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Research on the Optimization of Thermal Insulation for High-Rise Building Envelope Structures Under the Green Energy Efficiency Concept
Guosheng Xiang
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Abstract: Against the backdrop of the dual-carbon goals, the transition toward green and energy-efficient buildings has become a core direction
for the high-quality development of urban and rural construction. As the primary medium for heat transfer in buildings, the thermal insulation
performance of high-rise building envelopes directly determines the overall energy consumption level and the indoor thermal comfort environ-
ment of the building. Currently, most high-rise building envelopes face challenges such as poor compatibility of insulation materials, simplistic
structural designs, an unreasonable window-to-wall ratio, and prominent thermal bridging at construction joints, which result in high heating and
cooling energy consumption and insufficient energy efficiency, making it difficult to meet the energy efficiency requirements of green building
standards. To precisely enhance the energy-saving and thermal insulation performance of high-rise buildings, this study, grounded in the core
principles of green energy efficiency, systematically analyzes the heat transfer mechanisms and energy consumption characteristics of high-
rise building envelopes; identifies prominent issues in the current design and construction of insulation systems for exterior walls, windows and
doors, roofs, and other building envelopes; and explores the influencing patterns of insulation materials, structural configurations, window-to-
wall ratios, and joint detailing on thermal insulation performance. Taking into account different climatic zone conditions, this paper proposes an
integrated insulation optimization approach encompassing material selection, structural configuration optimization, thermal bridging mitigation,
and integrated shading solutions; the energy-saving effectiveness of this optimization framework is validated through energy consumption simu-
lation.

Keywords: Green energy efficiency; High-rise buildings; Building envelope; Thermal insulation performance; Energy consumption optimiza-

tion; Thermal bridging mitigation
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