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&S H|Fo] 52 B9 oflgt A&Hog 37t
* 2005~20139 717t &%t oA A8te] NOx HlEd2 B+ 6.5%
Z7F SOx(2.7%), PM(16.6%)= &Aooz 7}t
5] U i IREEAIR] FAbelA 717 Addt viEke] A8+ 57t
2 NOx 7.1%, SOx 3.3%, PM 17.3%°.& Yeh} A=ZHc}; &2 &5
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- ECA A4e Aue) o710 98 wiE 74 Bt st ZoE ek
on, olo] W AEH ©gel ATt 7hs
- ECA A Aol et A2t 23 PeA] AFREY 98.1%(n=105),
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inj
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- T} 47189 AR ECA 9 olF bgEel He 98 2~34

712k9] Aol wheA
C AL A9 §RE] 37 @ A% Hgo] 2FuIgt Aso] NYUAE
759 ol N&HY|S S

SAl0f ECA =it A 2 227 F2ts floh Q1 &2 2 M= AP EL

- ECA &9 o|% Tk of8oh= Aute] A4 Amf ARE ool gtk AAt
AA"”T 1EstEyE B o5t ol B9 =Y &Y Ala E8
+2017¥ 6¥ 7I& 5= ECAY d=mH ukgo] 3.6% oy A
1,0008F 171 BE9] AA} o]FojR= Aol HARIYC] 2=
- ECA Ao W2 FHAAL 53] FAFAAY] AAY 57} A==
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s P AR AH]EL
Yol FH|& F7H= QIgh
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Q2|L{20IA ECA TQ WA 24 XX ECA X1H $ H7|MOZ IMOZ)
2012 SE51= TN £Q| HM2toR £7I0| Efg

>|

IMO 5%1& &% ECA A2 ¥d A= 2] 9 IMO 591 ¥4 B2
717to] 4958 g 7HF2A WE ECA =Yo] Za3gh 2guzte] oA A
d71Hor F= 9 FFONA =A% AEA =9 2ol Te

SRAL W] YIsiAl= ECA ¥, Adh B=F, SAoA9 Azt

* IMO<]
22, ¥el 7%, Y Age] nAE $F 5 4F %9 B A2
Zo)7t Be

Y Sdelde R Ve sEe S0 At A B5T0l
TF=Eo A gor, drledEde] edE AAA #e 9 43S
Ak A= A F=50f AUA G

EQL S AET AN 2 3 B U ofdol ekt Addke] of7]
LHEd HedsrE fle %Y

s wetA] b B2 A70] ECA AAE PeAE S St g
2 71708 she AWA ECA Aol Egshel, A% ARG F TR

A 22 0.5%m/m7F A%
20209 A g9 Mut A=f & FFEF 7A7E 0.5%m/moE ZFoE
o2 ECA9 74 52 IMO $% ECASt U3t 0.1%m/mo.2 733}
hg
A71H o072 IMOS] 4£91& vrol ECA A4 HYE Shjisjor o+
« APEA ECA AW &, et 9] ti7|E = S5 {1t A
TEGZ 501, 01—12— ggoto] QIWlER] F50] TQ
« 3 = oo At AUte] iy edEd wiEAs i 9 IMO
59 8 9% Am gHel HEV 8
* 3 ECA Tfiof 405= H-E d7|edEd AFoE gt 274}
A 9 A AR] Ao e A}W* HOlZ HESIoof 3
E3H ECA W9 g 9 IMO9] 591 ool qloemz 8 o
et S E &I} A 33 d 35 ECA AFE AET 3% 9l
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xii 2|Lf2} BEFHRISHH(ECA) = et i
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A= vkl 28

* ECA =9t BA 1 a4 SR apedofA] g4l I8 w]E] SHs
I8 A dEES 9 Aol 28, AT LA AE Vs

< AEF QAEA HiET BE AN WS AL e TSR
HefRloll ¥F ECA A3 AA ¥4 14 371 898
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ABHE(SOx) 97%E ASsHA S Eq 53] Adte] o AE4d e 7t 7l
23 iAol 7HY BaHEQl Ao E UERTh ESE 5H%X]Q4 H SA| 5
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6) The port of Los Angeles, “2016 Air Emission Inventory”, 2017.7., pp. 62.
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Pa|LtEt EHETHBHSI(ECA) = ot 7L

IMO)9] 591 &l A=A S 2016¥ 4€¥ iz A9 A
2 ECA=R A|Hst7] AlZsto] gat f Aute] 7| d=4 & At 83
Algstal glom, kS A ®flet =5 st T Aot} 85 HA] 2015
HE 2pIHOoR ECAE AAotgor, 422 IMOY 591& &3 ECA A
< 95 2010~20134 717 &<t 1 284S HESE B Qi
A AAHoZ Muto 2Ry WAYst= 7| FEE HiE FAE AKH=E
?ﬂrﬂoi grom, AR FjolA= ECA AHFE Bofl Hrt A3k 59 +
8ok Qth. IMO= A AlAl BE dfiFofA] AHte] EH7l dE4 W&
TAIBEL Qlew, 3] 20208 1€ 195H A AA Mg o=
79 & FS 712 3.5%m/molA 0.5%m/m ©] o}i 733513k o Aot

N

rw o

ox

o\l
_|>~1

rQ o

-1 HAMA G e] LESE HHERH S8

Sulphur limit (%)

45

P Worid
6% —T8% 1% -97% -86%

1.5

o I ECA

A Chinese ECA

o IS

x EUIn ports

i | I | | | | | | | ] ] | ]
R S = L e R L R P I 1 =,
8 5 & & R ¥ R & 8 B &8 &8 R 8 8

Fueltype Notregulated = both HFO and distillate are permitted.
Exhaustgas cleaning Permitted alternative under Regulation 4 to achieve any regulated limit.
Particulate Matter (PM) No limit values.
XZ: The 4th Sulphur Experts Group Meeting, The current status and challenges for implementation of
emission control area in China, 2017. 9.
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YUY B9, WEZAED FAb 24 QIH 5 F8 YA ZH4Akst
E(SOx) X HAHA(PM2s 71) 5= & 5 7] =
BEAg T Qi 1 F8 OJ?J% H|L o 2 =] .
ol AMutolA ARESHe ARRF(EACHO 2ot E & o] At HAF
oiH] 3,5008] == Oﬂ/q 71Q1eH L & 4= St} oA |

Al 7] 249] Aol Bkl Hi7|ehg A fItt B E nlh2 m et
Fol}, FT g Adr =9, |APHYSF4 A (Alternative  Maritime
Power: AMP) &%, LNGHAY Av] &, AutA&428 2203 £Q 5 4
o2 HE HiEEe 7 Qd=d A5 A% ot o] 1 Fof A
L, AARe] ARl olE 86k ol LA 1AL 11 A
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ol gt EA43 ayE molst= Ax dAFeE E7lse Aot
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SAY] 71BAL WEEART Fotshel, F @A ANe ST Ho|
oh EG Selue R B0 B A4S 9% 43 FES B Ave
28E 79k QAR Wi BAAY PR ANt S
S4), 7120] ECAZ A4 APt Y 29 A AES B9 1 A4 @
F 9 FASES Solith olF St BCA A4 Baxyd B /1 %
AR BEF Aol Fa 24 UL EU, Bu), 33 Solu, 57 4G
o

A8E8E, FAsE 9 11 83 52 VAt S

AR, S-=uet ECA A 84S B4} QA ¢ 4% H1AE 7
Hrog OPUMW 7129 AR YsiA= ECA o] Q3 E3] Fite
Al AFHT BADA SAREE HFoE 3 HERA 4795 HgeR &Y
EP%HJ = AAlstarat gt

A, ECA =9 Al71e A9, W Sofl we Fd3t =S AAg
’6H94 8 ECA A =719 A AEZ|ZE, A7 ARpol| gt 24 W&t A

EZ2A ATE vt dAA(EY] 9 4 S :

ELF Ut =9 Al F85H aEsfof sk 291, A1 Wt 59 AR

AEL A o]Fojd ofHojrt.

L
O‘r‘
N,
HT
A
ok
r (0]
[o
)
D
EL
=
D)
L
ful

A, ey FREA] H718 242 A8 Aol =77
LA HH%%H Hl2o) A AlSdshe HiEF FEE °l835IAth ECA =Y
< & %(SOX) A2AFE(NOx), TIAEA|(PMig), ZHIAIHA]
(PM25)E %‘:‘:2 1 HiEFS BA5IAT 201487 e "B gEo] 371
go} Ao A Z|Qlete LAl Hied FEE AT &+ U

A, eyt dRtEAL Hi71ed #Hel A 242 HEiA =W |
2 Oge EAARE 285t s g A AbE, 5“‘41

>,



oy M E

ot

Q] FRtFANA ATt BiA 55 AESH] Rt t71ed A5 9
et AAEE 8- 245k
AA, AA A= o] Q= ECA A A& 9 A "Q 49 elgdAdS Shest
AR FAY = 710 AP Tt = FHEAEE HE
Skoith. FAISAIFH(IMO), vl= SEH(EPA), S WE25F A+
, 85 A 4 48 FERZAHMLIDONA AFstr s A= E
=8| ShE=it 5= &9 ECA A A% 4 Al =, ECA A% &y} ot
LR %J_&*é o] tigt AR 8ottt E3F $=9] ECA A A
l Aol T WEFF FAeATd AT JIERE
. E}UL, %"ﬂ ol qlﬂ 1°U ECA xWOﬂ E}% 03“%@1011 ﬂli g

Eoﬂﬁt‘r,

A, ECA A% Da/go] Wit eiddt 27 vid 3 =3l =9 Bt &=
=2 8 9AlL fEURR dEEA AFUS BhdA SAHREE AeR
ECA =%ioll diet 94, &4 =4 Al7Ie A, AYA= Soll dieh 224
£ s Bt IUl AAR] AFAETRE 2R & JIHRE &9
ECA =Slo] AAtel miAle #4124 9, A did 59 8= AR
o] &2 WS 53 ECA =% ot mielof digt BigAde sk, ¥
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g A ZHE

H2E 2Lt A=A T712E

r9£

A2 Sa|Lta} SBHEA| 07|31 S8 Y

H1E U UL 7] 28 o

ot

F8 WsEA 9 AFEe] t7127d3 Blaste] £45H% 2™, ECA A
2t 5ol 7heRt FH4telE(SOx), A4 (NOx), HIAIHAI(PMg), 2|
A(PMzs) HIETES SH2E HESIAH?

S PUEA] G713 B B4 skl AL, oA, BT, BE 5
o]
4 ki

1. 2 FQEA| 7 |QHSE HiE g

201449 71E ISHiolA daielE 113.09F Eol, HtskE 34.349 &, W
ARl 9.8%F &, 2HAIEA] 6.35F E0] HH%% Ao g vtefE,

H 2-1) 2UY M 07| Q927 IS $481(2005~2014)
R NME
7= 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
NOx | 1,307 | 1,275 | 1,188 1,045 1,014 | 1,061 | 1,040 1,075 | 1,091 | 1,136
SOx 408 446 403 418 388 402 434 418 405 343
PMio 67 65 98 N 104 117 131 120 122 98
PMy5 - - - - - 82 76 77 63

Kz SEeduete A S §74(2005~20149)E HIEO2 MXt Xz

7) SESGaetol =77 |RESH HIEF MH|A(http://airemiss.nier.go.kr/, ZA: 2017, 11. 1)1 Y
MSIEIA(CO), BAASIE(NOx), EXISHE(SOX), ZERHX|(TPS: Total Suspended Particulate), OJAIZX|
(PMig), ZOIMHX|(PM,5), 32 R7|38=(VOC: Volatile Organic Compounds), 22 LI0KNH;), S247t

2(B0)2| tiEH FEE NSt UCH, Z0MTX|= 20114 0|F, SH7HER 20144 0|F2H HISH &
E NS, £t 20149 HILY E=2 F71610 M BiERE F/H S,
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Pa|LtEt EHETHBHSI(ECA) = ot 7L

F2 =AM AaAE(NOx)9 HiEd2 Aol 78 A Uehgter, 1
9] T8 WEERAIEG 4t 24 I 5 FUEATE 2 Ao® YERHH
201499)9] 735 "Bl FolA viE®ol 7MY w2 AR A ot
20054 o|F AlFE ALt Fa EAA Aaielzo) vigde dbHo=
Hgaske FAE Holal St

5 2-2) B FREA ZANSISNOX) HE 33

ool E
T2 20058 20104 2011E 2012@ 2013H  2014H SWASIEE
Mg | 107,257 | 71,070 62,067 61,771 64,022 62,350 -5.8%
o 21,396 14,506 14,617 12,962 13,563 13,492 -5.0%
Ch=t | 41,552 24,053 22,529 24,744 26,937 29,052 -3.9%
g5 15,074 11,706 11,077 12,531 12,606 11,594 -2.9%
S 68,743 53,778 52,764 54,468 53,409 44,796 -4.6%
= 63,205 55,882 54,463 59,783 59,425 50,813 -2.4%
QIH 75,890 52,832 45,315 45,655 44518 43,853 -5.9%
Xz 12,304 11,786 14,549 11,405 12,290 13,364 0.9%
HiCH - - - - - 75,943 -

Nz gerdustd A E S S7(2005~2014F)E HIZQ2 XAt X2

(O 2-1) 2L FTEA| HAMSIZ(NOX) HIS 318t
= 200549 = 2006 = 20074 20084 = 20094
(SHo): £) =20104 =20114 m 20124 m 20134 = 20144

120,000
100,000
80,000
60,000
40,000

20,000

Hg  omE o @F 0 osa 24 A HF e

N AEeH0Er A d iS5 £74(2005~20143)5 HIZO2 KX 2HY

8) LSIADIEIRIO| I N7 | QUSE! HiEZF AMH|A(http://airemiss.nier.go.kr/, ZAI: 2017. 11. 1)0IA A|
TEH= HiEEO| M EA= 20143 X2Q.



HI2& QB|Ltat BOIEA| CH7]2H

g A ZHE

ro

FAeFE(SOx)2 A4t wiEFel 7 W2 Zo® Uegoy, telos
LAY, 19 wiETo] =4 UEhkth B4R 94T 20054 o] AAAow
© FAE EolaL ot vAHEAI(PMig)h ZUIAHA(PM25) = 4t 2

Al A 5 FUEAZE WSEEAIRY BiE®o] B2 AC® Uegoy, 2014
dol A AEA F7HE B @&l TP 2 AR RAEH.((THE

rl

]

-

(H2-3) U FTA| U7 | QS HiE 3ig

Hel &
FE 20058 20108 20114 20128 20138 20148 omREILES
M2 8050 4451 | 5124 4486 5710 3527 | -88%
o 1592 1945 1610 1321 | 1424 926 ~5.8%
e 6815 4451 | 4226 4390 3830 5120  -31%
mx 1075 1,046 932 | 89 | 929 349 -118%
SO en 22230 33459 32615 20115 22000 10536 | -8.0%
SAt 50,198 63340 60,621 58522 69841 5052  -1.7%
O | 13447 18670 18516 15884 17311 12421 = -0.9%
ME 2289 2410 2477 2584 3180 | 1888 -23%
N2 4311 1,938 1742 1727 1736 1424 -116%
oM 906 | B52 | 594 497 | 494 | 384 -9.1%
e 2343 1269 1,240 1361 | 1310 2532 0.9%
oy BF 69 M3 4% 404 43 33 ~7.3%
SA 3206 3002 3147 | 3131 | 2995 | 2223 | -4.0%
M 9916 7,108 3085 3509 3602 3669  -105%
O | 2728 2303 2252 2041 2037 1,727 = -50%
ME 456 | 486 599 | 470 | 51 449 ~0.2%
Mg | - - 1563 1540 1831 | 1278 | -63%
e - - 517 | 432 432 343 -127%
e - - 874 947 977 | 1480 | 192%
e | 25 - 374 | 43 408 | 318 ~5.2%
NEIEE - 2802 2776 @ 2693 1849 | -129%
| - - 2434 | 2602 2633 2430  -0.1%

9



10 L2}t HETHGHHECA) 8 Yot A7

(O% 2-2) I FTA| SUEHE(SOx) HIE 3
= 20053 m 20063 = 2007'3 2008 = 20093
(9 =) = 20103 m20114 m 20123 m 20134 = 20143
70,000
60,000
50,000
40,000
30,000
20,000
10,000 -
0

He o oe R s 24 an LB upct
R SYEAUSIY CIEH HIEY S7(2005-201408 HIZOR KK X4y

(3 2-3) 2L FQETA| OJMHX|(PM;o) HIE 31t

m 20054 m 2006 = 20074 20083 = 20093

(SH9: =) m 20103 =20114 =20124 m 20134 = 20144
12,000
10,000
8,000
6,000
4,000
2,000
o

N I
Nz IEedustd dE S £7(2005~2014H)

%

=4

ro

2 e upct

Bl

i

BiEfOR XX} AH

(O 2-4) = FLEA| ZOIMHX|(PM. 5) HiIE 31
m2z011d m2012d w=m2013d wm20143

(=9 =)
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0
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FREA Q7|FEEY HiEHE TS ANEY, FUEAME HER
oA HiE HFo] WEEAED w2 A2 & —’F At 20149 71#
FAto A ARt AAASES] 52.1%, FARHES] 74.0%, HIAIHAIS] 59.3%,
—%E’W”WQ] 64.9%7F BleZol s HdoA viEd Ao= YENTY 28 &

i, A S o] Al da 3 A S0 viE vFe] 2 BFE
ct.

i

30 1.

H 2-4) U FQEA| HIZ 20|50 HYZ HIZ(2014)

Tl £
e Mg oE o ZFE R4 gM oM HE i
HH 62,350 13,492 29,052 11,594 44,796 50,813 43,853 13,364 75,943
NOx =z 11,547 2,034 6,039 2,926 23356 10,874 10,809 5595 75,943
OIS (185%) (15.1%) (20.8%) (25.2%) (62.1%) (21.4%) (24.6%) (41.9%) (100%)
M¥ | 3527 926 5120 349 10,536 50,522 12,421 1,858 | 9,669
SOx wEz 9 7 15 11 7,797 3738 1,944 652 9,669
OIS | (2.6%) (0.8%) (0.3%) (3.2%) (74.0%) (7.4%) (15.6%) (35.1%) (100%)
HM 1,424 384 2532 354 2223 3,669 1727 449 | 2,898
PMo w2 564 | 109 | 311 | 149 1319 640 | 448 242 | 2,898
OIS | (30.6%) (28.3%) (12.3%) (42.2%) (69.3%) (17.5%) (25.9%) (54.0%) (100%)
H¥ | 1,278 343 1,480 318 1,849 2430 1440 393 | 2,713
PMas w2 519 100 286 | 137 1,199 | 582 410 @ 222 2,713
OIS (40.6%) (29.1%) (19.3%) (43.2%) (64.9%) (24.0%) (28.4%) (56.5%) (100%)
X2 TYEAISY KIS HEY SH(2014)S HIZOR Rt g2

(8 2-5) I FQEA| HALSHE(NOX)2| HiE21E HiE312H(2014)
m7|EtHOUH = EZ0SQH mHERO0|SQXP mHAY HA
= 4AEY mO|HA LY HA WAZY AL w7 S
(291 2)

80,000
70,000

60,000

50,000

40,000 - . (100%)
(18.5%)

30000 | ® -

20,000

»
N |
BN E

I I 7 o®4 2 A AR ug

R SREATISI I B SA(2014K)2 HIEOR MK} A

10,000

0



12 2|2t HEFHHA(ECA) = et

ot

(23 2-6) FH FEA| #L2E(S0x)2| HHEH

[CE )
50,000
45,000
40,000
35,000
30,000
25,000
20,000
15,000
10,000
5,000
0

A= =g

" =205

= ol A AT A

mH|E20| SO

m ol x| Y

nE

= A A

Azt m 7| 252

(100%)
” oB%T (35 1%
EEF HE
SHYupetel A WIS 874|(20149) S HIZO2 KAt &Y

(23 2-7) S FEA| OIMBXI(PM10)2| BHE2E HiESI2H2014)
of

(94 &)
4,000
3,500
3,000
2,500
2,000
1,500
1,000

500

Atz =&

=7|Ef HOHH

=S

=Ezo|lseus
=ojjLf 2| Arg] HA

(39.6%]
(12.3%
22
NEE o R

SHuietel A HIEZ SH|(2014)S HIZC2 KMXt &

=] =20 50U = u4Y
CE EX RPN

H A

R EEEET

(100%)

(593%]

St

upch

(23 2-8) =L FEA| ZOIMHXI(PM, 5)2| HIEHE HIZ3EH2014)

Rtz e

= 7| HexT

= AAEE

= E20| 5o
C[EEPYL. R PS

(193%

CE

mH| 20|52 =mH| e 4
=AY AL =z 232

(100%)

uprf



H2g 2Lt A=Al 712 S R 2R 13

2. SUTA| O} 7|2HZat d8te| HES

20149 7| =HiolA TAske H71e9ed F AHlA wiEse ol A
Aoz 52 o= Usyt AaielEe] 44 H7lededy s 24
F T 12.7%7F AdHelAM vigse Aoz Uegten, AkskEe] 11.4%, 1l
AR} 7.1%, ZPIAEAIS] 10.1%7F AEelA BiEgse Joz 2450,

H 2-5) ZU x| W7 |2E=E =&t 90| HIF(2014)

oo £
2= 20 HA Mt Hlg
NOX 1,135,743 144,030 (12.7%)
SOx 343,161 39,074 (11.4%)
PM10 97918 6,983 (7.1%)
PM2.5 63,286 6.423 (10.1%)

Az =Efergufeld deE HEY SA(20143)E BIFCR XXt JHE2

bal

(a8 2-9) 2L HA| th7 | *ESE S0} Muto| HiEZH2014)
CEE
(=9 E)
1,200,000
1,000,000
800,000
600,000

400,000

200,000 o

s B o -

NOx S0x PM10 PM25
Az mgetured e =2 SA4(20149)2 HIZC 2 MAL 2

[=]
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2|Li2t BHEFHGHH(ECA) = ot A7t
FerEAle] oIS B Alue] Haoh S £A9] E4o] et Holzt
ol A0 Uehhlth BARF] A9 QMY SARMRL Byshs AuHgt
got 712G 20| wiEgo] ArhAoR A Uehton, Bab AA| W&
oN Aeto] ujEgol HeoHe Bl 94 e Aoz kit uhd, L4
3} QA FYSHe AL Ralghct 4 Bk ofet xojo] Y|k
Az 8 oux 7|%dolAl HiEe] ol 9 A & el Aute] Mz
o] A HlFo] AHoR e Ao vehych
(H 2-6) YUUTA| 07| 2F=E HIESZD 81| HIF(2014) o =
e =
T 84 =4t QI K== HiCH
STt et 47,660 25,848 17,663 3,594 -
A 44,796 50,813 43,853 13,364 75,943
NOx e 17,513 8,276 3,671 1,386 75,943
(39.1%) (16.3%) (8.4%) (10.4%) (100.0%)
TIA| 10,536 50,522 12,421 1,858 9,669
SOx st 7,717 3,729 1,591 524 9,669
(73.2%) (7.4%) (12.8%) (28.2%) (100.0%)
TA| 2,223 3,669 1,727 449 2,898
PMio st 1,049 501 224 75 2,898
(47.2%) (13.7%) (13.0%) (16.6%) (100.0%)
TA| 1,849 2,430 1,440 393 2,713
PMy5 A 951 454 204 68 2,713
(51.4%) (18.7%) (14.1%) (17.3%) (100.0%)

NE! SR SRS R YEME(SP-IDC)S| e =

St
=]

Azot REedael s HEY (201495
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a

(29 F)

60,000
50,000
40,000
30,000
20,000

10,000

2-10) YUEA| 7 |QSSH S It MEfo| BIEEH(FRL, 24t 2014)

mNOx(al)  =NOx(ship) =SOx(all  ®SOx(ship)
mPM10(al) = PM10(ship) m PM25(all) ® PM2 5(ship)

1%)

_(132%)

(47.2%) 51.4%) 3 37%) 187%)

Rtz SR SHRSISIS R HLAIEYSP-IDC)2] A8t Q53! XiR0} RRishiIalyl ol HiSer S7
(20141)2 BIEO= FK: AR

@

(F9: &)

50,000
40,000
30,000
20,000

10,000

2-11) YU W7 |QSSH St M8fo| BIESH(QIH, M 2014)

= NOx(all) = NOx(ship) SOx(all) ® SOx(ship)
®PM10(all) = PM10(ship) ® PM25(all) = PM2.5(ship)

(128%) {13.0%) (14.1%) 4% (282%)
. (16.6%) (17.3%)

AHFYGA Hr=

RIZ: oAl SIRBrERYRME SP-IDC)S| A Q53! XIRe! RYEAISI T HiEY 571
(201408 HIZIO R AKX 2]



16 R2[Lt2t EHETFHRIBHH(ECA) = et A

‘

J8u FHEAY HE2ol A WiEH F A4t HlF Ao
ZAFEQIT 20149 7] FARY] A9, HEEol[FZ AU HY A
SHE(NOx)9] 75.0%, FHAFSHES] 99.0%, BIMHAY 79.5%, ZU|AHA]<|
79.3%7} Agto| A Bj&E o, AT H|ZESt £50] o7 UeRdTH E3|
Autol| A wiEd FASHES PUEAY] HE2ol5o a9 &Y 80% ol
< Aok AoR RAFE QI

4~

¢

e rlo
( 01@,.4 t
ojN T

.‘

(H 2-7) 2 FQEA| HEZ20|S S HIE HIF(2014)

trof £
T gt =i QI HE= HICH
HIE20IS 23,356 10,874 10,809 5,505 75,943
NOx | 17,513 8,276 3,671 1,386 75,943
(75.0% = (76.1%)  (340%  (248%) | (100.0%)
HEZ20lS 7,797 3,738 1,944 652 9,669
Ox | 7,717 3,729 1,591 524 9,669
(99.0% = (99.8%) = (81.9%) | (804%) | (100.0%)
HIE20IS | 1,319 640 448 242 2,898
PMo | 1,049 501 224 75 2,898
(795%) | (782%)  (50.0%  (308%) | (100.0%)
HIZ20lS | 1,199 582 410 222 2,713
PMzs 951 454 204 68 2,713

(79.3%) (78.0%) (49.7%) (30.5%) (100.0%)
Nz getgaety oY =2 S74(2014)S HIZC 2 MAL AFEe|
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H2% Uizt SRtEA| 7|2 $ig 4 2HE
(a2 2-12) I SAUTA| HIEZ0|SF Q| EAMSIE(NOX) HiE HIE(2014)
BAAYH] msY7| mid mAUL EEy
(@ £)
80,000
70,000
60,000
50,000
40,000 )

30,000
upct

20,000
(750%)
(76.1%)
0
A =t pikl A5
Nz e A=E HEY SH (20145 HI>CR XAt 2HY
(O 2-13) =L YUZA| HI=20|52FH2| EMet=(SOXHHE HIS(2014)
=AU w5l mis mUE =R
(T2 =)
12,000
10,000
8,000
6,000
4,000 99.0%)
2,000 (99.8%)
5 ik
s =y e A% upcy
LY A HEY SH(2014H)E HIZOZ KA 2y



Pa|LtEt EHETHBHSI(ECA) = ot 7L

(3% 2-14) I YUEA| HI=20[S2E 22| OIMTX|(PM:o) HiE HIE(2014)

mHAYH mSYUZA sy mHE mgE

(E29:3)
3,500
3,000
2,500
2.000
(1009%)
1,500
1,000
500
(50.0%)]
o .
o HpCH

24
XE: TR 1T HEY SAH(20149)F HIZOR KXt 2ty

(2 2-15) FU SUZA| HI=20|52F 42| ZEOIMTX|(PM, 5) HHE HIS(2014)

=AY mSUT|A mMY mHE =YD
(291 &)

3,000
2,500
2.000

1,500 (100%)
1,000
500

(49.7%)
o
= A HfCE

N =Eetdnety e =2t S4(2014)E HIiE O XA 2y

ool 4 AlEE ule} o] Rk, QUH, G4 53} 2L kAol 7|9
o] A2, B 5T B WREART Foke AL & & Utk FVEAY Y
SEAS] HiEYE WETF 5AS FET A% PUEAY vERo|5dY,
£5] 4ol wiEEe 7 0GB A Hige] B A0E Yekit E5] %
AL Aee] vl HlEe] wie B 54E Beow, H, 24 oux, A

A% 5 A9 34 4919 vjEego] Hol Aute] WFL AtiHoz w
Epde

—|~
= o
o

il

i)

=

<



H2g 2Lt A=Al 712 g H 2HE 1Y

H2E oj7|etd ele| 2HE
1. Mufoll CHEE MAIE 22| 24

1) ¥-H=H gX| OIS

FEuEhs FieE(SOx), AaAteha(NOx), HIAIHA(PM,s) & H7124d
=39 e e H9E TN IRl 2y 5= SAIA
HEEe dVlededs F2 deskal 3le Wi ‘6H”°ﬂ*1 HEsEe 29E
ol disire AFdoz #EshA] ¢l Aot YA BeolxE L
< AR Hstal o sielA HH%Q’“ d71edEd 5ol o
Hro] ] ek EAISHL A ek
SEF= AT AR AdE SolM s t71e9=d SOl oS H
= TAE s WIS EAH S 'eed g7V B SEH S
= Aokl flou Autel 4 HiesHe di7IedEde] SR s87IET
}é A

A 9 B AdAQ FAS Susta UK e

ol u&
y

il

FAti s THgE g e o] MARPOL73/78 B4 VI “Adfog i
TAsH 7| L FEd A F3S 2 EME}OH Agst7] gt &2 vl &
Ao HIESHAIH(ECA) T Htt =42 AlFE2 Z3E 0] Q1A gtk

E3 5 A129%(H3) FEAE= ZMXC} M 29 A4S ket o
iste] 19 olste] AY E= 1419 A o|ste] Hgol Aotes gotal Q.
SEA|FE o] ek MR T2 At AR} H| A Bert 7P 3
olm, 1145}_ 314419} A45z) gt H2S Fofote] AAT ¥ g A



20 2|Lt2t BIEFRECHS(ECA) =¢) et 217

(2) $BHLTFEX(AMD) &5

P U et S AEte] MY 8 FFHS %’46‘11 A
Al A5 ART DT wet, A AlA 8 gt
Saot7] 9t AMP HAXE 91 Uttt o|F &l
AoEN 7| dEE EA JAI7F 7Fsottt. vl= LA/LB ¥k 202097H4]
AMP 953} v]ES dgAute] 80%7Hx] &, EUx 202587H4] BRE Aldt
< o2 AMP AHEZ AAISHE dFoltt. S FA| AFEFAE Al AMP
ANAEE ZEE Hog ZASketal 9low, 2018| F 9267H(30% 4=
20209 1,54370(50% )22 g5 Agof QU100 f-2uete] 4%, A
Ao AMP AlHAGC] &3] 12¢ &5-E A Jow, BAk & QIHg
HEARE 402 7|E ZHoly Eudol| AMP HRAY F31& Ad¥stal Q.
o|AY HAHQl AMP F4F Ao H-gstr] gt &35 ke okt
St o, AHAHol FAAl =Y ¥ HE AL niEo] QUA] gk

=

0o

9) BIRGIUSADILS, D2|Lizt Meto] 28% TES-FIEZ MEOR DAV AIZSICH TKMISSI=A 43,
2016.11.
10) SIBSHAATHEIR), SIRHEA| DIMIBIX] K2t /o) AMP 41| HS2(0F, KMISEE2A 355, 2016.06.
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H3E =2 BHETMGHSE(ECA) XA HE 25

A3 0| BEETHIBIGIECA) KIF At ZHE

H1E iSwRISH(ECA) X

|'OII
olok

1. TH[=0ll 2Jgt ECA

IMOlIA= AdHfelA HiE=e BARE(SOx), daAtea(NOx), HIAIHA]
(PM) 59 W7edEdS Hoh AEstA FAlsH] fsiA HiEHAIsHY
(Emission Control Area: ECA) A& wldsto] Ald¥stal ot ECAE At
9] & wiEFE Atstr] sl 1997 AHHE P A LA E AH(International
Convention for the Prevention of Pollution from Ships, MARPOL) £
A VA AZ AAEReH, ECA A¥S &dchke A2 & kgl
1.5%m/mo|ste] AmE ARESHAY HiE7IA A AHS oFAor HAs)
=5 GGt ol AEAER9 F FRF ARl 1.0%m/m(20109),
0.1%m/m(2015)= FAxF Z3l=o] gon, d4HE(NOx) H PMY HiE
TAE F7kska Qi

1) ECA XP’8 Ext ¥ 7|&

MARPOL #&A] Vol HAJE 41843} 7|& 5ol ot 3Yohs A7k
ECA A& AHT 4= 3loH, IMO= AHAE Hristo] 2F2 02 ECA
AASHA €}, & BE Z7HE2 ECA Ao a3t A9 MARPOL ¥
Al VIl B2 TI(KE 3-1))°l A= dxiel 72 what IMOo]| ECA AH
e T Utk 270 o] o] TofH EA Y Hfole BARE Tt Al
dYE 5ol 3522 AQkoF ofH, ECA A 4% A MEPCE &

&4 VI N AR AEVE XYY, AeE Fe RdS i 1670
o}l 717+ ] = 3t

Y

m*° ]lli f rﬁ 2y ﬂilﬂi rlo



26 QL2 HETHBHH(ECA) £ ot o

sfiof 3tet. oje} FAlo] BECA A o2 RlIs| TAsh= v]-&3} Helof
T A Aok gtk MARPOL 434 VIC] H-= 110l AAJ" ECA A& A% A
et F2 ARES o2 Zr

- A Aol gk A 71e(41 A9o] 71" sk EFH

- A A d7129EA(NOx, SOx, PM EE 37[R] BF)

- Adh iijE 710 EEERE JFE T AT 3 A9 it V&

- Ak HjE 7] 9=l 41 A9 t71e9 FH =t 784 &
Pl gt B7HEAT S0 gt viE E49 JF *F)

- A% A|99] 7ol wet HE(FF e, AFs A5} get- FEst =4

- AR A9 s wE AT WEY iE SHE

- SolA A7 LdEES B SIsiA Hoke Al el gt Vs

- :v” A el A uiE 7| QAELS £o017] Yt AdE H83 =A

ool FAbok= sfxgoll wiAl= HAA J3F

(E3-1) IMO2| ECA X’ Xt L 7|1&

= =
* 2 2422 FMSE(SOx) HiE A FHAECAL] XES fleh 7= HAE |
3ol ECA XY SX2 Meo] EAMSIE(SOx) HIEZ 21t Th7| 2EGHA 2 &
Section 1. =5 AMR[SNS ole), ZA EXEH| 25t
o MHtO| SHASIS(SOx) HIE R QI5HTH7| QES O, 4, SXIGH0F < 0|1R7+ Y
Zo= 42, IMO= ECA X[E2 ﬂaquor%r

(HI2EA =)
Section 2. ECA | * “Contracting States to the Protocol of 1997 (MARPOL)” XMIZ=(0[5} ‘HIZA=)
XY MK 712 | of BH5H ECA XA HIRtMS IMOOH| KIE 7Hs

o 71 O|A9] HIZ=0| SO ECA A[H AAE AR, 35 HIQME ZHotorst



-
HI

Section 3. ECA
INESIN(IPS R
EPN( S ESHN,

Section 4. ECA
2

K= IMO(www.imo.org)2l MARPOL B4 VI,

M3 =2| HHETHMGHS(ECA) XA HE

\)
~J

(RI2PA L)

* ECA R M2t 7195 Fafo| BA

o M8} EHMBIE(SOx) HiEZ QI3 @F I
M X2

ECA XPd M2t 90 2etok= Aol 2Htet=(SOx) (EIXE 20| ot X

@
%
o 1
H'|
&
»a
oot
&
HU

S X/e% 90 SEE OIS WA X2
* K= S L SHOS MEH, XISt A X1, 0 M2 MAR], 4, QIR 242
23} 3 Tisto] QEX| SO Lt HEHWIHEA)S FICA| BEt6IT W= o B

R=(EX ) HMS

ECA X1 IOt 711} MEto] 2MASIE(SOX) HiE
HIE IHE, XSS, XIZSHA, ok, %Eﬂé—f@., 7
|.O|:H'OA ‘:O“ [H IﬁE

* ECAXIE MO 79 L Me 2ot IHEH 3 e 2 X

e Annex VI, 7&14(Sulphur oxides(SOx)) £&} 045
E 719 7 |IEEH 71R)

E
Rl
12
=
~
Fo
of
I
rr
ks

i E'-U_

TIEoH?| SIoH A A
SHISIZ(SOX) IS T T I SHO| Bat K2

(RPN
* ECAQ| XI2|X Hol= MM LIS 7 (2o 2 X1y
(HI2tM HIZ)
* ECA XIFE M2tA= IMOOIA Fet w210 ZRi0f M2t MiZoH0F &f

* IMO= MZ=0| ECA XIH M2IME MES 42, WKt =7t U3

o ECA X1 HMI_HA)2 & H2I(MARPOL Annex VI)Oi| 2t HE 2 RHEH

o MEHE ECAE Ao HEIX &K International Convention for the Preventi
on of Pollution from Ships, 1973) MI16Z=0{ oJaf &g

* MOt 7L Al Section 201 BAIE &= 2 0] F=S01 Ligt AT HIZ(V|E 4
O| SHISIE(SOx) He 2ot HIE OiH| M| MSIE(SOx) HiE H2e st

HIZ)S 112{= 22t Ol SRR 2 201 CHet ZHA St 12
* ECA 14} 28 2 M2 IMO2| w80 =11 0|t et MAS] 27AY, &

HIE S2 IMOO A7 |sHoF

SEI(ECA XFE |t 2t 7|F)S FU5t0] XX e

(ZM: 2017. 10. 15.)



28 e|Lt2t BIEFRECH(ECA) ¢! et 27t

2) XY g

20179 109 71& A AACIA IMO7F 341202 5913t ECA= & 47) df
o] Z3ET} 200648 LEFES HE ECAR AP CH, o] Ea(2007),
Eu](2012), 7I21E381(2014) A|Fo] ECAZ A A=}t

(a3 3-1) IMO &2! ECA g

3k

ECA
ECA

W 50x - ECA
MO and S0x - ECA

Atz: DNV-GL EH|0|X|(https://www.dnvgl.com, M 2017. 10. 15.)

(H 3-2) IMO2| ECA XI¥ 1% & HHEH|

ECA Ko} e WSY  ANNSY  SOxHE IE Y M8UE

SIEFH(SON) 1997.9.26.  2006.5.19.  2006.5.19. | *2010.7.1. O|: 1.5% O[5}
*2010.7.1. O[5 1.0% O[5

S3H(SOx) 2005.7.22. 2006.11.22. 2007.11.22.  *2015.1.1. 0|5: 0.1% O[5

* =- 5
| SOKPM. 2010326 201181 201281 | s 8:;: S0 8:;[
=0 11,013 0,

NOx 2010.3.26. | 2011.8.1. ©

* S 0, ol
omey | SOGPM | 2011726 201311, 201411, | o0l (E I et

-

RS Nox 20117260 2013.1.1. ©

020163 1€ 1 0| HXE|0 2E= MEF2 MARPOL 2441 6 13.5801 8= NOx Tier lIE &

A= http://mww.imo.org/en/OurWork/Environment/Special AreasUnderMARPOL /Pages/Default.aspx & h
ttp://mwww.imo.org/en/OurWork/Environment/PollutionPrevention/AirPollution/Pages/Sulphur-oxide
s~(SOx)——Regulation-14.aspx & $t=245 Techinal Information, No. 2011-IMO-12Et2610{ XX+ &2|(H
A4Ql: 2017. 10. 15.)



M3 =9l HIETHICHA(ECA) XIEAE HE 29

(1) EES]| ¢ 55
o A9 BEAUYolHKthe Gulf of Bothnia), W#=%Hthe Gulf of
Finland) ¥ &9 57°44.8'9] Skagerrak——] Skaw¥} HHPS O]E“ °H°—“1°ﬂ A]

e 3
Ax]o] gt} Bof AL BY 62° U= sjomt A4 4° 52
of 98] Skaw & FAAY, Oﬂi‘ﬁﬂﬁé(English channel)-ﬂr A7 5°9 5&
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(1) AF2(Yangtz River Delta)

(19 3-6)T Zo] A~J9] dZH-Z et SAZRY 1282 H o ECAZ}
A g=o] glom s ECA ¥ H5(Nangtong), Adte](Shanghai), &%
4HZhoushan) & 157 =A] FAFH] Foff 7Fss ol sigetet. 2+ &
o] sjeto 2 RE FA| S ECA 740l L k= F8 Fuke Asto]
(Shanghai), YX-Z$4HNingbo-Zhoushan), #A%(Suzhou) % W&
(Nantong)°|tt.

(13 3-6) HLA2IZ ECA K1Y Bzt

Yancheng ‘E

MNanjing

i

NZ: Huatai Insureance Agency & Consultant Service LTD. Circular Ref No. PNI1570,
Ministry of Transportation P.R. China Issued a New Regulation on Setting of Three
Emission Control Area("ECA’) in Pearl River Delta, Yangtz River Delta and Bohai-rim
Water, 2015.11.
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(2) 7342 (Pearl River Delta)
FATFE A9 ECA= (Od 3-7)3F o] A~FY dZdE wet A=
e 12809 "ol sigErh12 dig AHE BA(Guangzhou), A
(Shenzhen), F3}0](Zhuhai), ¥ Dongguan) 5 97§ TA] FHFF9]
7Fset ool ZF ko) site 2 RE| A s ECA 4ol A-8EHaL
= F9 JU2 FAXHGuangzhou), A& (Shenzhen), Fdto](Zhuhai)7} =

oo} At

R

(27 3-7) FYMUZ ECA X Bzt

Guangzhou o
L Huizhou Al
] 1, EJ"'} _'|'
oo o Shenzhen = =9
: a3 il =
Jiangmen o e,
AL R
N e ] Hongkong
Yangjiang S i B
F z -
1 I:_-
- L:I
E

Atz: Huatai Insureance Agency & Consultant Service LTD. Circular Ref No. PNI1510, Ministry of
Transportation P.R. China Issued a New Regulation on Setting of Three Emission Control
Area(‘ECA’) in Pearl River Delta, Yangtz River Delta and Bohai-rim Water, 2015.11.

12) ZRZAMZEE X|H9| ECAOl= £2(Hong Kong)Z O t2(Macau)= HI2|=|0 QLY.
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2) 83
2T 3 A& Autol gt A4 g7 e @o R Qs AHH O R ECAE
A - Aldgstal ot 20139 S5 %ol WIS “Clean Air Plan for HK
&2 BAWNAY Ol wet FBe] A Sole FCAR Agaigion], QlEd
A5 1470 Aeha RA 0 g eol 0.5%m/m olstl ARFE A
BotES AT Ak & 28, W LA, Hek B Hure Bxo
2 oA e A o g, ol Su 5o AWvae PHE A 9L
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S3F° ECA T FH2 3734 (Environmental Protection
Department)°l] 4A|5] A= o] . A0 oFUE Amf AR Al F
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H2E S HISHH(ECA) X8 HE R =T Al
1.¢42

1)

20084 109 IMOS] MARPOL #4:A4 VI 7]]140} A1 2 201049 79
19 @rao] wet 9&8 AA] A=) ECA ¢ X085 25| Y3 A=
si9d Wl ECA =Y B34S HESII ols ﬁoH FEFSHMLIT)O %Y
AR d sjak=o] FAlo] Eof 20109 2013974 & 63]9] “ECA7&
HES LSS 2230

o] {1Y¥3]= IMO°] ECA A1 5R1& 873517 flsl ECA X730l 1A%

rlol

ol mAle 9F 2 Hgol " I AEE Sl ECA MAE d4st,
IMOOIAM A3t e AR7IE 840 B8 A= #F 52 FH2= 5

k. %, 1) Y| FABFH(SON), AAMSFZNOX) @ PMo] 23 th712.9
B, i) th7] Algeold UAS B8 BCA A8 T3 (A 2 AEHA),
ii) ECA A% B8 A A8 WS 48 2 1 A3 wele ey PE
So] #8 fgolch

o
N

A= ECA A7o] 835t gt = 2EZ AA
033} ol 471X 2 g9Fst 4= Qlct

13) MARPOL H45M V| T BHAISIE(SOx), RIAASIE(NOX) 2 PMO| CHEH RIS HIEST IAERITSE(ECA)
MH 50| AL,

4 U= FEWEY, Mo 2BE9| If7 | QASEHISHMBH(ECA THEt 7 ISHEX S| H2|(#rmah 5> DX
[UBLYEREARGIEE (ECA) (2BEY AHdiREIEE =Y F &), 2013.6.27., P.21~22 E=610{ Ha.
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@ G AN LE9 7 e dAE ¢ a}cq &0l MAaI=
FE TAH VES 2T For JAHER EE(SOx), dAailkdlE
(NOx)59] FAIE 93t ECA 432 EHQast

® 20209 7=

AlEdold A, Auto =Ry HjEEE= PME 44T A
2 A= M4 X Hs] 1 wiEo] vu|stEE ECA AFe= <l
PM Hi& o 83 JA] 3 AR oid. T3 FABHE(SOx) HiE A

of ofAE 20209 LuF HHNAE 0.5%m/m AERF FA7 A&
T % QPHL TAR Q1 oH ECA AA9] dgido] ¥

® AAABHEE(NOx)9] 749, 20204¢ 712 AlEdH ol Ayto] upat Adtoz
HE HiEE= é**PﬂE(NOX)A FFE AaT Zor AJYEHEZE ECA A
84 e ZoR wdd. Q9|8 ST EAG | wEt daikst
E(NOx) A dFS uvigdsk= Ao| A

@ FF 7|2 viE Aol gt FA414 5T mHetotal, ECA X3S ¢
gt AAEZE QstH olE A7 & AH Y

fu)
rr
o 2

2. X|=af

AE8) NG TAHGA S $4 02 ECA FAS 51 s, gEF o
2, 20179 3¢ ZvuloA BirdLife Malta, France Nature Environment,
German Nature and Biodiversity Conservation Union(NABU) 59| 274
dAEo] 4ol Hol AYAE AEste] xS T, o] EutdA(Rome
Declaration) 22 HHsI3itt. o] JFGAESE AEA EHE & FHA &, ©f
gEjots XS 9iE 9 Fotzgrt 5 127h=0 A58 ECA Z]Zéoﬂ o
gt F9E skl Sl

15) Hellenic shipping News ZH|0|X|(http://www.hellenicshippingnews.com/ngos-push-for-a-
mediterranean-eca/, ZAY: 2017. 1. 11))
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(J2 3-9) X|=sl ECA X|H &7 MEA(Rome Declaration)

Rome Declaration==

Oeclaration to designate the Mediterranean Sea
an Emission Control Area to limit air pollution from ships

Air pollution from ships is 3 significant thregt to human health, environment and global climate. The European
Commission estimates that every year 50,000 people in Europe die prematurely because of ship air
pollution, notably from particulate matter, sulphur, nitrogen oxides and ground-level ozone. In order to tackle these
emissions coastal states in Northern Europe have agreed to designate the North Sea, the Baltic Sea and
the English Channel Emission Control Areas for sulphur (SECAs) and nitrogen (NECAs). The former has
already delivered immediate air quality improvements by up to 60% from 2015 and respective socio-economic benefits
worth billions of euros. Yet. 3 lot still needs to be done in order to also limit ship black carbon and particulate matter
emissions, reduce nitrogen emissions from existing ships and to ensure strict enforcement of the agreed
rules. States acting regionally through ECAs has turned out to be an effective way to reducing air pollution from ships,

This however raises the question as to why coastal popufations and the environment around other EU seas are not
a : accorded the same level of protection against ship emissions a5 in the North7

.—T}m signatories of this declaration urge policy makers to take action on shipping related air pollution and

s work in particular towards the establishment of a Mediterranean Emissions Control Area (ECA).

The ongeéing success of the existing ECAs in Northers America and Northern European seas proves that a Mediterranean
ECA would also deliver remarkable sir quality benefits not only along the shipping routes and coastal areas but
alsoinport cities and far in the hinterland. This will immediately improve public health, limit damage to ecosystems and
culturzl heritage and allow member states to reduce local air pollution and their impact on global warming.

Moreaver, the establishment of a Mediterranean ECA will restore the level playing field in the single European market
where ship owners/operators and ports in the South face the same regulatory requirements as in the North.
It would also enable the uptake of low-emission technologies and the transfer of necessary know-how
within the European Union leading to leadership in technology and jobs creation in the maritime industry. Therefore,
tighter emission standards in the Mediterranean are also a vital guarantor of ensuring the sustainability of the
ELl maritime sector and economic competitiveness.

Find more information on the Mediterranean ECA project on www.nabu.de/mediterranean-eca

il ."M — TRANSPORT & ’ " ; ).l—f— \’—"' m:mmmmmm
e oo 1= ervironmenT v daiodiy Eﬂm Elf_sljl__.lfe /NABU -

XtZ: Birdlifemalta 2H0|X|(http://birdlifemalta.org/wp—-content/uploads/2017/03/Rome-Declarati
on-for-a-Mediterranean-ECA.pdf, Z42: 2017. 11. 10.)
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HI3E iSRS (ECA) X|1E gt

o

—6:1— 1
i 4] olola Hold, Be A7Eo] dvloY HEEY 75 L ug
1=

1) S A510/8 SO, HiEZ 2510

Zeru et. al.(2017)9] AstoldollA A== ZH oY E5gol gt Adt
AT H ¢ I 2 AdRF AT AR 5& &8st E4sto] 201997}
A Aystolgel A APlEl= AHolY &5 oF 45008 TEUR 785t
o, olo] WE ECA W AHE dEf 7IEol wet 1 wieda A55E of
(I 3-5)¢} o] £ttt

H 3-5) 3= Aot0[&2| ECA =0l 2 SO, HiE A=

gergdiE SO. BIEZH(E) SO. BiEZ AFU(E)
3.5%m/m 107,056.33 N/A
0.5%m/m 15,293.85 91.763.09
0.1%m/m 3,058.77 103,998.17

Atz: Zeru et. al., “Evaluation of effects of ship emissions control area: Case study of Shanghai Port in
China, Transportation Research Record”, Journal of the Transportation Research Board, No. 2611,
2017, pp.50~b5

16) Zeru et. al., “Evaluation of effects of ship emissions control area: Case study of Shanghai Port in
China, Transportation Research Record”, Journal of the Transportation Research Board, No. 2611,
2017, pp.50~b5 LIES LISt F2Ig.
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2) 20|X|% ECA X|H0| M2 3H7)

u= 3 F(EPA)XZ 20099 RE S| Hm= E AAuet A sigt AfejH]
QF 3l EFH9] ECA =l W 71 A=4d A5 axel IgnlE E Q1A
| o]X]= Helo] it 42 skt off (#3-6)2 20209 ECA A
ofAqe] AddtozHE HiEEE 2FEZ SOx, NOx ¥ PMY oAt &S
e AL et

i)

T 3-6) 20| X|Y ECA £Q0|| 2 7| LYEX! HiE =2

72 ) A5 HiE
SOx 920,000 86%
NOx 320,000 23%
PM 90,000 74%

Nz EPA, Designation of north american emission control area to reduce emissions from ships, 2010

EQF B4 A FEOIA 20208714 ARtezRE oHdEd WEde 45
St7] 91%t W82 oFf (& 3-7)3 o] FHAH, ole B2 FE2E YH
A9 2 A= 88 o 2 a3t A9, JA Aol viAle "ol

=4
e I v 53t AEe] 2 AR YER.

7) EPA, Designation of north american emission control area to reduce emissions from shijps, 2010 L{
2 Yot F2lg
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H 3-7) 30| X|¥ ECA =0 [E 7| LE=E 2= HIE X HY
= L= ol
SOx 1,100 *47094~1,100 22
- 500 ~ HESINIETDN
NOx 2 400 500 ~ 14,00074 =7 [A} |

- 3,80071 35 X

PM 10,000 - 4907t 71 38| &8t uiK|

Z HR| AY Al 3% SR18 2 2006E 0= 22 M
Nz EPA, Designation of north american emission control area to reduce emissions from ships, 2010

3) 23X NOx ECA X|Moj| (= 53} 18)

B A= 20179 3E AoZ, dA ECAR AHEo] Y= HES|9}F &
£ e R 20219%E Enx9n Y%t NOx #AIE 913 ECA A% &,
Tier I 78 H-8dk= o w2 HI—Q—T} HoS A% Aol

EAAT= off (1" 3-1007 &

ol

go
sl B8t 1A Aol mHE :191% ot 16590 2, 2839 9202
= BYF L A Uk A9 FAEY. BEF 2L AAFo| g A9
=, 3 683 Wole 77 620] §=, 1279 S2h BAY Aow EAHY
o ol Z=2e] BeFat AUFol HlE ] Welo] FHQ Suto] 4
0]0 O &

8) AirClim, Cost-benefits analysis of NOx control for ships in the Baltic Sea and the North Sea, 2017
LiES LRo10] Falg
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(O8 3-10) Sall ¥ LEGH2| NOx ECA =2 A| £1H2021~2040)

—- lew s r

¥ Benefits
(1] 5000 10000 15000 20000 25000 30000
€million

= VOLY- Value of Life Year lost
N=Z: AirClim, Cost-benefits analysis of NOx control for ships in the Baltic Sea and the North Sea, 2017

4) REX|Y SOx ECA X|Xoj| 2 F1419)

200849 FHAGY IMOS] ECA A =9 A], Ao gRE SOx HiE]
o2 H8HY B4 AHE ATEH ok (I¥ 3-11)3 2ot YES|} 53
9] ECA =¢o T2 SOx & Al Al 2015¢ 71 2 36 F=2] Bl&
Ay, 17099] 1A A7l wX= Helo] &=t 3 20209 7|EL
ZE Y 459 f2 ¥ 9 2309 §29] Holo] AEE It HESe}
5ol A9 9] @A ECAR AA=o] YA B2 A3l 3l 5 B sfgo] ECA
7F EPENE A, o B2 Ho] WY £ S AR B 4= Qltt

19) AirClim, Air pollution from shipping, 2016 (http://www.nateko.lu.se, ZAL: 2017.11.11.) LIS &f
Flstof Fafat
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(O3 3-11) REXIHY SOx ECA =Y Al &t

= = 36

25

Benefit

0 5 10 15 20 25 30 35 40

Xt&: AirClim, Air pollution from shipping, 2016 (http://www.nateko.lu.se, ZAY: 2017.11.11.)
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20) Morten. S, “The environmental effects of emission control area regulations on short sea shipping in
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oot HESf= 20159 1€ 1¥9Z 7|22 & R3] 1.0%m/mellA
0.1%m/m oo} A=/ Ao F3fE|ong g dﬂ%ﬂ I sk 7E
o Wt 1.0%m/me HFOE AR&St= tH4l 0.1%m/me MDOE F+ A=RE
A}%}Oﬂt}. S323= oFf (& 3-8)3 Zo], 1.0%m/mO| oM 0.1%m/m2]
2 ARRSF AL A7F B SO. HIEHS 4.24g014 0.45g(AAlEre] A

T) 5.32g0w o.s6g(BHHP91 A9)og zzEle & 2 Qrf AFHoT

0.1%m/me] d=2FE A8 o ovf 7I9F SO, HiEHS &Y 4 ot

(& 3-8) Salf ¥ LESH 28 M912| SO. HiE Mz 8 Atz

&
e At BAdgt
DWT 4,544 7,750
TEU 323 458
AR 24 TEUY B2 2A(E) 13.45 12.47
15 12.3

B 24 (Knot)

A7t & 24 7{2|(TEU-km) 12.5 million 20.4 million

o7 & HRQARZHTQIAITI) 25082 HFO | 3312Z HFO
=4 017t & HRRALBZH(LURT|) 163 MDO | 353 MDO
sozaﬁigz# SO, HEH%(1.0% HFO) 20g SO. /kg
SO, HiE74(0.1% MDO) 2.0S0, /kg
2015.1.1. Gt TF SO, HIEZHTEU-km) 4244 3329
MELT: O em2sis = SO, HISZHTEU-km) 28192569 = 2.16~4.56¢
S8 24 9p15.1.1.  SiZHET SO. HHEEKTEU-km) 045¢g 0.36¢

0= =36l & SO, HIEHTEU-km) = 0.30~0.99g 0.23~0.50 g

t=: Morten. S, “The environmental effects of emission control area regulations on short sea shipping in

Northern Europe: The case of container feeder vessels”, Transportation Research Part XIn Press,

Corrected Proof in 2016)
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398k FA4 9 NOx Tier 111 28, AMP ¢,
ol AEsde= Hestal
SASHE HESF2 98% AotRom, ulAH
(PMz5) 87%, HHAJYA/GEZA(DPM) 90%, A
LBPE AMutofA HiEEE= 2
ZU|AHA](87%), E]Z“?JXWE 100%)& &3 Ao
&2 Eo] A€l 73
W& A5 F
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201690= st
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HA|(PMio) 89%,

27%7F B Ao AmfE
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E 3-9) LA/LBY HEU7 |SAH S =T 2t

=11 PMio PM25 DPM NOx
474 373 419 2,095
Ocean—going vessels
(58%) (53%) (55%) (23%)
28 26 28 567
Harbor craft
(3%) (4%) (4%) (6%)
2005 Cargo handling 48 44 48 1,138
— equipment (6%) (6%) (6%) (12%)
2016 29 26 29 932
(LA) Rail locomotives
(4%) (4%) (4%) (10%)
240 230 240 4,450
Heavy-duty vehicles
(29%) (33%) (31%) (48%)
818 699 764 9,183
Total
(100%) (100%) (100%) (100%)

21) LA/LB Clean Air Action Plan(http://www.cleanairactionplan.org/, Z4A: 2017.11.10)
22) The Port of LA, “2016 Air Quality Report Card”, 2016.

23) Port of Long Beach, “Air Emission Inventory-2016", 2017.7., p. ES-1.

24) The port of Los Angeles, “2016 Air Emission Inventory”, 2017.7., p. 62.
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(100%)
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9} ot ot
T= PMo PMas DPM NOx SOx
638 500 544 2,760 6,750
Ocean-going vessels
(69%) (65%) (66%) (32%) (98%)
23 21 23 497 4
Harbor craft
(2%) (3%) (3%) (6%) (0%)
2005 Cargo handling 41 39 42 825 10
= equipment (4%) (5%) (5%) (9%) (0%)
2016 22 20 22 705 75
(LB) Rail locomotives
(2%) (3%) (3%) (8%) (1%)
199 190 199 3,930 34
Heavy-duty vehicles
(22%) (25%) (24%) (45%) (0%)
923 770 830 8,716 6,873
Total
(100%) (100%) (100%) (100%)
Atz: The Port of Los Angeles, Port of Los Angeles Inventory of Air Emission—-2010, Port of Los Angeles
Inventory of Air Emission-2016; Port of Long Beach, Air Emissions=Inventory-2010, Air
Emissions—Inventory-2016 LIS HIECZ F2[510] XAt 2F4
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(H 3-10) 29| ECA Cth7|& 7HM §11} (2017.6 7|&F)
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Atz: The 4th Sulphur Experts Group Meeting, The current status and challenges for implementation of
emission control area in China, 2017. 9
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3. ECA X80 = F
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(B 3-11) 329 ECA W (2R AL A &4 3182017. 3. 31. 0|H)
5 - . [E2S
ECA X|2l  ECA A3 ME =™ XY ME=SH e HIE(%)
~ T
SIS A1510|(Shanghai) 560 57 102
(Yengtze | 01641, Sia(Sea) SBHEE 493 | 17 3.4
River X&(Zhejiang)
Delta) LESL 2atMtEl 17 2 11.8
ESTINCIES ofl4=(Sea) 28EL 228 1 0.4
o= 2016.10.1. | XM%(Shenzhen)
(Pearl HE42 2gMeE el 8 | 13
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O Ell_r _ . Co
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Lsk MDO: 142 7 49
HA 1,09 119 7.0

Atz: The 4th Sulphur Experts Group Meeting, The current status and challenges for implementation of

emission control area in China, 2017.9
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(H 3-12) 59| ECA | HER A2 A &4 $184(2017.6.30. 0T)

e HaT wmsys oz HIZ(%)
S At 4.18

FH: s
20303 | X 318 124 Lo | B3

iS22 M8 27.91

Atz: The 4th Sulphur Experts Group Meeting, The current status and challenges for implementation of
emission control area in China, 2017.9
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ABHE(NOx)Z Hujet 72| Bafvt si& &A7F 8=t

S, Ao 71 9=E HiE A5 Sl S5 S APYH 2R ECA
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Hag 2Lt BEFHMGISE(ECA) A1Y 2o

A —_ -
A oaiLta BIETRISHSIECA) X1 TR A
H1H f7|2H0| M= X7|AMY S7129)

SEuEte] di7|eEe =, Ik oheoE ot o= motE 9f
t}.30) OECD(2016)= 20109 71 7| edo R Qs & AANA 2F 1005t
9] Z7|APIAZ} WhAEsl o H, 20608 lE 6009H~9004t HOo R 34 3]
7V AoRE AAsielet. B3 7] t dRE AHog gt gEHE
7F EEBAAY ZhA =ZE A A S o7 206094 A7 A AAS =4
FAALHGDP)Y] oF 1%(3,015% ¥)9] &4o] WY Ao=w Hseltt.

OECD& #49, gAlok, vl=, vt 5 F8 3712 206097H4] t7]12
do=z J‘é‘} ZI7\AGAL 7% A F7VekAl gA]Rt, OECD =7t 5 -2yt

3] Z71e Aoz AW 20109 71&F LEuEte] ZIIANGE(

%L 1009 B X7AFERE )2 35922, AE(468%), EU 2 4711
=, g, =Y, ool 412%)ETE Woton, u=(299%)ETE &3tttk 11
Hut 20609 SEuvete] Z7AGELS 1,109H02 F43] S7ksH uhd, d&
(779%9), BU F8& 47/1=(340%), AHtH300%), mI=G079) 5 L #a
AU vl S AAY Aoz Hysial Qi

T3 OECDE 3=, 3=, Aol &, 571 SolA d7legez Qlst
A9 B 9gH 37 =584 A } 502 GDPY £4o] w9 & Ao
2 BX59h EU 8 470129 GDP &AL H# 0.11%2 w9 @gkon,
=2 0.21%, &2 0.42%2] GDP é % Agsiloy, f2uete] A5

d

0.63%¢] $4o] WY o= Aol OECD AUF 3 713 B AR
&4o] MY Aoz FHRL

29) OECD, “The Economic Consequences of Outdoor Air Pollution: Policy Highlights”, 2016.6.
30) Financial Times (https://www.ft.com/content/b49a9878-141b-11e7-80f4-13e067d5072¢?mhgb;
=3, &M 2017.10.29.)
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(12! 4-1) Z0|M|HX| L @=0z

2500 -
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1500 -
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EU large 4

Other OECD EU

OECD America

OECD Europe

Other OECD
Aus. & NewZ
Non-OECD EU

OECD Pacific

Rest of Europe & Asia

oI5t 1002t B

Caspian region
Other Europe
Brazil

Other Lat.Am.

Latin
America

Middle East
North Africa
ASEAN 9
Indonesia

Middle | Southand South- Sub
East & East Asia Saharan
North Africa
Africa

2060, non-linear  m 2060, linear #2010, based on GBD

X=: OECD, “The Economic Consequences of Outdoor Air Pollution: Policy Highlights”, 2016.6.

H4-1) 917 1008t BT 07| @0 oI5t

SRS

S 7N £

Other Asia
South Africa
Other Africa

T nor%gl?rg)ear I?r?gg' base%oc}noGBD
Canada 286 300 248
D) e Chile 313 300 179
Mexico 269 268 122
USA 293 307 299
EU large 4 319 340 412
OECD Europe Other OECD EU 502 493 456
Other OECD 512 502 303
Aus. & NewZ. 65 95 77
OECD Pacific Japan 755 779 468
Korea 1,069 1,109 359
China 1,563 2,052 662
Non-OECD EU 769 733 818
Rest of Europe & Asia Russia 806 809 826




Hag 2Lt BEFHMGISE(ECA) A1Y 2o

=T 2060 2060 2010
o5 non-linear linear based on GBD
Brazil 321 320 183
Latin America
Other Lat.Am. 227 228 144
Middle East 518 623 251
Middle East & North Africa
North Africa 428 447 319
ASEAN 9 607 729 3
Indonesia 346 357 238
South and South—East Asia
India 945 2,039 508
Other Asia 754 1,200 461
South Africa 167 168 224
Sub-Saharan Africa
Other Africa 130 135 205

Atz: OECD, “The Economic Consequences of Outdoor Air Pollution: Policy Highlights”, 2016.6.

M A7 wzwl, BobAlol Aodolq Alutol th7le @A wjETS
2002~20054 717k 5k A AA Aet jEFY] 4~7% FEolglort, 20134
16%7H4 7451901 3D obxlo A|eje] 105 Adoluigaio] A A4 Fure]
Ble@E el 20%S AASHe Ao ZAEULD olHE e
goz Qs Seutere] 27IAFRA S oF 500~1000%0] ©]F HOE F7
shgom 33 gl Gl SIRNe] AR 471 YEAGRTG 4 A e

Aow 2AEQIT 30

31 Huan Liu, etc, “Health and climate impacts of ocean—going vessels in East Asia”, Nature Climate
Change, 2016. 7. 18.

32) Zheng Wan, Mo Zhu, Shun Chen & Daniel Sperling, “Pollution: Three steps to a green shipping
industry”, Nature News & Comment, 2016. 2. 17.

33) Huan Liu, etc, “Health and climate impacts of ocean—going vessels in East Asia”, Nature Climate
Change, 2016. 7. 18.

34 James J.C., etc, “Mortality from Ship Emissions: A Global Assessment”, Environmental Science &
Technology, Vol. 41, No.24., 2007, pp. 8512-8518,
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H2E Azt =0 SUZA 7|2 LY

rx

55| Auk2 Leuet IeteAl tr]edEd 2 HiEd F shtolH,

EQ WiEFS A&502 Frketal 9tk 20149 SHEAE
& SACl v Eo] =0} FREEA|A AHte]
Zol ragt Aoz yepdth. Iy 2005~20134
717F Bt S vhEtoll A Adke] AAASHE(NOx) &% A¥d 6.5% 57t
Fom FASHE(2.7%), FIAIHA(16.6%)%E A&F oz Z715kal Qlty. %u]
AR (0.04%) A% 201195E HiE&FS S74st3eH, 2011~20144 7]
Zb Bt Aute] wiEeo] AW 0.3% SV Sejuet i FeAIQl
FARS] 9ol 2005~20139 7|7t BRF AHre] AAASHE(7.1%), A
(3.3%), HIAIHA|(17.3%), ZHAHA(2011~20144, 0.5%) Hi&Ho] A &2 0
=2 37kt

|

©

|

(B 4-2) 1Ho| 7 |1F=2 HiEY

a2 20054 20108 20118 2012 20139 20144

05-14  05-13

M2 54311 83576 89,811 89,658 89,887 144080 11.4%  6.5%

SA 14511 24742 24922 24994 25180 17513 21% | 7.1%

o | E 619 11034 11484 11375 11340 8276 20%  64%
O 4235 6453 6084 4576 4663 3671  -1.6%  1.2%
Mz 673 1,025 1,011 1,100 1530 @ 1386 @ 84% = 10.8%
HiCH - - - - - 75943 - -

M2 51,882 62,019 66646 64205 64,186 39,074 -3.1% @ 2.7%

SAb 13862 18360 18494 17923 17.980 7717 @ -63% @ 3.3%

SOx
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T 20054 20104 20114 20124 20138 20148  omoE
05-14  05-13

HE 643 761 750 789 | 1093 524 | -23% @ 6.8%

HICH - - - - - 9,669 - -

M2 2022 6436 6916 6905 6922 6983 14.8%  16.6%

BAL 540 1,905 1,919 | 1,925 | 1,939 1,049  7.6% @ 17.3%

A 258 850 | 884 | 876 873 | 501 | 7.7%  165%

o Ol | 158 | 497 | 469 = 352 359 | 224  40% | 10.8%
HEE 25 79 78 85 118 75 12.9% | 21.3%

i - - - - - 2898 - -

M=z - - 6363 6352 6369 6423 03% = 0.0%

2 - - 1766 1,771 1784 = 951 | -186%  0.5%

s - - 814 806 803 | 454 | -177%  -0.6%

ke o | - - 431 324 | 330 | 204 | -R1%  -125%
HE - - 72 78 108 68  -1.8%  23.0%

HiCH - - - - - 2,713 - -

= 20054

(=9 8) = 20104
70,000
60,000
50,000
40,000
30,000
20,000
10,000
0

= 2

HiEZ S7(2014H)E BiE22 XAt X2

(32 4-2) H4to] ZALSIE(NOx) HHEH

= 2006
m 2011

= 20074
m 20129

=t

2 S/(20149)5 B2 Xt &Ry

2008
m 20134

= 2009
= 20144

0|
A

upt
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(O 4-3) MHte| SASHE(SOx) HIEE
= 2005 = 2006'A = 2007'A - 2008'A = 20093
(e E) = 20104 m2011d m2012'3 = 2013 20143
70,000

60,000
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40,000
30,000
20,000

10,000

AP =4 odd A= soy

X2 FRHHYSY A HEY SH(20145)S HIZOR XX} Ky

>
A
4

(2 4-4) H8t| DIMHX|(PMo) HHEZ

= 200541 = 2006 = 2007 = 2008 = 2009
(o9 =) = 20104 =20114 = 2012 =20133 2014
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5,000
4,000
3,000
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Q
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e 4 B4 Ay Mz stk

(& 4-5) 48| ZOIMHX|(PM, 5) HIEZ

= 2011 = 2012 = 20134 2014
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4,000
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. Hlls: ma=

H= gt St a Az scp
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2. U SATUTA| Of7|2HF ) MHEto| B =S

2010~20134 7]zt

ol 53

&

B¢ ECA A¥S AES 4£9 3% HE AF9 7]

Ao Uegon Muboi viEE= 7| QdEHY HiEF

g H]Fo] 4] o} ECA A o= Qg /i vyt njnd o=
Ty 270l A AmE Hiel Zo] %EMEH S =71 AA

% AR 11.4%, AAASHE 12.7%, ZUAIHA] 10.1%7F AEhof A

e Aoz ZAFC] A viE HFo] &2 Aoz waEneR] &
4-3), (¥ 4-6)~(1¥ 4-9) I=). 53], 20139 F4t] 75 Aol A o

=5 d7Ie9=4EY HS
64.7%, =H
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