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Overview

This study focuses on the following research question: “What is the distribution of energy efficiency in Chinese households?” The importance of efficiency is obvious in energy saving, pollution reduction, achieving potential health benefits and many other regards. Recent studies, see for example Fillipini and Hunt (2011, 2012), Fillipini and Zhang (2013, WP) and Boyd (2008), develop frontier energy demand models as a way to directly obtain energy consumption efficiency at the same time as describing the nature of the demand function. Due to the general lack of evidence at the household level, it is of great interest to provide an empirical account of the energy consumption efficiency using household data. This analysis therefore extends the frontier demand model concept to household level data in the Chinese Family Panel Survey for the year 2012.

Methods and Data

The idea of frontier demand models derives from the concept and existence of a minimum energy requirement (MER). The MER describes the smallest amount of energy needed to maintain a constant utility. Economics strongly suggests that rational households will optimize their energy consumption, but (i) the optimal point of energy consumption may not be the same as the MER (depending on the households objective function) and/or (ii) The optimal point (or the MER) may be difficult to achieve in reality. A stochastic ‘frontier energy demand’ function can be written as follows.
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(1)
Given household net income Y and energy price P and energy consumption Q,  all measured in natural log terms. 
[image: image2.wmf]it

Z

 are other household characteristics, control variables and aggregate variables, such as the highest education level in the household, car ownership, house ownership, number of children within a family, the size of house, the natural logarithm of province GDP, provincial population etc. 
Households in different location types, namely cities, towns and villages, present a source of structural heterogeneity and may feasibly fall under separate frontiers determined by different demand functions and with different distributions of efficiency. In this regard, the efficiency of an urban household would for instance only be directly comparable to that of other households located in city regions. Thus a separate frontier demand function is estimated for each of these location types. Following O’Donnel et al. (2008) in such cases there still remains an additional meta-frontier (obtained as the solution of a linear programming problem with a bootstrap used for inference) outlining the population wide MER (defined by the frontier meta-frontier) enveloping all groups and therefore independent of any sub-group classifications. The gap to this meta-frontier (technology gap) allows for a rich and innovative twist on policy discussion, particularly concepts relating to fuel poverty, energy awareness and the sustainable education agenda.
The data used in the study are taken from the China Family Panel Study (CFPS), undertaken by the Institute of Social Science Survey (ISSS) based in Peking University. After cleaning, more than 5000 households across 25 provinces of China remain in the estimation sample. Around 20% of the households are from cities, 20% from towns and the remaining 60% from villages. The dataset contains detailed information on electricity consumption, household income and a range of other household characteristics, including household size, wealth, health, education etc.
Lin and Du (2013) argue an alternative specification which arguably adopts a more desirable theoretical structure, starting with the idead that energy is an input into a production function. Therefore in this study, the efficiency scores from (1) will be compared against those obtained using the following additional specification:
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(1)

Which is simply a household level production function (like a Mincerian wage equation) in the form of a translof production function with some addition controls. K is for capital, financial and human; L is for labor provision; and Y is the wage. All variables are in logs
Results
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(The distribution of household energy consumption efficiency)
The figures above show the energy consumption efficiency of households in cities, towns and villages respectively, clearly revealing that the location types do differ in terms of average efficiency as well as in the shape of the distribution around the mean. Towns and villages have wider distributions, though with town and village households showing a greater similarity to each other, especially in their mean (in)efficiency. The results have potential implications for energy policy education among other things, insofar as they offer some insights on the hierarchy of household types in terms of efficiency via the nesting of the multiple demand frontiers.
Conclusions
The analysis provides new evidence on household energy efficiency, with a specific emphasis on the Chinese context. The most immediate information dervived from the model is a clear hierarchy of energy consumption efficiency across different household types. What follows from this is a more careful consideration of the true underlying energy consumption efficiency of households than can be found in the existing literature. 
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