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Assessment of Environmental Benefits related to Fine Dust Seasonal
Management System in the Electrical Power Generation Sector
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20F: Y2 DIHPIX| D5 Al7| LSS lt7| st £ Chito] ASOR 2019 12BLE 2020
1 BRIIK| OIHPIK| ALTRIHIS EQAYSICH MO, 2, M8 U UHRS0| 2 5 2874 01
RIS AAIBISCE. SHRISH UOIN FE2 AYE DIABLR| AZE2I|o] Bolof st ¢ MR
Cf. 2 =204 DMK ALBIHO| OIBIH 5 HYaPt 7153 YHLLS SN0 Yao| 21}
S WIISIGIC A A0 2 UP|QYST HE Hake MNY BADHOR Sof S
HiE2 BSi0| 2 Hole HsrAREM(mpact Pathway Analysis)g S3 EMSIACT FHZ
NOx, SOx & PM2.55= 242} 9 6.4%, 9 2,95, 9 0,255 ZEEYON 0|2 QI3 Wilet srjmiole
92,3060 Y02 FHERICH XIHORE MERINA} UHE B4, ZH U O X% 50|
3 ZAE iR 512 HOI2 017 U KO AT 0| 2 HOB SN,

SN DIMBR| AHRRIM, FHPREA, HAAY DRy, B

Abstract: The government introduced and implemented the fine dust seasonal management
system from December 2019 to March 2020 as a short-term measure to prevent damage
during periods of high fine dust concentration. A total of 28 implementation tasks were
established across the industry, transportation, life, and power generation sectors. In this
paper, | focus on quantifiable policies in the power generation sector. First, using the
electricity market simulation tool, | estimated the change in the air pollutants emissions due
to the fine dust seasonal management system. | found a significant reduction in air pollutant
emissions in the power generation sector from December 2019 to March 2020: NOx, SOx,
and PM2.5 were reduced by an estimated 6.4 tons, 2.9 tons, and 0.25 tons, respectively. As
a consequence, the environmental benefits are estimated to be about 230.6 billion won
through the framework of the impact pathway analysis. | also found that air pollutant
emissions are significantly reduced in places where coal power plants are concentrated, like
Chungnam, Gyeongnam, and Incheon, and the environmental benefits are immense in such
densely populated metropolitan areas.

Key Words: Fine—dust season management system, Impact Pathway Analysis, Electricity

Market Simulation Tool, Environmental Benefits
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U197 A AAY RE ol4E xnwa | A Sefuete) Apg 2
P81 2A) 9] St uAEA S@e] YT 20199 UAE AR
o4z ALl W eS| of of 75.7%7} S t7|he] vis) BrkEA
UTHL SRt (R 5, 2019). Z2U-19 ofF TS 7]/
712 A2 7 92 A7k Auet AV 2 SR AR A s e,
S o8] Tk 2912 7199 9 A BA 9 At o
Aok 3 W9 F2% EAZ QAT gk Q4L 5, 2021), TR
(108 FFE NEW AW Bk BE F) G4 AALE Aol A
7 QAo g7)8o] AMEE Tat Yotk Tt ol BARS
22A9 AQHoleh] ol oldth, webd gk Fujol A AAH
HAEA 4% AAe] ANg FEstel g% A2 S0 o] AL
o] g7} 9}«‘:}

Stavropoulou, Stavropoulos, and Bezirtzoglou, 2020; Braithwaite, Zhang
Kirkbride, Osborn, and Hayes, 2019). 3t ZU|A|HZ|= ofQ] w=5A}
&0k ofyzt Adf gAke] Aol B84 2 AT ol= BA
A £A4E 2ot 235 YA YoHChang, Zivin, Gross, and Neidell,
2016). OECD(2016)°]l W= 7] 2 ¥-2 20604 715 947+ AlA| GDP]
1% &= 4 /\/u (e omcﬂ- 7-] oz ;qu} ].oﬂr,} E.;] ﬁ}-_‘['L_Q OECD i]-?—j—fm,’-
% 1 & GDPY 0.63% &40l & Aog F4stylth
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1) ZEU-197} A5}17] 0]l 20189 AL Q9] A7t W Zu|x MX](PMz 5=
23ug/mt B HHA 2020419] H9- 21pg/m O & AL YT @AR, 7S A AR,).
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o oux ¥ JATE A, WE 7% 4% 5 B AdHL
7140z uARA D% A7) st A
a% Ao sjsig Hasfstelof gk @ARA T,
X719 sk s S8 wo) ojAe) agko.
2 20194 1 Ea 20204 3974 FIAEA AdBEAE £ A
stoict. mlAEA AGREAE Gr1eded HH% o god 41 3
HAZL A AL BHY TBE AYS 3
9t %8 oL Ngslud 5 5
5% Ao SEd LYAL, 45 9 07 5%
284 A4 ol et
grne) Bao] v 413 AL Ages 2
zny} @4 57 9 o 27% AR g Sxol
J

e
—‘-{11

A7k AR A1 AT A1) B W) st
olel AT BAE i Siek Abere ﬂ Sa3E 2457

Avesl s A5ae 2 4
A

A= = AR EAS Dottt = AHA2> |
=4 vk 23 A (Cost Based Generation Pool, CBP) 2.2 A|Ato] 2o
3t HSARES] AT Eo] WHHEHE 7|Eo 2 H[EF AT YHE

S 2FEIL AT whebA ARG TRl AARe] Al o] 3t

AE HE2FE (2020.5.12))
3) AP A A gH o] A (https://new.kpx.or.kr/menu.es?mid=a10401010000)
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HolA U A WA 4 glo] WYY Beld St v 8ot
QUehe WA/ WS AN SUsA 2T & Itk X §
Y3 2o AU 2 e AEAE G2E UA e SUAE
o2 wolo] Bast ARS $us| felsichs gl Ak wety A
GA RO|RPE o WARES] vAwx

= AEBEA S AT AL
= A oFAHEO. 4 q7|QH=4 W&
H5lE 24519} tEo] fj7] Q@8 o] HEHoE 4840 nA=

FFe W3l & HelE Fo] Yol FFEEEA(Impact Pathway
Analysis, [PAYE A-&5to] EA45150H. t7|edEdo] tf7] 2= Hi&
= 71 2 3 Y FFE ot o5t 7] 5 et A

FAEE EA0] Qlo] HiE&F B9 ofvet Y] 714l 2 1 XY
o] 71 AE4 HiEF 5 ThdRt 840 ool JFS Wt (B9 - A

Ad, 2020). YFEEREAL W71 edEH0] LAYCERE HiEEo]
+ F % olof gt 7R E 23S

+ BAEolth 17 SjollA d7| QB EA wiEo] THE o &2
Aol Ho| A =9 A+ 23S Ho|H (benefit-transfer)sto] 4-&
St Hof -8 HEE E8stoith gofinl- 8IS THHsite ARlol
ZA AR 7iE FA ] EAolu 2|94 Apolg 12 eHA] Lol A
EAgth 2 =2 gi7|1edE4 wiEe] gt °§‘3J7éi%'_—44 T ol
o 7 A AET EWH Holg &

ottt Aol 27 FiolA AP=UE o :
423} 20199 12€9~20209 397HA] 9] WA F-2Y] A-TA AP

OF glsf tf7] e HEEE AETFE NOx, SOx &
oF 2.9, 9 0.25€ HAFEom o2 It Hol2 9
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A2 Jdo s E2 ARHEOoRE PFFo R AYE 33T
g = AR Qlef gl B8 F9oA e 8 WHYe R JS
SHIL Ut} SHATE B o 2| o]l Hlsl 247HA 2 g7 e A= wiET
Wol =2 QRH|ES TAAYIY. Al 5 St AR A TE
71edE4do] WPA7|= YFato] s ot 50l APEHUH
Muller and Mendelsohn(2007) T E7I2 S E-&sto] 7| 2d&=4

o, AEEA A HAd Bget 5 FEE, PAH &= Q1% DNAY
Hol 9 o]of] W2 Xdd ZA|, AFgE W}, Aof BAF, AR E AA
Z 24 5ol ¥FE U2 ok Wu et al.(2019)= 20059 F-E 2020
W7HA] S0 A4 golHE &85to] viEde Alttste 39
714 $stke} olof e A FFE A% At 184t
1 1 34519} Yang and Chou(2018)+= T]
= FAAFY AerdAa HA= Qlsto] AFFol A D RAF 7RO
Z17F 15% E 28% HA5HSZ HAth 79 APA+=2 ¥ 59E

5] WhERE 4% AL o] 849 QRS Wl Ak B4

Aepdbds 75 Aol tigt sl A& olst - AAE(2018)>
SRR AO] 7hs S A9HE o] 5 A (Difference-in- Difference)
et AT A S #e = At EE AEE- U
(2021)°] A=A A= AT AR Aebdds Hoks dux

5) AEh e S S Y % H1%0] 7P 1 % vl AEAIS] 9.2% 247129] 20.9%
£ A3k ek 587489, 2020)
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BHANE EA5hs S HE
+ o] Qe v Agwigo] gt

1y 27k ot 5] FESt BESFTE SHEHEA AU FAFE
(control group)¥t A A|-(treatment group)®] ZAs| AH LA L= HF¢-
A Ao eF7F AL 7540l AU (Abadie and Cattaneo,
2018). ¥ba Zaot 21(2021)2 #5722 AZHA ade Hrd &
B2 S EA6I ov 7| e dEd B AT EA0 o] 7MY &
Q3 HiEF WSk AR9] A To& s @ed AlUE| e FHE 7t
gstoict.
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6) AT AHFEALE(2019.4, 2020.4) 9 LTI UAEAZTH BAAH
(KESIS)Q] oL R EAYH(2020.11) AEES &-83}o] #=} AAL

7) 202092 W (leap year) 0.2 2€ 299 0] Slo] M FLH] F A $=870] F7}
St Ao = mtotgct,
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SHEEM H30H Mi3=

F0IE ke, Aol oF 11.1% 74 ¥H ING 792 oF 14.7%

Z71e190 0, 20204 1~3% W% 20194 1~390] M]3} LNG W]

2HHee B 4 otk olo] ule) AvhiHsre wAE AL Y

Gt ol A QFE iet ol & HEHSa o AT w7

anrt 249 dgetn ¢ 4 9

(E 1) AEREA 712H19.12~'20.3)2] LM AE LT HeH(HMAS I H])

=2l %
o 5 uny et 2R} LNG
2019.12 -3.0 -111 -11.0 14.7
2020.1 -5.7 -85 -2.9 8.6
2020.2 4.4 -12.8 15.0 19.2
2020.3 -2.2 -17.6 3.1 1.1

Xz paEZZAL 2E MHSAHLKE(19.12~20.3)

ABAIE s flside 7he S9 &9 Aljtez 3| Hstd
PHA 49 Aolo] mE d7|LHF=E HIEF AolE Abgstoiof gt
o A2 §5H] ¥H9(CBP: Cost-Based Pool) AIFL=E, A%

-

[

o Holst WH/ISo] WAREHS 7|20 AFAUTES wepd Ff A
GAL WHABHE T8 4 U AR, 3 W79 Belx 4w
H1§ A5k oW WANY AF Bolige AW AAAL FLH
B % gk, 13429 A &k, 3 o] wet 7] T
Bsks YA Roudge] AokrAS oA F4T 4 Ut
sote wage] WALE WEASE Bl 71 0FBY HETL
A % ek

719G BA W] Wake o] B wAHA SES W7 of
A% Az Ao G HAct ojeh o] Aol B o] o9

8) 3] AYAAL A= 714 YA = (PBP: Price-Based Pool)9] A2 71|11
Act. ol2fgt WHAPGo A= ThFet J&Z o] EAsto] AHAIGE Tt 2 F
o g noJ5}7|7} uj-L- of Frt. o] et B9 o] & ] AYAAS Holct= &
POz FZo= Aol P A7 HE §(Agent-Based Modeling)o] E-8-5]7]
I St} (Tesfatsion, 2018; Jarvis, Deschenes, and Jha, 2022).
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27 2ol ABHOZ S8A] AL AFL I AN 24t
+ PHES dFHEE4(Impact Pathway Analysis)2tal ghoh. 7 =

Holds d7ledEd HiEe] o Hofinl-84H2 ExternE ZEAE
(Bickel and Friedrich, 2005), Parry, Heine, Lis, and Li (2014) 5 3¢
Ao AE HQ] o]H(benefit-transfer)dh= HHS &-8351%ct9 5t
Ak tf7] dEdo] &R o] £8A nA= FZ XYY IF 2 7]
dodol WE tf71d w=o] Wa} &5t ofy e} QIR

£/l oJsff AAErt. webA] Helold ]
23t 7 ARSl 9 =79 B4 RhdskA] XSt
2 AFoA= 7 oA APEUE FFEEE bl
A3 Foto] nAHA] AdTEA Q] HAa T 7o H-gstrt.10
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71Ageiae] o) A G Wtk Eat oA gl et 2R
& S8 P 2 o4 1ol A ol ITE UA At

9) Ho]AL I A 7}x|o] A (value transfer)?} $H4=0] A (function transfer)@ &5
o} 39 A+9] B ofH|-&-Z ol H-&5= FEY A= 7oA WS &8
st

10) k42 52019 AYEA N &8 4= Y= W A9EdE 4 T8-S =

Zo1Ah di7|&Ake A9t 7|13 2¥(CMAQ: Community Multi-scale Air
Quality Model)& B8 E&35F 24715 &8519ths A 7| gEE Q13
o19] St 71| 5t A o A Theket Atol A HIEE AFTIE AV E A AT F
Z9] AFE I3k 4= Sl ohgk OH\_% 52019 A=1E o2 HZQl v
AHA] A o]-&5to] Fafju] 8-S L&t Y ST d o] thgt A9 A
E4E 18T 4 glok= A7 U



S Foteh £ Ao Z QI ti7]
L A=H HiET Aol9 aTE 1Esh] A di7|dRde] ATE &8

e

0]

1. HSA|E B2|2 (Electricity Market Simulation Tool)

AZTHARIE AH5H7] YollA= FAo=Z Qe T=5EH= e
FAstojof S}, 54 wiEHS AHEA - U5 (20212 ol AFAFA
ShA WP EAQ] HAIHE Sol Ao R QIS Mebidse] fHAE &
Ak 4= o} ofAE = AYAIRRS WH5H] HFY(CBP: Cost-Based Pool)
S 9F o7 3t} & 7ME 7S AV F Wt B2 o7 WA
A =9E Aol A8 a5 d-gohs Aot & AYraw} Ve
U A A|Folof| A H[-EXASHE Aol B4 ot} tEo] = A
AL Aol F-U3t WAty SHA S E4S 7HA 2R
EA 4 v]g AR5 &89 AA} 5Ls 207 BT 4= Qlt} ThA]
Tof| HYEAY ool AFH AL T2 HAE AokAGoz Tl

(o]
Pgg 4= otk olgA =59

EE
ek} AmAoko] gl ARl 5% WA Holg AuAN

min} Y [(NLPCu, + LPCp, + QPLCH)+ SUCp,) 4 (1)

gelteT

A1) A=HE3 7|5H]8 HASHE Yepl L k. 9] AoA g, t=
247y WEA 719 A7 9Jmjgith NLPCg: 7] g9 7FAAN:, LPCgt
QLPCg & &A7] g9 FE/IA9 139} 27} A4, SUCg &= 7] g9

71EHES, upby R v TR7] g0l AR tol] it 71 sAdH HuEa,

o=,

11) & =Rox 88 AGAY B go] tigt 245t AFFS Song, Kim, Kim, Jin,
and Yoon(2018)< #ars}7] Highet,
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2. S 422 M(Impact Pathway Analysis)

97190 hETF WA o] 5 0lHEA e WalE sh e
olefat Wakt QIzte] el G FA Bk AFHozL 2oy

A 9] MkE 3hH| Ay 7HX 2 Agste] Hels F45HA "ok (O™ D
2 FFHZEA(Impact Pathway Analysis)®] HHH2 /15 YEHY
a3

12) A48 A5 A FA719 294 B4, Ag58E, £, A 2971, ﬂ
Aol A A=, g A 5ol At v-&F]Astol Ao Yzet AZHAIT
oo gt ZpA|FE A2 QFY2H2017), Song et al. (2018), 1-&7(2019) Foﬂ
A 1T 4= Qlt}. E R E AlE A2 tha Ajol 7} 9l ot Aekste] Hl-E-F A
3} A9 E Adgth= H2 5ot

13) 2374 - A A @ (2018 2 /\]“%ﬂ% 55t 299l CMAQ(Community Multi-Scale
Air Quality)S 8152 & BFM(Brute Force Method)S -85}t
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¥ (Reduced-Complexity Model) HHH o] thoFst A9
AT H7HE Yol e o] &FH A Ut} (Gilmore et al., 2019).
Muller and Mendelsohn(2013)2 7F9-AIQF SRR EE B =&
FES A&3 B HEAQI d7|eteteEEFE 0 CMAQ 239
4 &8-S Hwg 43 F Zoluh AAH] 17 HAYSHA] %3

HAoh wEha] & dolA A8 JFHZEA A4 SR FEZ 0
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TEHRS(CR: Concentration-Response)3tr+ =+ Q] dAto|lA g 2l
|5 Y Hoek et al.(2013)2] 23 Aol npAgt o g gj7]Q
(o]

1) 4918 FarE AR Y7 ke S0 2% T LelA Qlnk. ot $AH
7 §ol7k A QJulo] i) 2 ol s5tA] b vl AR AHE0] e of
3 71E 0.2 SAst A ARSI SR ARG BT 199 271
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T 4 THE R Al wet 2 BAE Hol= Ao 9
ghajolct. wheha] qiREY] JFHZELN A= APATFES S 1
EREAE B9 =2 g2 ol 8%tk Tl vEdte AYE- A4
T=F-0] 0] 78(2017) B a2 5(2018) 5ol Utk ot APgH
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Al LR, S ALERA Y] F 7HA S HiFe] L AgE FE V€

AU 9 BAV)R Bl the) o] Aluel e 445t

+ AHXBAV): ADLEA AA(=F AgstnAso) 2 B +
2 AW

AU A EE AR 48

AE-E 3 T6t7] Yol A1 ESH A} sk AR A oE 4= Qltt. ol2gt FoE
25} Freeman III Herriges and Kling(2014), Cameron(2010) ¥ EPA°|A=
“willingness to swap(WTS)", “value of mortality risk(VMR)” 5= A|QtstHoH, 7
Al 52019 GRS IHE AHEoLE SE4E AFTHE FAZHX 2 AA|
St cHE 2, 2020).

15) ok A A QA AGFdE FAZ sto] A e=FA3%00 ojg&o] A=
A= AFRTYA Y A =24 284 5 AU
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CAUEL B e Agsky wavle) 1 Fuu 48
L AL CouAEA AZBEA FHo] g BS

HARE AZHA S 238 F45V7] AdiHe & s2%E 1ot

= A B9 opdzt AdHeA o]l HHAT A FA = ofof it

7h A8 B o] ARFE AL FEole 5 o] ks
SHEAH. wepA AdwEA oo FHavs sAsH] A e
e oA 4 =7 A't 47]9] 7hs Fae dAloke 2or 475
ATk EF oA HA] AFBEA AP BAgle] AAEE Zol2
2 ZAao|M A <fstltt.

S~

% 47179 AU 2 5 BAU AU L,
L AEE HiETF AAAE AFESISIThI0 TE FE AlUE
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2 NOxo|| i3] 2ELAZAAA(TMY)E 53 SAst Aot ZELATAIAA
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(B 2) NLZIRE tf7|1¥SH HEY Z4Z2H20191 128~20201 38)

NOx SOx PM2.5
AR (ko) (ko) (ko)
BAU (A=&2|x| All) 11,539 19,115 565
ALZI2 A (B3 HISH 14,680 20,419 672
ALt2IQ B (UtE =H) 14,130 20,335 687
AU2l2 C 17,977 22,070 815
(B&SI) A2/ C - BAU 6,438 2,955 250

PM2.5%= ZHZF oF 6.4E, 2.98, 0.25€ o0& A=t /EAQ A
7o) B9 =9 A7 b ok &9 At st & AL
E A ol 9A AFE Hiel o] ojn] FE =% WHT] 47]
4 g H R 13~16717F 7Fe SEEAY AFRAR 271 7t B

g Aehddr)E 28712 AgH 0|9l 7] wEolt.
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T e AUER ColA BAUE At 3 SH A2 °F 2,300
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gt gg o] 7Hg A=d, ol AZEE AR A3 fase Agd
Aol tiF22 ING o] tAsHA ==d| LNG 2| NOx ¥i&
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18) ¥ =59 A nou|-& Ao 28H oY Hon8-2 7t i & FE(GEIA =
) Z}o]7} Qlet. ol FFAZEA o] 7iA= B o}, thit M= Htof sgsh=
o] Tl5fu]8-2 QtAL 5 (2018)914] &I 4= Qi

19) £ d7= f7| 2922 wiE AR QIS SRS Ao & o1t Th 2
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54199 9o g FAHE A, ol 7] G =Y o] ©hE g w0 H|s) A
3 & AL AT 4= Ut

20) A A3t vk} o] B Lo A TMSE £4) 24 7153t 7] . FEATS of
Ao 2 74 1] 3] 8-S 5k tt meEbA] AehahAS thAsHE LNG ¥4 9] SOx
£ gt AoZ AYstrt ot ING 239 A =71 B AFE ol&sitete
SOx Hij&FFo] Aehddof vls] uf$- Hof 2 o] girt.
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