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Estimating the Shutdown Effect of the Old Coal-fired Power Plants
on PM, ; and its Composition
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Abstract We estimated the shutdown impact of the old coal-fired power plants on PM, 5 concentration over Chungnam and
South Korea for the period of March~September 2017. The impact was estimated by the brute force approach in which the
entire emissions of the target old coal-fired power plants were zero out. Three-dimensional chemistry transport model,
Community Multiscale Air Quality (CMAQ), was used for the base and sensitivity simulations. The shutdown of the power plants
has decreased PM, s levels in South Korea and Chungnam by 0.1 pg/m? and 0.23 ug/m?3, respectively during the period. Note
that the NO, and SO, emissions from the old coal-fired power plants take only ~2% of the total domestic emissions, and thus
PM, 5 concentration can be reduced even further when more stringent NO, and SO, controls become enforced. Relative impacts
of sulfate and nitrate show apparent monthly variations, possibly due to changes in meteorological factors affecting the
secondary aerosol formation. For example, the impact of nitrate remained high during cold months while that of sulfate increa-
sed in summer (July~August). From this result, even if the fuel of a power plant has changed from coal to eco-friendly fuel such
as LNG, it is difficult to expect the nitrate decrease without NO, emission reduction. On the other hand, the impact of the old
coal-fired power plants has increased by up to 8 times when ammonia emissions from the Selective Catalytic Reduction/
Selective Non-Catalytic Reduction (SCR/SNCR) in the facilities are considered. Therefore, it is essential to provide accurate precur-
sor emissions including ammonia slipped from the emission control device to evaluate their overall impacts on the air quality.
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Table 1. WRF and CMAQ model configurations used in this study.

WRF Option CMAQ Option
Global MET inputs FNL Chemical mechanism SAPRC99
Micro physics WSM5 Aerosol module AERO 05
Short wave radiation Dudhia Advection scheme YAMO scheme
Land-Surface model NOAH Horizontal diffusion Eddy scheme
PBL scheme YSU Cloud scheme ACM
Boundary condition 27-km-profile

9-km and 3-km nest down from mother domain
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Fig. 1. CMAQ modeling domains at 27-, 9-, and 3-km horizontal grid resolutions. The gray circles and orange diamonds represent
air quality measurement sites and super sites, respectively. Black triangles indicate locations of four old coal-fired power plants.
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Table 2. The estimated emissions of the old coal-fired power
plants in this study. (unit: Tons Per Year)

PM;, PM,s SO, NO, VOC NH; CO
Yeongdong 30 43 514 3028 16 0 140
(2 stacks)
Boryeong 119 42 3131 7909 94 679 784
(2 stacks)
samcheonpo oo o5 3358 5429 115 732 963
(2 stacks)
Seocheon 35 12 1,499 3231 200 285 398
(2 stacks)
Total 267 93 8471 19,598 425 1,696 2,285
(8 stacks)
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Fig. 2. Time series and scatter of observed and simulated hourly meteorological values in South Korea during the simulation

period, from March to September 2017.
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Fig. 3. Time series and scatter plot of daily average observed and simulated PM, 5 concentration from March to September 2017.

Table 3. The statistics of PM, 5 and its components at six
super sites in South Korea.
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Table 4. The impacts of the old coal-fired power plants to
South Korea and Chungnam during the simulation period.
(unit: ug/m?3)

PM,s Sulfate Nitrate Ammonium

South Period mean 0.10 0.01 0.06 0.02
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Fig. 4. The shutdown effect of the old coal-fired power plants for (a) PM, 5, (b) sulfate, (c) nitrate, and (d) ammonium.
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Table 5. Conversion rates of emissions from the old power plants to South Korea and Chungnam during the simulation period.
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SUPPLEMENTARY MATERIALS
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Fig. S1. Forward trajectory path from Boryeong power plant during every day of each months for 48 hours.
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