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Abstract: With the continuous promotion of building energy-saving policies in China, passive ultra-low energy buildings have
gradually become an important direction for the development of green buildings. Due to the harsh climate conditions in cold regions,
residential buildings have a long-term high proportion of heating energy consumption. Therefore, under the dual pressure of building
energy conservation and environmental protection, exploring the thermal optimization design of enclosure structures is of great
significance. Based on the passive building theory, this article systematically analyzes the climate characteristics, building thermal
environment requirements, and enclosure structure performance requirements in cold regions, and explores the thermal design methods
and key technologies for structures such as walls, roofs, doors, and windows. Research has shown that reasonable enclosure structure
design can significantly reduce building heat loss, improve indoor thermal comfort, and reduce dependence on mechanical heating,
achieving the goals of energy conservation and sustainable development. The conclusion is that the enclosure structure design of
passive ultra-low energy residential buildings in cold regions needs to be optimized in coordination with thermal insulation, air
tightness control, thermal bridge treatment, and renewable energy utilization. In the future, a design technology system suitable for
localized development should be established based on regional climate conditions and building usage characteristics.
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