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A Study on Improvement Measurement on the Management of

Air Pollution Matter from Ships

Sohn, Yong Gu

Department of Shipping and Port Logistics
Graduate School of Korea Maritime and Ocean University

Abstract

Fine dust, which threatens the public health, is a kind of air
pollutant. It is a yellow dust coming from China. The people of
the Republic of Korea have been experiencing many
inconveniences in everyday life for decades,

Busan is a port city. Air pollutants emitted from ships should be
considered among the causes of particulate matter. Airborne
pollutants such as sulfur oxides and nitrogen oxides contained
in the bunker fuel C , which is the fuel of the ship, also travel

in fine dust.

In September 2017, the government announced comprehensive
measures for fine dust management. However, in accordance

with the amendment to Annex VI of the International Convention
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for the Prevention of Pollution from Ships of the International
Maritime Organization (IMO), by 2020 the sulfur content standard
should be increased from the current 3.5% to 0.5% and the
sulfur content of the Emission Control Areas (ECA) should be

increased to 0.1%.

The government's measures for fine dust have focused only on
the land sector such as thermal power plants and vehicles, so it
seems that they overlooked fine or ultra fine dusts discharged

from ships. Various measures should be established and applied.

In this study, systematic management of pollution sources
originating from vessels occupying a large portion of air
pollution sources is proposed, and institutional and technological
reduction measures are proposed and legal measures such as
the current Marine Environment Management Law are proposed.
This study summarizes international standards on
environment-friendly shipping, domestic and overseas laws and
systems, and examples of overseas eco-friendly shipping, and
suggests ways to improve air pollutants emitted from ships by

collecting expert opinions.

Key words : fine dust, air pollutant, sulfur oxides, nitrogen oxides,

Marine Environment Management Law
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2012 | 1,075,207 | 169,346 | 87,935 | 172,761 | 59,002 | 345666 | 225,561 | 14,782 | 154
AL 61,771 599 | 19,683 796 37,652 | 12,769 743 | 20
Ba 54,468 1,361 | 6,047 1,807 743 | 13,082 | 31,104 205 8
g3 74,744 1,365 | 3,771 1,870 63 | 13,342 3,950 277 6
913 45655 | 11,673 | 4,565 3,049 | 1,003 | 14,382 | 10,523 455 6
s 12,531 347 | 2,601 427 30 5,475 3,525 122 4
=] 12,962 247 | 3,021 478 35 6,851 2,131 194 5
24 59,783 | 16,143 | 2,164 | 15,830 | 1,778 7,440 | 14,953 | 1,473 1
H= 7,196 142 244 65 1,524 5,105 115 1
27] 166,600 | 13,049 | 16,283 7,776 | 2,936 | 86,537 | 33,516 | 6,468 | 36
7+ 75,759 5,629 | 3,670 | 43,756 42 | 15,064 7,354 235 9
F 3 62,179 340 | 3,537 | 29,444 189 | 20,900 6,853 911 5

10) =HsAFETY, 2014 e G EQAMEH A8
- ‘|‘| -
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zu | 138730 | 65,358 | 3,891 | 18,400 | 10,635 | 24,607 | 15,248 581 11
A 38,881 7871 | 3241 3,100 | 1,137 | 17,587 | 10,220 770 6
Ag | 102,612 | 13,245 | 4,000 | 14,874 | 22,500 | 19,216 | 27,832 927 9
A= 102,350 2,268 | 6,374 | 24,686 | 16,724 | 35985 | 15,762 530 10
A 97,581 | 32,243 | 4,493 6,488 | 1,102 | 32,496 | 20,024 722 13
L ES 11,405 7,669 442 28 10 3,504 4,695 54 2

A58 B 87 5 A 97,2016

R D FHEuEt F4E3E(O0x) &%

(9 E/9)

Collection @ kmou

9= H] Ak = AR | Z20]E | H| R0 71= it
Le =4 ;]‘Elil't 1“1:"? Wﬁ:f E ) 23 IE %]E%‘ *E] Eﬂ’ﬂ ]EIE E;
2004 | 1,377,526 | 421,861 {90,781 | 110,470 | 53,145 | 480,481 | 191,008 | 19,780
2005 | 1,306,724 | 300,895 | 93,658 | 108,186 | 55,327 | 455217 | 188,631 | 14,811
2006 | 1,274,969 | 364,310 | 89,127 | 101,187 | 56,577 | 450,080 | 196,441 | 17,237
2007 | 1,187,923 | 156,304 | 82,396 | 155,053 | 48,725 | 4905084 | 237,101 | 13,007 | 163
2008 | 1,045,104 | 163,678 | 82,584 | 155,535 | 44,820 | 428,204 | 154,784 | 15,319 | 179
2009 | 1,045,104 | 143,274 | 86,636 | 159,511 | 41,409 | 368,048 | 207,829 | 7,426 | 185
2010 | 1,061,210 | 153,441 | 96,480 | 164,942 | 48,022 | 382,226 | 208,878 | 6,062 | 158
2011 | 1,040,214 | 166,709 | 90,876 | 181,219 | 53,077 | 322,307 | 217,098 | 8,732 | 197
2012 | 1,075,207 | 169,346 | 87,935 | 172,761 | 58,002 | 345666 | 225,561 | 14,782 | 154
S 61,771 599 | 19,693 296 27,652 | 12,769 743 | 20
HA 54,468 1,361 | 6,047 1,907 743 | 13,082 | 31,104 205 8
o3 24,744 1,365 | 3,771 1,970 63 | 13,342 3,950 277 6
oM 45655 | 11,673 | 4,565 3,049 | 1,003 | 14,382 | 10,523 455 6

- ‘|2 -




aF5 12,531 347 2,601 427 30 5,475 3,525 122 4
oid 12,962 247 3.021 478 25 6,851 2,131 194 5
=4 59,783 16,143 2,164 15,830 1,778 7,440 14,953 1,473 4
HE 7.196 142 244 65 1,524 5,105 115 1
7] 166,600 13,045 | 16,283 1,776 2,936 86,537 33,516 6,468 36
] 75,759 5,629 3.670 43,756 42 15,064 7,354 235 9
== €2,179 340 3,537 20,444 189 20,900 €,853 911 5
it 138,730 65,358 3,801 18,400 | 10,635 24,607 15,248 581 11
AE 38,881 2,811 3.241 3,109 1,137 17,587 10,220 770 E
S 102,612 13,245 4,000 14,874 | 22,509 19,216 27,832 827 9
3= 102,350 2,268 6,374 24,686 | 16,724 35,005 15,762 530 10
a3 07,581 32,243 4,493 £.448 1,102 32,496 20,024 722 13
b 11,405 2,660 443 28 10 3,504 4,695 54 2

AR AR R AABADT 2016

<ZF 4 -y vAE A (PMo)

(&)

2 g | 7TH
o — A4 | WEY | A=Y | YUF | =205 | EEe) | HWAR )
FQds | 42 | d=2 1| SR |Feam| AR | oo

2004 | 1,377,526 | 411,861 | 90,781 | 110,470 | 53,145 | 490,481 | 191,008 ( 19,720

2005 | 1,206,724 | 300,895 | 53,658 | 108,186 | 55,327 | 455217 | 188,631 ( 14,811

2006 | 1,274960 | 364,310 | 89,127 | 101,197 | 56,577 | 450,080 | 196,441 ( 17,237

2007 | 1,187,923 | 156,304 | 82,306 | 155,053 | 48,725 | 4085084 | 237,101 | 13,097 1E3

2008 | 1,045,104 | 163,678 | 82,584 | 155,535 ( 44,820 | 428,204 | 154,734 | 15,319 179

2009 | 1,045,104 | 143,274 | 86,636 [ 159,511 | 41.409 | 365,048 | 207,829 7.426 185

_‘|3_
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2010 | 1,061,210 | 153,441 | 96,430 | 164,942 | 49,022 | 382,226 | 208,878 6,062 158

2011 | 1,040,214 | 166,709 | 90,876 | 181,219 | 53,077 | 322,307 | 217,098 8,732 197

2012 | 1,075,207 | 168,346 | 87,935 | 172,761 | 59,002 | 345666 | 225561 ( 14,782 154

A& 61,771 595 | 19,693 296 27,652 12,769 743 20
24 54,468 1,361 6,047 1,807 743 13.092 31,104 205 8
o+ 24,744 1,365 3,771 1,870 63 13,342 3.950 277 &
aH 45,655 11,673 4,565 3,049 1,003 14,382 10,523 455 &
a5 12,531 347 2,601 427 30 5475 3.525 122 4
od 12,962 247 3,021 475 35 6,851 2,131 184 5
=5 59,783 16,143 2,164 15,830 1,778 7,440 14,953 1,473 4
HE 7,196 142 244 65 1,524 h, 105 115 1

7] 166,600 13,045 | 1£,283 1,776 2,936 826,537 33,516 €.468 36

=48 75,759 5,620 3,670 43,756 42 15,064 7,354 235 ]
%= €2,179 340 3537 20,444 189 20,900 6,853 a11 5
it 138,730 £5,358 3,801 18,400 | 10,635 24,607 15,248 581 11
AE 3ggel 2,811 3,241 3,108 1,137 17,587 10,220 770 E
=L 102,612 13,245 4,000 14,874 | 22,500 19.216 27,832 az7 9

35 102,350 2,268 6,374 24,686 | 16,724 35,005 15,762 530 10

a3 07,581 32,243 4,493 £,488 1,102 32,406 20,024 722 13

A& 11,405 2,660 442 28 10 3,504 4,605 54 2

587 5, 87 57 71,2016

2) SEvet mARA AR

oetel ZRBARLe] [0MEE Bhr]odEd wEF%] o 2o
o5kl HAHA(PM) LAEE 2001~2006 71AE 51~60um/ni Abo] 2
LEWRY. AR £=d tr|gd 71E2A 8(2005~2014'3)] A3 g
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A 20073 RElE A AR a2y HE Ao gy g
Aol tha FFx ok W, FAS T pAWAPM0 ) FEE
201439 AL AZE7) Sdpg/m 2 7P E9ka, ZBo] 52ug/m, AYE
7k Slug/nt &o] HAE oo, Aol 3Bug/n = 7HF Wkt
< 5 2005~20143@ = Al=¥ PMio (PM2s ,BC) =& | 3HD
2005 | 2006 | 2007 | 2008 | 2009|2010 ) 20144 | Byl
A= = " 4 4 4 4 zolrd~ | 20129 | 20139 | ° o
1,474
1,742 1,727 1,735 : -12.0%
4311 | 3433 | 3920 | 2,116 | 1,851 | 1,838 1,278
HE {1,553 | (L540) | {1.531) E?E ) ) [-16.6%)
wxt | 3208 | 3408 | 2050 | 2043 | 3200 | 30w | Lo e Izizézjﬂj ik
T = ’ " ; " h 2e08) | (2776) | (2.693) E5:54] {-31.4%)
2,532
1,240 1,361 1.310 93.3%
2343 | 2247 | 1893 | 1383 | 1331 | 1269 1,480
* {274) {947) (977} f 474) ) {51.5%)
2,252 7041 2,037 bAad 15.2%
o] 2728 | 2,566 | 2.466 | 1.793 053 | 2.308 : ; 14407 | O
2 & % {La1l)  |41673) | (1897 } 472) ) {-15.2%)
354
436 494 463 -13.6%
= | 699 706 | 652 | 465 338 443 318
= {374) {434) {408) }1933 (-22.0%)
304
504 497 494 -o7 9%,
= | 908 233 220 BTG 577 552 343 ;
E: {517) [437) {432) Eﬂmg {-20.5%)
3,669
3.085 3.509 3.602 ; 1.8%
23t (99016 | 2925 | 8797 | 7701 | 6490 | 7.108 2,430
(2439 | (2.602) | (2.633) Esam ) (-7.7%)
145
343 343 -
e s | T
{315 {315) 24) {-57.7%)
8,763
5834 6,044 6,433 : :
7] | 2945 | 8660 | 2475 | 6227 | 6741 | 6384 {5.135) f’”‘"
(5.030) | (5.149) | (5606) | o) [-2.4%)
4g,125 | 3.271 3,491 3531 §3.0%
Al | 5051 | 4486 | 9485 | 19207 | 32841 | 36.612 : i : 3,161 ;
I (24.306) | (2.295) | {2.157) £52‘}:| ) [46.6%)
== | 3968 | 3854 | 5007 | 6,106 | 4953 | 5108 Heh A g :1;&::}) ALh%
g ' ; : ; {2.968) | (2.196) | (2.002) }g'ﬁ [37.2%)

11) 2014 =7} th7]| 29wl &5,2016.12, = 3H74 78+
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13,976
213 | 5469 | 5663 | 3.814 | 3.854 | 3729 | 44% s WEE | IR (9.268) | 9%
(4318 | (17.743) | (17.698) | ) cery {-47 6%)
1.357
3,510 1,721 1,624 : -16.4%
= | 2463 | 2560 | 1923 | 1,580 | L7128 | 3.9%5 1,185
| & o {z.105 | (L508) | {1.421) {544]] (-15.9%)
23,844
25,35 29,663 | 18,359 | 20,502 :
= | 5666 | 5568 32,847 | 21067 | 24.085 (13,833 | 16-3%
2 (17.457) | (1.607) | (12.388) | y) 017 {11.7%)
16,92 18309 | 32859 | -7oL | -3l 2
Hu | 5737 | 5907 3' 19.720 | 12,567 | 15848 (10,067 | (12.543) {12.895) | (-30.5 ;_3’;[;‘:;)
’ (l4g4) | %= Fea
3.052
4,299 9,132 8,785 ; -65.3%
Lk
HE | 5479 | 5415 | 4006 [ 3.547 | 3515 | 324 G668 | @©13) | a5t ﬁiﬂ (-545%)
449
599 470 511 -12.2%
A= | 458 377 | 462 370 424 456 {393
(512} {399 {440) (209) {-10.8%)
2,808
H
|yuy {2.713)
=5 {4e9)
97,918
- {63,286
A | 67.34 | 64.79 | 92,14 | 110,79 | 10373 | 116,20 | 131176 | 119.980 | 121.563 ] -19.5%
- |3 5 3 i 5 ) {21,793 | (76,287} | {76.202) (13,426 {-17.6%)
b
2A45:2014 =7} th7] LAl & 7,2016.12, = HA 75kl
CHEAAEAL A4 W AAA
« 2011 RE PM25 W& A& S F PM25 HlEs 2 S408)
. 2014\d %-¥] BC(Black Carbon) v} & ZF4AFH(FRHA &35 <F BC Wl&%)

201495 E vtk MEY F7h D W E A3

4o A H5Zo] A He wEkAd mARA(PM)e] F8 HiEd2 924
et gl=dl, 201299 suie] F8 TAEE FA|MA(PMo) HWlEEE

BNE A, AT APl B LS ERolF el G/
e ke ME 5 NEE olBogdel, 45X FAel e 4k
AzY A4 A A

(¢}
7415,8032)9F AAFB(OAZHT778E) Sol T2 7|
=

_16_
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Syt FPSAARe 201495 79 E2 W& 9 AR
ot FFEAY V| LAEH WEF TN o] AASh= HFL
H] A AR (PMi0)7F 17.8% ©] L, ZW A A (PMes)= 24.4% olth. 53] H]A]
AA(PMi) 2t 2FobA Abgre] Z]mollA AW A Xetal #H7kx] 3] Fof
ARG 557 ASe do7|e U AMHA(PMs)7F B =4 e
o}

Bk 5 Fa gTEA Aduo] wEsts MANACM0S HlFe A
B¥7} 58.7%2 7V B3, AVIE AFATF 49.4%, Harol 47.2%, 7Ad7
A 42.3%, AFAFE 34.6% w02 etk =3 204 WA (PMes)2]
e Ad BEI} 59.3%2 74 Em, Folo] ko] 514%, AVE AT
o 49.3%, %'d Aatol 49.1%, et AAT} 42.7% o2 YEhdh
AR mAEA o] Fdday AF F KA FFE
Mz &t ] LY E = AehlE 04 e 20 AHAE e £ sl
dog wF Mk zrHA % N@FMute] Az vk o wHMEA A
ol Wik B’ A sl HE ok ARAE 2d 5 e A
k=3

3. A4

Aol A HlEH = diV12dEdd F4tsh=00x), Aa4tsk=(NOx), vlA
AACPM F& FHE

F3 o, o3 drledEdel] FARE wEEo
wel BABAY T 5FNA

olar, HIAEAT7E 1,500 8

_EL
gL_l‘
[-40
)
12
o
>
o
_>|i
EN
N
i)
4

)
2
o

12) vlol A A3}, -lyetv Az e dds
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o
=

%

2
o

2

L
fol
7
ﬂﬂﬂl
27
o
o
1,
ol
L
X
£
AN
ol
L
rlr
N
o
A
-~
off

ofr

D 7la

A AL FIMO)= 1997 7RE® A13xk MP Conferenceoll A [Al¥}o.
257 ﬂlﬂ.?_oc‘t‘*xlﬁ“—’ﬂ A=, IMO= o] "y Ade &
A =5 F3eo] FHA CFCA Wyuf<}l Halon7}~9] ALES %Zl’éhl,
T At A wlEHE dr|e9EE Fol F4sEE00F A albsE

<]

(NOx) HiZ< Z&A717] fste] & FFFe] @2 AHdsfE AHEs)
T2 agon, AAIdENON] & & 71EL BEaE AN BL
AT RS A SHATh =3 Adute A vl EEE T TR iVl
dede TATHE Afoz weErtz fdx: ARAY #rIEeE
(VOCo)To] &S 714l & Bk ofe} Aub oA EA st 2297
o daiAE &Zte FAEE T AHeR FEH dV|eddAE AT o

13) James J.C.,etc, “Mortality from Ship Emissions: A Global Assessment” , Environmental
Science & Technology,Vol.41,No 24.,2007
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)=o)l A 1967\ o] A Ed o)Al (Torrey Canyon)& Abale] FgFo =
IMO= 1973 Adute] L4 &3 o A= 77 & &

=< WAl flsted, [Ad9tezREY dBWAE fd =AFF]
(The International Convention for the Prevention of Pollution from S

= AZAFA, 7 olF ® oA BT A ZAHY FF/F FEALE A
o2 197830l ¢ deks dF FAHs= ABAE AAsAT. ¢ A
o)A E FA 3k MARPOL(Maritime Pollution) 73/78°]2} H-Et}.

IMOE TAwezRE tir|eddAge] o] 7)o TEAFIEE 7] 9
A, olF Hro Fo g AR Fi 7=l Ue [F LA
ekl 91 MARPOL 73/789] MZ& FEA(FREEAV)E A8 st or, o

Hofo] WA E = AF2 MARPOL @ &F @ Ab=Rl 157)=0] & 3lof ¥
I e 15709 A AEEFel A AlAle] A dEZFY 50% o]/l
Hojof 3= & WES T 1de=E Ho 9ty Iy FAiLkeE
(NOx) vi=+1A 2 AlHl Zro] tisfi A= 2000 1€ 1¢¥ o] 39 A=
dubol] A Eet=s ol Tk At 7] @ A g ofo] 2002 124
31 7MA = HEE A% 2= TFHA £ A-Fole 2003 =A) 3]
AZITFIMO)2] 3l 3 R e (S|(MEPC)3| &J oA H FHeko] z7] W g
g A% ZAE ATEIES st AL A= st= MP Conference 29

Qo] A== AT

o
>

2) s ok dnbx)3 eKMARPOL 73/78) =4 & oF
D) Me
A A7 FIMO) = AutA 5 R tis] tiZ| L9 &Ed w&3 ddEE A

3o U3 B S ¥3](Marine Environment Protection Committee;
MEPC)o| Al +=¢]3lE2 F=d], MEPCE= 1988 dHE tj7| 9SS 3 7
717HsQF FR ok A2 AASIaL, 19913 A17xF F3] A AJAE

A
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) e]sted MARPOLO| tr] el #3 A=
atdth 1997 MARPOL 3] ] 4 A==
AGME FES 4008 o] IAGY
2l A FAo] FAU 7 LGS AIAPPIE 44|35}
TE 2712 157 MARPOL & oFdAl=o] ehstal
AEFo] A MA A B 50%5 F53

HZ3p7| 2 FH o

MARPOL 73/78-& AA 20719 =E o2 o]|Fojx BE3 6719 BR&EXZ
| Fo1A lom AdutoA HAEE HAU 1A, B ZIAFHY 4
=2& AE g WY dAAE fAska ok MARPOL 73/78 F
A 1L 7700, #5415 3l A == noxious liquid substances),
L= V= 3h(sewage), H-EA V= 2287

(garbage), F&A VIS 7] & EH(air pollution)o] ik FAES a2

sin) e k)
Z st 1997
I 142 gl
3l sla
570 &=
B 13

- Ho
L w

I
= X
o

N
>
31"
ul
X
1
1

=
o

bt

o M
= 1o

a

=

Jo
i

AF

o

o fo
(X

fr
1

i

O

(i 6> MARPOL73/78 #-&A <+

T IV e B & A 7]
Prevention of Pollution by Oil 1983. 10. 02
BE£A 1
(5 29 BA 8 F4) (2007. 01. 01)

Control of Pollution by Noxous Liquid Substances
£ 1 m Bulk

(E=23Hs #eidA=d 2 A 7§ 74)
Prevention of Follution by Harmful Substances
B I Camed by Sea m Packaged Form 1992. 07. 01

(2254 fdr-E8 FEl=2 29 A

Prevention of Pollution by Sewage from Ships
BEA IV oo . 2003. 09. 27
(Aetel A w) S5l St 29 33D

S aA v reventon of Pollution by (Garbage from Ships —_ry
s (Al A sMEse 2] 2oF BA) -

1987. 04. 06
(2007. 01. 01)
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Prevention of Air Pollution from Ships
B4 VI ! 2005. 05. 19
(Aol TS di7led=2 2R

B d oA MARPOL H44 VIolA FA 8

i e Ll
st t7ledBd BX FA° o BE Ul FH otk

(2 8 W&

MARPOL 73/78 F-<A1 VI, [AddteA Tt 7| L9E2d WA
Al & IMOoIA 1997 9¢ 260 AEESom, 2005d 5¢ 1997
daEAT. AA A 7 GHA R &S IMOY a4 B
%2 ¥3(Marine Environment Protection Committee: MEPC) A|58%} 3¢
oA zelE MEPC 58 ZA2]A (MARPOL H<41 VI 7f4<E, 20103 7€ 1
o g) W&ol

AR

=k o] AgHERE FAstE(S0x) vl E A HECAHHANA = IMO2
T Ho © A3t o] FoE=d 2010d 7€ 145 H ANAER
o & grdel Lo%elsidl =S S8k star 20159 FH= 0.1%

olste] F FHARE ALY AL FHIT Utk

- 2‘| -
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(3) AA&4HEWNNOX) vl & A HEFE-SAIVI )
A AA Y dFEES tE HAV|#eRE 35 A AA4sE
NOx)2 X =RE HiEHe wE7t2%F oF 0.15%EF AAstal o
UAEstA ANO)S}F o] 48t - A(NO, )2 FAE o] AT
A2 ENONE 2&EFs A7) 2BT05 TP FHUJeE
A QA EErIEE &MY, EF7] Agks faet =3 AR H]
E WaA Fe=2x EAY 4 E HIAY. AA4EENOX =
A A e 2o] 130kWE ZFehs Mg UAZF 2 200011
o] FRMNEE = &Yo] 130kWxH Aukg oAz #do|th
20009 HE| 20119 ol Ho] AXF Aol FaE Mg PAsIHe) 2
A24SE(NOX) Wl&%e Tier [ 3 87]F2 walof gt} Tier= v =37
ZH(EPA)NA Aldsta Qe BiES7 AT AA E2H Asxt, 474, 57
A oA A7 LAt (CO)et dAa4s=(NOx) I8l mAE4E
PM)G 29Edd dig s&7|Fo =2 1234247 J=d £27F =&
T=F A B=7F A X
< D Aapsts &3 871+ (Tier 1)
S L A& 2 ENOx) &7 &
TE(E AL (T

s 72 130rpm ol o 170 gkWh

s #A4 130~2000rpm 5 ) o

3 A4 2000rpm o] 9.8 g/kWh
A} 5 :MARPOL,F-45 4 VI
20114 ol Foll Bz Muto] gzkel Mubg Tjar] el 224sHENOY)
MEEFe oesh gol & o 4BE Tier I 587122 wheof k.
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(E 8 AaAtsE vj&s| 875 ((Tier 1)

= (a2 AL M2 EN0x) AEF
(g/kWh)
3 A% 130rpm )T 144 g/kWh
= A4 130~2000rpm #Han = 5 gl
5 A4 2000rpm ©]4 77 g/kWh

2} 2 :MARPOL, ®-424] V1

2016 o|& Azx" Auvto] A= Tier I ot ] Z3ksE Tier I7F &
2=} Tier Il 7132¢ AAAZENOx) =748 S9(ECAS da)ss
5oF wt=E3dtojol slm, AALAEEWNOx) HiES A S vholA 3+ uj
o= Tier I 71& 7FA %k qk<slH

< P AAaLsE wjEs| 87]= ((Tier 1T )

e A2AE ENOx) HENF
(g/kWh)
8174 130rpm Tt 34 g/kWh
£ #4 130~2000rpm 9xn“®.*) gkWh
A4 2000rpm ©]7d 2.0 g/kWh

2+ 5 :MARPOL, F-4A VI

(4) F4k3l=(S0x) HjEA T (54 V)

FArsE(0x)2 th7]e] =4 F7kek AW F8 FFe A 2H4
A7l Tl He o=, F4ksE00 gk fAl= A7

A 7he Aoz AAH Asd, IMO
20123 14 1478 Adubfol tiad 7129 & S 4.5%00A4 3.5%=

o O
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Miupo] ALEEE ofd ASFE olfEY F FHF AVHNE Zhstel

E 10> RE HANM AR T F FHF AT 3
q4 849 = HEF 71
20128 14 19 A7AR(EH) 45 % m/mo]s}
20129 1€ 19 o] &R H 3.5% m/m®] &}
2020 1€ 1d ¢]F&RH 0.5% m/me] &}
A 5:MARPOL, 54 A VI

<E 11> 34E3E(SO0x) Bl A HECAHANA S A5/ T4 & T

ek gk
8 d s HEF 715
20109 7€ 149 A7AA(EN) 1.5 % m/me]3}t
20109 7¥ 19 o]SuE 1.0% m/me]s}
20154 1Y€ 19 o]=ME 0.1% m/mo]st

2+ 5 :MARPOL, F-4A VI

(B LA F713tE=(VOCs) B A A (FE5A4 VI
]_

[e)

fFEAe MOZF NEE APe st T/bE T

N
of
o

r[r

ol o =
TIrT=
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Hol FUF AW A/FAET
Nele sBel A4, o5 % 9
shof stx A"A oy AT FIAHE #E A
WA SLARSHIENOCY” A dF TEE set s, FAD
@ Auke] A A ol Apgol Ag B o2 AAE Aok
shel wReF 11 Qlojr} gof, mgof, Aulolst ohgtw o] F 3htel
MRS LYol Agstelol F& PASL YLk

6) ©=% A AHEEA VI)
FAGY MY Fo F EF 408 oo Aol gjHE LEFIIE
4g TP Ao B2 Aa glojok snl, eE:ZnuBAl 4
37 @ ¢ JE AN ANY AL oEZSRNBA/ER B M
3L glojok @tk o] 7SR E F@FPol $AT = 1%og-book)e] A
g 74 AU FBFol AT AAF 3N} B 5 Aok ceE:Fu
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