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Abstract

Focusing on a medium-sized office building in Wuhan—a typical city in regions with hot summers
and cold winters—the study systematically analyzed the impact of various technical approaches on
energy consumption and carbon emissions during the building’s operational phase, employing a
progressive renovation strategy that prioritizes passive technologies, optimizes active technologies,
and supplements them with renewable energy. Using EnergyPlus software, the study simulated the
corresponding carbon reduction rates from envelope renovations and ground-source heat pump air
conditioning systems, as well as the carbon emission substitution rates achieved through renewable
energy technologies.
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Figure 1. Distribution map of office building area in Hubei province
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Figure 2. Graph showing the relationship between the number of people and the building area
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Figure 3. Graph showing the relationship between building energy consumption and floor area
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Figure 4. Reference office building model
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Table 1. Parameters of the benchmark office building model
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Table 2. Reference energy consumption levels for office buildings
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Figure 5. Proportion of various energy consumption sources within the building
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Table 3. Reference basic values for office building foundations
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Figure 6. Boundaries for calculating carbon emissions during the operational phase of buildings
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Figure 7. The impact of enclosure structure renovation on building energy consumption
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Table 5. Active technology corresponds to a carbon reduction rate
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Figure 8. The impact of air conditioning system renovation on building energy consumption
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Table 6. Power generation simulation scenario
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