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Characteristics of Air Pollutants Emitted from Direct-Fired Grill

Restaurants and Policy Proposal for Small-scale Facility
Support Project
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Abstract As concerns about air pollution increase, interest in indoor air quality (IAQ) is also increasing. Ministry of
Environment (MOE) is implementing a policy for small-scale support project. Among small-scale facilities, direct-fire grill
restaurants are a major source of biomass emissions and in urban areas. Direct-fired grill restaurants emit various harmful air
pollutants during the combustion process, which can cause health problems for workers and customers. It also causes
environmental pollution and unpleasant odor complaint. In the past, a prevention facilities support project was promoted for
direct-fire grill restaurants in Seoul and Gyeonggi-do. However, as a results of the investigation of previous projects, there
have been numerous reports of facilities not operating properly due to difficulties in maintaining the prevention facilities.
MOE announced a new pilot project to improve the air quality at restaurants in 2025. Accordingly, this study proposed
improvement measures for new policy promotion through analysis of existing cases.
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Z3i0| SAHel thy[2EE

Q1 ¥2]71 o]Fth(Koponen et al., 2001). FI'H IAQE=
F ed=d9] Fe Adsta
A35] Fefshd o 7] tiv] =&
o 4= Qloh SRl =] & 14154% ZA}

S A}, 5 F 90% oS Aol Al fﬂ“ 270
2 YEeRY (Belias and Licina, 2023; Ruan and R
2019; MOE, 2019a) IAQ ¥&]¢] 5840] B& 7J§Lﬂ
1! 1t} (Gonzalez-Martin et al., 2021; Tran et al., 2020;
Karottki et al., 2013).
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'% = 1
off =15t ITH(MOE, 2024a).
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et 7| ed=4do] miEE, §9] Aghtols
=2 g RS ERlEA (polycyclic aro-
matic hydrocarbons, PAHs)E H|%&3l] NO,, U=¢i#}
(nanoparticles, NP), YAFS}EHA: (carbon monoxide,
CO), &= Yo} (ammonia, NH;) ¥ BTEXE 233 3]
iR feiein (volatlle organic compounds, VOCs) &
tjokst G5l -2 uE3Sttt (Lee et al., 2019; Kwon
and Lee, 2016; Park et al., 2015; Kang et al., 2015). ©]
EEE2 Y E & ARE ol A A%l o
4 4= 91 9™ (Won et al., 2019), =A] A
Y 14 (biomass burning) 9] 9 HlEYO R
2t} (Seo and Jang, 2014; Park et al., 2011).
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Fig. 1. Generation pathways of air pollutants at direct-fired grill restaurants.
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Table 1. Characteristics of prevention facilities.

Cost
Type Characteristic
Installation Operation

« Excellent removal efficiency for PM*
«low pressure loss
High Low « If oil accumulates, Fire Can occur
« Difficulty processing in gaseous pollutants
- Suitable for large facilities

Electrical
Precipitator (EP)

+ Low removal efficiency for PM*
« Capable treating of various gaseous pollutants

Actlvate_d Carbon Low High + High cost of replacing activated carbon
Adsorption (ACA) . . X
« Preprocessing device required
« Suitable for medium to large facilities
« Capable of simultaneously treating particulate and gaseous pollutants
- Easy to maintain
Wet Scrubber (WS) Middle Low + Wastewater treatment required

« Replacing cycle of washing water becomes shorter, when there is a lot of oil
« Freezing protection is required in winter
« Suitable for small to medium facilities

«» The simplest equipment
« Lowest installation cost
Filtration (F) Low Middle + Only particulate matter can be treated
« Shortest maintenance period
« Suitable for small facilities

« Applicable to facilities with low emissions
- Difficult to apply when there is a lot of oil
Air Dilution (AD) Low Low « Higher dilution effect than removal effect
« Dilution effect varies greatly depending on the amount of emissions
« Suitable for small facilities

« Capable of simultaneously treating particulate and gaseous pollutants
« Difficult to maintain

Hybrid type I High High «Installation and operating costs are the highest
EP + ACA . . .

« Highest efficiency among hybrid type

- Suitable for large facilities

« Capable of simultaneously treating particulate and gaseous pollutants
Hybrid type IT + Highest odor-related treatment efficiency
WyS i AC),IAp Middle High » Wastewater treatment required

+ The pressure loss is the greatest among hybrid type

« Suitable for medium to large facilities
Hybrid type III ) . S!’\ortest maintenance perlo_d due to ﬁI.ter repIaFement
4 ACA Low High « Filter replacement cycle varies depending on oil content

« Suitable for small to medium facilities

*PM : particulate matter

= A-8o] ojHrt. |EH, 2 e dE=d AE Asl A7) FA, Al
FZoll= Aolko] Aol WiEHe ot 0 A, o3 A o] ez o g el WjE 710 %

=49 FAol A2str] fJstell BAF AL A IHSE] A (dry) B FA (wet) AP 7]&

(hybrid control systems, HCS) = =151 Ut} 7] & 488 3¢ 27t 2 as}c}

7420 APl E Qo BT S Va2 3 oE A Aol FAYAIE H8-& ol e TRt
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Table 2. Support project for direct-fired grill restaurants operated in Gyeonggi (Lee et al., 2019).

Area(m?) Table quantity Area/table (m%/table) Fuel type Prevention facility Meat
A 360 39 9.2 Charcoal EP Pork/Beef
B 400 43 9.3 Charcoal EP Pork/Beef
C 300 37 8.1 Charcoal EP Duck
D 300 30 10.0 Charcoal Filtration Pork/Beef
E 330 44 75 Charcoal EP Pork/Beef
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Table 3. Reduction effects of complex odor by prevention E20o] AAE AL, AdAAF e FEZo] A7[HA
facilities operation (Lee et al., 2019). (unit: %)

A oA AAEHA F-E2] Ao Qe dF 7t~

A B ¢ b £ A e gEHo] T2 Avte wokEeh B3 C AN

Ist 777 950 737 805 700  #w} g AFIAOlA 20 Hul7} LFERY o] ela}
2nd 606 900 41 793 307 oo U N _
Reductionratio  17.1 50 26 12 303 Y odEHel & 7t BHo] FEEHUEA &
oA ohA] W2 d AR st B A=

Table 4. Reduction effects of complex odor, THC, TSP through o

operation of prevention facilities (Seo et al.,, 2021). (unit: %)
Fumree———— . EEEIRL B2 R R R LR
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