'.) Check for updates

Journal of Korean Society for Atmospheric Environment
Vol. 41, No. 6, December 2025, pp.976-987
https://doi.org/10.5572/KOSAE.2025.41.6.976

p-ISSN 1598-7132, e-ISSN 2383-5346

=
™=

Ho

2UH MERLNG M2 HR0| K|

ZOMEX] S0 D|X|= G

Impacts of the Korean Coal-to-LNG Power Plant Transition on

Regional PM, ;s Concentration

O[4I, 05?, BriZY, 2|

o

VYRS ol B, 25 oA AT P e, Ve R A7

Sang-Hyun Lee"?*, Su Jeong Lee?, Nankyoung Moon®
YDepartment of Atmospheric Science, Kongju National University, Gongju, Republic of Korea
Dparticle Pollution Research and Management Center, Gongju, Republic of Korea

3Korea Environment Institute, Sejong, Republic of Korea

Abstract

R4 2025 119 3Y
23 20254 1€ 18Y
FHEHQ 202514 112 19Y

i

Received 3 November 2025
, Maeng-Ki KimY? Revised 18 November 2025
Accepted 19 November 2025

*Corresponding author
Tel : +82-(0)41-850-8526
E-mail : sanghyun@kongju.ac.kr

As part of its strategy to achieve the 2030 greenhouse gas reduction target and 2050 carbon neutrality goal, the

Korean government is pursuing an energy transition by gradually phasing out aging coal-fired power plants and replacing
them with liquefied natural gas (LNG) facilities. To assess the potential regional air quality impacts of this transition, we
conducted a facility-level analysis of emissions and their effects on fine particulate matter (PM, ) concentrations. Based on
facilities operating in 2022, 12 out of 58 coal-fired units are projected to be decommissioned by 2029, while 3 new units will
be added. In addition, LNG facilities with a combined capacity of 13,422 MW are expected to be constructed, resulting in a net
capacity increase of 10,442 MW. Using Telemonitoring System (TMS) data and actual 2022 electricity generation records, we
estimated emission factors (EFs) for NO,, SO,, and total suspended particles (TSP) and applied them to project 2029 emissions.
Results indicate that by 2029, NO, emissions will increase by 4.3% (1,312 tons), whereas SO, and TSP emissions will decrease
by 12.6% (2,600 tons) and 18.1% (279 tons), respectively. A PM, 5 source contribution analysis suggests that the closure of
coal-fired power plants in Chungnam and Gyeongnam will reduce local and nationwide PM, s concentrations, while new
facilities in Gangwon and Gyeongbuk are expected to have little change in concentrations in neighboring areas. On a
national scale, the net effect corresponds to a minor reduction of approximately 0.01 ug/m? in PM, s concentrations by 2029,
equivalent to approximately 0.2% of the reduction target. These findings highlight that although national PM, s levels may
slightly decrease, the spatial redistribution of air pollution requires careful policy consideration to mitigate adverse impacts

on local communities.
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Fig. 1. (a) Distribution of coal-fired power plants operating as of 2022, (b) Distribution of coal-fired power plants scheduled to
operate by 2029 (based on the 11™ Basic Plan for Electricity Supply and Demand) and newly constructed LNG power facilities
since 2022 (Note: Existing LNG facilities operating before 2022 were excluded from the figure to reduce visual complexity).
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Table 1. Status of coal-fired power plants and annual emissions (unit: tonne) of NO,, SO,, and TSP by facility in 2022.
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Chungnam Taean (#1~10) 6,100 29,220,477 4,790 4,2434 3,893.9 299.5
Chungnam Dangjin (#1~10) 6,040 27,944,676 4,627 2,558.4 3,272.5 3255
Chungnam ShinSeocheon (#1) 1,018 4,647,748 4,566 213.6 120.2 2.7
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Table 2. Changes in total capacity and annual NO,, SO,, TSP emissions (unit: tonne) of coal-fired and LNG facilities between

2022 and 2029.
Fuel type 2022 2029 Difference (2029~2022)
Total X Coal 36,873 33,893 —-2,980
OtB(Q%’fc'ty LNG 32,552 45,974 +13,422
Coal+LNG 69,425 79,867 410,442 (+ 15%)
Coal 19,066 15,107 -3,959
NO, LNG 11,539 16,810 5,271
Annual emissions Coal +LNG 30,605 31,916 1,312 (+4.3%)
(ton)
SO, Coal 20,583 17,982 —-2,600(-12.6%)
TSP Coal 1,535 1,256 -279(-18.1%)
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) 3
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Fig. 2. Regional distribution of annual emissions (unit: tonne) of NO,, SO,, and TSP from coal-fired and LNG facilities in 2022.
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Fig. 3. Regional changes in annual emissions (unit: tonne) of NO,, SO,, and TSP from coal-fired and LNG facilities between

2022 and 2029.
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Fig. 4. Modeled contributions of anthropogenic emissions to regional PM, 5 concentrations. Each panel shows the contribu-
tion from a specific source region: (@) Chungnam, (b) Gyeongnam, (c) Gangwon, and (d) Gyeongbuk. Stacked bars indicate the
concentration (left axis) in 17 receptor regions resulting from source-region emissions of NO,, SO,, PM, 5, and VOC; + NHs. The
overlaid solid line indicates the projected change in PM, 5 concentration from 2022 to 2029 (right axis). Receptor regions are
defined as: Seoul (RO1), Busan (R02), Daegu (R03), Incheon (R04), Gwangju (R05), Daejeon (R06), Ulsan (R07), Sejong (R08),
Gyeonggi (R09), Gangwon (R10), Chungbuk (R11), Chungnam (R12), Jeonbuk (R13), Jeonnam (R14), Gyeongbuk (R15),
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each of the 17 regions. The regions (R01-R17) are defined in Fig. 4.
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