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Impact of Intelligent Construction on Carbon Emission Reduction Benefits of Projects
under the Dual-Carbon Target Perspective
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Abstract: Against the backdrop of global climate change and China’s “dual-carbon” targets, the construction industry, as a
major source of carbon emissions, has attracted wide attention regarding its decarbonization pathways. Intelligent
construction, as the product of deep integration between new-generation information technologies and engineering practices,
is expected to serve as a critical breakthrough for energy conservation and emission reduction in the building sector by
driving construction transformation through technological innovation. This study, adopting a life-cycle perspective, develops
a quantitative carbon emission model that encompasses four phases of construction projects: material production, on-site
construction, operation and maintenance, and demolition and recycling. By systematically analyzing the application
characteristics of intelligent construction technologies in lean design, prefabricated production, smart construction, and
intelligent operation and maintenance, a measurement framework for emission reduction benefits is established. Using a
commercial complex project in Shanghai as a case study, a comparative analysis is conducted between traditional and
intelligent construction modes in terms of carbon emissions. The results indicate that the intelligent construction mode
reduces carbon emission intensity per unit area by 28.6%, with the construction phase contributing 42.3% of the total

reductions and the operation phase 35.7%. Sensitivity analysis further reveals that prefabrication rate, renewable energy
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utilization, and the depth of digital twin technology application are the three key factors influencing emission reduction
effectiveness. Finally, from the dimensions of policy guidance, technological innovation, and market mechanisms, the study
proposes implementation pathways to maximize the carbon reduction benefits of intelligent construction, providing
theoretical support and practical references for the green and low-carbon transformation of the construction industry.

Keywords: intelligent construction; carbon emissions; emission reduction benefits; dual-carbon targets; quantitative analysis;

life cycle
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Table 1 Basic data table of case projects

WA LWy B A G B3/ B (HRegE) &y Q]
R R m® 68500 64200 (Y&’ 6.3%) el
WA t 12500 11680 (JHi/)> 6.6%) w3
s LIES % 30 65 Ji e xT
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pe i) km 258 196 (Y>> 24.0%) 75 F=AuAL
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A A AR U L) % 5 15 ViE 35ans
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Table 2 Results of carbon emission calculation of the whole life cycle (unit: t CO,,)
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