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IMO EHE8 i H|

~2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 2026~

—0—0—0—0—0—0—0—0—0—0—0—0—0—0—0—00-0—>

Tier | Tier |l Tier Il >

« 17.0g/kWh « 14.4g/kWh « 3.4g/kWh
JI=4HE Phase 0 Phase 1 Phase 2 Phase 3 >
CHXYT|FE e 10% U= «20% Zt= «30% Zt=
e SECA3) 1.0% 0.1% >
* Global 4.5% 3.5% 0.5% >

1) NOx(Nitrogen Oxides): & A M=
2) SOx(Sulphur Oxides): 2t4t3HE
3) SECA(SOx Emission Control Area): Baltic Sea, North Sea, North American area including US Caribbean Sea
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Global as Tier Il | after Jan. 2011 ECA as Tier lll | after Jan. 2016
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1) MEPC(Marine Environment Protection Committee): 6| 22t H T 2| 21 5|
2) NECA(NOx ECA): £0| 10t 71 2|H|QF Ol 8}240| M| =

@® North American ECAs(NOx, SOx, PM)
@ Baltic & North Sea ECAs(SOx) Discussed ECAs
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SCR vs. EGR
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. =2 NOX HZH 5 (280%) SHAEE U ALSE ZAZ NOKMAS OfH
IT — [mm} =
= ZtThoh A| A S1] @ Reactor, Urea Dosing System, - AT ST =A A TN 28 2R
Control System » EZXSEA 7| Bl Maintenance 7+ &
“71& X 0|11 HZE= Solution ”
* DelNOx Process * EGR Process | |
| | Exh. Gas #I T/C '—P I/\/\I —>
Receiver EGE
After-
Exh..Gas Turbine\ Y I/\/\I —> y
eceiver SCR / EGE
Pre scrubber NaOH
Scav. Air Scrubber I | Tank
Receiver
WMC+Cooler H Water
|—> Treatment [ Sludge
EGB Blower System Tank
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Investment Points 1. NOx K| Z}&HK| A& 24 M X{ & SCRvs. 112 SCR
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“ Best Solution for IMO Tier Illl Compliance,

Shipyard Design & Shipowner Operation ”
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DOOSAN

== DF /= DF

I
Main Engine 2 * 12V50DF i 2 * 72DF 2 * 5G70ME-GlI i

2*8LSODF | |
Aux. Engine N/A i 4 * Gen-set 4 * Gen-set i
Gas Pressure 6 Bar i 16 Bar 300 Bar i
Re-Lig. Plant No i No Yes i
NOx Tier |ll Yes - in Gas mode i Yes - in Gas mode Need SCR or EGR i
Efficiency ° YY) Y |
CAPEX 4 Same i Same Same i
OPEX More i Less Less i
Experience Sufficient i\ Not at all Very Small ,i

1) DFDE : Dual Fuel Diesel Electric (from Wartsila-Hyundai)
2) X-DF : X-type Dual Fuel (from Wartsila)
3) ME-GI : MAN Electric-driven Gas Injection (from MAN D&T)
4) CAPEX : depending on exact configuration

-

¢ Source: Maran Gas Maritime Inc. (8t World Ocean Forum, Sep. 16™~19, 2014)
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Investment Points 3. Bobcat &1 & 7| M

v Bobcat 42 7| I|=L 9,957 2, AA0|AUE L 11.8% 2 MEH S 7| CHH| 74 M

v 1442 7| = Bobcat ZEL7}= 4,049 2l

() (A&, %)
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9,144 ¢ o 9,089 e xEL|
Sales 8,222 8,205 == (‘14144H
DIl 11.6% +198 3,025
1.8% DHEL 21.7% 274 1,024
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