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Overview

Over the past decade shale gas development has increased USA domestic gas production by 20%. Abundant gas at low prices has prompted industry and politicians to welcome gas as a ‘bridge fuel’ between today’s electric power generation system, whose largest single fuel is coal, and a future, low-carbon grid.   Recently, a growing body of research has questioned the ability of domestic shale gas to substantially reduce USA greenhouse gas (GHG) emissions. Gas power plants typically emit 50% - 60% less carbon dioxide (CO2) than coal plants due to their higher efficiency and lower carbon content of their fuel. However, fugitive emissions from the production and transportation of gas (methane, CH4), itself a potent GHG, may diminish these modest climate benefits (1 – 6). 

The human health consequences of such a shift have not received as extensive discussion as the GHG effects. Compared to coal plants without emission controls, natural gas plants emit less SO2 and NOx, precursors of particulate matter.  Natural gas also has lower primary emissions of 2.5 micrometer and 10 micrometer particulate matter (PM2.5 and PM10) than coal. 

We investigated the potential for natural gas to reduce electric power emissions in the USA. To establish an upper bound on the potential benefits, we analyzed a switch of all USA coal plants to natural gas plants. We examined four scenarios (described below).  We varied the fugitive methane emission rate from 0% - 7%, a range that includes estimates from existing literature (6).  Using MAGICC6 (7), a reduced-form climate model, we estimate how switching from coal to gas would delay the time to reach a particular atmospheric GHG concentration in 2100.  Using the APEEP model (8), we find the health benefits of such a switch. 
Methods

We developed baseline 2015 emission rates for all USA fossil plants for a scenario in which coal plants remain in operation with their emissions of SO2 and NOX regulated under the EPA Mercury and Air Toxics Standards (MATS).  We did not include the effects of other regulations, such as CO2 emission regulations.  We first identified 2009 emission rates for all USA plants using the eGRID database, then updated emission rates to 2012 levels using data from the EPA Air Monitoring Program Database, and finally projected how emission rates may change from 2012 to 2015 under MATS.  

We modeled four scenarios to investigate the benefits of switching from coal to other fuels. Scenario a) retired all coal plants and built new, high-efficiency NGCC plants. Scenario b) retired all coal plants and built new natural gas plants with same heat rate and emission rates as the existing gas fleet’s load-weighted average.  Scenario c) retired coal plants and increased generation from existing natural gas plants.  Scenario d) retired all coal plants and built new plants that have zero emissions of all pollutants, either renewable or nuclear plants.  
We modeled climate change effects with the publicly available MAGICC6 model (7). MAGICC6 is a simple/reduced complexity climate model including an ocean, an atmosphere, a carbon cycle, and indirect aerosol effects.  For scenarios a) – d), and fugitive methane rates of 0% - 7%, we modeled changes from business as usual at decadal intervals from 2010 to 2100 using MAGICC6’s default emissions for the representative concentration pathways (RCPs) 4.5, 6.0, and 8.5.  Damages to human health and the environment caused by emissions of SO2, NOX, PM2.5, and PM10 were calculated with the Air Pollution Emission Experiments and Policy (APEEP) model (8).  The model uses a reduced form air transport model and linear dose-response function to monitize the damages to human health and the environment caused by a marginal ton of emissions of NOx, SO2, PM2.5, PM10, volatile organic compounds (VOCs), and ammonia (NH3) from each county in the USA.
Results

A USA policy of switching all coal plants to natural gas would reduce total USA GHG emissions by 3% - 18% from 2011 levels, depending on the replacement scenario and assumed fugitive CH4 emissions rate.  Switching to zero emission plants would reduce emissions 24% - 26%.  We find that climate benefits for a USA policy of switching from coal to natural gas are limited.  Fuel switching increases carbon dioxide equivalent concentrations (CO2eq) in the short term due to reduction in aerosols and increased fugitive methane emissions, and decreases CO2eq by 2100 due to reduction in CO2.  
Figure 1 illustrates the changes in emissions of SO2, NOX, PM2.5, and PM10 that have occurred from 2009 to 2012, as well as anticipated 2015 levels under MATS and coal replacement scenarios.  Switching from coal to gas would further reduce SO2 emissions by more than 95% when compared to the base 2015 MATS emission levels; NOX emissions would fall by 50% - 80% depending on the type of gas plant used to replace coal.
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Figure 1: Emissions of criteria pollutant emissions pollutants in 2009, 2012, anticipated 2015 levels under MATS, and levels under four coal replacement scenarios
Annual damages due to SO2 are expected to fall by 2/3 from 2009 levels in 2015 from $80 to 27 billion due to implementation of MATS.  Replacing coal with gas would further reduce annual damages by $36 - $38 billion from 2015 values, to $7 - $9 billion, depending on the replacement technology used.  Replacing coal with zero emission sources would reduce annual damages by $41 billion to $4 billion.
Conclusions
Replacing all USA coal plants with natural gas plants provides only a few months’ delay in reaching GHG levels that lead to dangerous anthropogenic effects on the climate.  Robust international action on GHG mitigation is required, and the USA and a few other major GHG polluters must come to an agreement.  Human health in the United States can greatly benefit from policies that continue the reduction of pollutants from coal plants, by switching to gas or installing emissions controls. Retrofitting existing coal plants with emission control technology, rather than building new gas plants is likely to remain the primary strategy utilities employ to comply with MATS. 
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