RELATIONSHIP BETWEEN ECONOMIC GROWTH AND Electricity CONSUMPTION: THE ENERGY-GROWTH HYPOTHESIS
Jinsoo Kim, Hanyang University, Phone +82 2 2220 2241, E-mail: jinsookim@hanyang.ac.kr
Tai-Yoo Kim, Seoul National University, Phone +82 2 880 7228, E-mail: tykim@snu.ac.kr                              Eunnyeong Heo, Seoul National University, Phone +82 2 880 8323, E-mail: heoe@snu.ac.kr
Overview
The relationship between economic growth and energy consumption has been one of the major research topics in the field of energy economics. Many studies have employed cointegration and causality analysis methods to analyze this relationship (Yoo 2005, Ozturk 2010, Payne 2010). Although these methods provide useful econometric evidence to understand the relationship, they do not clarify the general relationship or changes in the relationship between economic growth and energy consumption. To discuss the changes in the relationship between economic growth and energy consumption, Kim (2010) proposed an energy-growth hypothesis.

An agricultural society experiences a decelerating economic pattern and a commercial and an industrial society carry out accelerated economic growth (Kim et al. 2010). Consequently, energy consumption in the early stages of economic growth (agricultural economy) becomes slow. It grows dramatically in the next stage (industrial economy), and finally, stagnate in the post-industrial stage. Thus, according to the proposed energy-growth hypothesis, the relationship between economic growth and energy consumption can be represented by an S-shaped curve.
In this study, we expanded the energy-growth hypothesis into electricity consumption. Electricity is expected to have more strong relation with high-tech industries, commerce, business offices and household energy consumption. Therefore, we can also expect that, in the case of electricity, the shape of sigmoid is clearer than the case of TPES. In this context, we used gross domestic product (GDP) and electricity consumption per capita data of 111 countries to test the hypothesis.
Methods

Four growth models—Weibull (1951), logistic, Gompertz (1825), and Richards (1959)—were fitted to test the hypothesis. With the GDP per capita as the x-axis of the curve, total electricity consumption per capita was tested as the y-axis.

Results

First, we verified the energy-growth hypothesis; that is, the relationship between economic growth and electricity consumption can be represented by an S-shaped curve.

Second, we found that the S-shape of the estimated curve is slightly more evident in the case of electricity than in TPES.
Third, the more the GDP per capita increases, the bigger is the variance of the data from the estimated curve; this means that the electricity consumption level in proportion to economic output can differ according to the socioeconomic features of the country, although the energy-growth hypothesis is generally valid.
Fourth, the GDP level to reach the upper asymptote of the electricity case was higher than that of the TPES case.
Conclusions

By means of the energy-growth hypothesis, we attempted to establish the general relationship between electricity consumption and economic growth. Except for specific countries such as those with huge oil reserves or with economies that have been stagnant for a long time, the proposed hypothesis was verified appropriately. Further, we found different convergence levels of the curve and the spread of data plot alongside the increase of GDP. These results indicate that the long-term electricity prospects of developing countries can be analyzed on the basis of the proposed hypothesis. In other words, the electricity consumption prospects according to economic growth can be discussed by considering the estimated curve and the diverse convergence level of other countries. We also found that the GDP level to reach the upper asymptote of the electricity case was higher than that of the TPES case. This means that the privatization of power industry should be cautious in the light of a stable supply of electricity.
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