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Figure 1 Schematic of the whole process of indoor air pollution control
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Figure 2 Schematic of the limitations of traditional approaches and the salient features of “Ergonomics for Indoor Air Environments”
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FEIREEAF N R TS I AR AT B s s, TSR, B
AWFGRR, A2 SR RS 0 AR 1 BN AR AR
BROCHE. failTn, e NI R X 5 P s AT e B R R
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Table 1 Comparison of two big data analysis methods
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Figure 3 The determination approach of an ideal heat and mass process by using the least action principle
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Figure 4 Effects of indoor PM, 5 thresholds on the burden of disease,
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Figure 5 Schematic of the optimized control principle of indoor air quality
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People spend over 80% of their time indoors. Indoor environmental quality has a significant impact on human health,
comfort and productivity. Applying energy-efficient and low-carbon methods to create a healthy and comfortable indoor
environment is strongly requested by the national strategies of “Healthy China” and “Peak Carbon Dioxide Emissions and
Carbon Neutrality”. The traditional paradigm of studying indoor air environments has the following limitations: Human
thermal comfort information mainly comes from questionnaire surveys; human health information is mainly based on the
investigations of morbility and mortality rate; indoor air parameters that are monitored are very limited regarding their
types and spatial and temporal distributions; the traditional method to optimize the heat and mass transfer processes of
indoor air is based upon engineering thermodynamics and heat and mass transfer, in which the former is only applicable to
the heat-work conversion processes under equilibrium states, while the latter lacks the concept of optimization and thus
encounters substantial difficulties when dealing with complex non-equilibrium processes involving heat, mass, and work.
Due to these intrinsic limitations, the following fundamental problems cannot be solved: The key influencing factors and
mechanisms of indoor air environments on human responses have not been well identified and interpreted; and the ideal
heat and mass transfer processes for a desired indoor air environment and the corresponding optimized engineering
approach have not been determined. To address these problems, we put forward a framework of “Ergonomics for Indoor
Air Environments”. It is based upon modern technologies (e.g., online sensing technology for indoor air parameters and
human responses, and big data collecting and analyzing technologies, including machine learning). By referring to the key
parameter in the building energy efficiency field, COP (coefficient of performance), we put forward two new parameters,
COH (coefficient of health-benefit) and COE (coefficient of economy-benefit). The theory can identify an ideal heat and
mass transfer process by using the principle of least action and taking COE as the index of “action”, where the “ideal”
means that the target indoor air environment can meet all healthy and thermal comfort requirements while the economic
cost is minimal. This approach is also helpful for researchers to develop Ergonomics for Indoor Air Environments.

building environment, thermal comfort, indoor air quality, analytical heat and mass transfer, big data
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