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Q of
In this study, we propose a digital twin-based control platform for an environmentally friendly,
ultra—high—efficiency air—to—water (ATW) heat pump system. The research is motivated by the urgent need to
mitigate climate change and achieve carbon neutrality. To address the high greenhouse gas emissions of fossil
fuel-based systems, the proposed platform aims to improve system performance and reduce energy
consumption through intelligent control using real—time data.

The platform integrates predictive maintenance algorithms that analyze sensor data to evaluate equipment
conditions and anticipate potential failures. It also generates optimal operation scenarios automatically to
maximize energy efficiency. This approach is expected to advance heat pumps from conventional heating and
cooling devices into intelligent systems capable of interpreting data and making autonomous decisions. Finally,
the system will be validated in an actual building environment to establish efficiency standards and supporting
institutional frameworks, thereby laying the foundation for future expansion into the B2C market, including
residential applications.
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