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Reduction Efficiency of Secondary Organic Aerosols by Emission
Reduction Scenarios of Volatile Organic Compounds in Ulsan
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Abstract Volatile Organic Compounds (VOCs) are a major precursor generating ozone (Os) and Secondary Organic
Aerosols (SOAs) by reacting with nitrogen oxides (NOy) and OH radicals in the atmosphere. In this study, the scenarios of VOC
emission reduction in Ulsan were suggested based on two emission inventories: the Clean Air Policy Support System (CAPSS)
and the Pollutant Release and Transfer Register (PRTR). Considering the characteristics of VOC emissions, three scenarios of
VOC emission reduction were derived: (1) Scenario 1-1 reducing TVOC emissions by the type of emission sources, (2) Scenario
2-1 reducing BTEX emissions by areas and compounds, and (3) Scenario 3-1 reducing BTEX emissions by the type of industrial
facilities. The concentrations of VOCs before and after the emission reduction were simulated using an air dispersion model.
Then, their corresponding Secondary Organic Aerosol Formation Potential (SOAFP) was calculated, and reduction efficiencies
in VOCs and SOAFP were compared among the three scenarios. Scenario 2-1 showed the most significant decrease in VOC
concentrations. Scenarios 1-1 and 2-1 presented higher reduction efficiencies of VOCs and SOAFP than control scenarios that
reduce the same emission amounts without considering emission characteristics (i.e., industrial facilities, areas, and
compounds). The methodology and major results of this study can be a basis for establishing VOC and SOA management
policies.
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Fig. 1. Annual contribution of emission source categories for total VOCs in Ulsan in 2019. Data were obtained from the
National Air Emission Inventory and Research Center (https://www.air.go.kr).
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Fig. 2. Spatial distributions of (a) population density and industrial areas, (b) TVOC emissions from point, line, and area sourc-
es, (c) TVOC emissions from point sources, and (d) BTEX emissions from industrial facilities in Ulsan.
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Table 1. Information on Scenario 1-1 reducing emissions of CAPSS TVOCs by the type of emission sources.

Categor District Emission Contribution Reduction Scenario applied
gory (tonne/y) (%) rate (%) emission (tonne/y)*

Jung-gu 5 0 15 5**
Nam-gu 35,753 68.8 15 30,381

Combustion in the Dong-gu 2 0 15 2%

manufacturing Buk-gu 1 0 15 %%
industry Ulju-gun 16,223 31.2 15 13,799
Total 51,984 100 15 44,188
Jung-gu 1,077 55 20 862
Nam-gu 2,510 12.7 20 2,008
Dong-gu 6,229 315 20 4,983
Solvent use Buk-gu 6,730 34.1 20 5,384
Ulju-gun 3,209 16.2 20 2,567
Total 19,755 100 20 15,804
Jung-qu 0 0 10 0
Nam-gu 7,151 66.8 10 6,436

Dong-gu 351 33 10 351%*
Waste disposal Buk-gu 0 0 10 0
Ulju-gun 3,206 29.9 10 2,885
Total 10,707 100 10 9,672

Jung-gu 36 1.0 10 36%*
Nam-gu 2,065 56.9 10 1,858

- ¥k

Energy transport Dong-gu 16 0.4 10 16**
and storage Buk-gu 34 0.9 10 34
Ulju-gun 1477 40.7 10 1,329
Total 3,628 100 10 3,273
Total 86,074 153 72,937

*Data were rounded up to zero decimal places.
**This scenario was not applied for emission categories in each district with a contribution of less than 5%.

Holl 4~5F AFA O] v ST AR /o] A HiETEO] 58.4% (51,984 tonnely)E AFA|Sh= AB4tE
o2 WS £ QlouR T 4~55 AFARO vjEo|  AS TS, E(68.8%, 35,753 tonne/y) 2t STt
et AWt = st (31.2%, 16,223 tonne/y) ] Hi&-Z W] Fofof o}m,
HiEEo] B2 AT 77 ke AE Al

3.2 HiEY Xt=E 82t 24t VOCs HIE o] VOCs &= tAd oz #gsljof et A4
X2t HESE Al VOCs HIEF9] 22.2% (19,755 tonne/y) & 2HA|5h=

CAPSS HIE A=E v o2 4] 718 8 {7184 ARE9] Zfoll= 5 (34.1%, 6,730 tonne/
i viEdel o2 VOCs &S A7 (MY y)©F B (31.5%, 6,229 tonnely) HF=2 HIES Fo]
2 1-1)= AASHATHE 1). Alv=] ol Aljkst o gtk J5+40] Apgaf Alxet 579 AU Alx7}t
+ HiE A" 72 (%)= @A viE AT S 4R 2 VOCs HiEdollrk ERL XA vOCs
125k 10~20% TFo 2 A5 AA voCs  BIEZFS] 12.0% (10,707 tonne/y) S AA|5H= H7|&
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Table 2. Information on Scenario 2-1 reducing emissions of PRTR BTEX by areas and compounds.

Scenario applied

District Compound Emission (kg/y) Reduction rate (%) emission (kg/y)*

Benzene 52 20 42

Toluene 46 20 37

Nam-gu Ethylbenzene 53 20 42
m,p,0-Xylenes 275 20 220

BTEX 426 20 341

Benzene 0 20 0

Toluene 105 20 84

Dong-gu Ethylbenzene 1,129 10 1,016
m,p,0-Xylenes 4,181 10 3,763

BTEX 5,415 10 4,863

Benzene 0 21 0

Toluene 38 21 30

Buk-gu Ethylbenzene 27 20 22
m,p,0-Xylenes 182 20 146

BTEX 247 20 198

Benzene 12 20 10

Toluene 103 20 82

Ulju-gun Ethylbenzene 46 20 37
m,p,0-Xylenes 607 20 486

BTEX 768 20 615

Total 6,856 12.2 6,017

*Data were rounded up to zero decimal places.
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PRTR Z}=& °o]-§5to] AFAA 7F 28 2123 BTEX
HES A e (ARl L 3-1)2 AAISHAITH (R 3).
157 23 AR (F2 o3 A1) 2l BTEX HIES
o] Zt7t XA wiETFe] 95.3%2} 3.5%E AFA|oHlct.
B8R iy AR 915 VOCs &S #teka
2% A HilE A e e ot Yok A
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Table 3. Information on Scenario 3-1 reducing emissions of PRTR BTEX by the type of industrial facilities.

Scenario applied

Facility type Compound Emission (kg/y) Reduction rate (%) emission (kg/y)*

Benzene 42 15 36

Toluene 166 15 141

Type 1 facility Ethylbenzene 1,246 15 1,059
m,p,0-Xylenes 5,034 15 4,279

BTEX 6,488 15 5,515

Benzene 15 15 13

Toluene 920 15 77

Type 2 facility Ethylbenzene 2 15 2
m,p,0-Xylenes 132 15 112

BTEX 239 15 204

Benzene 6 10 5

Toluene 13 10 12

Type 3 facility Ethylbenzene 3 10 3
m,p,0-Xylenes 49 10 44

BTEX 71 10 64

Benzene 1 1

Toluene 20 20

Type 4 facility Ethylbenzene 3 - 3
m,p,0-Xylenes 22 22

BTEX 46 46

Benzene 1 1

Toluene 3 3

Type 5 facility Ethylbenzene 0 - 0
m,p,0-Xylenes 3 3

BTEX 7 7

Total 6,851 14.8 5,836

*Data were rounded up to zero decimal places.
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Table 4. Reduction rates (%) of TVOCs and BTEX of each scenario in the residential areas of Ulsan.

District
Compound Scenario
All areas Buk-gu* Nam-gu* Dong-gu* Jung-gu*
Scenario 1-1 15.5 154 15.6 154 15.5
Tvocs Scenario 1-2 150 15.0 15.0 15.0 150
Scenario 2-1 13.6 1.2 29 15.5 6.4
BTEX Scenar!o 2-2 12.7 0.9 1.9 15.8 4.1
Scenario 3-1 139 1.3 25 16.3 55
Scenario 3-2 14.5 1.5 3.0 16.3 6.8

*Only residential areas in each district were considered.
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Fig. 3. Spatial distributions of reduction efficiencies for (a) TVOCs and (b) SOAFP in each scenario. The reduction efficiencies
were calculated by subtracting the reduction rates of the control scenarios (1-2, 2-2, and 3-2) from those of the original scenarios
(1-1,1-2,and 1-3).

Table 5. Reduction rates (%) of SOAFP of each scenario in the residential areas of Ulsan.

District
Compound Scenario
All areas Buk-gu* Nam-gu* Dong-gu* Jung-gu*
Scenario 2-1 138 2.1 34 15.7 7.1
BTEX Scenar{o 2-2 12.7 1.5 2.2 15.8 4.5
Scenario 3-1 139 20 2.8 16.4 59
Scenario 3-2 14.5 23 33 16.4 7.2

*Only residential areas in each district were considered.
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