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Hierarchical Energy Efficiency Optimization of Urban Building Clusters Under the
“Microclimate—Energy Consumption” Vicious Cycle
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ABSTRACT: With the combined effects of global warming
and urban microclimate, heatwave events are occurring more
frequently in urban areas, leading to a significant increase in
cooling loads. Particularly in high-density urban districts, the
interaction between microclimate and building energy
consumption evolves into a vicious cycle of “load surge-
heat environment deterioration,” aggravating energy supply
burden and exacerbates heat risks. Therefore, this paper
proposes a hierarchical energy efficiency optimization
method for building clusters from energy system perspective.
First, a district-scale interaction model of microclimate and
building energy consumption is established to quantify
dynamic response of building cooling loads to climate
parameters and the temperature rise effect caused by cooling
waste heat. Second, a dynamic operation model of building
energy systems integrating photovoltaic modules and
cooling equipment is developed to analyze the performance
degradation of energy devices under high-temperature
microclimate conditions. Furthermore, a hierarchical energy
efficiency optimization approach is proposed, incorporating
photovoltaic cooling, heat recovery, and air-conditioning
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waste heat reutilization technologies, to collaboratively
mitigate the vicious cycle between microclimate
deterioration and energy consumption surge. Finally, a case
study of building clusters in the Macao Peninsula is
conducted to validate the effectiveness and adaptability of
the proposed method in alleviating thermal environmental
stress and improving overall system efficiency.

KEY WORDS: urban microclimate; building energy
consumption; vicious cycle; hierarchical energy efficiency;
waste heat utilization
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Fig. 1 The coupling model of urban microclimate and
building energy consumption
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Fig. 12 Comparison of waste heat emission and canopy
layer temperature in Case 3 and Case 4
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