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A Study on the Effects of Environmental Policies on Air Quality
in Busan using Photochemical Models

Kim Min jung’, Kim Min Kyeung, Jeong Yu Na, Yun Ha Eun, Kim Hyun Sil

Air Quality Monitoring and Assessment Team

Abstract

Busan is a region where ports, industrial complexes, commercial, and residential areas coexist,
making it affected by both mobile and stationary emission sources. Therefore, region-specific
countermeasures for PM-2.5 reduction are required.

In this study, the PM-2.5 concentration and composition characteristics in Busan were analyzed,
and the Community Multiscale Air Quality(CMAQ) model was utilized to evaluate the reduction effects
of key pollutants, CO and NOx, from stationary emission sources, specifically industrial combustion,
which are relatively easier to control. Scenario analysis revealed that reducing CO and NOx emissions
from industrial combustion by 50% and 100% resulted in little difference in PM-2.5 concentration
reduction. However, there was an average reduction of 3.5 ug/m® annually and 6.0 pg/m® on high
pollution days, suggesting that halving the emissions of CO and NOx can still achieve meaningful
improvements in PM-2.5 concentrations.

Notably, significant improvements were observed not only in industrial areas heavily impacted by
industrial combustion but also in areas with relatively lower contributions from industrial sources,
due to emission reductions in nearby industrial complexes. However, due to the nonlinear nature of
PM-2.5 formation, reductions in NOx emissions from industrial combustion were found to promote
the formation of NO; in certain areas, adversely affecting PM-2.5 concentrations. This phenomenon
is attributed to the NOx-rich conditions of Busan, where ports and industrial complexes are
concentrated. In conclusion, effective PM-2.5 management in Busan requires additional NOx
reduction measures combined with NHs emission controls. Furthermore, it is essential to establish a
tailored management system that reflects regional emission characteristics. Specifically, emission
reductions from mobile sources around ports and industrial complexes, as well as measures to
control fugitive dust and mobile sources in residential and commercial areas, should be implemented
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to achieve comprehensive PM-2.5 improvement.
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Fig. 1 Air Quality Monitoring stations in Busan(2023)
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Table 1. Domain Configuration of the CMAQ Model

Model domain Grids information
Horizontal grids Domain 1 174 X 128 X 27 km
Domain 2 67 X 82 X 9 km
Domain 3 83 X 83 X 3 km
Domain 4 78 X 70 X 1 km
Vertical levels Sigma levels 1.000, 0.995, 0.990, 0.985, 0.970, 0.950, 0.930, 0.910,
0.880, 0.840, 0.800, 0.740, 0.700, 0.600, 0.450, 0.000
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Table 2. Air pollutant emissions by Source in Busan, 2020

] 13709 feRe
HEedEAIZ2E= NOx(43,099
ton/yr), VOC(33,447 ton/yr), CO(22,210 ton/yr)

Fig. 2 Domain Configuration of the CMAQ Model
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(ton/year)
Category CcO NOx SOx TSP PM-10 PM-25 VOC NH3 BC
Other surface 372 9 0 24 15 14 31 848 |
emission surces
Agricultural activities 0 0 0 0 0 0 0 164 0
Road transport
pollution sources 7,549 11,754 10 150 150 138 1,799 92 71
Non-Road Transport g 407 93005 9098 1384 1383 1270 3,688 4 309
pollution sources
Fugitive duse 0 0 0 14,701 4,753 779 0 0 3
Non-industrial
combustion 1,645 4,715 225 51 49 40 172 71 11
Biomass combustion 826 22 1 137 96 82 258 0 8
production process 0 383 669 16 12 8 223 17 0
Energy industry
combution 1,874 1,417 189 54 54 51 252 240 16
Energy transport and 0 0 0 0 0 0 588 0 0
storage
Use of organic
solvents 0 0 0 0 0 0 25,275 0 0
Indeustrial 518 1612 328 202 120 49 67 24 4
combustion
Waste treatment 45 180 28 6 4 4 1,095 1 0
Total 22,210 43,099 3,481 16,726 6,636 2,436 33,447 1,462 424
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Table 3. Major Air quality policies in Busan

02 2/(2017)] A7
oARIA] @l FR3t
2 o= Uepdrt? melA 8
g 249 gar Z0RA| S walo] AEAe
S 012 o2 Y|t E3t ol 5B of

WY, by

3 oled Y vhEgel 7lolwrt TR, AEYA
At 57 AAIITA S)o] vhEo] BEHE AT
o] 9lou R ujE ZHao] BE EOMYA S 7

aie AYRoR YASPY A 4 942 Zol

oo
r&
:
ri
0 %

Table 4. Total amount of emissions in Busan
from CAPSS 2020 inventory and reduced
amount of emissions applied for the sensitivity

simulation
3= CO NOx
Base 2020, CAPSS
Casel Energy industry 518 ton 1,612 ton
combution (100%) (100%)
Case? 259 ton 806 ton
(50%) (50%)

3. ZL W uy

31 OplodEd wie A%
73R TR BAIEIOA SR 2020
W 1e9e WEY S PE)E vgos
SAN] U] 7 Al Op|e gl Hia de A
HB oY,
CO(QAIBELL) vlEae SHRTholA 4,900 ton

Category

Items

1 Emission facility Low-NOx Burner installation support

2 Road transport pollution sources Early retirement of old deesel vehicles

3 Restriction on operation of Old diesel vehicle(DPF
installation)

4 Expansion of green vehicle distribution

5 Expansion of hydrogen, Electric Buses & Trucks
distribution

6 Non-Road transport pollution sources Strengthening of sulfur content standards for marine fuel

7 Residential emission sources fugitive dust suppression vehicle

8 Low-NOx boiler
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Fig. 3 Annual emissions by district
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Fig. 5 Daily mean PM-2.5 variations : Observations and CMAQ model results
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Table 5. Annual Average PM-2.5 Component Concentrations by case
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Fig. 8 Annual Average PM-25 Component Concentrations by case(%)
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Fig. 9 Comparison of PM-2.5 component concentrations by case
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Table 6. Average PM-2.5 Component Concentrations by case on high pollution day
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