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Abstract:In the face of growing global energy shortages and worsening environmental pollution, building energy
conservation has become an important pathway to achieving sustainable development. Focusing on the building
envelope, which plays a key role in building energy consumption, this paper adopts a combination of theoretical
analysis, numerical simulation, and experiments to investigate the design concepts and energy optimization strategies
of high-performance energy-efficient building envelopes. First, the mechanism by which the thermal performance of
the envelope affects building energy consumption is clarified, and corresponding heat transfer and energy consumption
calculation models are established. Then, from the perspectives of material selection, structural optimization, and thermal
bridge prevention and control, an integrated scheme for high-performance building envelopes is proposed, including
the application of new thermal insulation materials, composite wall design, and high-performance window and door
systems. Simulation verification for buildings in different climate zones shows that the proposed scheme can reduce total
building energy consumption by 30%-45%, among which heating energy consumption can be reduced by 40%-55%
and cooling energy consumption by 25%-35%. Life-cycle economic and environmental benefit analyses further indicate
that high-performance building envelopes offer significant overall benefits. The research results can provide a reference
for building energy-efficient design and support the green and low-carbon development of the construction industry.
Keywords:building envelope; building energy conservation; thermal performance; energy consumption optimization; green
buildings
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