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Overview
[bookmark: _GoBack]Recent record-high smog events in eastern China have catalysed an unprecedented effort to generate electricity in western China and transmit it to the east in order to improve eastern air quality.  As a result, twelve west to east electricity transmission lines, spanning thousands of kilometers and connecting resource-abundant inland provinces with highly polluted coastal regions are being built.  To allow bulk power transmission over long-distances, nine of the proposed lines will rely on ultra-high-voltage (UHV) transmission technology, i.e. direct current transmission lines at voltage of ±800KV and alternating current lines at 1000KV, making it the first time in the world that advanced and expensive UHV technology is being deployed for air pollution control. While much focus has been on the potential air quality and health co-benefits of carbon policies at regional and global scales, new transmission capacity driven by air pollution concerns could bring concomitant climate co-benefits by facilitating west-to-east transmission of low-carbon electricity.  Among the twelve proposed lines, nine will transmit only coal generated electricity while two of them plan to transmit wind power along with coal power, and one in southern China will be powered entirely by hydroelectricity.  Scaling up renewable production and transfer is critical to achieve China’s climate pledge of peaking carbon emissions by 2030.  Globally, many regions share the vision of moving large amounts of renewable power from remote production areas to load zones to facilitate renewable integration and combat climate change. 

In this study, we evaluate the air quality and climate co-benefits of the proposed transmission lines in China. We go beyond the previous studies by including the option of renewable power transmission in addition to fossil-based bulk energy transfer strategies and by using an atmospheric chemistry model to carefully evaluate the air quality impacts. 
Methods
Based on actual 2010 electricity production and emissions data (Base Case, BASE), we compare two energy-by-wire strategies that transmit only coal power (Coal-by-wire, CbW) or combined renewable plus coal power (Renewable and coal-by-wire, (RE+C)bW) through the proposed lines, with the current practice of transporting coal by rail for conversion to electricity near eastern demand centers (Coal-by-rail, CbR).  Specifically, we assume the eastern coal power production from small, inefficient units is replaced: 1) entirely by imported coal power produced in efficient coal units in western China in CbW, 2) by imported electricity from the west of which 60% is generated from renewable sources and 40% from coal in (RE+C)bW, or 3) entirely by coal power from efficient units in the east that are fueled by imported coal from the west in CbR.  The key difference between the two energy-by-wire scenarios is the fuel choice, while between the two coal-based scenarios is the location of the new coal capacity.

In addition, to assess the climate impacts of combustion-related CO2 emissions based on the social cost of carbon (SCC), we conduct an integrated assessment to evaluate the health-related air quality impacts using a regional atmospheric chemistry model (WRF-Chem) and epidemiological evidence, and then monetize the health benefits based on the value of statistical life (VSL).
Results
Electricity transmission through the proposed lines (irrespective of fuel choice) would lead to 2-3 μg/m3 (2-7%) reduction in the annual mean concentration of fine particulate matter in the eastern provinces relative to 2010 BASE concentrations, contributing to approximately a 2% decrease in national total air-pollution-related premature mortalities.  (RE+C)bW results in ~20% fewer mortalities than the two coal-based strategies, since transmitting renewable energy reduces eastern air pollution without increasing emissions in the electricity exporting provinces.  Powering the transmission lines mostly by renewable-generated electricity in (RE+C)bW would also lead to three times greater avoided carbon emissions, as well as the monetized value of the climate benefits, than the two coal-based scenarios.
The two coal-based strategies are similarly cost-effective in reducing the negative impacts of air pollution alone or combined air pollution an climate impacts: with similar magnitudes of monetized air quality (Low: $2bn, High: $5bn) and climate benefits (Low: $1bn, High: $5bn), the annualized transmission costs ($4bn) to enable CbW are balanced by its lower production costs ($4bn) to generate coal power near the western mine-mouth than in the eastern provinces in CbR, due to higher eastern coal prices as a result of coal transportation costs.  (RE+C)bW is less cost-effective than the other coal-based strategies to reduce air pollution impacts, as the monetized value of the additional avoided deaths based on current willingness-to-pay is less than the additional renewable electricity production and transmission costs.  However, taking into account the resulting reduction in carbon emissions along with the avoided air quality impacts can significantly increase the cost-effectiveness of (RE+C)bW.  (RE+C)bW becomes the most cost-effective strategy to reduce the negative impacts of air pollution and carbon emissions when high estimates of SCC and VSL are used. 
Conclusions
While the urgency of curbing air pollution in China significantly accelerated its grid investment, our results indicate that air pollution incentives alone do not currently favor the transmission of renewable-generated electricity through the proposed lines over the two coal-based options, i.e. Coal-by-wire and Coal-by-rail.  However, powering the transmission lines with renewable-generated electricity facilitates the co-control of air pollution and CO2 emissions.  Given the long lifetime of power sector assets, it is critical to coordinate renewable energy planning with transmission planning to maximize long-term climate benefits from actions designed to improve air quality.  Adding coal capacity for electricity export would result in substantial committed carbon emissions over the power plant lifetime, and squeeze out the investment opportunities for renewable capacity that has much lower lifetime climate impacts.  The competitiveness of a renewable-by-wire strategy, in comparison, will further increase with a continuing drop in wind turbine (and solar panel) costs, a potential carbon price that favors low-carbon technology, and an increase in people’s willingness-to-pay to reduce the mortality risk (i.e. the VSL) with growing income level.  
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