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Overview

The announcement of the people-centered “New-Type Urbanization Plan (2012-2020)” in China stimulated intense debates on the complex relationship between urbanization and energy consumption in various sectors. In the analyses in residential sector, a specific criticism that the conventional studies often took monetary expenditure as the key determinant, but missed another essential elements of individual lifestyles, that is, the patterns and locations of personal activities. To provide a better understanding of the energy implications of the lifestyle difference between urban and rural Chinese, the current study utilizes time-use as an alternative perspective to explore the relationships among urbanization, individual lifestyle, and residential final electricity consumption. To achieve this goal, two major research tasks were performed: the reconstruction of activity-based residential electricity consumption patterns and the quantification of the impacts of lifestyle differences associated with urbanization. In the first task, a novel approach was performed in generating the descriptive statistics of the individual everyday residential electricity profile in term of time-use activities with the use of existing data from time-use and residential energy-related surveys, which representing the two lifestyle variables, i) time spent on an activity daily (i.e., hours per day) and ii) the electricity intensity associated with the activity (i.e., the amount of electricity consumed during the activity on an hourly basis). In the second task, two-levels of analyses, aggregate-level decomposition analysis and disaggregate-level regression and path analysis, were performed to identify and quantify the impacts of the urban-rural difference in lifestyle on individual everyday residential electricity consumption. Surprisingly, these two level of analysis yielded contradictory results. At the aggregate level, the impacts of urbanization associated with time-use pattern (time use effect) were found to be minimal, explaining only 15% of the average urban-rural difference in residential electricity consumption. However, the results from the disaggregate-level analysis suggested that the previous analysis underestimated the time use effects due to significant offsets among activities and among socio-demographic groups. While, the influences of urbanization associated electricity intensity (electricity intensity effect) was found to be fully-mediated by socio-demographic characteristics at disaggregate level though it was found to be the major contributors at aggregate level.
Methods

In this study, residential electricity consumption is viewed as the material consequence of individual lifestyle, which is consisted with two lifestyle factors: time use pattern and activity intensity (electricity consumed per hour of activities) indicating “what” and “which” aspects of everyday life. Mathematically, residential electricity consumption is expressed as the product of time spent and activity intensity of all activities with a 24-hour typical day (Eq. 1). Besides, it is important to note that all parameters are analyzed at the person-day level, to ensure consistency with the sampling unit of China time use survey data analyzed in this study. 
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	Eq. 1 


where E is the average per person-day residential energy consumption, Ti and EIi represent average time use and intensity of activity, and subscripts i and j denote the activity category and sub-category, respectively. 
To better quantify impacts of the two lifestyle factors mentioned, two series of statistical analyses have been performed, i) aggregate-level decomposition analysis and disaggregate-level regression and path analysis. First, at aggregate level analysis, LMDI decomposition analysis was performed to decompose the overall difference in residential electricity consumption between typical urban and rural Chinese into the relative contribution of difference in time use pattern, time use effect (ET), and those in electricity intensity of the activity, electricity intensity effect (EEI). While, at disaggregate level, path analysis was performed in further differentiating the time use effect and electricity intensity effect into direct and indirect effects of urban-rural difference in the use of path analysis. 
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	Eq. 2
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	Eq. 3
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 are, respectively, the changes in residential electricity consumption attributable to the time use and activity intensity effects, and the superscripts U and R refer to urban and rural residents, respectively. 
Results

Aggregate level: Impacts of time spent and electricity intensity of activity
As shown in Figure 1, the urban-rural difference in per person-day residential electricity use was decomposed into the time use effect (ET) and activity intensity effect (EEI) and the relative impact of each measured. Surprisingly, the time use effect played only a minor role in determining the urban-rural differences (14.5%) due to the tradeoff between activities. The key driver of the difference was the electricity intensity effect (85.5%), which indicates how the individuals perform their daily activities with the use of applicance was the major determinant of the urban-rural difference in resdential electricity consumption. 

Disaggregate level: Direct and indirect effect of urban-rural lifestyle difference

In the assessment of effects attributable to electricity intensity (Figure 2), surprisingly, the direct effects of urban/rural residence were reported to be statistically insignificant at 95% confidence level; however, the impacts of electricity intensity for time-use activities was all indirect effect and fully mediated by socio-economic factors via gender (-2.4%), educational attainment (73.9%), economic role (8.4%), and finally income (20.6%) under the principle of classifying indirect effects based on their first mediator. 
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Figure 1  Contribution of time use and activity intensity effect (left)
Figure 2 Path diagram illustrating the causal relationships among factors (right)
Conclusions

This study sets out to demonstrate the value of time use data in reconstructing activity-based residential electricity consumption and of investigating the environmental impacts of social changes by means of a bottom-up measure. And the results of by-activity decomposition at the aggregate level and the mediating effect of socio-demographic factors at the disaggregate level supported our argument that the impacts of time-use pattern was underestimated and hidden in the overall urban-rural difference in per residential electricity consumption due to the trade-off of activities under the constraint of a 24-hour time budget and the offset among socio-demographic groups 
References

Jalas, M., & Juntunen, J. K. (2015). Energy intensive lifestyles: Time use, the activity patterns of consumers, and related energy demands in Finland. Ecological Economics, 113, 51-59. 

Yu, B., Wei, Y., Kei, G., & Matsuoka, Y. (2018). Future scenarios for energy consumption and carbon emissions due to demographic transitions in Chinese households. Nature Energy, 3(2), 109-118. 
