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Abstract  This study presents the design and development of a Building Integrated Photovoltaic (BIPV)-powered wireless drone charging system integrated with Phase Change Material (PCM) to enhance thermal stability and charging efficiency. A 15 W solar panel serves as the renewable energy source, supplying power to a Wireless Power Transfer (WPT) transmitter–receiver module for contactless charging of drone batteries and portable devices. During wireless charging, heat generated in the transmitter coil can reduce efficiency and reliability; therefore, PCM is incorporated to absorb excess heat and maintain a stable operating temperature. A microcontroller-based control unit monitors temperature, voltage, and charging status using sensors and regulates operation through a relay mechanism for safe and optimized charging. Real-time system parameters are displayed using an LCD and voltage display module. Experimental evaluation demonstrates improved thermal control and stable charging performance. The proposed system provides a compact, energy-efficient solution suitable for smart buildings and autonomous drone docking applications.
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1. Introduction
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The increasing use of unmanned aerial vehicles (UAVs) in logistics, monitoring, and smart infrastructure requires reliable and autonomous charging systems. Conventional wired charging methods suffer from mechanical wear, limited automation, and safety concerns. Furthermore, traditional photovoltaic systems are often externally mounted and lack architectural integration.
Building Integrated Photovoltaic (BIPV) systems provide renewable energy generation while optimizing structural space. When combined with Wireless Power Transfer (WPT), BIPV enables fully contactless and automated charging. However, a significant limitation of WPT systems is heat generation in the transmitter (TX) coil, leading to efficiency loss and potential component degradation.
To address this challenge, this study integrates Phase Change Material (PCM) for passive thermal regulation within a BIPV-powered wireless charging architecture. 

2. System Description

The proposed system consists of a 15 W BIPV solar panel, a 12 V battery storage unit, wireless power transfer transmitter and receiver modules, PCM for thermal stabilization, an ESP32 microcontroller, infrared and temperature sensors, a relay control unit, and display modules. Solar energy harvested from the BIPV panel is regulated and stored in the battery. The stored energy powers the transmitter coil, which generates an alternating magnetic field. The receiver coil captures this electromagnetic energy and converts it into regulated DC power for charging the drone battery.

2.1 Wireless Power Transfer Mechanism
The system operates on inductive coupling. An alternating current in the transmitter coil produces a time-varying magnetic field, inducing voltage in the receiver coil according to electromagnetic induction principles. The induced AC signal is rectified and regulated before charging the load.
Efficient power transfer was achieved within a transmission gap of 1–20 mm.
2.2 Thermal Management Using PCM

Thermal management is implemented using PCM integrated around the transmitter coil. During continuous charging, heat accumulates in the coil, leading to increased resistance and efficiency reduction. The PCM absorbs excess thermal energy during its solid-to-liquid phase transition, thereby limiting temperature rise. During cooling, the material gradually releases stored heat, maintaining stable operating conditions. This passive approach improves temperature stability, enhances energy transfer efficiency, and extends component lifespan.

Table 1. Material properties 

	Palmitic acid
	C₁₆H₃₂O₂

	Paraffin wax
	CₙH₂ₙ₊₂

	Melting Point (°C)
	46–68

	Latent Heat (kJ/kg)
	460



2.4 Intelligent Monitoring and protection

An ESP32 microcontroller coordinates system functionality. An infrared sensor detects the presence of the drone and activates charging automatically. A temperature sensor continuously measures coil temperature. If the temperature exceeds a predefined threshold, a relay disconnects the charging circuit to prevent overheating. System voltage and operational status are displayed in real time, allowing monitoring of performance parameters.

3. Conclusions
A compact and renewable wireless charging platform for drone applications has been successfully developed and tested. The integration of BIPV technology with inductive power transfer enables sustainable and contactless energy delivery. The use of Phase Change Material provides effective passive thermal regulation, preventing excessive temperature rise in the transmitter coil. The microcontroller-based control system ensures autonomous operation and protection against abnormal conditions. The proposed solution offers a reliable and environmentally friendly charging infrastructure for smart buildings and drone docking stations. Future developments may focus on optimizing solar energy harvesting efficiency and increasing wireless power capacity for higher energy demand applications.
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Nomenclature------------------------------------------------------------------
BIPV  Building Integrated Photovoltaic
WPT  Wireless Power Transfer
PCM  Phase Change Material
TX    Transmitter coil
RX    Receiver coil
P      Power (W)
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