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Overview

This study examines causal relationships between energy consumption, human capital and GDP in five ASEAN economies over a period of 1965-2011 using the aggregate production function that considers physical capital, labor, human capital and energy. 
The relationship between energy consumption and economic growth, or the relationship between human capital and economic growth has been well studied but the dynamic relationship of all these variables is not well studied. Without considering human capital, an important contributor to the economic growth, causal relationships between energy and GDP may be spurious, and results could be misleading. On the one hand, human capital can either promote the research and development of new energy-efficient technologies, or help a nation catch up with the existing advanced technologies. Moreover, human capital may be positively associated with people’s awareness of the importance of energy saving, which also contributes to the negative relationship between human capital and energy consumption. On the other hand, the development of human capital helps stimulate the change of economic structure, and industrialization and economic development always shift economic activities from less energy intensive to more energy intensive and hence, a positive association between human capital and energy consumption is also likely. The offsetting effects require a rigorous investigation on the existence and direction of a causal relationship between energy consumption and human capital.
The contributions of this study are threefold. First, it provides fresh empirical evidence on the growth-energy nexus in Singapore that covers a period from its independence to the most recent decade. Unlike previous studies, this study focuses specifically on the small open economy. Second, this study is based on the endogenous growth theory rather than the neoclassical growth model, and has included the factor of human capital in the multivariate framework for the first time. Third, previous researchers have investigated the relationship between energy consumption and economic growth, or the relationship between human capital and economic growth. But it is vital to understand the dynamic relationship of all these variables in a combined model. The results of the study are important for developing energy and labor market policies in Singapore or a small open economy in general.
Methods

Consider a human capital augmented neo-classical aggregate production function as follows:
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 denotes the time period.The variables are measured by their natural logarithm so that the first differences approximate the growth rate. 
This study takes a multivariate approach to investigate the Granger causality relations between these variables. The first step of testing cointegration is to perform unit root tests to check the stationarity of the variables in the VAR. Johansen cointegration test is applied next to identify the cointegration relationships between the five variables. Finally, the Toda and Yamamoto (1995) method is used to test for causality. 
Data for GDP and physical capital (in millions at constant 2005 national prices), human capital (human capital index times number of workers), labor (in millions) are taken from the Penn World Table version 8.0. Energy consumption (in million tons oil equivalent comprising commercially traded fuels including modern renewables used to generate electricity) is taken from British Petroleum's 2014 Statistical Review of World Energy.
Results

The five variables are found to be integrated of order one. The exclusion test statistics suggest that none of the variables can be excluded from the cointegrating space. The TY test results imply the existence of mutual causation among GDP, capital, employment, human capital and energy. The results of the cointegrating relationship suggest the importance of the four factor inputs on determining the long-run output level. The exclusion test statistics suggest that human capital cannot be excluded from the cointegrating space in any of the ASEAN-5 countries and energy consumption cannot be excluded in Thailand, Singapore and the Philippines, which are net energy-importers. The weak exogeneity test statistics show that human capital is considered weak exogenous in Malaysia only but energy use is weak exogeneous for Malaysia, Singapore and the Philippines. In the net energy-importer countries such as Thailand, Singapore and the Philippines, economic growth is found to Granger cause energy use. In the net energy-exporter countries such as Malaysia and Indonesia, no Granger causal relationship is found between the two variables.
Conclusions

Energy and human capital appear to be critical variables in the cointegration space as much as conventional inputs of physical capital and labor. Using the augmented aggregate production function that considers physical capital, labor, human capital and energy as factor inputs, this paper supports the neutrality hypothesis in the two net oil-exporter countries, namely, Malaysia and Indonesia and conservative hypothesis in Thailand, Singapore and the Philippines. Human capital appears to be critical variables in the cointegration space as much as conventional inputs of physical capital and labor, while energy matters more for countries lacking it. Reducing energy consumption will have little impact on economic growth and therefore energy conservation policies could be implemented to ensure economic growth in all the five countries studied.
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