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A Study on the Fuel Consumption & Green Gas
Emission of Coastal Ships

Lee, Eunhye

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

Abstract

One of the key tasks for human being to take seems to be the reduction
of fossil fuel consumption in order to save our planet from the disaster
caused be climate changes. World wide effort to reduce fossil fuel
consumption seems to be enforced. Accordingly, Korean government
implemented the basic law for low carbon green growth in January 2010,
and detailed guideline followed in March 2011.

In the field of shipping industry the government launched a second stage
pilot project of vessel green gas reduction in which 2 companies
participated. In 2015 EEDI was applied to the newly building vessels to
achieve the target of 37% green gas reduction up to 2030.

This study, therefore, tried to analyse the characteristics of fuel
consumption and green gas emission of coastal vessels based on the
empirical data gathered from a domestic company. For this vessel operating
data containing sailing distance, port time, sailing time, speed, cargo loading
ratio etc. were gathered for 12 vessels for the period of 5 years.

The analysis revealed some meaningful results and based on them some
implication for the reduction of vessel green gas emission.

KEY WORDS: Fuel consumption, Green gas emission, Coastal vessels
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=7} 5 4070 = OECD 2470= 5! EU =7}
etz METS 1§ W
1990d £ =2 T7FR A AEF Fo
BE ARAL % A& |
1% w9, ZA4S 4 Hepy A o R
O %
rajata e =

A5 A & o] A (http:/fwww.forest.go.kr)

HEA 1 5715 =7F BRIA e 247l 5o #d A2 2 X9 A
g A A

rlr
of

glr:
=2
rJ

nHQl st 0 W R 27t Ak wEe) o
[e)

BEA 1T 7372 METY 24712 bjE JIHMEZ 92 gof o]

ol e A AsH M==e] H5H8 Ad &
s

R | FAES 2A7I: A5 RIL Ay olth AT Adx Fefol 3
FH7 Rl BAT /TS =7} ANFo] Ytk Tkl YA ¥
Bol #¥ o2 ) FWH A 8 B2, Aks ME FRAN AGLE

Collection @ kmou



TAHCR AHED, Wk Adz 1A sok - Ak g7 9 A &
Ak F 9 AR SOl FRIEA 7 Fbt ddstel - 4

2 AHAE AS4er dgsty BAY Bavt dewe s
3}

HeF A4z 1gE 715dst G A1y o gigt B $HE HA
statr] flal Z1EAA S #S P A BFA] 247 dgdS esd
o] %38 w3t YA FEFH LA #AH] v T F Utk U=
gl A 71 Ewstel e AL B9 FoAS x| 7IFHE O3AA S
Ao 2 ¥

Aste] Bat ool A AE3 WA FaA ol A g DAL
oF A4z 1b10sh lelvo] B W gol AN Uk 715 HAoke] AyA
GA ATk PEA B =7} o] Fo|Q FFoly] wE sYBA REH}
YRS WA A= A Aol BAR NG Ta s TAS HolY
A goith Aol BAR oot Bkl AdH F AANAN FATI
ool A of2] 7hx Thkd elo) BiE Al ANHUL, H2 BUF 49
oz 218w Itk 53 SeteldE @ek 4% IbelA Awant 20084

(>
N
L
[
)
A
ol
flo
o
©
BN
rL
El
il
9
>
=4
BN
rid,
N
oo
2
ot
>
Al
to
Lo
o
>
-
2

2

Al 5 ZEZHSYAA o8 A=
= e ) i s e = R = A

3 (Article 4.1 d.) 713AsFEF sFB7 RE A4z 1d
2 AT el g

13) 717wste] A AR A7l 9 o tigxke] AAA A A Ao dig oldE F
Z8ka w3 oo BI E BHAAAMNE Z4-AAS] st ZFAA e} BdEE HeH.- 7
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she Aol AHsy BaEEs e ARE gAEEs o AZd.

312 Z1Fasiget A ol =AY

713Wslg el AAE 19729 ~gdoA MAGAD Izt A BE Sql
=% 3|(United Nations Conference on the Human Environment)1®ofjA] =27} A

ZhE]o] 1992 fFl 7] F W83 eK(United Nations Framework Convention on
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19729 6 299l 25&FANA AA 11370=, 1370 =A7]15, 257789 ¥
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o] F3 & MAZIE7IFHWMO)N9e] FHo2x 7]Emste] e gt AT
T2 RS AP AL sy oo wet 19799 WMO= 7| &W o
Halo] A1z A A 7]1E3) o) (World Climate Conference)S %
#H(World Climate Programme)o] A=At o] Z=T50-2 19881 A A 717471
To} Qg HAEEUNEP)O] &5 FHdste ‘7| THsto] #g HHE 3 3320
(IPCO)” o Ay 7]nko] =Y.

1985 e ~Eg o} WatA(Villach)oll A A A 71471 Fet FADAA e F
FHoE 75 F3op FEHAQ Yol MAHNL, FHAEL 2147 A

o

of AT+ B2l felgle]l s Aoja ojH T F&be IFsty] fsiM=

272 FEE Adsiol drhe &4 ol=HH. 1988 iyt EEECNA
AHEANE  “WHEst= tirzjol B F3)° oAM= 2005 d7bA] 19881 d thH] ]
AEtgbio] HlEHE 20% 45T Ae STt gYE ==sT

1990 IPCCE A1xt Br7RIA A IZF &5 B3 ol4tsa s, we 5
247k HjEo] AFRHES FIHHOE YA § : =
3tx &= A $(BAU emissions scenario) A7 Hi-7]Lo] 10wttt <F 0.3
F7tste 21417] Helle 3C Asd o= AWttt =3, &2 738 o)
A sl e vite] BRI S48 Wk = st AFH A s
o] 2141710 10dmiet oF 6em ZFs3ste] 2030d7kA] oF 20cm, 24171 Holl&
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o]213 thekd E=oU &S 7122 3kl 1992¢ BEd g9oA AFHIYA
4 373 7] &3] o] (UNCED)A| A 7] 3= 31 H(UNFCCO)-S =i &3} T}

19) 1873\ A A7+ F& 7] EH 71435 By 713 #EE AFEETH
FES 9 AL FASE ° o HAAE FHBAE EREEs AL BFo=
Eia=y

20) MA 712871 FWMO)eF <1874 A1 E(UNEP)©] 715 ¥stel Bd® A A 73 938e Hrtst
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3.1.3 LEAHA

1995 3¥ =< oA HHE AlA GAS F3= Fdz)dl wEt FAL
=9o] o]F9 3 AAA(adequacy) S HESIHI, ‘HSE wid o] E(Berlin
AH 2 AT F3] AA FE2D(COP decision)S A &ste] 2000 ©]

lﬂr@*ﬂ [ 7719 2% 53 AAFS X33 H-ds P58 FHs)
TR 3EA T

HEY widgolEd wal 19959 8DRE FA1E 39(Ad Hoc Group on
the Berlin Mandate:AGBM)7} 4=x1d 7 =] M2 o A-AA ES AASHA
a1, 19979 LB wEOA JHHT A3 GATTI A nEYAGATE HF A
AeAT. nEHA A E ZEHEF o] Hoh A= 247t~ FE 9
7 WAR R AAH, EUY FF5EA8AA 2d7ts 5 Esol i8S
Fostes ‘nEWAYUS Fol FUIEJOH, nESHYA S For|Te wE
AN MAAR T& 7IFHASH e A S FASTE 2012 o]l F 7] $A
Aol B FAL NEYHA AF Ee, ol HIEOE AMEL JOF e 9

A4 AE el #e AojEm wELIGA S AAAR]L ULl el H= AAD]

=

W EAHAKyoto ProtocolE L7t~ &S 93 AXZFEY 247t~ 7
= o 5ol disll Algkstal, RE BAFT Y AAA oy B s Hx 2A
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2], 2012).

RESAAE GAZI ), ARE HE]T, CDM BN, AgeelE 7
Aelol QiE MEAANAE, AANIAAE, FFIYAE} 25 o Fol
NEH S Fol@ AAL ol ‘WE WAUZ’ oz Itk 20083%H 2012
W ALA o3 Agke] Aol tja) 19909 & B 5.2%9 A=e] £}

e d9ds 2453

[>

2 MEFS FEIEF z=xsta, /b 247

LEH AL A FAA, REGAsL @A HLE ofd Table 49}
Table 5ol zFekaisl 2 okstsiny.

Table 4 L EAHA <} A 7]|ZA| A vLE

%Y AE A A A7 ZAA
452 =99 T2H Og
H £ 247 A S 24 (=, A8, AARAH, 71<0)A,
A 73}, £n4)
. 377 A=+ = EU
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g =7t O
23
A% =x ~ :
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A9 A7 20204 o]% g oAt
Ehetd 22 F°F 717k 2013~2020 ® "

25 374 K(http://www.me.go.kr)
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o] AtslEr A, WEh olits A |l AT 20208 o] F A==
B = T8 74 mld HA 1,0009 28 A9
TS moeaste mEwe 10008 ol W UAEI AR 2F A4wd o
HE B 5.2% 1= A7k EEZ(INDOAIE, 24
B dX =Rt 24712 7H5 o 7} A ztol Fro
53 B INDCol| =A% &2 Hojshr] b
B 20233 5E Syvict o) HA
22 ;374 B(http://www.me.go.kr)
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Table 6 71T adAo] AAF FePA F28 UL

A gdA =8 U $
W73 H3ol] FHoFgE Irhel HMl=reo] =2, E3] QAL V&
o|He] HaAL 2l
A W2 FRtRE, 7o T4 ZEF AT 7] Hste] Fafo| oigh
- A Azde) SEY Aok A
(Preamble) N
W7 53 tSolA oA, A74AE, 939 A, AYFFA, oF
wl, obE, Ao, HFAZF, MNEE, A HT, A9 I A3, A
) 2t H5ol tigk GAe] o FE 11H
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G, Uut Aol obd FF/BY AF WMEA Aol AR Adzt
ARl e 5 glom MEAANAZRE dx ool Mo thE Reo] 23]
o MEAARAE AT £ ok FAS ZHETHStavins, 1998).

= A ©4&AY 3 E4(nternational Carbon Action Partnership)o] w3t

[ICAP Status Report 2015] o] wp=m A= 397} =7lolA 17719 gam&d
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Table 7 Wl&A A AP=7}

=] = St} =
aw | PR EE) == A9 2015833FF | o ETS

) (tCO» 714 | H8vl&
1 EU 2870 =
2 ool & 11,500 .
3 SEEEE 2005 Az 2,007,800,000 o) 4 45%
4 29 0]
5 TEHE 2008 = 38,600,000 | 2,423 54%
6 =92 2008 = 5,400,000 55 11%
7 7HAE e 2013 A= 153,000,000 166 55%
8 AT ) 2013 g 65,300,000 80 85%
9 1% sH 98 5| 2009 dH 89,100,000 168 20%
10 L& (=) 2010 e 10,800,000 | 1,325 20%
11 & (Aol EHrh 2011 g 11,400,000 581 26%
12 | v=(gaxyop | 2013 e 394,500,000 350 85%
13 +=(3%) 2013 YR 408,000,000 211 55%
14 S = () %) 2013 S 50,000,000 543 40%
15 s = (A7) 2013 o 32,000,000 832 40%
16 < =Rz 2013 o = 160,000,000 114 60%
17 <= (dsto) 2014 E B 160,000,000 191 50%
18 s =(F3) 2014 5 125,000,000 242 40%
19 = = (- °]) 2014 it 1R 324,000,000 138 32%

=] . ICAP, 2015, ICAP Status Report 2015
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Ab E2FANU A 5 UZE BRAGADZE AR HAS. o5 137 o F i3
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AL &L F2A, gRA, 7efH So g2 FRHY 201549 7E = AA F
= 312770, ¥t H¢= 52414, F ES= 3,991(ton)olt). Adxbe] HHF B
© 133022 Aol FE o]F1 At AEHE FEIFAETE 2
o}z Table 83 Zt}

Table 8 A= FESEFAPSTE A
T8 2013 2014 2015
AA 1,053 1,027 1,047
gHAl 2 1,760 1,749 1,732
ZFES(HGIT) 1,435 1,281 1,275
AA & 157 132 148
x4 2 293 270 263
ZFESF(HGIT) 380 285 261
AA £ 884 886 894
of X1 R 1,455 1,469 1,459
ZFESF(HGIT) 1,031 976 1,009
A & 12 9 5
71 ERA 2 12 10 5
ZFE(HGIT) 24 20 5

28 ;2016 A FAA R

20151 AFHE=E M Esd &
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o O
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A5 1 20161 Ajbe 2 EAA R

Juak
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5 mRERE 25 ol =4, A, B, G4, ZIed F57bA AR

A,
2 ARgen gE8He & 3163, F2A1S 268%, LS 813, oA 646

sEd Jhed P Be MFE AASE AFE 259 o goR 1524, of

Table 10 A58 stEATTHA A9t A&

v} . . 54 5d~10 | 10d~15 | 1599~20 | 200d~25 25
g AN g aww g wEe | ddw | 0w
A 2,048 109 142 156 262 521 858
=AM 316 9 12 25 44 74 152
x4 268 33 20 11 39 105 60
il 813 50 102 105 141 233 182
of| A 646 17 7 15 38 109 460
1=l 5 - 1 - - - 4
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2500
2000 m EAH|(H)
msE O
1500 = si3~101F 0|2t
1000 - W 1pE~155 Of2k
W 15E~20E O)0F
500 - m zoE~25d 0|0t
25 0|y
0 -
g4 E3=d /=4 B4 ol 7|EpH
Fig.7 A8 Aup s
Table 11 E598 Avx4 B
- 100~ 300~ 500~ 14~ 24~ 34~
Aur | A | 1008 . / i y 5dE
_ 300 | 5008 | 1HE | 21E | 3HE | 4dE
| &) | ww o]
e e A S O B S S . :

A 2,048 603 434 261 313 198 82 96 61
Il 316 144 22 8 15 40 16 39 32
F=24 268 20 86 36 63 35 13 5 10

74 813 7 138 194 229 122 52 52 19

oA 646 430 188 23 5 y - - -
71 e o 2 & = 1 1 1 - -
2 : 2016 ARG FAAE

2500
2000 - =)
® 1005 O]9k
1500 — = 100E~300= O|TF
H 300=~500= O|2F
= SppE~1F E O]9
1000 1 = IFE~2FE O
2EE~3T = O
500 3HE-4F"E O
SEE olef
o -
A sEM S=EH 2 old  Z|Ed
Fig8 E48 Aurd 4
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Table 13 “A” AdARe] AduF 24

Name = = u}

3= Bulk Cement Bulk Cement Bulk Cement
g3 AY Coastal Coastal Coastal

Az 1981.03 1986.03 1987.06
Aut=3 Busan Busan Busan
Autd o] 107 106 110
Ay v 17.8 17.8 19.2
Ayl o] 9.1 9.1 9.2

Table 14 “A” AALe] AHr AQd (A<

Name = o} of

sE Bulk Cement Bulk Cement Bulk Cement
g Ay Coastal Coastal Great Coastal

Az 1988.08 1989.05 1996.03
Aut=-4 Busan Busan Busan
Aukdol 106 106 115
Auh o] 17.8 17.8 19
Aul o] 9.1 9.1 10.3
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Table 15 “A” AARe] At A (A1)

Name =t At 125

& Bulk Cement Bulk Cement Bulk Cement
g3 Ag Great Coastal Great Coastal Great Coastal

Az 1996.06 1997.04 1984.11
Avt=4 Busan Panama Busan
AutZ o] 122 115 125
b vl 19 19 19.6
A4t o] 10.3 10.3 10

Table 16

“A” }1\:]_}\]_‘0’] }I\ju_]]’ Xﬂ’od (ﬁlé‘l\—)

Name 7} 7} =}
3= Bulk Cement Bulk Cement Bulk Cement
g3 Ag Coastal Great Coastal Great Coastal
Az 2003.02 2005.06 2005.12
Aut=3 Busan Busan Busan
Autdol 96 116 115
LS 17 19.4 19
Ayl Zlo] 8.9 10.4 104
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EAoA FLEE Aue FES 40 BF 5%, 59 BF 4%, 61 EF 3%
o

TE 539 FET AT FET
7} 8 4,061 5,990
L 9 4,689 7,883
ot 7 4,695 7,931
s 7 4,738 7,901
ot 7.1 4,739 7,890
a3 9.2 5,683 8,700
A 7.8 5,974 10,501
of 7.8 5,996 10,563
A 7.7 5,996 10,563
2t 7.8 6,200 10,423
7t 7.8 6,422 10,700
E} 7.5 6,443 9,903

A8 AT AA AR

4.2.1 71¢EA

D 7133

7137 7HE Be Addte g2 e 4y (8293]), THTI1E]), mH7223)) «o= U

§
Bn, S5 40 EF Aute] 3% /% WEs B AL ¢ 5 AT

38) 5ol W A BAZ FRol ofa) TRAE WA 1 BAY A Ae AAAe) 54
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Table 18 AuHE 7|33ttt

Ex) Jd | 99 | 22 | 5= | aF | 3% | &
7} 0 1 0 0 0 1 80
=5 0 0 87 0 1 85 74
=5 160 8 17 24 2 59 20
2} 59 4 20 30 1 41 24
o} 0 21 54 48 2 65 64
1S 167 2 20 26 3 29 12
At 7 0 49 41 2 91 13
o} 0 17 10 2 37 10
=} 2 0 8 11 3 56 6
=} 0 18 12 2 67 11
7} 102 3 30 24 2 46 16
135 0 0 75 52 4 99 19

A 497 39 395 278 24 676 349

A7 BAkA e kA Port Mis  (http://www.portbusan.go.kr/)
Table 19 AuhdE 7] 3vHAI%)

T& At <4+ x3 A3 53 SA A
7} 95 122 143 0 412 15 829
=5 67 24 75 0 349 29 791
o 29 16 19 0 255 13 622
o} 56 33 43 1 275 8 595
a} 62 25 53 5 290 33 722
vt 36 9 0 0 250 2 556
A 45 23 0 0 244 5 520
of 60 9 0 0 102 0 247
2} 62 14 0 1 116 0 279
2} 62 12 0 2 137 0 323
7} 54 11 0 0 216 20 524
E} 47 14 0 0 244 4 558
A 635 312 333 9 2890 129 6,566

A7 BAA e kA4 Port Mis (http://www.portbusan.go.kr/)




gund B 35S uW Eaao] 28003440 A 2 HES 2AE
Roew, 11 H2 FFeH10.3%), FAN9.70%) T4 £ 2 YEhdt
Table 20 35+ Wi W= 2 H &
T LIRS H| &
535 2,890 44.0%
Bk 676 10.3%
Ak 635 9.7%
Q1 497 7.6% s
e 395 6.0% b
w4t 349 5.3% B ' .
£3} 333 5.1% ke 10%
=4k 312 4.8%
=23z 278 4.2% R
A 129 2.0% 5%
el 39 0.6%
o] 4= 24 0.4% Aoz =o 2
AHH 9 0.1% 0% | 5% 5%
A 6,566 100%
A7 B oS4 Port Mis (http://www.portbusan.go.kr/)
2 9% =534
4 HH2 Port Mis BAAEES &892, 27+ &F Z&=9 4% o
®9} 2
Table 21 3 =3 I=
4 54 Ic 4 53 4% 54 A= 4 55
1 A 5t
_ 7 AN Y5
2 st S
3 25} 5 s
i 10 ST
° e 99 1Eb
7
6 Sty
A7 - AR kA Port Mis =3 (http://www.portbusan.go.kr/)
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Port Mis EAIARE 7]uro g “A” XA} Xule] Qg Ex¥ R 0o [
s} 7t
Table 22 “A” A4} Advte] Qg HHW BF
T ¢4 st &3t A3} =5 7TEF A

7} 76 430 314 2 7 829

15 0 388 378 11 14 791

=5 10 299 296 10 7 622

ot 61 294 212 25 3 595

0} 0 356 327 31 8 722

ils 1 272 260 12 11 556

A} 64 258 168 28 2 520

o} 0 103 101 37 6 247

Z} 0 119 117 36 7 279

3} 0 143 139 37 4 323

7} 0 247 236 30 11 524

E} 0 257 248 46 7 558

il 212 3,166 2,796 305 87 6,566

27 - B k=44 Port Mis (http://www.portbusan.go.kr/)

“A” HAF Mule] Q3 EAY EANS Ay pW At 2 kst 347 Zhzt
3,1663](48.2%), 2,7963)(42.6%)2 7} B H=L A5 9ow, agLo

& G4, P V8 2oE Yehu,
Table 23 Y3 F24E W= 2 H&
TE A H] &
kst 3,166 48.2%
23} 2,796 42.6%
RN 305 4.6%
&5t 212 3.2%
7€k 87 1.3%
A 6,566 100%
A7 BAA e kAR Port Mis (http://www.portbusan.go.kr/)
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Table 24 vt

o =L E
H 3EA

zl 5
L1 NN A

ki -k -k
T& 4= . . .
&3 A2 (km) &3 A 7Hm) &3] < =(km/h)
2011 236 1,563 17.1
2012 261 1,490 17.3
7} 2013 250 1,579 17.6
2014 239 1,782 16.7
2015 249 1,502 16.6
2011 490 1,590 18.7
2012 485 1,530 19.5
= 2013 406 1,330 19.0
2014 453 1,489 18.8
2015 390 1,343 18.7
2011 760 2,514 18.9
2012 675 2,281 18.0
o 2013 702 2,344 184
2014 719 2,423 19.9
2015 741 2,420 19.2
2011 515 2,803 17.1
2012 958 2,375 18.7
= 2013 474 2,489 18.0
2014 456 2,432 18.0
2015 042 2,536 17.7
2011 412 1,383 18.9
2012 452 1,573 18.7
o} 2013 034 2,118 18.0
2014 476 2,061 17.8
2015 479 1,657 19.5




2011 875 3,410 19.3
2012 807 2,496 19.8
uf 2013 729 2,777 18.6
2014 844 2,642 20.2
2015 759 2,395 194
2011 979 3,005 17.9
2012 959 2,754 18.6
A} 2013 o1l 2,690 17.8
2014 510 2,280 18.7
2015 512 2,644 18.6
2011 443 7,661 14.0
2012 460 7,531 14.7
of 2013 464 6,903 15.1
2014 445 8,619 13.8
2015 345 10,821 134
2011 364 8,199 14.2
2012 323 7,670 15.1
2} 2013 376 7,880 15.1
2014 456 9,019 16.9
2015 392 6,485 15.0
2011 905 3,842 19.8
2012 455 3,876 19.3
=} 2013 427 5,150 18.5
2014 421 5,915 16.9
2015 407 4,869 17.9
2011 707 2,172 19.6
2012 794 2,924 20.6
7} 2013 663 3,302 19.6
2014 660 5,393 20.7
2015 639 3,365 20.2
2011 905 2,966 15.5
2012 076 3,336 17.6
E} 2013 588 3,714 17.2
2014 933 3,145 16.0
2015 960 3,910 17.9
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423 354
St 58S A7 Adube] A= Fst, Hsl, Hi FetstE, B A skl E,
g W AL AxrdE SlgE e E A
AA Auro]l HF o3t FEFS oF 7,859%, H 23 FEFS 8,253, H
T & U A 18478, B A7 4335 = 1098 2 Ve T
Table 25 4duhd 3}= EA
T8 A= HAFsE(E) | B3 NEE) g W AIZHR)
2011 4,893 5,327 1,820
2012 5,050 5,408 1,516
7} 2013 4,949 5,375 1,609
2014 4,794 5,380 1,523
2015 5,004 5,347 1,502
2011 7,171 7,246 1,600
2012 7,301 7,300 1,705
1B 2013 6,786 6,971 1,634
2014 6,837 7,032 1,730
2015 6,783 7,150 1,520
2011 7,179 7,470 1,811
2012 7,160 7,108 1,771
= 2013 7,158 7,338 1,929
2014 7,295 7,424 1,810
2015 7,108 7,257 1,838
2011 6,360 7,061 2,098
2012 6,624 7,090 1,722
2} 2013 6,243 7,053 1,804
2014 6,436 7,139 2,030
2015 6,073 6,902 1,888
2011 6,827 7,082 1,703
2012 6,910 7,073 1,749
o} 2013 6,772 7,183 1,592
2014 6,420 6,990 1,518
2015 6,799 7,129 1,491




2011 7,952 8,500 1,872
2012 8,562 8,467 1,896
uf 2013 8,189 8,376 2,560
2014 8,394 8,536 2,155
2015 7,607 8,399 1,682
2011 8,567 9,498 2,242
2012 9,045 9,830 2,010
At 2013 8,935 9,781 2,239
2014 8,428 9,285 2,286
2015 8,107 9,688 1,954
2011 9,695 9,225 1,926
2012 9,855 9,857 1,569
oF 2013 9,763 9,752 1,666
2014 8,641 8,721 2,138
2015 8,459 9,605 1,736
2011 9,374 9,803 2,326
2012 9,248 9,808 1,501
A} 2013 9,577 9,601 1,734
2014 9,606 9,610 2,244
2015 9,412 9,684 1,756
2011 9,520 9,738 1,911
2012 9,695 9,748 1,990
2} 2013 8,784 9,572 1,850
2014 8,808 9,023 2,364
2015 8,887 9,241 1,795
2011 8,820 9,535 1,814
2012 9,341 9,272 1,695
7} 2013 8,833 9,300 1,901
2014 8,704 9,099 1,867
2015 7,977 9,132 1,601
2011 8,836 9,186 2,472
2012 9,167 9,161 1,855
E} 2013 8,762 9,085 1,870
2014 9,103 9,112 2,003
2015 7,994 9,130 1,452
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o Adst HAFES Aol delde wEeR A7 8 SAHH o 3, st
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W&ol ot

E,= Y(FC,x EF,,)

m

E; : LAER i wWlE2E(tonnes)
FC, - ’ﬂg}ﬁolﬁ—l A5 m2 FAvZF(tonnes)
EF,, : 2953 i, 98 mdl A WEAT [kg/tonne]

m : A5 ZFF (Bunker Fuel Oil, Marine Diesel Qil, Marine Gas Oil)
At HEE FAFR] A5G F 50| JhssithA Tier 2 WS 488
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A 4=(SFOC, Specific Fuel Oil Consumption)E AF43}al, o] =
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IMOSI A AEam e 43 e thest gor, B rlosaldAx
FOUNES 2830 4T NEF Y HEd Bed BEAR 9 NE

| EE(KwW) E?‘ﬂ¢>—?—ﬁi(%)> SFOC >ﬁa¢£§

Yenz
. Mupms ANl ZHE K2 [day, hr]

- AF EY kW] - AT B8 [%]

- AEAY (4] o AR HYY ARADH [ton/yr]

- Mo SASE [knot] . 29U ARALY [ton/yr]

- AT URAH|AS [g/kWh] . 92Ol HARRHY [g-carbon/g-HE]

A FYBAATUQ0), U AT v CABA WEF WY
Fig.10 Ad9ho] A% 4k 34U H(IMO)
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432 “A” AA 24712 Wi 2 AU LHF

EATN BEHE LMVts NEFE 5T

Feoz At H3lew,

"
AA Aute] @@ 2

tCOs-eq, H oUA] A& oF 52T]Z YERyth

Table 26 “A” A} 47b2 & @ olLiR am
FE d% | et MEF0eq | TAALNFI)
2011 2,209.36 30.07
2012 3,417.84 46.64
7} 2013 3,184.27 43.49
2014 2,444.44 33.36
2015 2,628.23 35.87
2011 3,857.06 52.6
2012 4,656.21 63.57
= 2013 3,420.83 46.71
2014 4,426.26 60.45
2015 4,492.53 61.36
2011 4,439.08 60.39
2012 4,482.42 61.2
o 2013 4,195.48 57.25
2014 4,533.73 61.86
2015 4,816.53 65.72
2011 3,105 42.23
2012 4,662.3 63.56
s 2013 4,464.05 60.83
2014 3,787.83 51.64
2015 3,683.11 50.2
2011 3,251.86 44.33
2012 4,205.94 57.37
Ll 2013 4,501.33 61.4
2014 3,816.58 52.05
2015 4,667.27 63.66
2011 5,122 69.64
2012 5,275.69 71.9
1S 2013 4,631.18 63.21
2014 5,361.27 73.11
2015 5,960.49 81.25
2011 3,202.23 43.51
2012 4,557.85 62.09
At 2013 4,641.71 63.23
2014 4,522.29 61.58
2015 3,615.58 49.25
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2011 1,556.98 21.16
2012 2,958.97 40.3
o} 2013 2,805.57 38.24
2014 1,676.13 22.85
2015 674.11 9.19
2011 1,374.57 18.69
2012 3,162.57 43.08
2t 2013 2,632.78 35.86
2014 2,390.18 32.57
2015 1,964.13 26.77
2011 2,934.53 39.94
2012 2,987.8 40.76
2t 2013 2,874.39 39.22
2014 1,768.72 24.15
2015 1,313.19 17.92
2011 6,492.34 88.24
2012 6,297.82 85.85
7} 2013 4,588.82 62.58
2014 3,601.99 49.12
2015 9,056.21 68.98
2011 4,305.11 58.87
2012 9,986.53 81.82
E} 2013 4,710.86 64.33
2014 4,007.49 o4.75
2015 7,389.88 101.04

27 0 CA” A WEA R
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