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Overview

Great attention has been paid to climate change worldwide. On the one hand the international community is trying to reach a consensus on GHG emission reduction; on the other hand many nations have issued their self-reduction goals to promote domestic emission reductions. Along with the remarkable economic growth, a rapid increase has emerged in China’s energy consumption, in which fossil fuels, especially high-carbon fuels such as coal, account for a dominating proportion. In 2008, fossil fuels account for 91.1% with coal accounting for 68.7% of total primary energy consumption in China equivalent to 2850 Mtce (Million tons of coal equivalent), with GHG emissions arising from fossil fuel consumption containing approximately 1.8 billion tons of carbon, according to the estimation of IEA. In this case, the national plan has been proclaimed by the Chinese government to reduce the carbon emission intensity in 2020 by 40%~45% compared with the level of 2005 and to increase the proportion of non-fossil energy in the total primary energy consumption to 15% by 2020. Therefore, it is great efforts that China is obliged to make in developing non-fossil energy as well as improving energy efficiency. Chinese government will use many policy tools, especially economic tools such as carbon tax. Referring to this issue, a well-established DEMETER-China model is employed in this study to exhibit the analysis of the impacts of carbon tax on future economic output, energy consumption and portfolio, and carbon emissions in China.

Methods

As a top-down macro-economic model on China’s energy and climate policies, the DEMETER-China model is developed on basis of DEMETER model (van der Zwaan et al. 2002; Gerlagh and van der Zwaan 2003, 2006; Gerlagh et al. 2004) with emphasis on China’s energy and climate issues in this study. Such features of DEMETER as the inclusion of two competing energy technologies (fossil and new energy) as well as niche markets and learning-by-doing, the distinguishment of old capital from new, are mainly retained in the newly-developed DEMETER-China model, which has been proposed according to China’s real situations.  1) The labor productivity (measured in efficiency unit) in representative of potential GDP growth is introduced to modify the production function of the final goods sector, so that the future economic growth is in line with the basic assumptions. 2) The target function of the representative consumer in original DEMETER is partially substituted by total consumption utility. 3) A policy module is supplemented to model the present energy and climate policy framework in China. 
The scenario analysis method is used to analyze the impact of different carbon tax levels on China’s carbon emissions and macroeconomy with a consideration of endogenous technological change. In the business-as-usual (BAU), we assume that the economy does not internalize climate change through carbon tax and that the returns from technology learning are not captured. Further, four carbon tax cases and two technological change cases are combined to form six policy scenarios. The parameters of DEMETER-China are calibrated according to relative statistics and those of other models (e.g. China MARKAL-MACRO). The model is soved for 20 periods (5 years per period) representing the interval 2005-2105. Rsults are presented for the time interval 2010-2070.
Results
Under BAU, carbon emissions would increase at an average rate of 3% by 2030 (after 2030 the increase rate gradually declines), and reach its peak with 3890 million tons of carbon in 2040 after which carbon emissions start to decrease.  Under endogenous technological change, the higher the carbon tax level, the greater the carbon reductions. Under the low carbon tax case with 100 yuan/tC, carbon emissions would not exceed 3600 million tons of carbon per year while under the middle carbon tax case with 300 yuan/tC, the peak year of carbon emissions would be brought ahead to 2030 with a lower value of 2700 million tons of carbon. Under the same carbon tax level, carbon emissions under exogenous technological change are greater than under endogenous technological change. 
Two options are available for realizing the carbon emission mitigation. First, it is possible to reduce energy consumption by the substitution of capital and labor for energy. After around 2035 (when the lowest energy demand is reached, compared to BAU), energy savings become less important in all policy scenarios, the origin of which is that, as a result of increased learning, the price of the new energy technology has substantially decreased. It becomes then more attractive to switch between the energy technologies, than to reduce total energy consumption. Indeed, the economy has a second option to reduce emissions: a transition towards the use of the new energy. In the BAU scenario the share of the new energy technology increases slowly, and reaches 24% in 2050. In addition, Carbon tax would promote the development of the new energy technology. The higher the carbon tax level is, the greater the share is. Moreover, the share under endogenous technical change is greater than under exogenous technical change when the carbon tax level is set equally. 
Under BAU scenario, investments in the new energy capcacity, as a percentage of GDP remains at about 0.4%. When carbon tax is levied, more investments are required to increase the new energy capacity because more new energy is needed to replace fossil-fuel energy. So the intial investments under exogenous technical change is lower than under endogenous technical change. Carbon taxed cause the initial decline of GDP, the higher the carbon tax level, the greater the decline, while endogenous technical change could ease the negative impact of carbon tax. When there is learning-by-doing, the production cost of the new energy technology decreases. So the impact of carbon tax on GDP also become weak when  plenty of new energy could be acquired at a lower cost in the future.  Under exogenous technical change, however, the negative impact of carbon tax would last for a longer time.
Conclusions

1. The carbon emissions reach the peak value in about 2040 under BAU while carbon tax could reduce carbon emisions and bring the peak year ahead. Under BAU, carbon emission firstly increase quickly with the rate levelling off, then reach the peak year of 2040 after which emissions start to decrease. The higher the carbon tax level, the greater the carbon reductions.
2. Carbon taxes reduce energy consumption under both endogenous and exogenous technological change. The other scenarios present similar figures. After around 2035 (when the lowest energy demand is reached, compared to BAU), energy savings become less important in all policy scenarios. It becomes then more attractive to switch between the energy technologies, than to reduce total energy consumption.
3.When carbon tax is levied, more investments are required to increase the new energy capacity because more new energy is needed to replace fossil-fuel energy. So the intial investments under exogenous technical change is lower than under endogenous technical change. Carbon taxed cause the initial decline of GDP, the higher the carbon tax level, the greater the decline, while endogenous technical change could ease the negative impact of carbon tax. When there is learning-by-doing, the production cost of the new energy technology decreases. So the impact of carbon tax on GDP also become weak when  plenty of new energy could be acquired at a lower cost  in the future.
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