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A Study on the Utilization of Air Quality Model to Establish Efficient
Air Policies: Focusing on the Improvement Effect of PM,; in
Chungcheongnam-do due to Coal-fired Power Plants Shutdown
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Abstract In order to develop effective emission abatement strategies for coal-fired power plants, we analyzed the
shutdown effects of coal-fired power plants on PM, concentration in June by employing air quality model for the period
from 2013 to 2016. WRF (Weather Research and Forecast) and CMAQ (Community Multiscale Air Quality) models were used to
quantify the impact of emission reductions on the averaged PM, . concentrations in June over Chungcheongnam-do area in
Korea. The resultant shutdown effects showed that the averaged PM,; concentration in June decreased by 1.2% in
Chungcheongnam-do area and decreased by 2.3% in the area where the surface air pollution measuring stations were
located. As a result of this study, it was confirmed that it is possible to analyze policy effects considering the change of
meteorology and emission and it is possible to quantitatively estimate the influence at the maximum impact region by
utilizing the air quality model. The results of this study are expected to be useful as a basic data for analyzing the effect of
PM, ; concentration change according to future emission changes.
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Table 1. Configuration and measurement data used in this
study.

Category Contents

June from 2013 to 2016

5 air quality measuring stations in
Chungcheongnam-do and
Chungcheongnam-do area

Analyzed period

Analysis area

NAMIS (National Ambient air quality
Monitoring Information System)
CAPSS (Clean Air Policy Support
System), TMS (TeleMonitoring System)

Air quality
measurement data

Emission data

Z%F Z}E (CAPSS, Clean Air Policy Support System)
oF AATF ZHLHLA A AR (TMS, Telemonitor-
ing Systems) | S82t=E &-&oto], A3 viE=+=
ZHZ] (TSP, Total Suspended Particles), PM, 2} th7]
oM 22k A== PV, 0] 8 A=A T
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SHRTE & Ao 24 g7zt 9 A9, AR o
714 £42m, iiE% A=E Aste] & 10 Ut
W siet

o)
roh

2.2 HH71E 2ALS HlF Yt W 29 7Y
L qEstidis Tbesd avs F45
718 S o7 2] watg e AA F=at
di& XA w50t G (Do HEhE A
O 2T T o (D02) 0 & AT F P
5A A% (nesting) AAS E85HA OB, F=OF D
o]
=
i

He 98 747} 27kmet 9km o] FHAA}
= Adn 299 298 918 AR
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Fig. 1. Domain setting for CMAQ in this study.

Table 2. WRF and CMAQ configurations used in this study.

(a) WRF v3.3

WRF Single-Moment (WSM) 3-class
scheme (Hong et al., 2004)

RRTM scheme (Mlawer et al., 1997)
Goddard shortwave (Tao et al., 1989)
Kain-Fritsch scheme (Kain et al., 2004)

Yonsei University (YSU) scheme
(Hong et al., 2006)

Micro physics

Long wave radiation
Short wave radiation
Cumulus scheme

PBL shceme

(b) CMAQ v5.0.2

AEROS5 (Binkowski and Roselle, 2003)
SAPRC99 (Carter, 2010)

YAMO scheme (Yamartino, 1993)
YAMO scheme (Yamartino, 1993)
Multiscale (Louis, 1979)

Aerosol module
Chemical mechanism
Horizontal advection
Vertical advection
Horizontal diffusion

45} SMOKE (Sparse Matric Operator Kernel Emi-
ssions; Benjay et al., 2001)E &3l 2}k 2l © A
33 e sk

2 AFlA 714 BRAME Sl ARS Rl
WRF (Weather Research and Forecast; Skamarock et
al., 2008) version 3.3 & o|H, tf7]d HALE 9|df
CMAQ (Community Multiscale Air Quality, Byun
and Ching, 1999) version 5.0.2 @& o]-85}4th. 11
23l 712 HARE flsf olol2E EE2 AEROS
(fifth generation CMAQ aerosol module)& 0]-835}%
o JFAAL U2 SAPRCY9 (Statewide Air Pollu-

tion Research Center, Version 99), 5% o] HF= YAMO
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Table 3. Capacity and fuel type of coal-fired power plant
shutdown.

Location # Capacity Fuel type
1 500 MW
Boryeong 5 500 MW Bituminous coal
1 200 MW .
Seocheon 5 200 MW Anthracite coal
1 560 MW . .
Samcheonpo ) 560 MW Bitumious coal
125 MW .
Yeongdong ) 200 MW Anthracite coal

Table 4. Emission reductions (ton) due to coal-fired power
plant shutdown.

Region TSP SO, NO, PM,
South Korea 31 684 1697 304
Chungcheongnam-do 14 361 644 141
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Fig. 3. Location of PM,; measuring stations in Chung-
cheongnam-do(a: Sinheung-dong, b: Areum-dong, ¢
Seonghwang-dong, d: Dongmun-dong, e: Jeonggok-ri, Box:
Area).

4 7KESRI0 W2 SIS PV, F2iEDH EMS F4o2 691
& SAAEST A3 2E2 712 0.759] R 0.71
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SHARE 4] A 0.65°] RS UEH 543k
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Table 5. Verification of simulated PM, 5 concentrations for
the air quality measuring stations in Chungcheongnam-do
(a: Shinheung, b: Areum, c: Seonghwang, d: Dongmun, e:
Jeonggok).

a b c d e
Obs. PM, ¢ 24.7 24.7 25.0 238 29.9
Mod.PM,; 263 253 28.1 235 537
MB 1.6 0.6 3.2 -0.2 238
0.78 0.77 0.71 0.74 0.55
RMSE 6.4 6.3 7.8 111 34.1
I0A 0.85 0.83 0.77 0.69 0.39

& N N ) >

S) » >
& & & & &

* Observed PM, 5
— Simulated PM, 5
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Fig. 4. Time series of daily mean PM,; at 5 stations in Chungcheongnam-do (a: Sinheung-dong, b: Areum-dong , c: Seong-

hwang-dong, d: Dongmun-dong, e: Jeonggok-ri).
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Table 6. Statistical verification results for simulated tem-
perature and wind speed.

Obs.  Model MB R RMSE  10A
Temperature  21.7 20.6 -1.1 075 1.4 0.71
Wind speed 1.4 3.1 1.7 0.65 1.9 0.49
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Fig. 6. Change of PM, ; concentration and standard deviation due to shutdown of coal-fired power plant in June from 2013 to

2016.
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Table 7. Results of reduced mean, daily maximum, and hourly maximum PM, s concentrations (ug/m?)

Base_PM,; (a) SD_PM,; (b) Differences (b) — (a)
Mean PM,; conc. 258 25.5 —0.3(—1.2%)
Area Daily max. PM, 5 conc. 39.9 39.0 —0.9(—2.3%)
Hourly max. PM, s conc. 36.5 347 —1.8(—4.9%)
Mean PM,; conc. 26.8 26.4 —0.4(—1.5%)
Obs. sites Daily max. PM, s conc. 311 30.1 —-1.0(=3.2%)
Hourly max. PM, s conc. 70.5 67.5 —3.0(—4.3%)
Mean PM, s conc. 25.0 243 —0.7 (—2.8%)
Max. impact region Daily max. PM, 5 conc. 39.1 36.1 —-3.0(—=7.7%)
Hourly max. PM, s conc. 76.5 67.9 —8.6(—11.2%)
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