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Abstract

As high-energy-consumption infrastructure supporting the digital economy, data centers face growing scrutiny due to their substantial
energy use and carbon emissions. Waste heat recovery technology, integrated with heat pump systems, upgrades low-grade waste heat
for heating and domestic hot water, emerging as a key carbon-reduction solution. This study systematically examines the principles
of waste heat recovery, compares heat extraction from chilled versus cooling water, addresses engineering challenges like online
retrofitting and control integration, and analyzes economic benefits through case studies. Results demonstrate that this approach can
reduce PUE, with a payback period of 2—4 years, proving to be an efficient pathway for green transformation of data centers.
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