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The purpose of this study is to evaluate the PM, 5 concentrations improvement by application of reduction

technology such as plasma DPF and hydro carbon SCR (HC-SCR) for construction vehicles. To do this, we have built a 3D air

quality modeling system (WRF-SMOKE-CMAQ) and investigated emission characteristics for construction vehicles. At first, we

have estimated PM, 5 based on 2016 national emission inventory, and we evaluate the reduction amount of air pollutants
(PM,o and PM, s, NO,) by application of plasma DPF and HC-SCR. The reduced concentration for PM, 5 due to the application
of each technology were analyzed with various application scenarios. As a result, we found that the application of plasma DPF

was more efficient to reduce the PM, 5 concentrations in the metropolitan area (Seoul 0.83 ug/m*, Gyeonggi 0.56 pug/m>,

Incheon 0.54 pg/m?). However, in the case of Jeonbuk and Jeonnam, Gyeongbuk and Gyeongnam, the effective reduction of

PM, s concentrations by construction vehicles emissions can be expected when plasma DPF and HC-SCR are applied

simultaneously (Jeonbuk 0.30 ug/m?, Jeonnam 0.20 ug/m?, Gyeongbuk 0.33 pug/m?, Gyeongnam 0.33 pg/m?3). We expect the

results of this study can provide a valuable scientific background in developing air pollutant control technology, and policies

for air quality improvement.
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Table 1. Reduction technology and efficiency by scenario for emission reduction of air pollutants from construction vehicle.

Scenario Reduction material Reduction technology Reduction efficiency
1 PM;q, PM, 5 Plasma DPF 80%
2 PMio, PMy 5 Plasma DPF 90%
3 NO, HC-SCR 60%
4 PM; o, PM; 5 Plasma DPF 90%

NO, HC-SCR 60%
5 PM;o, PM; 5 Plasma DPF 95%
NO, HC-SCR 60%
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Fig. 1. Nested domains for WRF and CMAQ modeling.
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Table 2. Description of physical/chemical options for (a) WRF, (b) CMAQ modeling.

(a) WRF option
Physics Selected option Reference
Microphysics WSM 3-class simple ice scheme Hong, Dudhia, and Chen, 2004

RRTM scheme
Dudhia scheme

Longwave radiation
Shortwave radiation
Land surface

Planetary boundary layer YSU scheme

Unified Noah land-surface model

Mlawer et al., 1997

Dudhia, 1989

Chen and Dudhia, 2001
Hong, Noh, and Dudhia, 2006

Cumulus parameterization Kain_Fritsch scheme Kain, 2004
(b) CMAQ option
Category Selected option Reference

Chemical mechanism SAPRC99 Carter, 1999
Advection scheme PPM Colella and Woodward, 1984
Horizontal diffusion Multiscale Louise, 1979
Vertical diffusion Eddy Louise, 1979
Z}== NCEP (National Centers for Environmental s Cp=C, ratio
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Fig. 2. WRF and CMAQ model performance evaluation over South Korea in 2018.
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Table 3. Statistical model performance evaluation of WRF and CMAQ over South Korea in 2018.

Mean
R Bias RMSE I0A Criteria
Observed Modeled
. Bias< +5(°C)"

2-m temperature 13.00°C 12.32°C 0.98 -0.69°C 2.48°C 0.99 "

I0A>0.8

Bias < 0.5 (m/s)"
10-m wind speed 2.00m/s 2.85m/s 0.66 0.85m/s 1.80m/s 0.77 IOA>0.6"

RMSE <2 (m/s)"
PM, 5 23.12 ug/m3 22.19 ug/m3 0.69 -0.92 ug/m? 13.92 ug/m? 0.81 R>0.4?

DEmery et al.(2001), McNally (2009)
2Emery et al. (2017)

Table 4. Annual emission amounts of primary PM,,, PM, s and NO, by construction vehicle.

(Unit: TPY, %)

Category | Category Il Category lll PM;o PM, 5 NO,
Bulldozer 114 (2%) 105 (2%) 2,104 (2%)
Loader 473 (7%) 435 (7%) 8,725 (7%)
Forklift 2,488 (38%) 2,289 (38%) 43,496 (33%)
Excavator 2,274 (34%) 2,092 (34%) 41,208 (31%)
Non-road transport Construction vehicle Crane 393 (6%) 362 (6%) 10,044 (8%)
Concrete pump 81(1%) 74 (1%) 3,425 (3%)
Road roller 132 (2%) 121 (2%) 2,328 (2%)
Air compressor 141 (2%) 130 (2%) 3,629 (3%)
Pile driver 77 (1%) 71 (1%) 1,975 (1%)
Road transport Truck Dump truck 353(5%) 325(5%) 12,251 (9%)
P Concrete mixer 97 (1%) 90 (1%) 3,382 (3%)
Total 6,624 6,094 132,567
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Fig. 3. Annual emission amounts of primary PM,,, PM, 5 and NO, from construction vehicle by local government.
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Fig. 4. PM, ;s and NO, annual emissions from construction vehicle (Unit: TPY).
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Fig. 5. Contribution of construction vehicle emissions to annual mean PM, 5 concentrations.
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Fig. 7. Reduced concentration and reduction rate of PM, s by local governments after plasma DPF application, (a) Reduction
efficiency: 80%, (b) Reduction efficiency: 90%.
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