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Overview
Energy is used directly and indirectly in all goods and services including export goods, and is often described as embodied energy. Therefore, a country’s domestic energy demand is affected not only by domestic demand, but also by foreign trade as pointed out by Atkinson and Hamilton(2002). As China is the world`s largest coal importer and second largest oil importer, accounting for energy embodied in international trade has aroused much research interest in recent years, and the result of this research indicates that China is a net exporter of embodied energy. Reducing embodied energy exports is potentially beneficial for China to save both external costs and direct monetary expenditure for energy. In fact, much embodied energy is exported as a result of China’s chosen economic development model. China’s export-oriented development model has generated large amounts of GDP and, critically for social considerations, job opportunities. Although the accounting of China’s embodied energy export has attracted considerable attention in recent years, there are few studies evaluating how China’s embodied energy exports affect the nation’s economic development and employment. This study seeks to address this research gap on employment as providing employment opportunities for the nation’s 1.4 billion people has been of central concern to successive Chinese governments. If China wants to reduce the volume of embodied energy exports, it should reduce the exports of energy-intensive products. And if the energy-intensive exports are located in the same sectors as the labor-intensive exports, the reduction of embodied energy exports will ultimately affect the employment in China. Therefore, whether the growth of China's energy-intensive sectors, partially due to exports, is responsible for many jobs, and how China could effectively make a trade-off between employment creation and embodied energy exports will be the focus of this paper.
Methods

Tang et al.(2012) developed an Input-Output model for calculating Chinese embodied oil imports/exports. By importing goods from other countries, China can avoid a proportion of domestic oil consumption dedicated to the manufacture of these goods. This methodology partially avoids the assumption that the same energy intensities exist between China’s imported goods and domestic products that has been adopted in previous studies. However, the assumption of a world average energy content for imports is an oversimplification. In this study, we chose China’s top 15 trade partners which accounted for 80.8%, 67.5% and 62.0% of the total imports volume in 1997, 2002 and 2007 respectively, and the remaining smaller trade partners are aggregated as the "rest of the world" in this study. For this study embodied energy is measured as the sum of embodied oil, embodied gas and embodied coal expressed in the same unit - tonnes of oil equivalent. Taking embodied oil as an example, the new model to calculate China’s embodied oil imports 
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 measures China’s oil imports embodied in international trade assuming that any imports produced elsewhere would require the same amount of oil to be produced in China; 
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 is the adjustment factor to reflect the difference in oil consumption intensity among China and its main trade partners at the sector level; 
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 is China’s total imports from other countries; 
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 are sector L’s oil consumption intensities in country 
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 and China respectively.
China's embodied energy exports support the growth of international trade and its employment creation. This paper considers that the total employment opportunities provided by international trade, where foreign demand is inducing local employment, may also be considered as a part of the embodied energy exports’ contribution, as without the enabling feedstock of energy, production cannot be undertaken. Although it is the trade itself which induces both energy usage and employment, when considered together these data present a useful comparative index for examining trade-offs and assessing strategies. Therefore, the total employment creation of export in sector j , 
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Results

China's net embodied energy exports remained relatively stable before 2002, and then increased dramatically from 73 MTOE in 2002 to 502 MTOE by 2007 with an average annual growth rate of 47.2% over that period. There is an interruption particularly in 2009 following the global economic crisis,and China’s net embodied energy exports returned to an increasing trend once more from 2010. In 2014, China’s embodied energy exports reached a volume of 521 MTOE and it remains at a high level. China’s net embodied coal exports are larger than net embodied energy exports. The main reason is that China is a net embodied oil and gas importer. China has been a net embodied gas importer throughout the period since 1997, and the volumes are becoming larger and larger.  In 2014, China’s net embodied gas imports were 70.8 MTOE. China became a net embodied oil exporter after 2005, and the volumes of net embodied oil exports were 36.8 Mt in 2014 which is much smaller than net embodied coal exports. If oil and gas are considered together, China is a net embodied oil and gas importer.
In 2007, the total contribution to employment was 191.3 million people, including direct employment of 44.1 million people and indirect employment of 147.2 million people. Total employment creation from exports increased quickly between 2002 and 2007, with an average annual growth rate of 9.1%. The percentage of this employment in China’s total employment increased marginally from 16.5% in 1997 to 18.6% in 2002, however, it increased dramatically to 28.1% by 2007. This occurred because indirect employment increased rapidly while direct employment remained relatively stable.
The sector-by-sector distribution of employment for 2007, 2002 and 1997 is calculated  respectively. The top 10 sectors for exports in monetary value are also ranked. Although the order of the top 10 sectors are different in 1997, 2002 and 2007, these top 10 sectors account for about 75% of the total exports in each of the chosen years and the embodied energy exports, employment creation of the top 10 sectors also account for a similar percentage in the total respectively. Therefore, the export-oriented sectors in China are energy-intensive from the perspective of embodied energy consumption, and the energy-intensive exports are located in nearly the same sectors as the labour-intensive exports. The top 10 sectors account for 77.76% of the total employment created of embodied energy exports in 2007. And it is found that the top 10 sectors are dominated by manufacturing industries. The average level of employment creation per unit of embodied energy exported decreased from 0.52 per tonne oil equivalent in 1997 to 0.49 per tonne oil equivalent in 2002. This ratio dropped further to 0.24 per tonne oil equivalent by 2007.
Conclusions

China is bound by its own policies since international exports have been a primary driver for China's economic growth especially since accession to the WTO in 2001. China is a net exporter of embodied energy, and the volume of net embodied energy exports has increased over time. Research results in this paper show that China’s embodied energy exports in 2014 reached a volume of 521 MTOE. The net embodied energy exports as a percentage of China’s energy consumption was 21.7% on average from 2010 to 2014 - following the global economic crisis. Embodied coal dominates China’s embodied energy exports. China is a net embodied oil and gas importer. China has been a net embodied gas importer since 1997, and has just become a net embodied oil exporter since 2005. 

At the same time, these embodied energy exports have already made significant contributions to China’s employment stability. The exports-oriented sectors in China are energy-intensive from the perspective of embodied energy consumption, and the energy-intensive exports are located in nearly the same sectors as the labor-intensive exports. Although the average employment creation per unit of embodied energy exports are decreasing, the trade-off cost for China to reduce embodied energy exports is still very high because of the large volume of embodied energy exported. Reduction in embodied energy exports is not a simple restructuring task for China with such a large population base, and reform must be undertaken over the long-term.
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