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Multi-Objective Optimization of Low-Carbon Retrofitting for
Existing Industrial Buildings under Urban Renewal
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Abstract: Under the goals of urban renewal and “dual carbon”, low-carbon retrofitting of existing industrial buildings needs
to coordinate carbon emissions, investment payback, and indoor comfort. Taking a factory building in Xi’an as the research
object, this study develops a multi-objective decision-making framework integrating EnergyPlus simulation, Morris sensitivity
analysis, multiple linear regression (MLR) surrogate modeling, the weighting method, and entropy-weighted TOPSIS. The
results show that photovoltaic area, wall insulation, roof insulation, and window type are the key parameters. The test-set R?
values of the HLCCE and IDH surrogate models are both higher than 0.94, while the R? value of the IPP model is 0.824.
Significant differences are observed among schemes under different preference orientations: the environmental-priority scheme
achieves the lowest carbon emissions, the economic-priority scheme has the shortest payback period, and the TOPSIS scheme
provides the best thermal comfort but is not optimal in terms of carbon emissions or economic performance. The results indicate
that, within the objective system and candidate scheme range defined in this study, it is difficult to obtain a single optimal
solution that simultaneously balances low carbon, economic performance, and comfort in the retrofitting of existing industrial
buildings. Therefore, multi-scheme comparison should be conducted according to stakeholder preferences.

Keywords: Existing building retrofitting; Low-carbon retrofitting; Multi-objective optimization; Half-life-cycle carbon
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Fig. 2 Results of sensitivity analysis
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Table 1 Performance metrics of the multiple linear regression surrogate model
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Table 2 Comparison of retrofitting schemes under different preferences
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Fig. 3 Comparison of Objective Values Among Different Retrofitting Schemes
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