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Effect of Reduced Emissions from Thermal Power Plants in China
on Local Air Quality Improvement
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Abstract In September 2021, China encountered the shortage of coal and emission activity shrunk to the lowest it had
been since February 2020, when coronavirus lockdowns paralyzed the economy. Despite social and economic concerns, this
event has brought unexpected positive consequences for environmental quality. In this study, we investigated the impact of
restricted thermal power plants operations on local air quality is investigated. For this purpose, social statistics, satellite
observations, ground-based air quality measurements, and meteorology data were analyzed to estimate the spatio-temporal
characteristics of air pollutants. As a result, significant reductions in the concentrations of air pollutants were found. It was
about 11.13% lower than the reduced concentration due to the coronavirus lockdowns period in China. Compared to the
average value during the normal year for 2015~2019, large decreased values of SO, (-38.81%), CO (—24.78%), NO, (-54.26%),
PM; o (=51.60%), and PM, 5 (—56.35%) were measured in Seoul, Korea. Satellite observation data confirm that these large drop
in air pollution levels occurred in both countries, serving as a valuable proof of the emission control impact on local air
quality. Moreover, the easterly wind along with the increased precipitation rate in China could affect the wet deposition and
dilution of air pollutants.
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Fig. 1. Locations of the selected ground based air quality
monitoring stations within a region of interest in this study
(100°E~140°E, 25°N~50°N).
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Table 1. Specification of measurement instruments used in this study.

Data Instrument Measured Parameters Resolution
Statistics - Thermal power Monthly
MODIS Aerosol optical thickness 10km x 10km
Satellites OoMI NO, column density 0.25°X0.25°
GPM Precipitation rate 0.1°x0.1°
Ground stations Air quality monitor SO,, CO, NO,, O3, PM, 5 and PM;, mass concentrations Daily, point

Meteorology NOAA's NCEP reanalysis

Wind speed, wind direction

Daily, 0.25 degree
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Fig. 2. Locations and thermal power capacities of coal power
plants in China.
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Fig. 3. Monthly coal produces (unit: 10000 tons/month) and
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China. Data sources are available from the National Bureau
of Statistics of China (https://data.stats.gov.cn/).
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Table 2. Mean concentrations of air pollutants measured at the selected 9 cities (Harbin, Changchun, Shenyang, Beijing, Shi-
iazhuang, Jinan, Hefei, Shanghai, and Hangzhou) in China for different periods. Nr, Cv, Cs represent normal, COVID-19 lockdown,

and coal shortage periods, respectively.

Pollutant Nr(2015~2019) Cv(2020) Cs(2021) A(Cv-Nr) A(Cs—=Nr)
SO, [pg/m’] 20.68 1035 8.68 -10.33 -12.01
CO[mg/m3] 0.96 0.75 0.65 -0.21 -0.31
05 [ug/m?] 92.75 92.19 84.19 -0.57 -8.57
NO, [ug/m?] 42.90 3537 29.99 -7.53 -12.91
PM o [ug/m?] 88.92 65.93 55.52 -23.00 -33.40
PM, 5 [ug/m?] 54.65 40.41 32.06 -14.24 -22.59
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Table 3. Mean concentrations of air pollutants measured at Seoul, Korea for different periods. Nr, Cv, Cs represent normal,

COVID-19 lockdown, and coal shortage periods, respectively.

Pollutant Nr(2015~2019) Cv(2020) Cs(2021) A(Cv—Nr) A(Cs—Nr)
SO, [ug/m3] 4.84 3.25 3.12 -1.59 -1.72
CO[mg/m?] 558.46 508.69 4649 -49.77 -93.56
0; [ug/m?] 21.14 23.26 27.81 2.12 6.67
NO, [ug/m3] 35.36 27.11 23.59 -8.25 -11.77
PMyo [ug/m?] 45.99 43.08 38.65 -291 -7.34
PM, 5 [ug/m?] 24.53 21.02 19.8 -3.51 -4.73
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Fig. 6. OMI mean NO, column density (unit= 10'® molecules/cm?) in September for different periods of (a) 2015~2019, (b)
2020, and (c) 2021, respectively. Differences of (b)-(a) and (c)—(a) are also mapped over study area.
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Table 4. Summary of environmental change parameters and the anticipated local air quality effects during the 2021 coal

shortage period in China.

Parameter Change Effects on local air quality
Thermal power plant operations Decreased Emission reduction
Precipitation Increased Wet deposition

Wind speed
Aerosols Decreased
NO, Decreased

Increased (easterly wind)

Dispersion or dilution
Local air quality or visibility enhance
Local air quality or visibility enhance
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