltaic power generation systems have emerged as a viable alternative for
renewable energy production. This

Photovoltaic Modules

Photovoltaic modules, commonly known as solar panels, are a web that captures
solar power to transform it into sustainable energy.

Modular Multilevel Converters for Large-Scale Grid-Connected ...

The use of photovoltaic (PV) systems as the energy source of electrical distributed
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