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Pollution & Emission from Ships

Waterproof oll

N [@)¢ Bilge water
GHG* Cooling water Chemical res
PM* Grey water Oil residues
VOC* Antifouling materials

Ballast water

Noise

*GHG (Green House Gas; CO2)
*PM (Particulate Matter)
*VOC (Volatile Organi
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DSME DAEWOO SHIPBUILDING & 3
~——— MARINE ENGINEERING CO.,LTD.



Pollution & Emission from Ships

Total CO, emissions from shipping are 3.3 % of the global total.
Shipping transportation shares 90% of total transportation.

Shipping Transportation 3.3 %
a 1 Billion ton

All Transportation 27 %

a 8 Billion ® Electricity and Heat Production (35 %)
® Manufactoring Industries and construction (15.3 %)
u Other (4.6 %)

4 30 Billion ton Other Energy Industries (18.2 %)

B Other Transport (Road) (21.3 %)
® Rail (0.5%)

International Aviation (1.9 %)

International Shipping (2.7 %)

Deomestic Shipping and Fishing (0.6 %)

CO, emissions volume (2007)

* Source ; Second IMO GHG Study 2009.
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Pollution & Emission from Ships

Ship is the most efficient transportation in view of CO2 emission

Crudey |

.
General€argc —

Reefer -

Chemical
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S
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Road _—

0 50 100 150 . 250 |
€0, iflv=ia%y

CO, efficiency = CO, / (tonne * kilometre)d Fuel consumpti on
CO, =total CO, emitted from the vehicle within the period

tonne*kilometre = total actual number of tonne-kilometres of work done within the same period

* Source ; Second IMO GHG Study 2009.
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Pollution & Emission from Ships

GHG emissions from ships are predicted to be at least doubled by 2050

[million tons/year]

Expected Scenario
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* Source ; Second IMO GHG Study 2009.
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Emission Regulations - NOx
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RPM Tier 1 (current) thierd) Tierdio i .
(from 2011.1.1) (from 2016.1.1) IMO NOx Tier 1l : Adopted on MEPC 58 (2008.10)

- After 1 January 2011 (Keel Laying)
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Under 130 17.0 g/kWh 14.4 g/lkWh 3.4 g/kWh _ :

IMO NOx Tier Ill : Tentative Assent
130 ~ 2000 45.0xn(0-2 g/kWh  44.0xn(0-23) g/kWh 9xn(02) g/kWh - After 1 January 2016 (Keel Laying)
Over 2000 9.8 g/kWh 7.7 g/kWh 2.0 g/kWh
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Emission Regulations - SOx

ulfur limit-[%]
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2010 2011 2012 2013 2014 2015 2016 2017 2018 -20%95i° 2020 " 120244

Year

Sulfur Content
Regulation or Area
2010 2012 2015 2020
. Residual Fuel (IFO380 or LS380
Global Limit 45% 35% 0.5% esidual Fuel ( of )
IMO ECA 1.5% 1.0 % (after 2010.07) [ Distillate Fuel (MGO)
EU Port 0.1%

DSM DAEWOO SHIPBUILDING &
MARINE ENGINEERING CO.,LTD.
R —




Emission Regulations 1 CO,

MEPC57 MEPC58 MEPC59 MEPC61

GHG- GHG-
MEPCG60
WG1 WG2

MEPC40 MEPC53 MEPC62

Sep. Dec. Jun. Mar. Jun. Oct. Feb. Jul. Mar. Sep. Jul.
1997 H 2003 2005 J| 2008 2008 2008 2009 2009 2010 2010 2011

Resolution 8 MEPC/Circ. _
471 EEOI MEPC/Circ.681 17 EEDI Cal.

of 1997 : ’ HOPHOTTC - .
Conference MEPC/Circ.682 1 EEDI Veri. VI Amendment new Ch.4 on
of MARPOL MEPC/Circ.6831 SEEMP CO2 emission control (EEDI
73/78 MEPC/Circ.684 1 EEOI and SEEMP)

Res.A.963(23)

IMO Policies and Draft Regulatory Text as
Practices on MARPOL Annex VI
GHG emissions Amendments

from ships

DSME DAEWOO SHIPBUILDING &
MARINE ENGINEERING CO.,LTD.
~—



Emission Regulations 1 CO,

: X
@ Reduction rate z(l—m)x reference — line

1) [2013. 1. 1 ~ 2014. 12. 31] X = [0 or n/a]
2 2) [2015.1. 1 ~ 2019. 12. 31] X = [0 ~ 10]
3) [2020. 1. 1 ~ 2024. 12. 31] X = [0 ~ 20]
4) [2025. 1. 1 ~ 2029. 12. 31] X = [0 ~ 30]

CcO

Capacity
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Emission Regulations 1 CO,

EEDI (Enerqy Efficiency Design Index) i Technical Requlation
Design Specific

. : : WES R Energy saving device
Main engine Aux. engine ;
recovery system & design

Capacity factor

Weather factor(wave, wind)

Correction factor

(by ship type) Transportation capacity & speed

Goal of EEDI If using LNG as ship fuel,
A Mitigate CO, emissions ” Reducing CO, emission of
A Increase cargo carrying capacity Main engine & Aux. engine
A Enhance speed performance % Reducing EEDI
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Emission Regulations 1 CO,

EEOI (Energy Efficiency Operational Indicator) i Operational Requlation
Voyage Specific

Carbon content of fuel

(Z FC x Ccarbonj +(Z FC x CcarbonJ +(Z FCx Ccabe’J toe
FuelTypé FuelTyp2

_ i=1 .\ i=1 i=1 FuelTyBe

Fuel consumption zmcargo.i xDe Distance of voyage
i=1

Transportation capacity

Effect of slow steaming

Slow sieaming &s 70 % of design speed

100 % Service Speed o % Reducing fuel consumptions down to
abt. 30 %

» Reducing EEOI

70 % Service Speed 30% MCR
50 % Service Speed 15% MCR

Service speed = guarantee speed at NCR with 15% sea margin

e

DSME DAEWOO SHIPBUILDING &
~— MARINE ENGINEERING CO.,LTD.



Emission Regulations

Ballast Water Treatment System (BWTS)

IMO Reg. B-3 Ballast Water Management for Ships
Rule Capa. of WBT (m3)

Keel laying

I Unwanted Organism

Exist. Ship B-3.1.2 Above 5000 m® Before| 609 D-1 or D-2 D-2
5000 m* ®9i 611 D-10r D-2 D-2
New Ship B-3.2.2 -
and above Af ter (612 D-1 or D-2 D-2

Note. 1. D-1: Exchange Standard, D-2: Performance Standard (BWTS)

2. The international convention for the control and management of ship ballast water and sediment, 2004 will enter into force 12 months after
ratification by 30 states, representing 35% of world merchant shipping tonnage. To date, there are 28 States that represent 26.4% of the

world merchant shipping tonnage (Apr. 2011).

List of BWTS which received Type Approval Certification by their respective Administrations

Supplier Technology IMO Final Approval Administration
Alfa Laval Filter + UV + TiO, Yes Norway
Hyde Marine Filter + UV Not Applicable USA
Panasia Filter + UV Yes Korea
OptiMarin Filter + UV Not Applicable Norway
OceanSaver Filter + Electrolysis + Deoxygenation + Cavitation Yes Norway
Techcross No Filter + Electrolysis Yes Korea
Hamann HG Filter + Hydrocyclone + Electrolysis Yes Germany
NK No Filter + Ozonation Yes Korea
NEI Treatment System No Filter + Deoxygenation + Cavitation Not Applicable Liberia/Marshall
Hitachi Coagulation + Magnetic separion + Filter Yes Japan
é é
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Future Needs

More Economic
ARapid & continuous increase of oil price

Higher Performance
AMarket wants a BIGGER & SAFER vessel

Now 18,000,

How big in near future? Pirate attack in gulf of aden

DSME DAEWOO SHIPBUILDING &
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~—

More Environmental Friendly
ALegislation intensified

Air emission limitation
2006 2008 2010 2012 2014 2016 2018 2020

Marine CO, cap / IMO Energy Efficiency Operational Index

® Foreseen, not yet in place

Higher Operating Flexibility
ACargo type/amount variation
due to rapid economic change

Recessions and the SP 500

Probabllity of Recessions. Official NBER Recessions. and SP 500 Performance
D T ———
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EX) Trends in Containership Design

Overview of Dimension Parameter

Series 0 1 2 3 4 5 6 7 8 9 10

B L LOA 260.0 275.0 300.0 315.0 330.0 345.0 365.0 380.0 395.0 410.0 425.0

LPP 2496 264.0 288.0 3024 316.8 3312 350.4 364.8 379.2 3936 408.0

Series | Breadth | ROW & BAY(DECK) 16 17 18 19 20 21 22 23 24 25 26
Td 12.0 12.0 125 130 13.0 135 14.0 145 145 145 145
q _—. 13 |t 17668.8 19177.8 218115 23462.9 25167.8 26926.1 293535 312365 331728 35162.5 372057
: DISPt 68211.0 721463 81984.4 89527.0 93790.2 101824.6 111717.4 120462.4 1252175 129972.6 134727.7
14T HOMO 3610 3783 4298 4719 4902 5350 5883 6373 6575 6772 6966
Td 125 125 125 130 130 135 14.0 145 145 145 145
1 349 10 [T 19150.4 207859 236404 254303 272782 291839 31814.9 33855.7 35954.3 381109 403254
: DISPt 770110 81454.0 88858.9 97033.9 101654.6 110362.7 121085.0 130563.3 135717.1 1408710 146024.8
14T HOMO 4133 4333 4658 5115 5313 5798 6376 6908 7126 7340 7550
Td 125 125 125 13.0 13.0 135 14.0 145 145 145 145
) 376 15 [T 206319 22394.0 25469.3 27397.7 293885 314416 34276.2 36474.9 387359 410593 43445.1
: DISPt 809453 85615.2 93398.4 101991.1 106847.8 116000.8 127270.9 1372334 142650.5 148067.6 153484.7
14T HOMO 4308 4516 4852 5328 5533 6040 6642 7197 7422 7643 7860
Td 125 125 125 130 130 135 14.0 145 145 145 145
3 203 16 [T 221134 24002.0 272983 29365.1 31498.8 33699.4 367375 39094.1 415175 44007.8 46564.9
\A : DISPt 88926.8 94057.2 102607.8 112047.8 1173834 1274389 139820.3 150765.1 156716.4 162667.6 168618.9
14T HOMO 4772 5004 5379 5906 6135 6696 7363 7977 8228 8476 8718
m Td 125 125 125 130 13.0 135 14.0 145 145 145 145
5 4 430 17 [T 23595.0 25610.1 29127.2 313325 33609.2 35957.2 39198.8 417133 44299.1 469562 49684.6
: DISPt 94884.7 100358.8 109482.3 1195547 |0 a1 1350770 149187.9 160866.0 1672160 1735659 1799159
% 14T HOMO 5092 5339 5740 6302 LS | - 8511 8780 9044 9302
o Td 125 125 125 1 10| Optl: Lengthening s 145 145 145
o 5 457 15 [T 250765 272182 30956.1 33269.9 3571 L/B=7.1 443325 470806 49904.6 52804.3
&) ‘ DISPt 1008425 1066604 ™~ 15 570616 1331121 I 71000 585555 70966.9 1777156 184464.3 191213.0
o 14T HOMO 5412 5674 |L———__J 6697 5957 8350 9045 9331 9611 9886
(&) Td 125 125 1 130 13.0 135 14.0 145 145 145 145
. o 1o |wT 26558.1 28826.3 32765.0 35267.3 37829.9 40472.7 441215 46951.7 49862.2 52853.0 55924.1
: DISPt 106800.4 112962.0 | 00 H—4s6¢501 5000 1530532 [ 57| 1810678 [ 1882152 1953626 | 2025100
14T HOMO 5732 6010 7do3 8041 9580 9882 10179 10470
Td 125 1 125 .0 13.0 135 14.0 145 0,45 145 145
; 511 0 |IWT 28039.6 304843 346139 372347 39940.2 427305 46582.8 495709 \’70@ 55801 4 59043.8
: DISPt 1127583 | 49263 Opt2: Widening B4 1488409 1615013 [[71 1000 1011687 108N/ 2062609 | 213807.1
14T HOMO 6051 2 IB=6.5 89 7779 8490 [L———ood 10114 1043\’0,)\0747 11055
Td 12 —O-. B.o 130 135 14.0 145 145 VY NG 145
8 38 o [wWT 2 > 32042.4 36442.8 39202.1 42050.6 44988.3 49044.1 52190.1 554253 | S 48 62163.5
: DISPt 2 125565.2 136980.2 149582.4 156705.3 170129.4 186658.3 201269.5 217159.2 225104.1

2 16000

14T HOMO,” « &0 6371 6680 7181 7884 8190 8939 9830 10649 [L——— 1 11315 11639
Td -\(,'b 125 125 125 130 13.0 135 14.0 145 145 145 145
0 565 . | e’(\" 31002.7 336505 382717 411695 44160.9 472461 515054 54809.3 58206.9 61698.2 65283.3
: \6 124674.0 131866.8 143854.7 157089.3 164569.7 17R667.5 196025.9 2113704 2197140 | 2280576 | 2364011
1 MO 6691 7015 7542 8280 8601 | [/ J‘\W 10323 11183 11536 11883 12223
Td 125 125 125 13.0 13.0 &) 14.0 145 145 145 145
10 592 b |WT 324843 35258.6 401007 43136.9 462713 4967 o 539668 574285 60988.5 64646.6 68403.0
’ DISPt 130631.9 138168.4 150729.1 164596.2 172434.1 16720558,  Nq935 22147113 [ 19000 []_2889559 | 2476982
14T HOMO 7011 7351 7902 8676 9012 9836 |\ /.\Q 11717 |-—vod 12451 12807
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Innovative Technology Keywords

More Economic More Environmental Friendly
Lower hull ‘ Switching to £ T = '
- e ‘
resistance \ more environmental | : ‘%’ 5%?
P—— friend fuel b— ST T
Higher power train
efficiency W2 e
_ Emission
Slow ng‘ge reduction device
streamlng Speed history
Higher Performance Higher Operating Flexibility
Optimum vessel CARGO

design

( speed, size etc. ) multi purpose

Higher safety

Less maintenance
(crew , system etc. )
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DSME Econology Plan

Econology = Ecology + Economy + Technology

High Performance Ship Design Green Enhanced Design

AOptimum Dimensions Fuel(= CO,) Saving Max. (EEDI)
AExcellent Speed Performance

AMaximum Capacity (DWT, VOL)

ACompetitive FOC
ASafety Less Maintenance

Efficient Operation (EEOI)

Emission Reduction

New Requirements of
Conventional Design Goals Environmental Associations
& Shipping Industry

- _____—

Hi-Performance & Environment Friendly Ship

DSM DAEWOO SHIPBUILDING &
MARINE ENGINEERING CO.,LTD.



DSME Econology Plan

DSM,

FEEL 389
30% cz.. (»
800/0 Bl ‘
900/0 it “

D
o
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Build Econology

Energy Material Operation Cigtouger

Non-Corrosive Material
Environment Friendly Painting Material
Consideration of Ship Recycling Convention

e Lo pn B

IDSMIE BUILD ECONOLOGY
EE—————

Device

Shaft Generator Optimized Hull Form Design

Pre-Swirl Stator (PSS) Protective Piping Arrangement
Ducted PSS

Rudder Bulb Fin High Efficiency Propeller Design

Ballast Water Treatment System (BWTS) Optimized Main Engine Selection and De-rating

Waste Heat Recovery System (WHRS) Enhanced Hull Structure
Electric Driven Deck Machinery
NOx Reduction Device
SOx Reduction Device Bulbous Bow Optimization

Air Cavity System (ACS)
VOC Reduction Device
Grey Water Treatment System
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Econology for DSME 18,000 TEU Containership

Home

et Do | |[Redosa @ | e < | e ]
. . P — 7 T
Superior performance and efficiency : e o ‘
Protective design U N— |
against cavitation il KN RNy =
| N[ om o 3
T P et Chord | Camber

High Efficiency  [isosmnmae e e
Propeller design e

&3 e Birrarverars. Optimization for wide operating range
in draft, trim and speed

Bulbous Bow optimization
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