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Overview

As the largest developing country in the world, China faces both opportunities and challenges to develop low carbon economy. From a long-term perspective, low carbon economy is an inevitable choice for China to coordinate social and economic development, guarantee energy security and pollutants reduction, as well as respond to climate change. However, from a short term perspectives, China still faces following five main challenges: the heavy-chemical industrialization stage of economic growth; the rapid urbanization process with massive infrastructure construction; the coal-dominated energy endowment; the relatively backward level of science and technology and limited capacities for technology development.; and its weak institutional and policy capabilities.

This study explores different future scenarios for China’s low carbon future up to 2050, and looks at how various goals can be achieved, what technologies are needed, and what the costs are likely to be. Within the global domain, a number of scenario exercises have explored potential long-term trends and technology option in energy and CO2 emissions in China (Chen Wenying 2005; IEA 2010; Energy Research Institute (ERI) 2009; McKinsey 2009; Tao Wang and Watson Jim 2009, etc). However, the existing studies do not adequately reflect the real context of the Chinese development agenda and circumstances, and have generally overestimated China's emission reduction potential as well as underestimated the emissions reduction cost and corresponding economic costs of China. For example, some studies used a very low discount rate, which directly led to a dramatic decline in mitigation costs.
Methods

Three different scenarios for China’s low carbon future are considered in this study: a Reference scenario with energy policies till year 2005, an Emission Control (EC) scenario in which China will adopt advanced mitigation measures, including improvements in energy efficiency and the development of renewable energy, and will make remarkable strides in emissions reduction without applying the expensive technologies of CSS, solar power generation, electric automobiles, etc, on a large scale, and an Emission Abatement (EA) scenario in which China will consider the technological choices that offer the maximum potential for emissions reduction after 2030. Under each scenario, the technological and incremental cost implications of the different policy objectives and their consequences for CO2 emission, energy demand, electricity generation, and energy mix are examined.

To explore the three scenarios, this study developed a bottom-up technological optimization model (PECE model) in which least cost technology choices are made under a series of restrictions (e.g., demand for energy services, restriction on energy supply, restriction on technological feasibility, etc.). The costs calculated in the model include fixed technological investments, operating costs, energy costs, taxes, expenses, subsidies, etc. 

This model is based on the partial equilibrium framework and the model is used as a tool to estimate the future energy demand and emissions. It simulates the flows of energy and materials in an economy, from the source or supply of primary energy and materials, through conversion into secondary energy and materials, to the delivery of various forms of energy to the end-use services. In the model, these flows of energy and materials are characterized through detailed representation of technologies providing an end-use scenario-driven analysis.


Results

Under the reference scenario, China’s energy-related CO2 emissions will increase rapidly to 11.4 GT in 2020, 13.9 GT in 2030 and 16.2 GT in 2050, and will not peak before 2050. Emissions under the control scenario will be lower by 3.2 GT in 2020, 5.1 billion tonnes in 2030 and 6.7 GT in 2050. Emissions will increase by less than 700 million ton between 2030 and 2050; in 2050, per capita emissions will be 6.3 ton. However, it is still unlikely that China’s emissions will peak before 2050. Under the EA scenario, emissions will peak in 2030, and will decline to 5.5 GT in 2050 at most. Emissions intensity will decrease by 91 percent over 2005, and per capita CO2 emissions will fall to 3.7 ton.
Sixty-two key specialized and general technologies are needed in six sectors to reach emissions targets under both the EC and EA scenarios and 43 of which core technologies are not owned by China.
Achieving the target in the EC and EA scenarios will require considerable incremental investment and cost. It is estimated that China will need to invest US $9.5 trillion and US $14.2 trillion, respectively, under these two scenarios between 2010 and 2050. As higher abatement targets are set, heavier incremental investments will have to be made. Most will not be made until after 2030. Under the EC scenario, China will face an annual incremental cost of $86 billion in 2020, $269 billion in 2030, and $523 billion in 2050. Under the EA scenario, to cut emissions to 5.5 GT in 2050, the incremental cost of that year will reach about US $1.6 trillion, equivalent to 6 percent of China’s expected 2050 GDP.
Conclusions

According to the scenario analysis, the pressure of China’s future emission will be high with consideration of the trends of urbanization and industrialization, as well as technologies and energy & resource endowment. Energy consumption and CO2 emission in China will continue to grow very fast, but the speed will drop based on change of technology and lifestyle, together with the expected technological progresses. Currently available technologies may support significant emission reduction against reference scenario and decreasing growth rate of emission, but not be adequate to lead to an absolute emission reduction in China before 2050 without applying the technologies such as CSS, solar power generation, electric automobiles, etc, on a large scale (EC scenario). It is technologically possible for China’s emissions to peak in 2030, but that this will be difficult without a large number of support measures and their effective implementation over the next few years. China would otherwise have to bear large social and economic costs(EA scenario).
Technologies will play important roles in the future energy system and have positive effects on the future trend of GHG emissions in China. Speeding up the R&D, demonstration and diffusion process of these technologies will play a critical role in China. China needs to speed up R&D right now. And international cooperation and assistant is of great importance to promote technology transfer from developed countries to China to speed up the deployment of clean technologies in the view to avoid lock-in effects of high carbon technologies., especially in finance, technology transfer and capacity-building.
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