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Abstract : Atmospheric pollutant emissions, mainly exhaust gas emissions from vessels, and the resultant social costs of pollution in the Korean
harbor cities of Incheon, Mokpo, Gwangyang, Busan and Ulsan, are examined in this study, and the need for an emissions reduction plan is
highlighted. Busan had several vessels entering its port, while Mokpo had few vessels, yet the vessels emission contribution was high in both the
cities. Ulsan had world-class heavy-chemical industries, Gwangyang had steel mills and Incheon had a manufacturing industry and more vessels
entering its port than Mokpo, yet the emission contribution was low in these cities. By calculating exhaust gas emissions from the vessels, it was
found that CO, was the highest, followed by NOx and SOx. By vessel type, Busan, Ulsan, and Incheon had more oil tank vessels, Gwangyang had
more cargo vessels, and Mokpo had more ferries. As a result of social cost, Busan paid the highest, while the highest emission was PM. The use of
low-sulfur oil can directly reduce PM and, SOx emissions and indirectly reduce NOx emissions. However, in order to reduce high CO, emissions,
only low-sulfur oil will not help. Therefore, the study suggested the need for reduction plan that use of fossil fuels, by using alternative maritime
power (AMP).
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N712] Load factor= US EPA(2009)%}

Berechman and Tseng(2012), Browning and Bailey(2006)2] #}%

5 A8 e, AFH REATY Load factors o 243}
frzMdol A 7Fs 2171 3 Skth(Table 1).
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3 Aukgk AIZS o] et ko] AgubAzhe

2 PORT-MIS?]

Avk lEF AR AAEsglnh T AdFolghe guralzt
o] Thate], & AFellME 7t AdeE AurAke A A
At 50 %l dlBehs FYQ2=D50)S AHE-HA T

E ATl E NOx, SOx, CO,, PM2 Lee et al.(2016)] A8t
9] #38& 1% Emission Factor, VOCsi= Berechman and
Tseng(2012)S Z+Z} Q183191 TH(Table 3).
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Choi(2013)2] QEHIE 717} 4§85 th(Table 4) 9= Ab8H Mg AESAT M) ABA W8 A,
o VS

Table 4°] KMI(2016)%} Lee and Choi(2013)°] A}3]2 H]-& 2} A7 S 9] I} WA o= gelgh A 1) FA
A= 20153 7 20093 S| 7R 2 AFESE AFS|A WS & “Urban area”, 3% A4S “Suburban area”, 35 ¥ 1= “Rural
ool wet 20161 AH|AEIIXFE BRI Table 59 A area”d] A3 A H| &S 247 A {35190

Table 1. Auxiliary engine average power(P;) and load factor(LF;) by vessel type

Item Bulk carrier Con- tainer Ferry Cargo RORO cargo Oil tank Refrigerated cargo
Pi(kW) 1,776 6,800 11,000 1,776 2,850 1,985 3,900
LF; 0.22 0.17 0.64 0.22 0.30 0.67 0.34

3 US EPA(2009)

Table 2. Vessels median in port time(T;) (Unit: day)
Port
Vessel type Incheon Busan Gwangyang Ulsan Mokpo
Q1 Q2 Q3 Q1 Q2 Q3 Q1 Q2 Q3 Q1 Q2 Q3 Q1 Q2 Q3
Cotainer 038 053 075 048 067 097 019 028 041 017 028 043 025 027 031
bulk carriers 1.01 163 391 031 072 142 108 212 371 093 143 449 299 562 9.04
Ferry 029 034 039 009 057 0.63 - 10.17 - 041 042 043 077 2826 29.29
Cargo 077 140 256 039 08 19 09 172 350 08 206 452 054 335 748
RORO cargo 053 093 183 043 104 142 039 064 137 036 072 155 - - -
Oil tank 067 1.07 198 031 099 273 0.1 021 044 051 103 215 022 048 140
Refrigerated cargo 057 083 091 0.77 197 5.5 - 1690 - - 1226 - 036 092 723

¥ PORT-MIS(new.portmis.go.kr)
¥ Q1 = D25%, Q2 = D50%, Q3 = D75%

Table 3. Emission factor of auxiliary engines by exhaust gas(EF;) (Unit: g/kWh)
Vessel type NOx* SOx* CO,* PM* VOC**
Bulk carriers 14.00 11.90 698 1.84 0.4
Cotainer 13.80 12.00 705 1.73 0.4
Ferry 11.80 12.60 747 1.71 0.4
Cargo 13.20 12.10 715 1.59 0.4
RORO cargo 12.80 12.20 719 1.68 0.4
Oil tank ship 12.50 12.70 745 1.82 0.4
Refrigerated cargo 13.70 12.00 707 1.58 0.4

% * Lee et al.(2016), ** Berechman and Tseng(2012)

Table 4. Social unit costs in KRW for atmospheric pollution in enhaust gas (Unit: W/kg)
Atmospheric Pollutant Average Social Unit Cost

NOx* 10,196

CO** 79

SOx** 11,452

VOC* 1,855

PMy <+ Suburban area(300people/kir) 83,255

Urban area(1,500people/kir) 320,101

# % KMI(2016), ** Lee and Choi(2013)
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Table 5. Customer price index for 2009 through 2016

FREA S Au w1k WES A R AR A a3

(Unit: Korea Won(W))

Year 2009 2010 2011 2012 2013 2014 2015 2016
Cmtgnozrgfﬁfoi A)I)ndex 100.00%  101.03%  101.07%  101.09%  101.11%  101.12%  101.13%  101.14%
(NOx) W10,196 10,300  W10305  W10,308  W10309  WI10311  W0311 10312

(COy) W79 W80 W80 W80 W80 W80 80 80

(SOx) WI1,452 WI1,569  WI1,575  WIL577  WIL579  WIL581  WIL,582  W11,583

- ; ; ; ; - W83255  W83.264

(BMs) ] ] ] ] ] - 320,101 W320,136

(VOC) W1,855 W84  WI85  WI85  WI876  WI1876  W186  WI1876

% Statistics Korea, Consumer pric index(www.kostat.go.kr)
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ig. 190, Al QJ&4=E Table 69 22t

° .
Auto] WiE7| R Avwd, Aut Jato] 7 Be B
qJ Ak wllE 23S NOx 19.2 ton(43.9 %), SOx 7.6 ton(81.1 %),
CO 2.5ton(12.1 %), PM 2.1ton(57.3 %), VOC 0.9 ton(20.8 %)=,
Ak wiE o] B 21 NOxe|™, €O, VOCE Al9|shd o
| 2 dute] o]gh mjE7] o =7t E3kvh Soxe= i At
AA MlE=HE= AoR UEor, NOxet PM9| &7 %
ERolTodYrt} Eokr)

Sako] Al v &3-S NOx 8.2 ton(18.3 %), SOx 3.3 ton(7.0 %),
PM 0.9 ton(18.1 %), CO 0.8 ton(2.7 %), VOC 0.3 ton(0.5 %)=, NOx
o] HjE o] Wokxgk CO, SOx, VOCE AAhs- 4 4, NOx
v AZYFTZ AL, PM AT Az T8 A% viE
ZNAETF 242} ol ARk ml& 7| = u v selt

roko]l Aul uj &S NOx 5.9 ton(13.5 %), SOx 2.4 ton(8.8 %),
PM 0.6 ton(2.6 %), CO 0.6 ton(6.3 %), VOC 0.2 ton(2.2 %)=, NOx
o] mjEFo] Wkt FUE WrledE=ddE v wiEY]

EE B, vocE ANTAHAL] 7AqEr)
PMZ} CcOt 7+ AZFAAL E oyxiddre 7]<
S} 27y ol Aut &7 = H v Seit

o1 o] Mul uj &3-S NOx 4.0 ton(8.8 %), SOx 1.5ton(13.1 %),
CO 1.5 ton(4.6 %), VOC 0.7 ton(3.4 %), PM 0.5 ton(16.0 %) =, NOx
o] wjEo] WA R COS NOxE =205 299, Soxs}
PM2 AU A A4, vOCE Aabaddae] wE7)olx
7V 247y ol vk mjE 7| == mv| st

=3 o] Muk v S-S NOx 1.0 ton(37.1 %), SOx 0.4 ton(84.2 %),
CO 0.7ton(36.5 %), VOC 0.3 ton(61.3 %), PM 0.1 ton(60.9 %)=,
& o ARt AAA| N ujE7] o == NOx$ CO
E AT e FaollA Adnk wiE7] o =7 =9kt NOoxs}

rir
2,
T
123
e

37.7 ton(81.7 %), NOx 38.1 ton(73.1 %), VOC 7.7 ton(80 %)°] ==
0] 2 dA2 AFE A}l A, SOx 0.1 ton(71.2 %), PM 1.3 ton(47.8 %)
o] H{E2o] 5o A A4 H] oA 747 ml& &3 7]

RS
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H A ZD H]F(27.2 % 20160 7])0] =2 A o] 31(Seo and
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Table 6. Vessels entered port in 2016

(Unit: ea)

Port Cotainer Bulk carrier Ferry Cargo RORO cargo  Oil tank  Refrigerated cargo SUM
Incheon 20 2,116 2,607 4,689 632 3,820 13 15,452
Busan 15,346 1,481 3,634 5,141 360 8,734 1,196 35,892
Gwangyang 4,309 1,728 2 4,427 514 1,440 1 12,421
Ulsan 1,764 657 11 1,531 512 16,416 1 20,892
Mokpo 288 46 170 177 - 363 40 1,084
3% PORT-MIS(new.portmis. go.kr)
a) Seoul b) Incheon
50 <-NOX SOx <PMI10+42.5 —VOC BC0 ©-NOX ASOx < PM10+25 —VOC
Point source(%) Point source(%)
ol 5 Road source(’) ol > Road source(’)
EZZ’:];:::;::&;‘ Non-road source(%) EZZ’:];:::;::&;‘ & A/‘_\ Non-road source(%)
B st e st
c) Gwangyang d) Busan

£C0 ©-NOx +-SOx PM10+2.5 voc

Point source(%)
100

Manufacture of z

o
combustion(%) Road source(%)

50

A -~
|
o
Energy industry of //
combustion(%) / Non-road source(%)
A

Production process of

combustion(%) Ship(%)

e) Ulsan

HC0 ©-NOx +-SOx PM10+2.5 voc

Point source(%)
100

Manufacture of

combustion(%) Road source(%)

Energy industry of

combustion(%) Non-road source(%)

Production process of

ip(%
combustion(%) Ship(%)

+C0 ©-NOx A-SOx PM10+2.5 voc

Point source(%)
100

Manufacture of

o
combustion(%) Road source(%)

Energy industry of
combustion(%)

Production process of

combustion(%) Ship(%)

f) Mokpo

+C0 ©-NOx A-SOx PM10+2.5 voc

Point source(%)
100

Manufacture of

o
combustion(%) Road source(%)

Energy industry of \\\
combustion(%) &

Production process of

(%
combustion(%) Ship(%)

Fig. 1. Relative contribution of atmospheric pollutant emission sources in cities, Korea (Unit : %).

% CAPSS(Clean Air Policy Support System, 2016)
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3.2 Mt Hi7([7tA HHET MY

Ak w717k~ w &3-S NOx 272,062 ton, SOx 221,372
ton, CO, 13,012,456 ton, PM 31,366 ton, VOC 6,744 tonS- = CO,
o] wjEo] /b4 wkthFig 2). =W AHE ALgeE AA|
2ol 5o a9 mjE-S NOx 319,248 ton, SOx 85 ton, CO,
66,449 ton, PM 9,122 ton, VOC 14,479 ton® 2, SOx, CO,, PM
S/ AT EAle] Auko A wjEE o] BWokth(Table 7). A4t
A MEFY 22olsodd dd MEFS gk A,
Ak 2 wjEE-S NOx 3.2ton, SOx 2.6ton, CO, 154.6ton,
PM 0.4ton, VOC 0.1tonl. 2, E2o0]F5o 9 = 714 &
Hi &S HQ) Af B 2AE NOx 590.8x107 ton, SOx 0.23x10°
ton, CO, 145.0x10° ton, PM 5.6x10° ton, VOC 15.4x10 ton =,
S FEAL] MEE A wj S| RE FEoA Bkt
(Table 8).

Aod Auk wEHS ARy, a2 NOx 88,176 ton,
SOx 83,081 ton, CO; 4,882,398 ton, PM 11,794 ton, VOC 2,679 ton
O ® F 5,068,143 ton T CO,°l WiETFo| 7 wokow, Hnt
WO EEe F 24 2,304,077 ton(45 %), HIO|UA 1,653,875
ton(33 %), LWFSHEA 500,987 ton(10 %), J5 324 232,093 ton
(5%), B 164,377 ton(3 %), <1721 161,478 ton(3 %), RORO
A 51,256 ton(1 %)= F-Z243 Ao &l 71
ok} Fato g el Ml 2 Ae ool WA 43 %=
7V B vleS A SR AN, PORT-MIS A oA 2
o] Aguba|te]l e o] ETh 2uf o] 7] wiel uf
%ol 9FS vH R FAdE.

$AFS NOx 75,522ton, SOx 75,793 ton, CO, 4,448,044 ton,
PM 10,827 ton, VOC 2,399 tonC. 2 Z 4,612,584 ton 5 CO,2] Hl
EZo] 71 Bgkon, Mukd wjEHS §324 4,168,738 ton
(90 %)=, &2to 2 1akst AA Ak Z 79 %E A F-x

[e)

al
o] mEo]l gtk 1 o] Adube] miEEe 22 5% ©f

qull . [e]
WA= F8 Q1A T shubrE ARbAztelH, o]k A
Lee and Lee(2016)9] ZA7}9} A3 )
°1H S NOx 32,360ton, SOx 31,301ton, CO, 1,840,949 ton,
PM 4,418 ton, VOC 1,008 ton©. = & 1,910,037 ton = CO,2] Hl
50| b 2okon, Auhd wjEe2 224 1,007,737 ton
(53 %), LRFS}HEA 456,940 ton(24 %), H A4 234,855 ton(12 %)
2 Yelgton, 1 o] Mube 747}t 6% olste] HiEHS B

Atk QA Avt MEee tE FPEAe Aol de

b Al e Ak w77k v E e A

AW
i

>
>
Sotr
a2
=
ofo
o
ox

< B Gk gte] 11 dwistEA e dgrt WA T
WS Aualglo] FdiA o R Fe Mo wiEEol
=9kt olelgk A= Auk Alde] xol= wjy| 7t~ wWjE
& 2o &gk BEQR wEASG Fho] Aoldte] vERd
232 daEo gFd A9 =2 Bunker-C 5 5275 A
£31H, <zl o] £V Wil TUg Mt JIgFE B
SOl = Auke] Yol upeg wEFe] Aol & Hol= AoR

UE} S Th(Lee et al., 2020b; Kim and Shin, 2014).

FFS NOx 21,039ton, SOx 18902 ton, CO, 1,113,112 ton,
PM 2,650 ton, VOC 250 ton>. & & 1,155,952 ton & CO,2] HiZ
ol 7 worer, Auhd wEe UNkstE 529,844 ton
(46 %), H A 249,364 ton(22 %), A E| o] A 245,258 ton(21 %)
2 Uetskon], 2 9] Mube 747t 6% olske] wmiEEe B
At

& ¥= NOx 11,805 ton, SOx 12,295 ton, CO, 727,953 ton, PM
1,678 ton, VOC 392 tonS 2 & 754,123 ton & CO,2] W& o]
7V wkon, Aubd wiEEe oA 627,872 ton(83 %)
2 UEtston, 1 9] Auke 247t 6% olste] MEFS B
Ath
E%Fo] wokomn, 7 FFEA ]
Hl3) 877} wj& o] 2pol= gkt

7 FFEA A A AFEg AR v &S CAPSSS] AR} bl
ST v FA5 At sglon, CAPSSE dohd, 93
A, REEE, 3FRE YA E FAEINE A
AR B AFolA AbA g Mutz Adolste] A
LA o]l Erhete] =] Aol vlul-#A] SiGith T
Shanghai™= NOx 58,160 ton, SOx 51,180 ton, CO, 3,012,780 ton,
PM 6,960 ton(Yang et al., 2007), E]7] Izmit= NOx 5,356 ton,
SOx 4,305ton, CO, 254,261 ton, PM 487 ton(Kilic and Deniz,
2010), 7= LAY NOx 19,245ton, SOx 4,791 ton, PM 999 ton
(Port of Los Angeles, 2005)%, 3F3tulcl A|d 3l S 3e 2
S wpet AdEshe A3 AR Adolste] A3 A1 v
aE ETRHAIRE, - Aghe] wjEF o] €Ol miE ol
7h Bal T 0 2 NOx, SOx 0.2 YETh & 533t
AAA SR 5, 67 FEe] ZH oY & A A S 7|53t

3.3 Mk HiZ[7tA0 QB ALE|H H[E F=F
BoAFA Fgsk Auk w77k~ ARSH RS
Table 99} Fig. 3ol z}z} A|AlEkAT) ALS] 2 B8 NOx
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Table 7. Atmospheric pollutant emissions from vessels and diesel-powered cars (Unit: ton)
Type NOx SOx CO, PM vVOC
Car(Suv+Van) 94,120 14,821 2,625 2,802
. Bus 21,805 5,352 205 567
Diesel*
Truck 203,323 68 46,276 6,292 11,110
Sum 319,248 85 66,449 9,122 14,479
Vessel(This Study) 272,062 221,372 13,012,456 31,366 6,744
% * BRIEF, 2017
Table 8. Comparison to atmospheric pollutant emissions from vessel and diesel-powered car (Unit: ton/ea)
Type NOx SOx Co, PM VOC
Car(Suv+Van) 67.5x10° 0.07x10” 8.6x10° 1.4x10° 2.0x10°
Diesel* Bus 590.8x107 0.23x10” 145.0x107 5.6x10° 15.4x10°
Truck 63.3x10° 0.02x10” 14.4x10° 2.0x10° 3.5x10°
Vessel(This Study) 3.2 2.6 154.6 04 0.1
% * BRIEF, 2017
a) Total BN Nox I co2 PM voc b) Incheon
[ sox
Total gy Incheon
6,009 y ) *sions B NOx em?ssions B CO2 emissions ® PM er'nissions [ SOx emissions
100 100 - VOC emissions M Port calls @ Time in port
80 4
400,09,
2 60 -
< g
2,000)000 =~ 40 A
20 1
0k o J |
|nuhe°'"\(;;~\x g > Bulk  Container Ferry Cargo RORO Reefer
gyang El:x; >z, carrier cargo cargo
" Uisa,, "h;k,,u
¢) Gwangyang d) Busan
Gwangyang
B NOx emissions M CO2 emissions M PM emissions B SOx emissions H NOx emissions M CO2 emissions B PM emissions B SOx emissions
100 - " VOCemissions & Portcalls E1Time in port 100 - VOC emissions @ Port calls B Time in port
80 80 -
60 - 60 -
g g
40 - 40 +
20 20 4
4] : L o
Bulk  Container  Ferry Cargo RORO  Olitank  Reefer Bulk  Container Ferry Cargo RORO Reefer
carrier cargo cargo carrier cargo cargo
e) Ulsan f) Mokpo
Ulsan Mokpo
M NOx emissions M CO2 emissions M PM emissions M SOx emissions M NOx emissions M CO2 emissions M PM emissions ® SOx emissions
100 VOC emissions H Port calls @ Time in port 100 - ™ VOCemissions M Port calls 7 Time in port
80 80 -
60 60 -
g g
< a0 = a0 -
20 20 4
0 ﬂl‘tlﬁl o ,7 =l & 0 L h i
Bulk  Container Ferry Cargo RORO Olitank Reefer Bulk  Container Ferry Cargo RORO Reefer
carrier cargo cargo carrier cargo cargo

Fig. 2. Relative contribution of vessel types to atmospheric pollutant emissions.
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236,0539¢, SOx 256,4105+, CO, 103,9725H91, PM 636,789%F
2 VOC 1,265%H) 0.2 pMe] AF31 A g0 M4 33l VOC
7F S TK(Table 9). Bt wi7]7k2o] o g ALS) A H§5 =
2ol5 ¥ vlaLatr] $1al Table 100 - E=le] A3
2} W]-8-2(Hahn, 2020) Al Al3F3Tt. A} HH7l 7k o3 %
}\]_Qx-l u]_Q_O EHE:] EE4EE]— =77 Oxol /\]_Qx-l u]_Q_O
Auto]l & H|FE& AAsteE o= UFEM, IMO(2020)2] 2+
FE 35%MA 05%= tE 9= Al FdS
=yl lom, o]efgk A= Lee et al(2020a)°]
S| M e LAl LEFTE - A5Re] uj 7| 7k AL
A H]8-2 Lee et al.(2010)%} Lee and Lee(2010)2] A7} 5
5191 th OECD(2014):= A8F w)7] 7k wjZeko] 2011d K}
205039l NOx, CO= F 270 %, PM+= <F 20% 5718kl SOx
T 25% AAaT AoR dqFeta glon, (gH o R = At
o] olFol W ofrole] FTFEo]

=
=
0‘01, Adur w7 7k2e] o3 ALEH W82

[e)
X
5]

ty o mt

il

7] o

2
o:
ol
o
oV R

ﬁ
I HU
_LI.:
(o
il

- I R 1 o g et S B R R S )
2AF 291,807%F, 1% 225,948, <
u&%, B3 37804kl o2 W& o] B2 A
& AL A H]go] AEE B o8 YERsTh 1%,
PMS] A}E] A H]go], = S0x9] AL3| A
. EAEA PME] ARS A H]go] whE
&3 Ae] Hjgo] thE AR Wtr] wio
. KMIQ2019)E S 9AF 1,000 S tjgoz & A
TEARNA oF 35%7F Akl A s wAIA 7}

Olﬁo
[‘ (o]
1z

ot
o ob t otk 3 >

ol o %
~

z o2 x
= o

>i

Table 9. The social cost by vessels exhaust gas in harbor cities

vl 71 7t~ v =

ot

FINE ER RS

,988E ol A 2016'A <l 9,748
2 vEhedl, olE s Ul
2] Wi, m A A A2k
TokE CHKOSTAT, 2019). whahA
Azbeor 3 9 FEH LS PMOE
doE, PMS & el SRS SE A STeH]
ULSD(Ultra Low Sulphur Diesel)ol] H]&] &t A u¥k3-91 MGO
= ok 1124) H He PMS Bl EetE o= FolEglon,
ol o3 Sulfate Ao 7 PM A
2 B (Lee et al., 2018), IMO(2020)<]
= AR QlE PMO] WM EF ATt 7
02010l <3k} 7] d el ek
Zﬂ30261,<;)”/\] go

o
o2
T
>,
on o
rlr
)

s MR el B AT
3} ol Auk w77kl o @ AFEA b &
PM} o] AFEE W] gol

Gahs A 29 AP el

(Unit: 10,000won)

Port NOx SOx CO, PM VOC Sum
Incheon 33,371 36,256 14,710 141,423 189 225,948
Gwangyang 21,696 21,893 8,894 22,064 47 74,565
Busan 90,931 96,231 39,011 377,566 505 604,244
Ulsan 77,881 87,789 35,541 90,146 450 291,807
Mokpo 12,174 14,241 5,817 5,590 74 37,894
Sum 236,053 256,410 103,972 636,789 1,265 1,234,489
Table 10. Comparison of social cost of vessel exhaust gas and diesel-powered truck exhaust gas (Unit: won/ea)

Type NOx SOx CO; PM VOC SUM
Small type 61,441 14 5,111 1,401 1,051 69,018
Truck* Middle type 50,569 28 16,395 1,322 4815 73,129
Large type 99,203 29 17,980 3,260 4,817 125,289
Vessel(This Study) 28,039 30,458 12,350 75,641 150 146,638
% * Hahn, 2020
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Fig. 3. The social costs of vessels emissions in harbor cities.
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1,0008, PM2 <F 208 o] Aut wj7]7hzol o] gk AFs] A
Hlgo] =4 Yehy, 2 AFE Fd AutdA] HEE=
SOxe} PMe| Hi&E #Hele] eAdS f\l*}fs}%ivk

Jung et al(2012)= 7] LA EH HEYU o2 HE 74
2 BEYodnyt ZUkslE Ao ‘a%iip_uﬂl Choi et al.(2018)
= A9 A 1L1~11.9 %(B ¥ 11.5%)7} th7] =
FH A4 e AR fYdtia %HTEM upeba] et

0 2E= o

Ae3t A7180r BE ARA A4, du 2]y v

5o A A3A ] W FEo] 2 30 FE YERKSeo and
o

o% E}

Aubg Azl 22 G528 Ao s dAne] 23}
A1& el = Alek7K(Cetane index)2] Fhol A2 S
s}7b &olatAl dojit A 5Ado] FolAH
v 7} s =), Aerbs ekl s
57}3]'i Aoz YA A Aukf 5 S T

= Ak wl 7|7k~ 5 E8l] SOx9} PMe] Hl & o]
Zifli L EFSETH(Lee et al,, 2018; Yoo, 2015). NOx
29k ,] S 6}0 F/"cJ/} xlx%x—]o] ‘L]_y;ﬂ‘—- o%;qu].

Ao Wtk H2o] NOx 1+A19] thA]

2 FEa 91t wj 7] 7}~ A <=3H[EGR, Exhaust Gas
Recirculation) A]lZElol|l A wj7]olA] 7|2 AAYE Aosh
7h22o 80,9 FE7F 5T H N0 slE &) Tk A
©% HERR LR, SO0 AW 3 S @] a5
Z&o] 718k Ao ® e UTH(Lee et al, 2018). whebA]
FrEE gF 9EFe AR AHAEE
SOx9} PM, {FHA S Z= NOxo| W& Ao & adrt
S AoE *}EEE} apA

ol 7EAE 2= A
(Lee et al. 2020a) AR
o2 "3t
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