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Executive Summary

A Study on the Policy for Enlargement Application of
Eco-friendly Technology for Korean Ships

1. Purpose

O This study aims to categorize eco-friendly technologies in terms of implementing
MARPOL 73/78 Annex 6 regulations and reducing greenhouse gas emission, It
also aims to present governmental policies for energy reduction efficiency.

- It examines Korean shipping companies’ efforts to secure eco-friendly ships and
analyses major maritime nations green ship policies. By doing so, the study
presents policy goals for eco-friendly ships and strategies for basic direction in
addressing problems faced by national flag ships.

- The study presents direction for supportive measures on the governmental level
as well as in the private sector in expanding application of eco-friendly
technology. This will support national obligation of implementing relevant

international agreements,

2. Methodologies and Features
1) Methodologies
(Table) Characteristics of Methodologies

Features Major contents Data collection ~ Reason for selection

- Internal and external

changes in shipping - Analyze more than 5

industrial environment | - Literature | q e and
. - Circumstances in review year long domestic an
Basic securing eco-friendly - Domestic and ~ °oVerseas statistics on
analysis hi eco-friendly technology
ships and prospects overseas Case | i, nderstand current
- Analyses on effects of studies status and condition

introducing eco-friendly
ships



Features

Major contents

Data collection

Executive Summary

Reason for selection

- Understand relevant

- Understand trends and | - Interviews . onal d
- direction for regulation with experts |E\tern.at|ona [rends
Intefrnatlona standards - Collect i st);:?:niisr??osre?j:éons
CONIEreNce | _ Collect cases of applying|  published 9 hi d
-friendly technology cases green snhips an
€co technology
- Examine international
cases of eco-friendly
Expert technology by visitng |~ oPet - Reflect expert/company
consultation Maersk Line consultation opinions in
and survey Gath \ - Interviews strengthening
ol | - Gt opericonpny | Ty | ecoivendy i
companies . -
P green technology companies policies
application
2) Features

O This study presents measures in expanding eco-friendly technology usage to
enhance shipping competitiveness of Korea, It draws relevant policy tasks to be
adopted by government and shipping companies, while suggesting
governmental policies,

- Researchers discussed environmental pollution regulation standards at the 69th
IMO Marine Environment Protection Committee (MEPC) and collected cases of
green technology applied by major maritime nations. They conducted
interviews with attending experts in the field and collected their opinions,

- Researchers visited Maersk Line, the leader in application and operation of
green technology and ships, for collection and analysis of overseas cases,
Discussion and meetings were conducted on future green market condition
and forecast along with experts from each department,

2. Results

1) Summary
O Eco-friendly technology has been highlighted in the shipping market as newly

built ships were obliged to adopt Energy Efficiency Design Index (EEDI) since
January 1, 2013,
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- Demand for larger container ships has been on the rapid rise. Introduction of
eco-friendly ships is a must for cost reduction,

- Early adopters of eco-friendly ships and technology are conducting M&A for
strategic partnership of ship operation, reorganizing the shipping market.

O Meanwhile, Korea has carried out charter service since the IMF crisis, which
increased financial burden of the shipping industry. The industry is now
struggling to secure its competitiveness,

- As the shipping industry is one of national mainstay businesses, it needs to
adopt and expand the use of eco-friendly technology for the shipping industrial
renaissance and better future, For that purpose, relevant laws and regulations
should be prepared by the industry, government and other organizations,

- Government-wide policies, including financial support and industrial
development system, should be prepared with insight of CEOs at shipping
companies,

O Legally binding policies and regulations need to be prepared based on analyses
on overseas cases.

- Relevant bills should reflect analyses on China’s financial support for scraping of
aged ships and should include concrete comment on Korea’s financial support
policies,

- Provisions of the bills need to include direction, principle and size of financial
supports agreed by government, CEOs of shipping companies and financial
authorities. This will provide strong binding force,

2) Policy contribution

O The study presents policy supports and their direction both from the
governmental and private sector for expanded application of green technology.

O The analysis on overseas cases builds the foundation for financial support as well
as relevant legal provisions for green ships.

O The study draws policy direction for eco-friendly technology to be adopted by
shipping companies and oil companies, such as low-sulfur fuel oil and fuel oil
reduction device,
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3) Expected benefits

O The study can be used as resources when policies for green technology
application are prepared for small-and medium-sized shipping companies and
coastal vessels,

O For better green ship operation management capability, seafarer education and
training institutes conduct certification training for green technology system
operation, ‘Employment matching system’ is prepared for those who complete
the training,

O Consultation with ISM is carried out to apply agreements of the IMO to
eco-friendly technology.,
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A 20159 1290] AE THe)7|FRsREACOP el A BT} sheel Tt
AS E3ka 94 A(Paris Agreement)7} A Ik LEOHHS HhAsE
L ol AL s olare] wiEh o] dA LAk HiEeo] Al
AA2) sswolAbo] Elwl wEstA Hololrh. LEHATL WEE| 7= 8
do] Aglor} wlelg A 1ol AelA] Qolt ujR F2e B2 BUY
)7} wzgto=u 201649 1090 WaE 7S FEai9lc

S Ee e gAol wew AR Aw BE 20209 o]F syult 7
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7)olo] gt FEERES AEF B4 20164 Y WAH UN 1937 59l
Z 16270 FH] A9 20154 6Yof 2030 PWEEEE BAUD 37%714]

2Tl A& vk Aok

) 22l 74%7]9{(INDCs, Intended Nationally Determined Contributions), <http://unfcec.int/focus/
indc_portal/items/8766.php>, FA¥: 2016.5.30.

2) BAU(Business As Usual)3t HAFA| S01%1 4F3) stof| 4] u|efe] oW W4 ghe Ae uf ARE-
k= Wd o2, BAU &2 01X ZBASS stellA9] nleff 247t wjl&d Fo] ALA]
£ ojujgh QukeE TR WA LAVks AE71EEH B AAdeR o
= 2A7A AE ARG AL vdoe A&Hohs AE AAR AWl S7RERE
AA Al 7]&A(baseline) &2 2183 <http://www.gir.go.kr/home/board/read.do?boardld=3&board
Masterld =1&menuld=16>, LAI7}AX HAE. AA: 2016.5.30.

3) gyl BE AHA| ool AX A 2030 71X BAU 7|&2.2 37%BAU, 850.6 MtCO2eq)2]

/



2|2t Mefol FletEl e ME Sitfdet
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Aol QloAe] @RIska Aulolsk e Alupelet shrholet
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Aete 27 g d7lededs S994 sk AHH(Green
an

she A A
Ship), S Mst2 Tst 1844 4 AluKClean Ship), A7Ee] Hehr|<

= AEAR FABIAIHIMO) 2] Al o u A aad AR ~EEDD)N &]
Q7L kEA7)= Auk(Eco-Ship) 0.2 AT 4= It}®). w3l 23k Auto)
MR EES =ol7] Aste] A&H 7&S A 7]Eolgal gt o] o

T A= IMO a1%F FHA F SHMARPOL 73/78)9) 2] Faxx] 6] A4 (ol | A

N

A7} (Greenhouse Gas)E 7= A& Y. <http://wwwé.unfeee.int/submissions/INDC/Published
%20Documents/Republic%200f%20Korea/ 1/INDC%:20Submission%620by%620the%:20Republic%6200f%20
Korea%200n%20June%2030.pdf>, 7448: 2016.5.15.

“2A7}2(GreenHouseGas, GHG) &+ th7]E F+45h= o7 7HA] 7IA1E 7hed 24335 o
O7)= 7IAE Rtk A7 Aol A2dEt d4E fidhe TFAEA] COxo] Ak Ay,
CHy(H|gh), NoO(oMtehg 4y), HFCs(paxEoehar), PRCs(HEsteta), SF(&23) 52 A4
s, o] 7k2H| HFCs, PFCs, SFei= ArAA|oll= S8R ko QIxto] dd%th 7Pie iy
THFarhana. Y. & Joanan D., The International Climate Change Regime, (London: Cambridge
University Press, 2004), p.20., 2014 $l=r3jjoFojstuw HelHr}ehe] =8,

Third IMO GHG Study 2014, IMO, pp.18-21.

715 31-%] 2K(United Nations Framework Convention on Climate Change)2] 4] W32 «7| S H35}H
of] I3t HA| A7 7]EF oProlaL, A2l thAsk7] fI8f UNoJ 1992. 5. 9o AfeHsto] 1994,
3. 210 FAEHICE =2 HA4L 19909 viEw o oSS AT 2TV HiET
< Eol= otk 11 B¢t 2ATEAE wiEel A XIS (Amex [ =71, 387F=holl A 4525 F
sk QltkJoseph E. A & Robert N. S., Architecture for agreement(Addressing Global Climate
Change in the post-kyoto world), (London: Cambridge University Press, 2007), pp.5 78

YA &EA A X SEEDI, Energy Efficiency Design Index): A}5-x12] u]( £ /km)e}t S-AFSH 74

4

N

5
6

2 2

7

=

dor Mtz Al AAGANA AFT-EE SaviEsKgtonmile) Aghehs ke g
AH|ETF 3 8T|Eo R AlRAY AL T(MARPOL H-£:4 VI/Chapter 4/Regulation 20).
© 2% o) 129, “ABALL ALE SIak ET-2A 714 §-5T A1) 71408 e A,

AR 7142159, 2010.11, p.1l.
9 “MARPOL 73/7870]2k “1973¢] Aldfo 2 HE|0] @ RS QJgt <A gekol 3t 1978\ A A
(MARPOL 73/78)"& 23t}
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OBl A RS 20185 E RIS 913 elstar glek webA ek T
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SRS

10) “AJdlof|\q %] 4-8-72] A & A{(SEEMP, Ship Energy Efficiency Management Plan)’= Ald} 98} ==
of dEavE TF 5 ouAAEL quyAolg BE&IE FEsty| Al €A A7 O]%
3}

(el GTa00)2] 2} A Aol <izk ol el AR S Sgistel ARshe AL olFsls
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Z2AF- 248 EU 5 8 dle=9] eG4 AR AIPAE 2L sto]
=2 AAR A H A e S8 A Te A8 SddE v
SFaLA} Qi) E3F AEH e 7]eol gk A At afdAE sl A
e aldkel g2 Hael 7| wedel tigt didlE skt ek

ES v A& 7E A8 e A AR 3 Ao AR el
I ARG AASHL seAtd Y @A Es FRsES Adste A
= vhsh] fiske] Ao ARAel 27| FATAE AdstaL =A]

HogL Z7lo] A Pkl o] 9Tk thAZ <]F(obligations erga omme

IV} FAHdo] TG FHL ZEFHES AUsHE d) 1 Bao] e,

1) “th N2 o} (obligations erga omnes)”= FAIAPHAHAT} HE 2 2L} BT ARPA(AH| ¢1of| A
A71& AAkelte] f-sdte viEAl=Y EdA 7)Y Fivithol] AYstal ot thiR2e] 4] 90%
odE W7o FEE0] AR FAZA = AHQl AR ulEAEL ES] Bt o
O 225 FFo M Wrjo] FE0] &4 YA A= 1A A4 AR)E BEstiA] 9
nA B3 o) g3 ol 7iE B w7te] it oFet SAlE-EA AAel et o Frt EA
e A5 Wokal Uth(AhR: vhghd, AdkeAviAs wiEAIE g =Rt o)
Qbofl E A% 2014.08) A5 =W I A, A T4, = |4, A2
H SR 22 JEEF 9F T FATEA AAC dig ofFetar gl Case
Concerning the Barcelona Traction, Light and Power Company, Limited (Second Phase) (Belgium
v. Spain), Judgment of 5 February 1970, ICJ Reports 1970, at 32, para. 33, This chapter will be
published as an article entitled 'A Matter of Interest: Diplomatic Protection and State
Responsibility, Erga Omnes', in 56 ICLQ, 2007, pp.553 ~583.
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<alLfat Mt

ool i anlE elRAmakS Z]UEoR 20085E 20127440] A4 dmz
=3} 2014 IMO GHG Study7} Z=3=|Qlth o] ZAxt= 20149 IMO GHG
Study ATATHE F3o] B2 | Hopo] SAZRA WEHE <7 120

A o S Q%] 26% stk

o
=

(O3 1-2) ZABH2 2ol CO, HIEE

Year Global (2021 Total shipping % of global International shipping % of global
2007 31,409 1,100 3.5% 885 2.8%
2008 32,204 1,135 3.5% 921 2.9%
2009 32,047 978 3.1% 855 2.7%
2010 33,612 915 2.7% 771 2.3%
201 34,723 1,022 29% 850 2.4%
2012 35,640 938 2.6% 796 22%
Average 33,273 1,015 3.1% B46 2.6%

A}&: 2014 IMO GHG Update Study

£3], 20149 IMO GHG Study=
A7Fs viEEs W <O9 14> HiEHQE

kol MR

o =

E3j0] ofdl <1y 13-} Zo| AEY &
AL 2 2l

A~
o 5

—

=

(3 1-3) 549 CO, Hi=sig
Vehicle | 25
Ro-Ro | 25
Refrigerated bulk  mm 18

QOther liquids tankers
Oil tanker

Liquefied gas tanker
General cargo
Ferry-RoPax
Ferry-pax only
Cruise

Container

Chemical tanker

Bulk carrier

I1

I 124

I 46

I 58

I 27

1

I 35
T - 05
.

I —— 166

200

0 50 100 150

CO, emissions (milion tonnes)

250

Z}&: 2014 IMO GHG Update Study
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(A 1-4) Meto] ZRH

o

QI8 CO, HH=EE

Yacht E1 100
Vehicle 7 900
Service - tug |——— 5,700
Service - other MR 3,800
Ro-Ro s 9,300
Refrigerated bulk s 5 700
Other liquids tankers | 300
Oil tanker T 39,700
Offshore NN g 600
Miscellaneous - other 2,300
Miscellaneous - fishing  — 15 100
Liquefied gas tanker |—— 15,700
General cargo IEEEEEEEEEE——— 21,700
Ferry-RoPax N 9,000
Ferry-pax only 3,700
Cruise | 11,100
Canttain e r | 6.6, 000
Chemical tanker ST 17,500
Bulk carrier W 53,400

0 10,000 20,000 30,000 40,000 50,000 60,000 70,000
Fuel 2012 in thousand tonnes (ktonnes)

B Sum of Main Engine  ® Sum of Auxiliary Engine  ® Sum of Boiler

Z}#: 2014 IMO GHG Update Study
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A7-53 A FRATHE
A Second IMO
Greenhouse Gas Study . - Scenarios for future emissions from
- Analysis of . . o
2009 international shipping
. GHG data . .
- Consortium led by . - Climate impact
- The Steering . L
MARINTEK(DNV, . - Comparison of emissions of CO2
Committee for ) ) o
NMRI, CE Delft etc) from ships with emissions from other
=q ] the Second
= - Technological and modes of transport
) e tional potential MO GHG Estimati f CO2 inal
operational potential - Estimation o marginal
A P - PO study 2009 b
for reduction of IMO abatement costs for shipping
emissions - Emission-reduction technology
) ) consultants and )
- Policy options for options
. experts . C
reductions of GHG and . - Calculation of energy distribution on
- Interview .
other relevant board ships
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Z18H74 A9 Green Ship)®] 7Hd-& 32 ® 2H& aejsto] Auto =iy uj
SEe BE U dPEd, d7| e dEA, Adtol|| X a-&dAIX4XEED) )=
A 7]= ATHH(Eco-Ship) 102 Lttt

Zlebg Aute] AJojet wedste] dinf= sffAgAl deddolie Ao =iy
1y 712 HE8e &0l Z(Green Ship)o]2hal & oJst3lom, A E At
QIEo] A52} ARG R =] ZAF|oF Kol 2ER TA A= SHslE 1
5t X13HE4d A4 ATE(Clean Shlp) 2 Hok %_@r?ﬂﬂ*o HEAZ] Al ] Mut
(Green Ship)o.2 Aol UE2] -9, Super Eco-Ship Projectof| 4] 7]&9]
o] AFSHELA(CO,) 2] 25%, NOx2] 90%, SOX_J 60%= AAZ 4= Q= Are)
Z7490] 9 Aure] AFHAS zH= A8RS 2317 48K Super Eco-Ship) o &
goJstar QIthln 53], IMOoA= AlxA ol Xa-&dAA|4~EED)2] ¥
84L& A7 ks z1gbg Addtole i

o] Ao A B9 FHIAFGHMARPOL 73/78) F-2:4] 62] A4 A &8

AN

-
é“.:

13) “sfjFogrolet T ol F-UEAY aFolA] Y= =4 B AHAR Qlsto] a2
o 2 AIE uAAY v 227t = AHE TIEldEE I AR A1),

14 “dj7|edgdrolet g2 eE&SuIEY, IUARTIsEY 7SR AlxAl
39 7] L FEA (A ALABHE-NOK, iu@}% Ox 5 QAAEAT 1 SFHEe 23l @
22 2 A3so 2AVIA(GHG) F oAlEeAE walthegegday A2z A|13%).

15) oFo] A7 ;éb‘

16) 3| 30‘&“* HOHMARPOL 73/78) H&4169] A4 (A9 oA aa~+4)Y 2052
(Attained EEDI)

D AT 9 127, o] AFEILAL
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)yl whet BE Auk2 Adutolu x| a-g3te] A 2 A(SEEMP)E AEto]| H] 2|5}
of St R o] WIESHHA] Al2A Q] 7492013 19 1Y Wad Adtur|ag
AAAEEDDE WHEA]7| = AlukE b A9 79 Aty A|aes
FAHEEOD)E THEA]7 o}7g Adtoletal g ofgiet
o} A o3t =7Fe] ARe; AUk
Fo ARAR] FEFE VA= AFFE gt FAIPS o3 stofof it
ako) 7 {5k FAIH7] 2 A SA|(IAPP)1S)
Qo] Aol 2| A& 5 A(IEEC)19E H|X|stofof gitt. ERL sfF 2 oA
HOHMARPOL 73/78)2] 454 62] A4 (ol | A m&e]) o] AR20+f2]ofA &
Tkl Sl APl U A Bad AASEEDD Y| tiste] i duto] ofsto] AA
2 2A4E oA aedA A|5(Attained EEDI)202} ZH2- oF A214F2]of|lA &
ToFaL Q= ST A Rt 2710 wet 3E-E = ovAaedAR g
o] Z|tigk(Required EEDI?2DS RHEA|AHOF gk
ofgf o] <I¥ 2-1> AlxA3 d&2Mdte| HEE= AAA S
o] Zt= o] fIsto] ARgE =8 ARFET o] F A e
ERaL Qlek A= Fhofl AdiAQl F&FS vix= 7MY 583 842 3HE
&, Aube] &=, 7o uhe, dRansf soltal &
g/ton mile= ALFATE IMO =AFoFoll A A oqt e Aute] 2o 2= %l

rr
2
1=
filo
)
o

18) “ZIA| ) 7] 2. FHFA|ZA|(IAPP, International Air Pollution Prevention Certificate)’+=, MARPOL
FEA Aod AortAloA At wAFs FES 400E o)4Fe] Aoz ALARHE(NOX),
SIEHE(SOx) 59 AUl A7stA Avte] 3= Sl FHote ARE Wit
(MARPOL Annex VI, Reg. 6)(4h5: BFgbel, B a7l o2 A1 oJat 271a19la} o] )
Hhotol st A, 2014.08.)

“=tAR| A utof| A R £-8-%A)(IEEC, International Energy Efficiency Certificate) = Aldto| o 2| a8
AAAEEDD 2} Autoll g 2] &2 Al 2 A(SEEMP)o]| Tt HARS War Aetsietal JlAshe
FHH oz HE wre 245 WSHCHMARPOL Annex VI, Reg. 6).

“Attained EEDI” is the EEDI value achieved by an individual ship in accordance with regulation
20 of chapter 4.8 8}ol] tigt AA7HS3E o YA EA AEA] = ZL, MARPOL F<54] 67
A25F2)).

“Required EEDI” is the maximum value of attained EEDI that is allowed by regulation 21 of
chapter 4 for the specific ship type and size (EEA8te] 27 9 F7)of wlaba] Fofol|A] 3
| e Woll oldAas A4 5 gk, MARPOL F-<&A A6 A|2+F2]).

19

=

20

=

21

=
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(O 2-1) ¢izk EEOI 7HE
“Annual EEC concapt

ST ot =
| EEO1 « Efgios Powerx SFC u Cp EEO! o Fuel Consumption x Cy |

ee=smsssscssmcs=s=== - r-------..--..---..---------.—-------------.‘,
[}
n

i
Hatonmile) Capaciy({dwt) = Speed j H{gfton mile) CargoMass = Sailed Distance !

!--.---1------.----.--.-------.-------.--------F

Same units are used!

o

¥ 4\ oesiomabiogace

1| B f

% EEDI 8 j —/{r
fs;

. performance of ships!
Z}&: IMO M2 Ship Energy Efficiency Regulations and Related Guidelines, 2016.
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NAME
Auxiliary
systems
optimization

Engine
de-rating

Engine
performance
optimization
(automatic)

Engine
performance
optimization

(manual)
Exhaust gas
boilers on
auxiliary
engines

Hybridization
(plug-in or
conventional)

Improved
auxiliary
engine load

Shaft
generator

Shore
power

Steam plant
operation
improvement
Waste heat
recovery
systems

(7 2-1) 7|2 o Detdrls

FUNCTION
Optimizing auxiliary systems to actual
operational ~ profiles, not  design
conditions

De-rating an engine for reduction of the
vessel's maximum speed to increase its
efficiency by limiting the potential
power output

Automatic increase of engine efficiency
through testing and tuning according to
actual operational load and conditions

Manual increase of engine efficiency
through testing and tuning according to
actual operational load and conditions

Exhaust gas boilers recover the heat
from the exhaust gas of auxiliary
engines to generate steam, hot water or
heat for process heating

Use of electricity to replace various
modes of power consumption

Increase of the auxiliary engines' load
and efficiency by reducing the number
of auxiliary engines running

Produce electricity from the main

propulsion engine

Use of cold ironing in ports to reduce
fuel consumption on power producing
engines

Improve operations and maintenance of
steam plant system saving fuel on oil
fired boiler

Recover thermal energy from the
exhaust gas and convert it into electrical
energy

TECHNICAL
MATURITY

Semi-mature

Semi-mature

Semi-mature

Mature

Semi-mature

Semi-mature

Semi-mature

Mature

Semi-mature

Mature

Semi-mature

APPLICABILITY

All vessels

Vessels sailing
10-15% slower than
design speed

Mainly for two
stroke engines

All vessels

Vessels without
shaft generator

Vessels with large
fluctuations in
power output

(ferries, offshore
vessels, tugs)

All vessels

All vessels with

high power needs
and long transits
For smaller vessels
and in ports with
developed solutions
for larger vessels

Mainly crude and
product tankers

All vessels with
engines above 10
MW

A& MEPC 70/5/8, Establishment of an information portal for energy efficiency technologies for ships
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Mature

/8 izt Ao REAYIS MR &
(H 2-2) FTI7| A MA| 2 Tgtdrls
TECHNICAL
NAME TION APPLICABILITY
FUNCTIO MATURITY c
Use of air injection on the wetted .
. . .. . ., Most vessels in
Air cavity lubrication | hull surfaces to improve a ship’s Not mature
. deep sea trade
hydrodynamic performance
Removal of fouling on the hull to
Hull cleaning increase the vessel's hydrodynamic Mature All vessels
performance
. R i f the hull' i
il coting eduction of the hull's resistance Mature All vessels
through water
Hlllll.for.m Opj[lmlzmg the hull for lower Mature All vessels
optimization resistance through water
Retrofitting of the bulbous bow,
Hull retrofitting optimizing thruster tunnels or bilge Mature All vessels
keel to reduce resistance
Removal of fouling on the propeller Mature All vessels
Retrofitting the propeller to increase Semi-mature All vessels
All vessels

Propeller polishing

Propell fitti .
opeller retrofitting efficiency
Propulsion Improving | Installation of propulsion improving
Devices (PIDs) devices
Z}&: MEPC 70/5/8, Establishment of an information portal for energy efficiency technologies for ships
(F 2-3) OfLAX| AH| B2 FSA7|E
TECHNICAL
NAME FUNCTION MATURITY APPLICABILITY
Cargo handling Refluctic?n of . energy cot'lsurnption
while discharging crude oil by use .
systems (Cargo . Semi-mature Tankers
. . of model-based studies of th
discharge operation) | . .
discharge operation
Use of energy efficient lighting
Energy efficient faqulpment, st}ch as LED light, to Mature All vessels
increase efficiency and remove heat
loss from light devices
Mature All vessels

lighting system
Regulating the frequency of the
motors in order to adapt the motor

Frequency controlled
lectri T .

clectiic motors optimized load
Z}&: MEPC 70/5/8, Establishment of an information portal for energy efficiency technologies for ships



NAME

Fixed sails or
wings

Flettner rotors

Kite

Solar panels

Z}&: MEPC 70/5/8,

NAME

Autopilot
adjustment
and use

Combinator
optimizing
Efficient DP
Operation

Speed
management

Trim and draft
optimization

Weather routing

(B 2-4) o4X| sl & XetArle
TECHNICAL
LFLNCILEN MATURITY

Use sails or wings to replace some of
the propulsion power needed

Use Flettner rotors to generate power
from wind energy

Use a kite to replace some of the
propulsion power needed

Install solar panels for conversion of
solar energy to electricity

Not mature

Not mature

Not mature

Not mature

APPLICABILITY

Vessels with enough
place on deck
(general cargo,
tankers, bulkers)

Dependent on trading
area and sufficient
free deck-surface

All vessels
Dependent on trading

area and sufficient
free deck-surface

Establishment of an information portal for energy efficiency technologies for ships

FUNCTION

Use of an automatic system to control
the vessel's rudder in a more energy
efficient manner

Use of optimized pitch settings and
propeller  speed for  optimized
efficiency of propulsion system

Optimize the operation in DP mode
Management of the vessel's speed in

the most efficient manner

Optimizing the trim and draft to
reduce the vessel's water resistance

Including weather conditions when
planning a voyage

Mature

Semi-mature

Semi-mature

Semi-mature

Mature

APPLICABILITY

All vessels

For vessels with
controllable pitch
propeller

Vessels with DP
mode

All vessels

All vessels

All vessels

Al MEPC 70/5/8, Establishment of an information portal for energy efficiency technologies for ships
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40,

35%

30%

25%

20%

15%

Maximum Reduction Potential

0%

S%

0%

Bulkar Container General Cargo Tanker Passenger

- Oither - Dptimization Water Flow Speipd Féducteon
@ rFropelier Upgrade B Fropeller Palishing

@ Woather Routing @ Hull Cleaning
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3 5 ol WeA7|4T} AR Ll )
o1 ERHoR ugo] Sl EACLLE el B Y 3
S5 B £ SI% 1) ARG Bl ek HEAAN 453
T NATIE URALE & AT 4o AAEY, L Al

RUBg |
74l (Propeller Polishing)ﬂ)% 14 AEsls Ao vepte

) 2w %e|4(Propeller polishing & 4lufe] ZEdle] W AHAE Belolog FUYAES
Argotol 2 9 el o A woiol, de) e ojEele) oot s saw =
293 oglo] e} Ak 2UHL 20% AANL 5 ok AFATE ek
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Al 7okl SRS skl A=ATE BT FR3 g4kl o 4= Qltk
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el 20124 749 147 A2 A gt 5 E diilsto] %
A EEATE ekl Stk AvtellE, AYedits, S ER 3
7HA 2 AlEetete] sy ol tiek S50l mhe AR sE=

ofsto] Q1ZAE WFshT ik

A, AdefE] a2 1SO 14001 SFLAL-, 2A7ES 5 vlETE Al
A AV MIEE], SR QAAR) B AT B A g4
Z] #(Clean Cargo Working Group?4), Clean Shipping Index2%) 59| I&]-F
7y,
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26) 7Q1 H= WA} AR 0 & WIAT = 24 7|A|1Y] FE oufit) of7]ok= o]E0] 0‘*%3
o] AMEBk= AR, 7], 87 Fo] BF a3k (A& 715HE} YIEYA Ale]EolA Q1)
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1 2 3 4
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Aol 262k Ay x O O O
Aatel 2] 54 L
g% el A=A " " = ©
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Aatol 2] &8 A o o O O
AAA] 4= 11~19%) | (11~19%)
PP A2 e x x O O
Qe Pat]) At x x x O

(2) "I=AE(ABS)

)=+ 2001 d K€ Environmental Safety(ES) 535 .ot v} It ES
Fo5 FoJsly] fJste] vl=AE-> MARPOL F-&A 15E 6% ﬁL
S=E of 2}k NOx Technical code, @EZFT 52 3 ZEZEO%
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{THet

(8) ==AXHF(BV, Bureau Veritas)

et AAF-S CLEANSHIP 2 CLEANSHIP SUPEREZN= A4 R3E 7Ws
of A 2 om @Ak Autel Fojstar it 712 A5 ppm
oil filtering equipment, Oil content meter, Sewage treatment plants, Ballast water
treatment system), T 7] 2 &(Shipboard incinerator, Exhaust gas cleaning system,

Selective catalytic reduction system, Nox monitoring system) t-5- 7]& B2 =

o wech E & %ﬂ b AR, AAA 2 ABAS AFHAL BA

RE7IBALY GE Aol A ME $EE Rofsto] Aure] AT
e gk ek

(4) F=+AF(IR, Lloyd's Register)

JFAFLE ECO o s xﬂ%—s} itk ECO Rz 2 47| Qaja= 7]
BHog AATeERH, BPFHFY, YL AYAFrS T4stolof
gheh =3k Aakshs, %’rﬁ% oA e A 2H), Wul, ATPAAH], {72
A, 287], @420] A, AL =R, B4, F571 8 A "ol B3t 7]
T2 FEotolof gtk E3t fRE AHSERHR 6ot Aurel A9
&9 7| FEstolof gtk

(5) oleloPIFH(RINA)
ojgkg]obAF-2 GREEN PLUS £33 & Al¥stal Itk GREEN PLUS £33+
Ao pojsln slovl, $48 % dledel 2 g el 2
e)sjolof gtk £A84 Hok 47, A B3
b sgoll B W] TS ook tiola woR oE3uE
Olﬁi}%ﬁ W ARG skl Bt 1
24 97} o)4ge] ol

et i F o] U}%E 7= 51%10}1 i Oﬂﬂ Olf'c et F7F H7F 4 A

ﬂo



(6) 71t A5
718 9 5457 23704 DNV-GLS CLEAN 2 CLEAN DESIGN
BT 5 Bojslal 9lon, CLASS NKi&= FA REE Hojalal Qitk 1 9 ofy
Aago] wet £7d = =t HEH7]Eel CARBON WAR ROOM3D}
RIGHT SHIP32-S Adbo] tjat oyx &g 7/JAe Exoz SHIPPING
EFFICIENCYZh= Al|EE 20104 7HdskGich g AlRlEw & AlA 2 A
42 o2 MARPOL H&A 67 20229 AdHbol | 2] &84 A A 5~(Energy
Efficiency Design Index, EEDI)2} G-AFSt 7l g o] &&A4 A A X 4(Existing Vessel
Design Index)33)E 7Etsto] Ao et ouA &S F7skal ol 371
Skl )t Open Source(4lH, IHS Fairplay)E ©]-§-5to Mgt 34 3
Ab Z7)0] AE 407 o] tjako. & Abgju|w 7} W Rating 3t AS S5
A

B GEE7H AU Bk itk & ASTY Auke v 7k oy A

(EED7} 52 Alz4e] 285t Addels S7stn desute] A7
45 BEANTA el 23] 9lo] AHgEE £ A
=eto] Qlek et hRBFAES AR ST
AAAGE et} ofuiq AR A

71

E9g v} glom Aol B3-S dolzka gk

31) 2009 F= Virgin Z15F A} Richard Brandson 3! R QXS Foll AHE BRI He =N
AgarAAE) FRE 918 4G HAUA R4 e st gloh

) RIGHT SHIP SAH= 1] sjopatele] Qhist g 248 usly] 9le =402 2001d
of A= et o] itz 39| G &5S AT HHo R y|Eu|gAute] distel=
shzol o] diat AR T ATL Sstol W AA &
sh2 AxIstel Gute] 3 Aubgs AuIAS Agstn itk

33) EVDI(Existing Vessel Design Index)i= % A|A| 65Fo] 2] AMuto)] thsto] FA} Al 9l Mg
3} o} RsEhES SAbA WEEES AEHES)RE GEE BRI Ui Alutel
o227 2A7IA wWE W T oA a_AS AATIT) <http://www.monthlymaritimekorea.
com/news/articleView.html?idxno=14596> 7 24: 2016.8.20.

W 28 AN 7F A DT FalEsh e Baslelel FuRo] Nzo] AZE:
Mutoz 71Fak 7F AlZA B dEAduelE 2gH.
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Sa|Liat Muto] RBZ K &2 Schl
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£3), 22 0% S5 EVDI 7]uke] Alvh o U X 28 H HE 2este] Al
sol] 1 83to] AEAAY UAEES TeT = MU S5k AMED
3 Qe ofefo] <ay 23> WA A1 FEE EVDIY| thet AFFEE GF
S B Gehi lom D Siel Ak vlgel Tt e AS
& MolFm gtk

¢

0

ot

(3 2-3) EVDI 87t S5

o o
3o Z2a la o Ca 20
GHG Emissions Rating A B C D E F G
Size Score >20 | >1.0 | >05 | >-05 >-10  >-20 | <=-20
Area Under Curve 25% | 135% | 16% | 36% | 16% | 13.5% | 2.5%

Z}=: The maritime Industry Knowledge Centre

35) <http://www.cargill.com/news/releases/2012/NA3067609.jsp>, 7AA: 2016.8.12.

30) 2016\ 4 HA A AIA EF5FE 20% oVdS AAsk= thE Sh5=50] EVDIL 7|4k AdH} o #]
REHNE BEle] ANEA 50 Aol BEsm Uk olelst ol sk Tkt Uk
Baere Maritime, BHP Billiton, BP West Coast Products, Canpotex, Cargill, Dubai Supply Authority,
Greenergy, HESS, Hudson Shipping Lines, Huntsman, Incitec Pivot Limited, Ixom, Nidera, Noble
Chartering, Olam, Olin - Blue Cube, Par Pacific - HIE, Petroineos, PTTEP, Refidomsa, Rio Tinto,
Saudi Aramco Products Trading Company, Scorpio Group, Targa Resources, The Mosaic Company,
Total Gas & Power Chartering Ltd, Unipec UK and Z Energy.



E3k 37|40 A U aAE dRbnds AYsHs Ad dRsn
ooll 7V 2 YL Fi 77| Main Engine) E= 827]7]0] ufet ofif 2] 58
718 APAISA BRI < 27> 2k

(# 2-7) 712 A EX7|7)0]l E ollUX|EE7 s &

= T
CategoryA | Category8-1 | Category8-2 | Category C-1 Category -2
Cannot be Can be trealed separatety from the e Depending on
Sepa | | OR 0k oS o e v Efec 2121 | gnbient emionment
overa
performance of the fin=l Fa<l for=1 fr<l
- low friction - hisl &ir - wind assistance | - wasta heal - photovollaic cefis
coating [ubrication (sails, Flettner- recovery system
- bare oplimization |  System (air Roiors, kites) (gxhaust gas heat
cavity via air recovery and
g injection to conversion to
casistineg reduce ship electric power)
resestance)
- propeber design |  (canbe
i v switched off)

Z}&: MEPC 65/4/3 ANNEX 2. p.2
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7|5W3ke] )& EAl= §alo] &3 = E(SDGs, Sustainable
Development Goals)ol| A 714 £Q31 32 7184 sltolth o]of ulg}l 20156
129 el YA FeshA HolT G vt vjRT} Sao] AaFos
MEshEA 107]9 gho] W a71e S2510] 20205 E = AR} Ara
WE ojmzon Fofehs AU 7HEO|BINDC)E A7 Hgick

Fll7] S-S SHUNFCCC)2 sldals ok 247=ol wat =8 42
I AEE3E olge) oA 9] 12814 S|l IMOE T4 o8 g
of} A AS AFSH=E fYdstal St olof wt IMO= AlRfe =R E
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A ZQJstofof sh= ARRFo] HQIth EF ¥ X 7]wo] A&A< 7H“W+
A-g2lhofl et AfE Autollv A - ok} A anbAQl 7|5 H3l fe-&
ato] sl AMAAIS] A1) WAL H ek

o




2) oHX| ngEMHtol 237t

AIAZZA S A7 B71H o2 Aol weh siAatd e s T 44
g SRZ 9sle] OB Y AZS 9FF ks Bl 7]Lo] gl
200895 E 202 IMOOA AlMfelA AGEE ARAO] AR A7
317] $Jak troket Wete] AEW ofu FARE Alo] Aol 4| R &40
gt g7l AEE T ZAdol A o tieket 4Ro] R&DE bl
o [AMe] 3t 71EAp e FA5ko] BEDIS 941717 $13 ok

o] 714 Slalast sHEekl Akl
Sxolth, 714 EEAQ ofuix|HeF Hohaaz} 1279 e Ao &
Blol Bhe BFEFS Ao] =a AAHel S8 $Iste] AAS HA st
. i

Fglo] o AeoluAltolct maTekolS
BT §420) V| ASES A7 AN E Bt g Aol UL X%
AEAE BN oY S e vge) 38

AAEe BgsiA Eat shesixel ule) Bl

A3 AR oA m o] e AFAMe] 207t W H AXA
AR 19 SHUTEUF] 7137 Alut 1tk ofa} 25k 2HTEUZ2) zrﬂ
Ao Ao] Sl Hgich. 53] WeAAu Bstel gd BE
A A2 A A ek G Ao e Sk M
S AAFOR wHEo] oUAEEAC] e AUS Leteloq Au|ashs AL
olE7k AR

1o
ol r
o
M

ot
=
B
:V‘.:
r_ﬂ
4
o
i
20d

o
1o



30

AIAZB AR 2009 559171 o% vl= FE, S BA B3E w3k A
7HAS] oFAIR 17t F5 B HH| RS BA| 915 5= A8 AEC]
Al&Eo] o o]z Qs MIA| AFa = S7HAl Al &I A SIS Ho
Tt

SHAITE 2|29] OECD Ao wh=H 20164 o]% 7 A|A| GDP 57k A&
3lEE|o] 20164 3.3%2} 20174 34%E 7|23 Ao R HubElm o2 Q| 71|
oy BEek =/18 % &% thh Ad Aoz Awww Qo)

T35+ TTIP37), TPP38), FTAAP39, RCEP4) = 229 x}91o] tj& FTA 3Hit
o] w2 Exak Zylmul olz} opNQFARIBEEA(AECH) Q] ZHol w2 Ay
5% S7HE AldEAL Sl

37) TTIP(Transatlantic Trade and Investment Partnership: ®HtjAjoF FLOEXEHEx13 A) 2] oFof, A
A GDP(E-ZAAh ] oF uK33% 2600 o), A7 GDP 47%)° AAVELTL Q1 A
9] 30%E Bt U= vt {EH F A Yo] 20139 29 13URE FAHORE PSS F
Aep7|= At & F1=a le= Q%OIEP-(X}E- A A9, KERI Brief 13-05)

38) TPP(Trans-PacificPartnership, 3Hel| 5 A7 A SHIAIE )2 oFol, n]st AB 3= A7IEE £ oA
oFefHYE A9 12705 T Ao AFFAFAFTALCE 20151 109 F4o] B Hglow
2016 & A4 dbgo|Yolrt (RF=R: oHE AA-EoJAFA, 2016.06.06. hitp:/terms.naver.com/
entry.nhn?docId=2080054&cid=42107&categoryld=42107)

39) FTAAP( Free Trade Area of the Asia-Pacific, OFA|OFE]HFAF-FEAX|))e] oFoq, ofA|o}

S Aojell A4l thE AMSH: AOR A Fa 2AFOR THH APECY HF

=3ro]ck, 20069 I APEC B415l9] u) X AAEE S4 were] shim A& A

o, FTAAPE $3i0] oz 275} glon ulto] Fusls Shejnekd A 5iae

A(TPP)ell &= dA0] 23t ALem ofAXTh (& 34 ZAAEIAF, 2016.06.06.

http://terms.naver.com/entry.nhn?docld=2211423&cid=42107&categoryld=42107)

RCEP(Regional Comprehensive Economic Partnership, S| ZZ2# A SHAE )] 2kol, S

oFAo}=7FARNASEAN) 10713} 3h5- ¢, 37, Q% wEWE 5 167159 A FAx k-

3= 93 PR gt ARG FTA)O of=AY OlEh-E gt (Rha: EdE x]4

AFA1,2016.06.06. http://terms.naver.com/entry.nhn?docld=2070410&cid=55570&categoryld=55570)

41) AEC(ASEAN Economic Community, oFAQFPEA|E-5ANS] oFo], A7t 2, Fejd, =, o]
Alof, w|Qkaf, Ql=dAlol, HIEH, R0}, ges, HELo] 5 FHolm7FARN A 10
A sl 24, 019 129 1Y FWe AR FEAClt (hw: w4 AAGoIA,
2016.06.06. http://terms.naver.com/entry.nhn?docld=2118848&cid=42107&categoryld=42107)
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2|2t Mefol FletEl e ME Sitfdet

Aog gk

o] 9Jof|= hjnt 254E o] gtz AU st g5 o]Fold A
o= o=, o]2 Q3| FFotAor Ay F&, FE/0lE F=, dul/ofxe]
7} & Foll FiaAold aupdef ogt Aut FEwF SV AT AoRE 9
FHT) ol Ax APolA oA aa-EAlH 94 AZes o 2771 4
= 7HE AR ddEER Hl-goi FAES 7H 5= Sle e AR

FA Sold 7FsAo] glrka A% 4= glck

(m 2-10) DIZSQ ZHE0|L{3I20] 2472 7H HIR £

uE A= He)A) A

%5 A2 guynlest F9 o228t AR HHLA) G .
[e] = (I 1 Y ) 1=
*+5AH
RLANe)
11,174 11,983 6,351 2,130 8,481
(Km)
S =7t
&2 259 27.7 14.7 6.6 213
(day)
ZHl
518 765.0 780.3 393 800.0 1,193
(&2/TEV)

Abm S AR, s EY A B ALS] Avu EAkE”, 2016, 04, 28.

(alliance, ‘s") A|A7} H=
defo] Aol 7HIsHA] el
S e EC

L‘_\L

) o} 25} SO R Q) ol est F6 Gol IWTEU o)A Aol FFem, 7]Eo|
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Ao A 7]E 4t defoldd20) Ao A 3T defo| ol A
A2 Wslstal Qlok 2 ejuete] ShxlE)e AEE A oA Aol
7hdgt MAZ ] 5l 2ME A|2]skal CMA CGMT} 7]E Gooll 43
H APL, OOCL, 7|& CKYHE®] <3¢ COSCO, Evergreeno| Aglsl M2 2
A defo]A2(Ocean Alliance)*)E TH=%loH, 2Ma} @ o] diofA A
E AAES SHC=E A3 “The defold2(Alliance)™8) & 253t
FE HeElol|dAd A 27391 2M3 Oceano] 4] U7ial o] FE The
Alliance”} Z0P7b= FEHIE Hol= 27 157 A= M3qE 7Hs/do] =t
o] A defoldA 7t AL 7|EHY HeH Al Ao ditEH F
A5 Askr] At =dE Je el gk =8 JA| S71 7R 0l

.

(& 2-11) 30 L2fo|HAL| M=2F HRE H|luw

A1 Capacity, TEU)

B o -

! (20?6;?”0:) L7%%) A8 (zof‘? ﬁi@ A2
2M 5,895,215 28.7 2,698,550 30.3
Ocean 5,459,013 26.5 2,886,533 324
The Alliance 3,551,545 17.3 2,102,406 23.6

The Alliance+ 4,477,955 21.8

Z: The Alliancet= 7]& 671 XA 2lo] Hyundai®} UASC7} %+ 7FIst A& 7HA 8%t
A} Alphaliner Monthly Monitor, 2016 Apr & Alphaliner Top 100: Operated fleets (11 June 2016)

46) 2M(Maersk, MSC), G6(APL, Hapag Loyd, Hyundai, MOL, NYK, OOCL), CKYHE(COSCO,
K-Line, Yang Ming, Hanjin, Evergreen), O3(CMA CGM, CSCL, UASC)

47) CMA CGM, APL, COSCO, OOCL, Evergreen

43) Hapag Loyd, NYK, MOL, K-Line, Yang Ming, Hanjin¢] 7}J3l ¢, 2016 64 7|5 92
ek AAR] Hyundaid} UASC7E 74Q)S BHZl Sl Qieh
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P =94 7|cHsat

EZ(N MVOC, Non Methane Volatile Organic Compound) 50| 2HAHA =
HiEAl = the <3t 3-1>3)F Aohsd) AR g tir]e

i

H=d HiEA

£ 5 ol MiEH o R AP En A Ao s firjeded

(B 3-1) 7 |2EEE tiEAHI
(291 g/g Fuel)
Marine HFO Marine MDO Marine LNG

OJAFS}EFA(COr) 3.11400 3.20600 2.75000
o EK(CH,) 0.00006 0.00006 0.05120
oFAkaE 4(N,0) 0.00016 0.00015 0.00011
ZAFSFAFA(NOX) 0.09300 0.08725 0.00783
AA5}ERA(CO) 0.00277 0.00277 0.00783
H]ﬂl%(iq;i:‘é‘gﬂgg 0.00308 0.00308 0.00301

Z}&: Third IMO GHG Study 2014

53) Third IMO GHG Study
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4Nrﬂ

| oieh AT BAR08 GWPSHE Foto] S7he sk mEe
AV A olAbEIELA: HjETEe] el Sl
= 129 ING ¢& 94 A] COE
QI3 b AL

7tz wiE=A 9
[ 275 Ton HHAYsHA &
F2 143 Tono| AYsHA Htt.

o|Atslg) 9 u|AHA| Fo] Ak o]
Q)t}.55) o]

< A=

AL ING ¥85= HFO
oAl THHAE 97% oJAF A|AEE Aoz vpehdct

(91: g/g Fuel)

A= 2007 2008 2009 2010 2011 2012
B3 FTH%) 2.42 2.37 2.6 2.61 2.65 2.51
HFO 0.04749 | 0.04644 | 0.05066 | 0.05119 | 0.05171 | 0.04908
SOx MDO 0.00264 | 0.00264 | 0.00264 = 0.00264 & 0.00264 | 0.00264
LNG 0.00002 | 0.00002 | 0.00002 | 0.00002 | 0.00002 & 0.00002
HFO 0.00684 | 0.00677 | 0.00713 | 0.00713 | 0.00721 | 0.00699
PM MDO 0.00102 | 0.00102 | 0.00102 | 0.00102 | 0.00102 | 0.00102
LNG 0.00018 | 0.00018 | 0.00018 | 0.00018 | 0.00018 | 0.00018
Z}#: Third IMO GHG Study 2014
54) 2|23} 4(GWP ; Global Warming Potential) : o]AlS}ekA7} 2| Eeudslo] n2]= 3k

& 71202 A4S LUK AFES Jlofshs BEE SR FAT Aol olat

shehng
CHEEEE

12 8 ) vEke
otk WESHAE SAUZLA WEF Aol ATLUBAS 8-S AHgStL

A 2016.8.16.)

21, oPAFEFA 2= 310, S4Bk 1,300,

55) Third IMO GHG Study 2014, IMO, p.96.
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<# 3225 13t AA| viEEE 7| edEAe] wESS Ak W

(% 3-3) 7 |QE=ZE ALt oAl

AR (HFO 1?(13} Tjrlll\l\}% A))
COn 1000 X 3.114 = 3114 CO2 Ton
CH, 1000 X 0.00006 = 0.06 CH; Ton
N,O 1000 X 0.00016 = 0.16 N,O Ton
NOx ol & Ak 1000 X 0.09300 = 93 NOx Ton
Cco X wiEA4 1000 X 0.00277 = 27.7 CO Ton
NMVOC 1000 X 0.00308 = 3.08 NMVOC Ton
SOx 1000 X 0.0490856) = 49.08 SOx Ton
PM 1000 X 0.00699 = 6.99 PM Ton

Al s FAHl s A

% 1L000ES] AR(HFO) AHG-S A 49, oF 3,114 CO, Tono] 247}
2 29 % 9o of Y= g %

A48 = olek. Lt o] efdt HutaR G
=zl AT ofolzlol AgEE W), £317] AHE 52 Fatol
27} Wz,
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Ul &

2. 7 IEB=EE oA At
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B 9] tf7] e Aol Bt 2 skl ek & POkl e &A= A
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E Aubo] 0.5% m/m ©|3} ASGE AgslEE oLtslsleih

e 127) Faan9 Z 20164 49 125 Astols Aom A
OS2 ARRR ARRISHE skl vk Y2 92 20169 4 19RE 5
Q3FIte| AuF A] 0.5% m/m ©|3} #9302 Algstodof dl 20189 1Y 1Y
HE+&= 37} F2 3| Y(Pearl River Delta, Yangtze River Delta, Bohai) U *= 3}
Tl A 0.5% m/m olst AFRRE AMSHES Ak ool 20199 14
195 E+= 37 £ 3|9 (Pearl River Delta, Yangtze River Delta, Bohai) ¢]< A
HE &9 A|71A] 0.5% m/m o]8} A-G3H5ES AREso]of gt T35t 20194 12
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64) CCR Chapter 5.1, title 13, section 2299.3. Zdg]3zLjo} ghuto] tist At AA| 7|83l U
T AYAREFS 125t} 2014d5E 50%, 2017AHE] 70%, 2018 AHE 80% ©]
Apgstolof .

65) Guangzhou, Shenzhen, Zhuhai, Shanghai, Ningbo, Zhoushan, Suzhou, Nantong, Tianjin, Qinhuangdao,
Tangshan, Huanghua

66) o]zfe] 4%}, INGAFY7|&E X 7124 [http://www.gasnews.com/news/articleView.html?
idxno=73693]
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Aol
MARPOL (Emission Control Area
Emission Control Area
EU Dir. FHAT W A S
2005/33/EC European Sea
California California €19t 24miles
Low Sulphur o
g7], r==9o] 2 B =
335 T3 At

Shanghai, Ningbo,
Zhoushan, Suzhou,
Nantong &7 Aul
Shenzhen &9t v
Guangzhou, Shenzhen,
Zhuhai, Shanghai,
Ningbo, Zhoushan,
Suzhou, Nantong,
Tianjin, Qinhuangdao,
=z Tangshan, Huanghua

et A 5
Pearl River Delta,
Yangtze River Delta,
Bohai =9 ] =&
dit Ak 5

Pearl River Delta,
Yangtze River Delta,
Bohai <=9 Q] SA|FE
Zo14)71%]

A efsopAl s el

489 WY =)
& 2] 3.5%
Main & Aux.
2020.1.1 0.5% . .
° Engine, Boiler
A 0.1% Aux. Engine,
Boiler
2020.1.1 0.5% .
. Main & Aux.
0.1% Engine, Boiler
(MGO, MDO)
0.1%
Ay
Aux. Engine,
Boiler
2017.1.1
0.5%
2018.1.1
2019.1.1 Min & Aux

Engine, Boiler
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RPM Tier [ Tier I Tier I
130 =gk 17.0 144 34

130 o]A}F 2000 o]t 45.0 *n(-0.2) 44.0 *n(-0.23) 9 - n(-2)
2000 o]AF 9.8 7.7 2.0

A& MARPOL H&:4 64 A137132], dAdisfiofAu]s A

Tier 1220004 1€ 1Y o] 723 20114 19 1Y Ao AzE Aldtof
MR E e Aukg o)) 2L

Tier 122 20111 19 19 o] %o 7%H Aluto] Ax 5 Aukg o27]o]
X g

Tier 1= 20169 1€

= |(SCR, Selective Catalytic Reduction),
Hi 7|7k 0] 30~40%E A EZR/ Al 2k IaE o g
E

& Bobel} slel, vl Aejules
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. Year of 2013- 2018- 2023-
Dry cargo carrier (52,000 DWT) @il 2017 2022 2027
Component of Expected
B New Improvement year the
e TR effect of each | improvement | Phase 1 Phase2 | Phase3 Note
. 9 technology(%) | reaches the
propulsion e
. In the case of transition to electric population
Redu%tlon zf Optimization of 30 2019 o system which will be able to transfer engine room
airana win superstructure to bow-side, streamlining superstructure will be
resistance adopted.
Reduction of
wave making | Optimization of Optimization of stern shape mainly has effect in
resistance by | stern shape ocean waves.
shape of stern
Low friction 5 2012 o Low friction coating can not be used with air
coating lubrication method.
Reduction of | Air lubrication 10 2020 5 5 Effectiveness of air lubrication method further
friction method improves by adopting sprit ster together.
resistance Stern duct has effect on reduction of friction
Stemn duct 2 2013 ° ° ° pressure resistance.
Stern fin Stern fin can not be used with stern duct.
CRP 8 2013 o o CRP can not be used with Post-swirl system.
Pre-swirl fin Pre-swirl fin can not be used with stern duct.
Improvement Sprit stern has effect on improvement of propeller
of propeller Sprit stem 4 2024 o efficiency caused by mitigation of propeller
efficiency loading, and is suitable to beamy ship.
. Hybrid pod has effect on improvement of propeller
Hybrid pod efficiency compared to multishaft ship.
Stern duct 4 2013 o o o
Improvement | Pre-swirl fin Pre-swirl fin can not be used with stern duct.
of propulsion -
efficiency by | Sprit stern - - o
shape of stern -
Post-swirl 4 2013 o Post-swirl system can not use CRP.
system
Phase 1:5% (T/G),
Waste heat - - o o o Phase 2 : 10% (+ Power Turbine),
recovery Phase 3 : 15% (+ Low boiling point medium, etc.)
Present Phase 1 | Phase2 | Phase3
The source of improvement rate of Fuel Oil
Consumption of Main engine (FOCME) is based
Improvement rate of FOCME (%) - 14.5% 25.7% 36.9% | on simulation by National Maritime Research
Institute (NMRI) and information on new
technology from shipbuilders.
FOCME for 8 years is estimated by following
formula.
FOCME(t) for 8 years 76,442 65,343 56,785 48,197 | \or (90%MCR) *SFCME*Days at sea * 8 years
Days at sea is based on IMO GHG Study.
Present Value of fuel cost i i i
} 406 718 1032 These are estimated by following assumptions.

reduction for 8 years ( M$ )

Bunker price: 400($/t)  Interest rate: 2.0(%)

Z}&: MEPC 60/4/36 ANNEX 2, p.3.
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Ag&ddE A%t =82 tstoiof gy E3F Auke] ouAasS
B71ol= A RZA YR A-8-2-3X|<(Energy Efficiency Operational Indicator)69)
£ 8oy Ao ouAagd AHHoE IE5T 4 Qlth

Y FCxC.,

IMO= 2474 AR $=3E 23 A7 A| A H](Data Collection System)=-
w=Qlal7] 9Js ZobS A69x MEPC s|oj0elA Aeietym 707
MEPC 3] 9]7hof| 4] <l thd 20199 o] 5000G/T o|4k A8k v ofg 4

2, 3AY Y ARE BScHL F5E Wol 7w AlEstA "ok
A FHATS 718t Ads dieR 247Fs SR MRV
(Monitoring, Reporting, Verification) | =725 =¢]3t v} Qlc) whaba] 2017 8¢
3A7HA] FH AT =7l 71 247 BUEE AZAE AlEstal
2018 RE 7| gHAdldtol| thigt U Fe AAISte] the A= 497H4] HFEAL
A& 7]=roll Barstojof gt f-H dgtelA] AAISH= MRV A =9} IMO2] A&
FHAIEE Tt ARA] WgolAe A7 Zpol7t qlom FEIES olFows
g0l 7 Aow HAYEek) v [Nk QL aARE 9 Zig ol Ak
otoll wet AR FEAY MRV Ales #HXE Aoz Ak

69) MEPC.1/Circ.684 Guidelines for voluntary use of the ship energy efficiency operational indicator(EEOI).

70) 2016 49 18QHE 222714 #E IMOo|A 7.

7D 2016\ 109 24U R E 28U7HA] AW MO A 7).

72) Regulation(EU) 2015/757 of the European parliament and of the council of 29 April 2015 on the
monitoring, reporting and verification of carbon dioxide emissions from maritime transport, and
amending Directive 2009/16/EC, 20151 79 14 24,

73) FHAT MRV 9] Preamble 34310 w2 AT MRVA|AHILS S 2H MRVAIAH
o) S ol maoln] T MRV ASHE weh Fusle A48usle olstel mrt &
Bael oz 11578 5 9.
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AL} o] Qlof= ARt e R QIFE oj4lslEAy(COy) HIEH Aol whet Al
AUSMBM)| 2t wiEsAAA A e] H] &A= o HEATE
S 235 Ae AT n], SCR, EGR 53} 7+8 =71z ¢] Adu|e] Azxh|8 &
7 5E 2 agels vedn ane 23 4 9l
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@ Aoleh OISIELAE Zol] 9 woe ug Srel teh ireld 9
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= 138

BANA B whEsh= 227

_

=
(speed reduction)©] 8.5% A4S Ho|o 7FAhLo] 7P =& Ao
the- o2 AAATS £0]7] st AA A ax(hull cleaning) 4.8%, ZZH =
2] A)(propeller polishing) 4.0%, 3ll5F Z|%SHwater flow optimization) 2.8%, T
P p g Y
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(wind power) 2.4%, Jﬂ%ﬂ Zr4(waste heat reduction) 2.2% 59 A= UERGTH

olzigt WAAYES B ALT A9 o) B obsleis WEEE
A2 < sieka 491 Sie S olEie BEAYIge e
off whe Aululel AAH] 2|3 §Au] S wWAlely] uhel Xl Sl
A BE ARslEe] B ETAe AAAS 2 rky WEls olgie
o] EARIth weba] Hop et vl A%t anE B4 Sl AR
%ﬂﬁﬂ% VBT WIPEE £E3 ol F 2ol gt Wz} ulg 7

“ Solar (O
=1L E]
€0, reductaon penoen tage of
each madiung mbdeac gk
n in parenihels
450
g
]
§ s
E] Lighlirg (0.05%)
i i Propelier polshing (4.0%)
g Autogiot (1.7%)
‘é . VWater flow ootimization (28%)
-
E Weather routing (17%)  Spoed contralied pumes (04%)
E Propeder ppgrage (LE%)
50
4 Hul cleaning (4 5%) M enging retrofil (B2%)
B Al |usrzatsan (1)
i =]
L]

300 50 £00 50
— Bpeed reduchion (8.5%)

‘Wase beal reduction (2.2%)

Wind powsr (2. 4%)

Hull £ catng (17%)
5

Masimum abatement potential, million medsic tarnes (MMT) OO, per year

A}#: DNV 2010, Maximum abatement potential and Marginal abatement cost.
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80) International Association of Ports and Harbors

81) World Ports Climate Initiative
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VESSELS OF NEW CONSTRUCTION WITH A GROSS TONNAGE LESS THAN

30,0000 (GRT)™
Discount Percentages according to the year of
Governmental Fees Registration
1" Year * 2" and 3" Year
ANNUAL TAX ETP ET
ANNUAL CONSULAR TAX Ty i,
REGIS TRATION FEE™ T e
ANMUAL INSPECTION FEE s T
CASUALTY INVESTIGATION AND T
MO CONTRIBUTEON FEE
3% PERNET TONMAGE 10w aan
NOTE

"THIS CALCULATION 15 VALIB UNTIL 31'DEC 2016
** THIS FEE IS ONLY PAYABLE IN THE FIRST YEAR OF REGISTRATION

VESSELS OF NEW CONSTRUCTION WITH A GROSS TONNAGE EQUAL OR
HIGHER THAM 30,000.00 BUT LOWER THAN 100,000.00{GRT)*

_ Discount Percentages according to the vear of
Governmental Fees Registration
1st Year * 2nd and 3rd Year

ANNUAL TAX, ETe ETT2

ANNUAL CONSULAR TAX 1N s

REGISTRATION FEE™™ 10 -

ANNUAL INSPECTION FEE 1007 —

CASUALTY INVESTIGA TION AND 100 P

IMO CONTRIBUTION FEE
3% PER NET TONNAGE 100 —
NOTE

*THIS CALCULATION IS VALID IINTIL 31 DEC 2006
== THIS FEE IS ONLY PAYABLE IN THE FIRST YEAR OF REGISTRATION

VESSELS OF NEW CONSTRUCTION WITH A GROSS TONNAGE EQUAL OR
HIGHER THAN 100.000.00 (GRT)*

; Discount Percentages according to the year of
Governmental Fees Registration
1st Yemr* Ind and Ird Year

ANNUAL TAX Si¥ta o

[ ARNUALCONSULAR TAX 100w it

REGISTRATION FEE** 100 o

ANNUAL INSPECTION FEE 100 e

CASUALTY INVESTIGATION AND P00

MO CONTRIBUTION FEE

3% PER NET TONNAGE 100% —

NOTE

*THIS CALCULATION IS VALID UNTIL 31DEC 2006,
** THIS FEE IS ONLY PAYABLE IN THE FIRST YEAR OF REGISTRATION

Z}&: PANAMA MARITIME AUTHORITY MERCHANT MARINE CIRCULAR 298
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PBCF L J o
Pre Swirl Stator | ]
i Twisted leading edge rudder L
T2 .
59 Mewis duct
= Rudder Fin o
CO Saver Fin
Contra Rotating Propeller
Variable Ignition Distributor [
B MIE slide V.alve [
5.2 M/E Derating o
= Electronic Engine [ J
Turbo Charger Cuf off [ J
Weather Routing o [
o5} Trim Optimization
_‘_:2 Energy Efficiency Monitoring
Q= o
System
Slow Steaming [ J



CER] P =
CNTR  LNGC Tanker Bulk
Low Sulfur Fuel Oil o o L o
A=
0. LNG Fuel ]
A 7F
7\1; Exhaust Gas Cleaning System O O O O
o
NG Selective Catalytic Reduction O O O O
Exhaust Gas Recirculation O O O O
Ballast Water Exchange o o [ [ J
Ballast
Ballast Water Treatment System O O O O

AR oA e

2. et RIAE] 24

1) MAIXSHHuUll Resistance) 7iM 71&

A0l Agks 7S] Sl X7 s R EiEe A7 solle AA 243}
7, A AE, AA R 2232 2A)|(Cleaning), 1=H0E == (Energy
Saving Paint) 3£, 57|84 (Air Lubrication, Micro Bubble) 52| 7]<&0]
Hske o] Tk

o] 7kt A 243} 712 At ol 24 PR L A 5=
A= A6l 7eRA T2 ARAY Avdxd o ARk
T ME7EE oln] &8 S Adto]l &3 A% WA 5 &7 &
Hstol| whet RS AR 2 2ol WA AHA St 71 AeE
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HES s ARIZE @Ak
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2|2t Mefol FletEl e ME Sitfdet

Al(Cleaning) 4] AA|2] w8} 5k 50| ghgo] whslm R o2 asth
ARANY Rl A We ERE IALoR A8sle HHo 2EE
MAgto @ A AHge Al 4 olrk ofu] We mrI|AlolA AR AL

3w Az (Silicon), A2|Siy) Ade] ERg sl Bxgol
o gupeld A =RE ALk otk

71 9] F7]8HAir Lubrication, Micro Bubble) 7|42 AA]of n]A|gt &7
== Ao RN AA npEARE JAsHE TIeEA R g AR
o #gET 9k

&El

(1) M Az 7e

AAAG M7 eze AA 2R 7)s, e 7is, A 3 229y
Cleaning, 152474 =& T3, Air Lubrication(Micro Bubble) 5-©] It}

AA] 245t 7S A ol & F2 " Y 55 gt AAIE F
Aol FlERa, 72 A2 Az A AL S8, B3} 129 A )

8] Adutel oyt £ S W B4 AR nejsll AL AAslE

190, 220 olo] elo] 2 MRS TA U U HASE
skl 2 va; A

H‘

.

J
=

e} AAlE A<(18Kts~20Kts) ol A =L UL 134’5}@1, 2| Hzlof ok
o] 7F¢ & Bulb 2 Propellers #]&o] 9HA 7fxste] A=wdi ddayns
Azstgch

92) DNVGL Container ship update 2016, 1%, pp.17~19
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Task 1 AlA| &3} Profile A1'H HMM 129 119
Task 2 CFD*E-4] DNV
Task 3 Bulb A7 DNV, DSEC 129 129
Task 4 Feasibility Study HMM, DNV, DSEC
Task 5 Bulb A2l HMM, DNV, DSEC ‘139 29
Task 6 Trim % &3} EEDI A= HMM, DNV 139 3¢
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J

A -
£ e Ak @4 9 A5S ok M= fEsiith
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(2) A4 2 Z2d2 Cleaning 7|&
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AR Ao FAinl

(a3 4-4) GACA} ENVIRONHULL 7|&

Z}&: GAC

(3 9834y =8

ARAYY R AR PoERE TAgoR Hgdle] BHe] RS |
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2a|Ltat Meto] FisH

o

A5 €
Aol SanjEEe AT}
Air Lubrication(Micro Bubble) 7]
2 AA opEAES A 7|EEHA
3l Qi
(a2 4-6) Air Lubrication AJAE]

Z}&: Mitsubishi S5
93) AkzoNobelAF= Gold StandardA}2HE] A} A5 H7E =52 243k Aulo] ois)] ehau]
AL Yol AT ek o] TAMEAL AEFAo] ufet WFEE A opyw,
P v & AAISA E-87sst



94 LaH(Weather routing) 71 4-& A% 71NN ATEE 4ARE
Mo R JAbRAc] B AHehy YR Agstel Aue SYtES s
7148 Watn o] 7l ojn] Be LaAAA HHHoR gL Qi

7)ol

E PR A3}7|<% (Trim optimization)> A1E+e] &% 9 5o ule} d25&
o] 7P £ ER(Trim)& F-A8to] AukE -831=% 3= 7|&o|th oln]
WS Aot AA o] 285 Fote] A5E 7lsE P ddelvAde] A
A2 EZS (Trim by the Head) IM oA} o g2 285}
&

L.
=
O 5 =2 A
A gz oE 4= 3

S| Slstel &
9 2715 BP»

_%_
Zholl whek A Aol A 4 Qonm A

H
57 74 Al 2~ El(Performance Monitoring System)-> of| 1 x| &

o
=
AZ:sto] A 9 SAlolA] LB FRoRA] Alute] $aRES whEE 4 glon]
2]
[}

94) | AFG-A| & HComputational Fluid Dynamics)2 5=
o HuETAlE olikslele] g WA o R WSl o]E A 7MY datglEE At
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22267 (Slow Steaming)e 714 7] B9l oz Auke] HE2 7ha
A#A AL o3kstug odgamers Zoll 7]Zolth. MO GHG STUDY
2014 A AT} WEW, 5,000-7.999TEU Ziefo]ul dure] Zejo] 20074
B] 201240 ©F 20%713 At vk ARAREL oF 0% A7HESS
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KT P00 AFTERRGON 1d DECIRRIN
CALN FLL ETEER: 53 0 3WOTE

IF TOO EAVE ANY QTISTICNY AROOT TIUR RNITE FECOESINDATION, 4
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A}&: Weather news

95) Specific Fuel Oil Consumption, T 4 A7 AWSF
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Onperuting Gpred in Knats

A& - Short Sea Shipping: Alleviating the Environmental Impact of Economic Growth, Robert F.
Mulligan, Western Calina University / Gary Lombardo, United States Merchant Marine Academy

3 Frleg M JI&

FAESNA 7ed A e dd ke oo FrhEQl dHlE
AAste] AUre] FAa &S MAlsteE 7le=A =29 (Pre Swirl Stator),
H YA HE (Mewis Duct) z2 e BAAY (Propeller Boss Cap Fin), 215 3
(Rudder fin), Ajo]¥ 3 (Saver Fin), ZH|o|¥ 33X Z#H 2 (Contra Rotating
Propeller) 7]& 59| ME}.

ol 7|EES thE-E NS dAIVE SRR o2 Adsto] A A o A

©9E A9kn Ak o) /e FUdlE mad) dal A

7le2E 28| AY (Pre Swirl Stator), W92 Y E (Mewis Duct), Ajo]s &
(Saver Fin) 50| Ql=H o= TR FYEe 29 S55 +YsH A
U &= S7H7IE AR FAaeS A o Qlok




Pre Swirl Stator’= 20074 tho-zAsfoko] 7

At 7 An| Zegz] Qhe
Hol| AT G7l(Pre-Swirl Stator)E A 2] 5}o] ﬂﬁ% 715l 7] Lol T

NHU

zalejo] vk ohRBo] a7lel WAYANE Rk AvnRoly maudew
FHEE 59 352 #¥sHA sl A9 sto 71 Adbe] wls] oF
svbge) AR Ag EI7h Qe ACR LA e

Mewis Ducti= =< BeckerAl7} 73t 7|24, ZR2HHE §us &4
S ZEAPoRH 2AERS AR F1%0lT)

Saver Fin2 A/d53do] 7Hdste] Aut 30710 F%= &2 A= Al
ooz Al 3o £28%= ARE AU S%YE SolE A AA 2
B oF T0%71K] Foli AAolth. F, W7o BT H52 WA
AL AR BRAT f5E Zol Ao] Yol

z2dy S| ARy Va2 2] BRAPY (Propeller Boss Cap

Fin), 2J5] ¥ (Rudder Fin), 2H|©]¥ (Contra Rotating Propeller) 52 7]&©| 310
FE HasHAY v 7] 9] o delE &8 E= FXa e dY 52

Q@ 4-11) FEEE M Jia
Pre Swirl Stator Mewis Duct A2}
(BA: 97 slFz2A) (&4 BeckerAP

96) €7+ A3k, http://www.shipbuilding.or.kr/Technical/Ship/DSME0909/DSME0909.html (74
2016.8.20.)

97) Z|:http://www.shi.samsung.co.kr/Kor/pr/talk_view.aspx?Seq=6&mac=301953c0a39d0 POb78fbfd3ac9731dc2
(A 2016.8.20.)
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Propeller Boss Cap Fin Saver Fin
(Z%]: MOTECH) (BH: 355D

v

Contra Rotating Propeller Rudder Fin
(£*: Marine engineering) (&%: dhE29)

Propeller Boss Cap Fin(PBCF) 7]<-2 1987d <X MOLA}Z| Nakashima
Mitsuwa PropellerAl2} 3-= 7Jd3t 7| 2n T2 H g SHbo) 2ke zgadlg=S
AAste obRE daAYle dEl2 FAEES AR 2 5% ol
A &g 7Fs8hH, 2016 497HA] AlzA @ FEM 3 oF 3,1000] 29
Aatof ZFRFE] 91 T}98).

Rudder fin& v|&7]|7} = okgdo] Qg2 F8algon, ALl Hd
o] 0|2 Eo] 2835kl 9IrP9). Rudder find Z|tf 6%7}eF o x| E-& 7N
He| 7psshchoo,

Contra Rotating Propeller= 3}1}2] Zof 1A% $HgFo R T 12} L2 9
2o} 13 Zedeimiy WS ofiXE olgsly] it eger =

98) Z]: hitp://www.pbcf.jp/
99) Hf|5F U2 Thrust Finelgl #ghct
100) Z4]: http://www.ubergizmo.com/2008/06/hyundai-thrust-fin/
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A}&: MAN Diesel & Turbo

(aZ! 4-13) Turbocharger Cut off Al

[ Exhﬂwﬂwmw'wr )
15, ]

Cooler | [ Cooler | [ Cooler |
Scavenging air receiver

Apg: FAkR



(a2 4-14) Turbocharger 1CH Cut off A] HZADTKZE A

25 30 35 40 45 50 55 &0 65 70 75 BO 85 90 95 100 Eng. Load %

Am: FARIR

5) 7|et olLix[EY Ji&

A7) AFE B WA71% olelol Tho] o X Egt 714 5ol Alut
of A 8E|5 Itk 7L FolA HAS|5A] 28] (Waste Heat Recovery System)e:
e0] W7 RS ol gsto] A Aele Alktel WAlow Ardow oy
A AF-E A 4 Qs Zlgolt e @A Hdsisalame] Rt

}T 2 PR 71E e AX] T ug 2 e REow @
8313 QA F Algolho,
207 (Shat Generaton) 71468 ALtk LS S Sol

ps =
S Adsto] & FHORRY ozl LFUA YRE olg3to] A

_‘N
10
HU
sa
o
Zi

101) Maersk Line2 7001 2] o}/f2] Alufol] A&z o2 A8t 9lom, gizf 9%2] 2471 vl
2o st 4= Qloka F46ka QIth(E3: MAERSK LINE Z#[0]7], 744 2016.8.19.)



o] o] =&o] Hr} o]2{3t Shaft Generator= HA| A=A 2~5% &
TE AT = Qe AR dyA|a 9k

S dme SAS LT dEw AV BN dEael vEE A

T¥tol ARG GBS PR S Gk 7GR ofn] B AuolA A}
9»1]\

4l (Energy Saving System)S AESIA|AEIO] BT T of A
= g 59 4o uut AHsor i 5o Ao S5
Z24sk= Al&Hlolth LED 52 A2 A7|o|AE aldh=

= Aubol] AX|gFo 24 &~ A9S Frast= 4l
4 L g
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~

/ﬂl:l

(33 4-15) HHERZ|AIA

H.P.m walws
LI, alve | to condenser
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Bar coolar
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:n-uiin; ok in
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- o dingol
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._E. ......H..'tw

Z}&: Mitsubishi Heavy Industry
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AEFE U]/\ﬂé}-'——’ w3 s =N HijE7IAF2] NOx, SOx, SOOT, —17’*‘1(1)-
1715 &37F ek A=A 242 oF 3-5% A=Ed &
A2 1~2% el a7t 3le A2 yehdrh
Aute] S g ade 2 eB] AT Als
@ Al LT o2 27T AU s 2% Fe 2k B 3-wayHE
Nl YAE FA8ke] AEF2] Central Cooling S.W. Pumpo] HQ 3t 2|4 01]1,1
A& BFSHE ALHOITHIO Wk 913 Shplmsl AAR R e 7
1o SobAm ole] ek el WA alekE ) 5 9 5, 2
2o 7

o)
=
st wsks Astel W RalS 2 APNEFS FaAY S Ak

YAy BEE A
Wt ek s A
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Energy Saving System:

-1u:

(1) 7id 7I& 7}

DNVoJl A 2011d ¥H718E Fuel Saving Guideline for container shipso w2,
ofefj e} £ OﬂLVli’l A mIks S vE Qlck

aHy Fo ne 7]*% A gthal sto] e Al Ses A8
ol Ak A8 ool 24 /ldbulel £4 480l AT o] Gesz
AE A Fo)% et

(H 4-6) d=g8 H7|s0| ME Z2e| Mg

Category Itms ZNAdE(%)

A =# st 2o} 10%

AAAD A 71& Heddd == 2o 5%
Hull & Propeller cleaning A 5%

Pre Swirl Stator ] 4%

Mewis Duct o 3%

Nozzles and Ducts

Unconventional propeller o 4%

102) www.dh.co.kr



Category Itms 7N AE(%)
Propeller Boss Cap Fin A 3%
Contra Rotating Propeller A 7%
=288 MA 7= Rudder Propeller Bulb Transition 2 3%
Optimized Rudder ZHd 2%
Rudder fins A 4%
Main Engine De-rating A 4%
Electronic control Engine A 2%
_ Exhaust Gas Bypass ] 3%
WEE A 7= Variable Turbine Area ZH 3%
Hybrid Shaft Generator -
Waste Heat Recovery FHd 11%
Speed optimization
Weather Routing A 5%
L2388 A V= Trim optimization A 5%

Engine tuning -
Performance Monitoring -

A}i2: Fuel Saving Guideline for Container ships

(2) KA B7t AH]

2004 d =off A= Clean Cargo Working Group> AH|o|UAAL = W
HE AR A Hlg e Zdutoln, stEollA sk AMS, & &
W5 BAeln B4R ES AHs] 3 BHow BET Utk WA 24

7N AdAH03), 2071¢] B} Yl Forwardergo] APT2| 0.2 Zpofsial Q= 7|E 4l

FollM = 5 gl e A Fgolt.

Hofste Adrk= vid LFshs Aduter Qs WAsh= s daks A4St
o] Z¢julte] B uskal, 315 9 Forwarder= o]2]3t HH S $hR-3}o] W} 213}
AR TEY S sl A AAL ArE 83T,

103) APL, ARKAS LINE, CMACGM, COSCO, CROWLEY, #Hs}e, #thAb4l, EVERGREEN,
HAMBURG SUD, HAG LLOYD, ICL, K LINE, MAERSK LINE, MATSON, MCC
TRANSPORT, MOL, MSC, NYK, OOCL, UASC, UNIFEEDER, WAN HAI LINES, YANG
MING, ZIM 5 247 A} ool

104 = DHLAR= 20161 29 GREEN DANMAR AfH|Aeh= 08 2548|4084l
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(# 4-7) ZHO|H 2 28770l E CO, T HiEZ

ZHoly F8 &3 F+KTrade Lane)
Asia to-from Africa
Asia to-from Mediterranean/Black Sea
Asia to-from Middle East/India
Asia to-from North America EC/Gulf
Asia to-from North America WC
Asia to-from North Europe
Asia to-from Oceania
Asia to-from South America (incl. Central America)
Europe (North & Med) to-from Africa

Europe (North & Med) to-from South America
(incl. Central America)

Europe (North & Med) to-from Middle East/India

Europe (North & Med) to-from Oceania (via Suez / via
Panama)

Intra Americas (all except North EC/Gulf/WC to-from
South/Central)

Intra Asia

Intra Europe (within North, within Med, North to-from Med)
Mediterranean/Black Sea to-from North America EC/Gulf
Mediterranean/Black Sea to-from North America WC

North America EC/Gulf/WC to-from Aftrica

North America EC/Gulf/WC to-from Oceania

North America EC/Gulf/WC to-from South America
(incl. Central America)

North America EC/GulffWC to-from Middle East/India
North Europe to-from North America EC/Gulf

North Europe to-from North America WC

South America (incl. Central America) to-from Africa
Other
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CO: W& (¢/TEU-km)
45.82
3837
46.49
53.82
48.84
33.73
59.50
4344
59.00

54.84

42.65

5421

69.56

59.85
75.34
52.11
58.81
66.42
74.19

57.23

52.87
60.34
60.71
42.27
64.56
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Z}&: Norwegian Ministry of Trade, Industry and Fisheries, Maritime Opportunities-Blue Growth for a
Green Future, p.23, 08.2015 (Based on DNV GL)

flo] 5 EH, DNV GLI9o| oJgt EA42 Xehy 79| AR S7h=

117) Norwegian Ministry of Trade, Industry and Fisheries, Maritime Opportunities-Blue Growth for a
Green Future, 2015. 08. p.22.

118) Norwegian Ministry of Trade, Industry and Fisheries, Maritime Opportunities-Blue Growth for a
Green Future, p.23, 08. 2015
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119) DNV-GL2 2013 9€¥o]] =% 9] Germanischer Lloyd SEQ} == ¢|0]2] Det Norske Veritas(DNV)
o] Tl A7)

120) TFOK GmbH, The Mobility and Fuels Strategy of the German Government(MFS), Federal Ministry
of Transport and Digital Infrastructure, 2013.06. p.6

121) Hamburg, Bremen / Bremerhaven, Wilhelmshaven, Rostock, Liibeck.
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122) TFOK GmbH, The Mobility and Fuels Strategy of the German Government(MFS), Federal
Ministry of Transport and Digital Infrastructure, 2013.06. p.51

123) St A= 749l EX|o|8(ILUC; indirect land use change)?l, HIo] 2 AR AYARE
2 A7) 93 F1Ee] BX) SRS vHE A4S HIHoR e 4 gl 9
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w2 A (ECA) & 9
Baltic Sea (SOx) 2006.5.19
North Sea (SOx) 2007.11.22
North America, US, Canada (SOx, Nox) 2012.8.1
US Caribbean ECA, Puerto Rico, US Virgin Islands 2014.1.1
(SOx, NOx)

Z}&: Jan Schuber, Hertie School of Governance, The German Shipping sector and the imple-
mentation of Liquefied Natural Gas as fuel for ships, 2014. p.11 (IMO, 2014a)
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125) A.962(23) IMO Guidelines on Ship Recycling
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A} Jan Schuber, Hertie School of Governance, The German Shipping sector and the implem-
entation of Liquefied Natural Gas as fuel for ships, 2014. p.11 (Rolls-Royce, 2011)

126) Euorpean Commission, Science for Environment Policy, Thematic Issue:Ship recycling: reducing
human and environmental impacts, 2016.06, p.4
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1) DNV-GL

DNV-GL2 20134 999] £22] Germanischer Lloyd SE?} =2 $]0]2] Det
Norske Veritas(DNV)©o] dH5to] 18) 1295 E] 29 %|%ith DNV-GLLE A4
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Z}=: DNV-GL, Maritime Energy Management Study 2015, 2015.08, p.18
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What are the enargy saving measures that are...?
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A} #: DNV-GL, Maritime Energy Management Study 2015, 2015.08, p.19
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What are the top three measures that contributed most to fuel reduction of
your fleetin 20147
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Sheee power

A}&: DNV-GL, Maritime Energy Management Study 2015, 2015.08, p.20
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Slow steaming pattern irrespective of fallen fuel prices

Average speed of container vessels 2 8,000 TEU crossing Indian Ocean "
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Z}&: DNV-GL, Maritime Energy Management Study 2015, 2015.08, p.21
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(a3 4-29) Muto| ECAs/SECAs AlZt L2l

Number of container vessels which operate a certain percentage of time in
ECAs/SECAs in 2014

224 255 194 497 145 421
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127) http://www.imo.org/en/MediaCentre/PressBriefings/Pages/22-BWM-.aspx, 74A%: 2016.10.13.
128) F=t=71 20161 9 8L AlAoA S2HA= Hug e HoP HEAE 7IERh
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WE5)7] gfete] mAdelRle 2020d71K] F Hefol & WAISHE C00| L
60% HlEto® Zoli AL BH(Q00TIE qH)R sl Q. WA 2elE
E(Triple-E) A1dH292- 2015d = 0]] CO, S oF 5% 735}/ = 3hach

(A% 4-30) HAZ ZiE|O| MHtO| O|MEIEIA B 7 |HiSE

90
89
88
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B4
a3
8l

80

2001 2002 2003 2004

A}#: Maersk Line, Constant Care for the Environment, p.15.
<http://www4.safmarine.comy/globalfile/?path=/pdf/environmental brochure>

3) Hapag—Lloyd

Hapag-Lloyd+= IMO2] ofU A a-&dAA4EEDL Energy Efficiency Design
Index)130)0] w2 Q1E Ak 71 AlA| D22 HesiAolch Y oy
A G&E&AAR G A5 =Y AFHGermanischer Lloyd)oll &J3sff Asy=¢lal, 3}
gpzo|o] 9l e AutEo] 77t Sgolx A Al BEAT 9l vt
W AR} 2027% © W BEDI 442 74T otk ol slzrol =g
Aupo] W AA Aluke] Wk WA e C0E WEH: AL ojulah

129) 37129] ZA|(Economy of Scale), Z1Z}-7(Environmentally improved), of|4]X| &-8{(Energy efficient)
Q18 2% AE R v ATl MAIAD Y A S Addolao R vtel
Aol 400u]H, Z-2 59m]E], 250001 7l HHoWE A& 4 U
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131) Hapag-Lloyd, Up to 27% reduction in CO: emissions:Hapag-Lloyd a trailblazer for the new
EEDI(Press Release), 2012.2.
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1. 2HE =4
1) AEM EX} 27

T2 2015 71 A 1070 el 5 7P =2 AR AukE Bkl
= =7tolt}. 2000 2/ ANPHEC03), EAIAIE(05) = 53 @A Sl
2710l AlzAde S FAsIH o, 2010 o] F FARA Fo= Qs Al
24 FAk A,

Va2 AZro] ZE WA b el 7P stolA] B A4S SHEEE
Hop £2 7]go] HAE Ak S 5 9l Jlofuy e A9 sl o
710 &&= RSt Al AAE AHe wol Hf3ol wet AriF ez oy
A BlE&Al Ak Basta Qi Ao ghehE

(HE 4-16) MIA 10T} sHR=Q| A4t 0|
= &0 M AR R F0| HEdg 50|
1995 2005 2015 - C 9505 0515 95715 1995 2005 2015
B -1 E 2,896 2943 4433 190% 3.0% T4% 327 194 174 113

Be 2755 3008 4137 143% 4.3% 6.4% 5.3% 36 a0 83

o= 1729 2,568 4770 119% 65 122% 93% 177 202 112

= 1345 2731 3456 71% 1529 5.6% 103% 111 B9 103

[ 665 LB 1535 48% 3% 108% T2% 126 16.0 138
=290 1161 1287 1807 3T -10% 39% 14% 152 169 142

o= 911 1oa7 1124 33% 0.2% 20% 09% 178 201 152

u7H 557 661 1368 3% 5.9% 96% 7.8% 168 166 113

ch ek 421 537 887 8% 5.5% 7.0% 6.2% 134 133 )

OjeR2) 563 64 1085 27% 26% 127% 75% 170 156 123
g4 13053 16375 24558 T2%% 40 7.5% 57T% 151 151 120
HA 27465 31942 41822
4 4
METIOWT) 693 936 1707 100.0% 3% 62% 6% 162 17 14.0
Apg: S AR, SAHE A A E
132) 7105 Sty s|FEgEaoare £, 2016.5.31.
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o) Q8] HLTH7|ol H&om ALE AUE MG Qi AL A
FAUoleEo] BHAF tfB] WA UEUAY o5 WA & 7FsAol wth

ARG 271e] Aol AL, QlE Al7]of e} %-“é‘é—t— SEPNTZISEL
8,800TEU A8 =3f] vttt 2008 olx= Adlk tfu] 2014y <l%= Aut
9] EAJ2 2 Specific Fuel Oil Consumption, Long Stroke®] A<, =2 <l
Aol AFAfwlo] glom, A& o] sy Wu|HA s AFSeH, High
Tensile Steel AFE-S £ AA| Asl A8 22A35F 9 Rudder Fin, Duct =2]
o= bz du| 7t Fabe o] Qlek

(H 4-17) 8,800TEU A} AfQF

S 2008\ Q1% Addf 2014 Q1= Addp
Length / Bredth / Depth 339.6 / 45.6 / 24.6 300 / 48.2 / 484
Draft (Design / Scantling 13.0 / 145 12.5 / 14.5
Deadweight(Design/Scantling) 80,519 / 98,787 88,300 / 111,800
Max. Speed (kts) at NCR, 15% S.M. 27 22
NCR (KW x rpm) 72,027 kW x 98.5 rpm | 33,183 kW x 77.2 rpm
SFOC (g/lkWh) at NCR 166.7 g/kWh 158.8 g/kWh
DFOC (ton/day) at NCR 303 133
EEDI-Required/Attained (7]41&) 15.53/17.91 (+15%) 15.16/8.58 (-43%)

AR Ao e

=

(H 4-18) 8,800TEU M} & Fy| AZADEE H|w

T = 2008 QI Adep 2014 Ql= Adep
16 Kis 67.4 55.5
18 Kis 93.9 76.0
20 Kis 130.7 99.6
22 Kis 170.8 133.0
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Alugt A3} dransfo] A Sigtolld 20% ol Aol7k Uil ik =2
A f7E st S AELFe R Qs AA A=ulE SHolM Zol7t SolEE
7H540] oL, 471 AFsSIAl YElEhE 0.5% mim )8l A5G ARSAAIS}
Al ERA] F AxEE ARpate] dmuls SHeld H27h B 4 Sl

ohk ofof] Tt tigrgete® FejsA AlAle Axshbe 2 AU
o2 FAHt JoR Holn ol S SHeR s FAHA Q=
Al MEGAOR of Ao FfHe] 7Hsd AC R wpobEnt

2008\ Q1 Aldpe] @A) ol A A8 Thse VIae A8t ofeleh
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I

lOm

2 7 oyA|age] A 7hed Aer Hth Ay EREE,
Turbocharger cut off, Bulbous Bow 7}Z& oju] R#ESIE 7]&o|7] wj&o|ct
oje} e Af, AA| AlHlo] #-5t= 18Knots~20Knots Ato]o] -9 Green

ship 0 %2 WA 20141 Q1= AT} 8%-14% oY= LA\ & 10| Fol5
Ao A
(B 4-19) 1Al oliX|&=2 i Zut

Bulbous 20144

&g A Paint T/C Cut Bow A% ol% /5& A}-o]
16Kts 67.4 66.7 63.5 587 55.5 5%
18Kts 93.9 92.5 88.2 82.9 76.0 8%
20Kts 130.7 128.1 120.9 115.7 99.6 14%
22Kts 170.8 166.5 162.4 157.8 133.0 16%

AR Ao e
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= O 2ol5 & US Ao HHEh Oloﬂﬂ Propeller 7.3}, Fast nozzle,
Rudder fin 5-9] 7|1&<S ALsl= Aoz 3HAsIe=Y|, vjL2 1009 e o]
W2 225w, of 79 18Knotsol| A of| 2| && Z}o]7} 3% o2 Eols
A= Ao R AYseirHss),

(H 4-20) 2t oliX|g& 7§M Zot

16Kts 674 587 55.7 55.5 0%
18Kts 93.9 82.9 78.8 76.0 3%
20Kts 130.7 115.7 109.9 99.6 9%
22Kits 170.8 157.8 149.9 133.0 11%

Az stz el

1837|140 e B B AUo|E BT o] el 7145 Sl
B gl 710l st 4K AEAAl] o] U9le R Fe 4 glck :L%
S B2 Sistel S Aol Ha AHUBMEE AEsIE H9e

L, 3] 7ol "Rt dSsdAo] =3t Tl idRte] Aol olEsfof
sh= o] g 7Ie dit ddolt

olof digk 7P S8Rt A7 A 2P RIol HiRh oot BRAR A=
S AREBhe A AT e)le Sotal 79 F4sE
Sohe AR QISAILEe] A5 Qv TP B2 AFEe] Ao Hof
ol oA 7]=re] G4 Sl FRTA RS DAk o W AT e
APl "Rt ke 2 Qs =AlSA | 7E ZHA AL | @Al A Aol
Sl P 7l HaL 253 vj=e] FAleql ZREFO] oo Yijt S4E

59 274 AR A A8 Al ohin) 2o 2R Aolne A Aske] 5
=ofl gaidE 71 Aol Bag
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Z}&: DNV 2010, Pathways to low carbon shipping. Abatement potential towards 2030
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A AIA 1977] Braf=o] el shelg e 20209 =AM F= 5 20214
HE A7 15AA Y] S ouigitt. Axd=olAvt 247 45 oR S Kt
ot 7120 WEOGA AIAIE dol mE A7t A=e] e o
St BRHEAQ] AAZF vpEE Aolch gAY ATEE A5ES
old tiu] 2T HL} AN we FEo R0 §X)9f 7|FHI; FHRE
of o8 &% A5S 15CR Agsy] 98 gt d 273 Y]
slo| mE Z7lrt 202032 E] 7] F e Eo] Hoiir.134)
SHEE Z5o] 242 Aoty Sdnitt ARFE R AlEo] o] Foj Aok
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oft, A= AdiE A== YAE S 27 g5l AT =
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=
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2
£
NI
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s
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- .

£ S7He 2000717 7] Avkd A AR Sste] AlEstolof dik
olel N3UFEE 59 B9l2 FAME] BF A4 ool AAHm,
Wb LAZks QMER, PEEE 94 AW Fol ofet Hid 9Rst 9
TR139) o]0l SRS 20307HK] £ATEAS 20301 MIEARA U] 37%

S PEST BEsn 2499 LAVLA 4F BEAS Hetow B4

[\

134) http://mofa.go.kr/trade/greengrowth/climatechange/index.jsp?menu=m 30 150 20, 748: 2016.9.30.
135 gt “HeEA Faue H2rEolsr”, 'KEMRI 27 A] REVIEW Special Report,
2016 #1235, 2016.01.
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3t CAT(Climate Action Tracker)o]] w2, 3H=-2] 2030 241712 vjlESA YA
L 850.6Mt CO, (8% 54T )0 & 37%= 74331 536 MtCO0| Hth

(a3 5-1) e=2f 2030 247tA HIETYX|
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Z}&: Climate action tracker, South Korea updated 2nd July 2015.

T PAS A AA 2A7FE w9 55% ol AASh= 5570 = 7F ol
o] ulzzeh, ulzo] ThRE 302 o Fe Wil ARseleh. vl FHE E
wotol A Al Eats0] eldgel 2] wEs FUT AT P 2000
of waE Folehs ol gl selRAe 20169 19 42lo] YR
T}.136)

w2l gol 27]o] wagol el el Fujd Aoly P B3
g A ZISAA ] gt d3AA S 919 =g et dart Qv
53], 2018dofli= 2 FA st A A4 o3 4(Global Stock take)©] ofjH] %]
A9 ‘XA t3KFacilitative Dialogue)’ 7} ol A Eo] Qlovzg £ wjE 7|
ERo BREL Soei Sy Ao 7 5aEm oo oe s &

W4 2u1E S8 A5 I et ek

136) https://treaties.un.org/doc/Publication/CN/2016/CN.735.2016-Eng.pdf, 7344: 2016.10.30.
137) 2497), Mfel 4 Paris Agreement) AR AT S A, Fgolmel 9| wokn G74201606
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¥ 9% 8o
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Ao AMEYS 4718 wEske AelA 2w Aok shek
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(A% 5-2) IMO &0l et MEFEAHS L R7IA KIS

IMO minimum requirements

9 N

Y
=]
=]

Filtration rate for plankton (%)
for]
(=]

80 _E = _ﬁ

=]

u T 1 T L ) I
15 20 25 30 35 40 45 50 55 60
Filtration rate (pm)
Disinfection Pre-filtration

A At 5853 Yo U2 Mg uas 24 aARE AR A d2Z REA
A& A3, 2012.2.

5, AT 8|92 AR HMARPOL 73/78) 524 Viof o]g]
A w7)7hso] EakE AAAISHENOX)I SASHS00] WiE AT 7
si3t 7] IMO Tier M7} 20104 0] WHE|o] 20161%E] AlZAl0] 2859
o}, Aot w717k i SAleh Estol 20164 5E = Tier I 2} 80% o] 47H%]

138) whslkA, Aulg e er HAE, 2007, http://www.imo.org/en/MediaCentre/PressBriefings/
Pages/22-BWM-.aspx, 7348: 2016.10.30.
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oo} o] A|A M= At ey Bt e d¥t Hdste] =
Al Al et lﬂiﬂ A Folw B Al B B2 =) 3 E AL
AT ARl A g Aol tiste] Agofgt wiel Zo] 2A7RA v tA ol
Wk AR 7 sl el sAIF R o3 g ddste] AR 9 Ak
Ao ol 27 A} ool HiEil Sl Aotk

(aZ 5-3) Meh ZEAMSE HIS A 0|

18
16 o
14 1
- Tierl
= 12 4
=
o 10 +
E
< 89 Tier Il (Global)
2 5
4 -
e — Tier lll (NOx Emission Control Areas)
2+
0 T 1 1 1 1 T T T T r
0 200 400 G600 500 1000 1200 1400 1800 1500 2000 2200
Rated Engine Speed, rpm
A AU AEETF £ B WY EE 24 QANE A AL Sk FEL

A4l A3, 2012 2.
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1985 0] A|AI71AF7|5HWMO) 1399} =4 41318k A|S(UNEP)140) o] 2] L2t
she] FHoletal AR o= AR oliketetae] diste] SASA - S
S E 5 91 S|(MEPC)o A= 20087 AEte] o]ibsteta HiE FA| &

BARO R T}y AL o|F FAALY T 2011 7Y Alv
ol SAv}e hEE TlevlEe] Pz Aol LAk wERES 9
A2 2AE WTLAYAFHMARPOL) 754 69 N FAHo=
gailny. o] AR HEH AT v 9H e 28517
ek of= ARSI == BF FUSHA Al |- FoFe] vxpE 3]
(Non-discrimination)!142)-2- A18}7]Q1 A7k wljE& Aol A-g3loF g2 oJu|gt
ot FAZEA] A AHUN) Absl =474+ 5 FdsHAl A8 | 7Hato] Aldf
7191 27N WSt Al E BARPE 2R AEstol WA ARFoR, A4
Bl AlutRge] MEd eu7ka WEHA FAIs ARl FEsk gk

AT 27k BEE 9% 71e 9 2FHA 2ARA A2
UA E& A A EED]) 3 Adbol| | x| &2 A 8 A(SEEMP)YE A o]
2 Frlslgon], ARAAYLS o ® & AR FAIZA(MBM:
Market Based Measures) & =317 913k A4} 247k 45 Ay A2 <18l
w33kal 9ok

139) /\1]751]7]%7]:,’-(WMO, World Meterological Organization), 1950 3 AAI7|1 AN =4 L
EoHE Rkl =7F 3F 71 ES] Akl weks Aeskal, b=l iRk Z1dEA
2 Eeg 2444 A% Beow wEmsn

140) =17 915317 A €l(UNEP, United Natlons Environment Programme), 1972 A¢dlo] AESE
o4 el (golQlziaAsle) of Aol ufet 1973 o] HYE|om, ALke] Lho] e
Ans ) olc) A PRI e S A1) AUt 14 RS e 6
B YEo| E4S = AL BHoz Bk

141 o] g & v, “ARt7|Ql AT E Ao W SA A A, TEhsreiab ek,
A3 AR, 2011, pp.79-102.

142) “IMO H|2PEF=2] UZI(NMFT, No More Favourable Treatment)”S ‘19743 sjAto| A 2] o1td
QrA-S Y5t A F ko] W3t 1978 2] A (SOLAS Protocol, 1978) ol A HE3}E o] Z} 3]
fzto] Aol o]F2 WE IMO Hool A8 Eolx|T i £1%o]cHSOLAS, Protocol
of 1988 relating to the International convention for the Safety of life at Sea, 1974. Article I
General Obligations 1).
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S BSHLASH =R, 2014, pp.75-83.
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DWT) "MB.1.1 - 15 L1 20117 2511
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(3) AA718ER%(MBM: Market Based Measures)
A AL A7 RERZ|(MBM) =il 2 714, &34 2A]Te

© A7 gEERE 24ske dl AV e whetehal, A A
IS SoliA 2A7IE f5e SHigsRe Aotk AR7IRERA Y 7]
e APZIEAAISI A ol itetedas A viEs)
F=al, ojef vtz olitaleta: wjEwro] w2 Alutof A
otk 1]al o7]oflA A== 7=
N A ¥Z s Aelth
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AA ANSHAZ T = APE7IRERA] 2] 2020 o] o] AlfE ZER, 1
S AlRbE 7714 digks Sl ‘EPUr?J kS Aeshr] st =olE 4 Foll
Nom, A7 HIRA] AlRbARGES] o] vehual lok A AlsiA |-l
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144) BhobA, HA=E, pp.77-83.
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15 A g’f%‘ A A wiET ol ghEo

ﬁﬂnﬂxﬂoﬂ Hrf Xi%@.‘d g4 Z]%Xéi—‘.‘ol U}Edlélﬁh 710494 ZP%-‘X#OL %.*

rEske] E3 G4 B TS ¢ 3l AleR

r
11

(F 5-4) M40] OJ3t SATRA HSZ(PCC 2006 7H0I=2IQ10] BHEAK X8)

nkAde
T o4 FA4 Ll
aora S DEEK 27
19901 2,940 2411 2,580 5,242 10,299 13,239
1914 3,149 1,049 4,869 7834 13,752 16902
199241 3,250 1,158 5809 10,146 17,114 20,364
19939 3408 4,093 4,249 12,438 20,780 24,189
1994 3822 3,16 5838 13,505 23,128 26,950
1995 4,086 3688 7,365 15,109 26,163 30,249
1996 4161 1,993 10,285 17,19 29413 33635
197d 4,386 2,620 11,120 19,080 32,321 37,206
1998 4,001 2,23 11,404 19,771 33411 37412
1999 3522 2,08 12,686 21478 36,249 39,771
2000 3765 2,789 11,568 20,102 34,459 38224
2001 4,162 2,536 10,662 19,731 32,929 37,091
2002 4120 2,941 10,612 18811 32,364 36484
2003 3939 3,066 10,628 21,004 34,698 38687
2004 3719 2922 9,668 23143 35,733 39452
2005 3,367 2,820 9,700 23159 35,678 39,045
2006 3,339 2,123 10,853 22,083 35,609 39,018
2007 3,313 261 10,300 20,131 33,106 36419
2008+ 2,571 2,711 8812 20,224 31,746 4,318
20099 PASSS) 2512 7,630 18618 28760 31,646

Abg AR SA7ES viER APl BRE At diRtaEste] A, 2010.

1990 ELE] 2009E7H] @ A7k~ wjZeEre slolsivm iy ojAle] LA}
2 &l mid AQbAETH RS Wtttk ey AAIR oA FEorbA| b
ofE] W1 BABHE o] thEe] 2AH A Belshs Bow [P

Itk ojAl Boprhx] gt #-go] 7hssled 2429 452 B A9 &
:[1_% ‘?_}%‘8]-04 ﬂg]xé KX 7}}1 _/’\_ O]EE ;Hxﬂx% og HZR Laﬂg _/,\_ gl% %‘]7}

upg s ofof Jit.
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Vg Fag 927k @ % ook
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EF 4370 g1e] 77]
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| BEsiehY 2laarh s AHYARReA ATEHA

Aok B3 59X EH A HER RES7] gio| 528

A S0 RIS HE 712 S) Ak S = SRSk AubA el
LNG Fx1Aure] gk 4he] Fxlgeo] F5oirtar shabeh

A w717k A AE L] )] EmRE AR a7t oEHY ol

P ede AREaAlel digt 2] o] A= ohE dAoltt S

=7t As it Fol WA HiZ7ks AARA AR B b

&2 SAE = ek olof weh kel ZAE 7Ne R st HZ7ks A

AT O] ARG 7ol RS IstaL olE 271 gHdstolof HH 7]E=s

5

& skl Aol B S QTS FEeks A S

RS Blaas F2) AR Brskn B 3RS sheaiael Bl 4
Al AZsHe Zlo] Aol Fa doletn BErE ol 7HoR HA
FUSIERA /14 Hest AU AUL SRT 5 YES AN
ABYE 5 AR A% A o] Washrka sk
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%u}. JEM FHE FHOR W2 S 5o AR

(o] Qlek. B8, AL At of

o) A elatsislo] A5 o0 A ML At HE
5161: BHoR MARS 0 SHEAAEE AHE ol Hc)

2A0) oA L NS S5 2N Ae] SAEH, AF W F7] 5

of m}a} Aol iy}l hEOR o2 S, AUerATel(SM) ALYHY ol
3 YRS A S Ul ARHQ A48T AR/ WA RO WAl

B Ule] oleleh g £, A1 ol st AT, 4R e s
Aute] AU LS BAHE ol BEd AHAE T 4 ok ARY|He] Bag

o2 AR HTH

6) XlsiziMet OIMIE|E M= M O

ANIRBEHAATE Zqﬂf?l AlzAdS Axsieei=s dA AldoA &34
sko] tjrirt ofui X E8A
olof @Al thgt o= E =
AL &7 = B7IstAL olof WE JAEEES AlFdh= Wk 1l
e 4= Qlth A7FE =9 Maritime Singapore Green Initiative, Zfufnf, 2}o]w|g]
ohs) o) HEA chak oA EE A Aol dhel AR st 5 o
BB A =g =Qdste] A& gt ouA|as 7 S3A = F7haL
ik

147) 2tolH|2|ol= Green Award 25| Q15 " Addle]l tsf] 3%2] Azt EAIE Hgtch
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31 Q)+ Environmental Ship Index H|=E 7]
who.m ahhe] Aol W QUIEEE ABIE RRmAA Wkl Als
s}o] ) 7t PR ME FRAHO] B 2TEAG F rao# REE!
£ Alseterd ek k=AY gi7|ehg iAo = 71iE A cHEl T

r&; r_

23177143 pelg chokst 2AAel mole} AwSo] A7) TE EajA
m W, ol SrpEa o) LojA|L Utk whek 74 712l
3 Aol A g el Alutol U 2] & A A SXEED]), BE At
2 gE|t AlurofU] x| 8- 7he] A1 2] A(SEEMP), 3 2018455 E¢J%|o] 2019
e AJE 247 FlolE] 4271A|28(Data Collection System) & 312]5}o]
R

3

Al=rlgE et S Al EsAL seslAbe Aol HiElRh 24

ol HeAA ARelE B SR Eehe Svols BATAL
A o Ak Aow dysing et sheslite] A3l WS Bt of
Hj mhalo] Wastnz Reh SeBAbe] LA7kA Al tha AAE el
@ Wzt ook AL A AEIL ATl 5o A A
Moz ANste] SRS Foly] SIe =S B7e Bask glov I
A0 A 9 S el Az 2ehE BoAE A

20169 3 AALZ ol A= A HlE7Es AAIE SRkl A=t
M=ol tdshe AollA dF9 ‘Btg =32 AA|dv]tlo]y HilA
%=(MRV, Monitoring/Reporting/Verification) & HESH v} lch AA| HAH|d|o]H
HYUA Es 25 5,000 o]de] Autef dfste] IMO AEWZ, 4F, T,

B, SE, F7|18 W B3 £39, EEDI Ice class 52 AlEF 712 A

M
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9, AmFRY A7 Lol gt dojE] 47 WEES Aol F e
2] 48] A{(SEEMP)o]] TAI513L IMO 7hol=2felof whe} s o]l s 4 sfob
e} AR AHE 5 Pe) ARES wisiel, Aule] dm AEFE T of
sfolsto] ME7lA 7% wEle EslEs 1 xo] vk sl

SASAIT MRV A3 Agieto] nh2wl ol mile] Ak SEAF
(Registered Ownen)o] o] Hlo]el= tjd(A gtz ie] 127)g)uict BE gha
B gkl ojelol 40 dlolElE A7k gros shilsle] Wit HRmn
B 3702 o]ujo]l 7]H(Flag State)o]l AT EE A4S AFESto] A
3 WPHoR K stofof ghekia

i

O]

ok

=

.

mO

[oF

{H 5-5) IMO procedure for MRV (draft)

responsibility requirements

16.1.1~ . . . .
16.12.31 ship monitoring plans prepared & submitted to verifiers
17.1.1~ shi commence per-voyage and annual monitorin,
17.1231 P pervoyag ¢
~ 18.3.31 ship to flag state submit a verified emission report
~ 18.4.30 flag state to IMO submit a annual data to the IMO database

18.1.1~ <hi keep latest a certificate of compliance and
18.12.31 p commence per-voyage and annual monitoring

AR SR, MRV 4| g2 SIat SAeHe A Eg F A28 A A

v
a
o
iod
Rl

ARl ole RuAES Al oA} wEe =
W, A Be] F71E7] o] BFL A1 Ut AN
o] obd % glek. AY AU A&Hel Hole £41-29 2
29 75 9 Aol skt ok FANAIT BE A
2 wwopH el EFsb} o RolHof 3 ol

£ £
U

-

e
H
kor
ol
> 2
> o fr &
2
& d

148) R sl Pdetal, MRV A the-2 f1eh =Alse: oluA|ae e Al 7l A4, 2016
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2) EU S XI%7I7 % RISiERR) oS3

(1) EU 247k2 B3 9 574 o] 33 57
+H AHEU, European Union)> A8l =47k wlilEwFol digh +#A] oF
SRS gla) SR BTl Aure] quiolelo] gt AAlAuIgolE]
HIAE A¥S 93t HES FHAT 93|(EC, Council of the European
55

Eﬂ

Union)of] A|&3HRIL & HES 2015 780 TaE ek

ofof whet 2018 1€ E FHAY Fike A=Fdte T 50082 =
ﬂrOPL e AHRe <9 563 go] ojrteiEta & W ARAEE, &
o A=, AUAEE 5 Ve 7|50d AEE mid S5k AR 7|

o B3 wol U oyl Awsleior Bk

(a2 5-6) EU MRV procedure
2017 2018 2019 ~
® o

31, August 1, Jan 30, April 30, lun

Submit Issue a Monitoring Reporting ~ Verification ~ Submit lssuea  Opening
Monitoring  certification verified ~ certificate of

plan emissions of Information

reports compliance

+  Co2 emitted

+ Distance travelled

+ Time spent at sea

*  Amount of cargo camied or
number of passenger

Ship = verifier Ship — Ship = verifier Ship = verifier = EC

A e detel, MRV 4] the= 913t Al oA e 2 AAE g 2A

FHARe] A AvEolE] A= Al A8E <¥ 5-7>3) o] 2017
8%

2 319714 mUHE ABAE AZska 20184 1Y 1AEE oy o)Aks}
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ek WU EES AAEHY, 20199 % 49 30U7HA] dZ=7]e] BHolo] ekaE
ASEIAE AT 3ol AlEstar AFIAE Aol vix|slofoF gt
o} ST )5l BAEe Aol A BaE AZRiAe] ATE v 69
304l F7hgtt
(2 5-7) EU MRV trial plan
Submit monitoring
- plan and emissions
reports I
Verifier
Enforcement lssue a J
measures —  Ship  +— certificate of
T (if necessary) compliance
National Submit verified
enforcernent authority monitoning plan and
(PSC & PSQ) emissions repart
Provide a fist of ships ELI

that may be in breach
with the regulation

central body

A T e sts], MRV A Fe o FES T AJ2E A A

(2) EU-ETSS} A4 tu] 32 43

Agel digt i A7 se] gt A AAe FAE 53,
(EU)E b2 A= 9 wlate] Jfals Aute] 54 #elE @751
FF EUS| S A 5pAle] fulgh Aute] &l JFS v)d 4
71z dEjstel Abdo] EAS 7 LATAEA 52 5
< ot IAFES & vt Qltk E3), IMOQ| = whAd
FolA MBS ot fyR7Ie] Fagol] distols FAMERRIAREA]
S 243t @Al RES SojA AFFANE 275wy A
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2|2t Mefol FletEl e ME Sitfdet

deig gast ok

Eio] 33, $IL IEE obKlop Frke] LA wfETHAle] g A
e o 9 TSI ESET shAEE R SRR el thR Fe ofich
2 opAlolA| HaARtA7| Y BIH(APHom)E B4t FAI R 43t 55
o) A&HoR Setel Hutel sjjushAlE Fol] et AL ko]
4A1Z Bart gk

(@) "= % F=9] A (ECA) T3 AT dmIBH

20104 =ASA = Erl A9k 8o 9 skete] s 20082] ool 2
Z ul=ol| A AHE3 vliETHAIS| Q(ECA, Emission Control Area) 2|7 8% 4]
S AAREL o] A9 HiETAA YR XHsl= e STk v= @
HESHEPA) F2 AlEd wE A #7844+ NOx, SOx ¥
A SAPME 271308 Foles shs U8& %ﬂ ek W= g R
c FAME AAste] et ARfe & FHEE 0.1% olste WY e
5 stqlen 7|z At 23 Ak 4 92 9 23] Aok W
=] 1

e 2015 7|E o2 IMO2| & ghR-aoll that Abd el whE A Al
Aol FaEe GuAQl ¥A CRe & S-S HFO(380cst) 71202 4% 4
FolaL Bt & TFS oF 247% mmE E S QIeh49) ofof whel Hu| 2]

G ArES AR VRS SwEY e AUHAY

(MARPOL) 7454 60Jl 4] 5917t Hll 7] 712 A7) (Scrubber) S AlHtol A2}
oF gtk LNG 1= Fxl4lojetal shefete e AlEke] 739 100% LNG 3
Ao ofyet dnbA o E3F AEfo] dXTE WAE ARSI Qe R
o] 3t FHFAIE WHAIACK Tk = Yol FHE FAsHHE 2
dolAl= LNGE dEE AR 4= glojof gtk

g, S5 A e ded edEse AT R AR

ek

F3 W Aks e AN 4 W AFANL LR FFAN

149) IMO MEPC 69/5/7, Sulphur Monitoring for 2015, 2016. 2.
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(China MSA, Maritime Safety Administration)> 2015 12 = W A4
% AR, BElelR B 3RS Aol R TAEAeo R Ahsta
tf. Zoll= visatAle g W S=dutoll Hetoluy HuEF Al & SF 0.5% ©|
o ABRE ARESHES Harstal itk o] ¥fl= TAEE Sdiste 2017d
FE= AR W F=8 Frre s Hert e, 2018d o= AR S W
= oF & mup Q1 AHRE o= Al 20198 o= A
Aol U Rk BE AE e sl Hick Ale) FHL Al o
%

-

9 HEAR A7 oS RE & 1A A
(AMP) 5 AluF HjE7hA 252 918 dARRS A8a 5 ol

AR7191 & 3HE0.5% ofst 715) wiEAlRke Ao ARsitd &
ol ofof F= Wl 117 FTHANAR, FA4--, ARG, dstold, ¢=-
AeAR, AR, e, "I, ARt AR, FdekhelAl AR
o WA 8-S o T e ES ATz Sl
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