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Overview
China’s industrialization and urbanization reforms have led to the rapid growth in electricity consumption from 2477.2 TWh in 2005 to 5523.3 TWh in 2014 (CEPYEB, 2006; CEC, 2015), which caused serious environmental pollution and climate change problems. In 2013, the sulfur dioxide (SO2) emissions of China’s power sector reached 8.2 million tons (Mt), accounting for 40.1% of national total emissions. Meanwhile, the nitrogen oxide (NOx) emissions reached 8.34 Mt, accounting for 37.4% of national total (MEP, 2014). Especially in the developed eastern coastal areas, the bad weather caused by excessive coal combustion occurs frequently. Optimizing the power structure and regional distribution has become a major issue faced by China' power sector. 
However, China’s energy resources and electricity load show reverse distribution, along with serious imbalance of energy supply and demand between eastern and western regions. The power demand in resource-rich northwest region is relatively low, causing a part of clean energy cannot be consumed. In contrary, the natural resources in high power demand regions such as eastern China are scarce. Therefore, these regions need to meet their electricity demands mainly by thermal power, which not only leads to the problem of environmental pollution, but also increases the inter-regional coal transportation. With the maturity of ultra high voltage (UHV) power transmission technology, large-capacity long-distance power transmission is becoming more and more feasible. In this context, inter-regional power transmission has been considered to be a key strategic measure to balance the national resources allocation and to satisfy various regional long-term benefits in China. Our work quantifies the inter-regional power dispatch by considering the investment, operation and maintenance, and substitution of different power transmission technologies over planning horizon. Our model further simulates the flow of natural resources by introducing an inter-regional coal transportation sub-module into the conventional power dispatch and capacity expansion model, which enables to compare the economic benefits of power transmission and coal transportation more accurately
Methods

Multi-region power dispatch and capacity expansion model
Results
In the BAU scenario, UHV lines will become the main carrier of inter-regional power transmission in the future. 

In the BAU scenario, there are some results beyond expectation, which differ from the existing transmission pathways greatly. 

The influence of inter-regional power transmission under no policy restraint

By the comparison between FRO and BAU scenarios, we could analyze the effects of inter-regional power transmission on each regional power sector under no policy target situation.

Firstly, from the economic perspective, the construction of transmission line between some regions such as from Northeast_EIM to North_Other, and from Northwest_Other to Central_Other, is more economical. 

Secondly, inter-regional power transmission will play an important role in promoting the development of renewable energy, especially for Northeast_EIM and Northwest_Other regions. 
Thirdly, inter-regional power transmission can effectively reduce the emissions of air pollutants in North_Other, South_Guangdong, Central_Other, and eastern regions, but have limited effect on the national total emissions.
Conclusions
In this study, a multi-region power dispatch and capacity expansion optimization model is developed from the perspective of bottom-up modeling. Power transmission technologies are considered in detail. Moreover, the sub-module of inter-regional coal transportation is introduced into the model. Based on above framework, this study quantitatively analyzes the optimum inter-regional power transmission planning under different energy and environmental policy targets, and its impact on power sector, resource utilization, and environmental state of each area from a long-term perspective. The main conclusions are as follows.
The construction of transmission line between some regions rich in resources and regions with high demand can bring economic savings. 
The optimal evolution pathways differ greatly under different policy targets. Therefore, the inter-regional power transmission planning needs to be closely integrated with the macro energy and environmental goals. 
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