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Pollution from Ships

Tokyo Protocol (1997) g Regulations by IMO & MARPOL
MEPC(2008) d Y

Key Actions by IMO

Ship Design:
EEDI(Energy Efficiency Design Index)
Ship Operation:
SEEMP(Ship Energy Efficiency Management Plan)
EEOI(Energy Efficiency Operational Indicator)
Ship Market:
MBM(Market-Based Measure, Market-Based Mechanism)



Pollution from Ships

: . Water Ground Pollution
Air pollution : : :
pollution pollution on ship
on voyage .
on voyage on voyage recycling
SOx Waterproof olil Precipitates Paint
NOXx Bilge water Wastes Plastic
GHG* Cooling water Chemical residues  Electrical product
PM* Grey water Oil residues Sealed gas
VOC* Antifouling materials

Ballast water

Noise

*GHG (Green House Gas; CO2)

*PM (Particulate Matter)

*VOC (Volatile Organic Compound)

Chemical product

- WWW.celsias.co.nz



Pollution from Ships

Environmental Aspects and Impacts

CEC Exhaust Gases

o Sewage/ Garbage
.

\ Bilgewater
\ Anti-fouling Paint

\ Ballast Water Hazmat

Oil Spills — Operational / Accidental Source : APL (MTEC 2011)



Pollution from Ships

Ship is the most efficient transportation in view of COZ emission

emissions (grammes) to carry 1 ton of cargo 1km

Container ship (3,700 TEU) [ 12.97

Road* (heavy truck) (D 50
Air* (Boeing 747-400) (N - S 2

*Source: The Network for Transport and the Environment

used (kilowatts) to carry 1 ton of cargo 1km

Lantalingr ,.||-:.. 700 TEL .I A D

Road* (heavy truck) (I 0.18
Air* (Boeing 747-400) (S .0

*Source: The Network for Transport and the Environment



Pollution from Ships

Ship is the most efficient transportation in view of COZ emission

/ Crude

LNG

General Cargo
Chemical

Bulk

Container
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Product
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B \ * Source ; Second IMO GHG Study 2009.
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CO, efficiency

CO, efficiency = CO, / (tonne * kilometre) = Fuel consumption

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



Pollution from Ships

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

CO, emissions from ships

[million tons/year]
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2 -3 Billion ton
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>
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* Source ; Second IMO GHG Study 20089.
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Energy Saving Devices



MARPOL

MARPOL 73/78 Requlations for Prevention & Control of Pollution
from Ships

I Oill

Il Noxious liquid substances in bulk

1] Harmful substances in packaged form

IV Swages
V Garbage

VI Emissions



Emission Regulations - N
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NOx emissions [g/kWh]

o N B O

Ox

XMO Tier |,

=

Engine speed [RPM]

Under 130

130 ~ 2000

Over 2000

Tier 1 (current)

17.0 g/kWh

45.0xn¢0-2) g/lkWh

9.8 g/kWh

Tier 10
(from 2011.1.1)

14.4 g/lkWh
44.0xn¢0-23) g/kWh

7.7 g/kWh

Tier I
(from 2016.1.1)

3.4 g/lkWh
9xn0-2) g/kWh

2.0 g/kWh

- IMO Tier II, 2011 e -

= W m = l!"l-.ll ™ ﬂ-\.:: o

= IMO Tier Ill, 2016 in Emission Control Areas b

0] 200 400 (5]0]0) 800 1000 1200 1400 1600

IMO NOXx Tier Il : Adopted on MEPC 58 (2008.10)
- After 1 January 2011 (Keel Laying)

IMO NOXx Tier Il : Tentative Assent
- After 1 January 2016 (Keel Laying)




Emission Regulations - SOX
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2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Year

Regulation or Area

Global Limit
IMO ECA
EU Port

USCG (within 24NM)

Sulfur Content

2012

1.0 % (after 2010.07)

2015
Residual Fuel (IFO380 or LS380)

P Distillate Fuel (MGO)

0.1%




Emission Regulations — CO,

EEDI (Enerqy Efficiency Design Index) — Technical Requlation

Design Specific

EEDI — CO, Emissions (g /hr)
DWT x Speed (ton — knot)

. . . Waste heat Energy saving device
Main engine Aux. engine ;
recovery system & design

nPTI nWHR neff

M nME M
{(H fjj(ZCFMEi SFCyei Pue j}—'—(PAE Ceae SFC *AE)+{(H fj z Poriy = Z e (i) P (i)JCFAE SFCAE}_(Z feff(i) Pt i) Cemei SFCgi
j= i i=L i

=[g/ton—mile]

i=1 i=1

|

Correction factor

fi CapacityV, f,
Capacity factor i Weather factor(wave, wind)

Transportation capacity & speed

(by ship type)

Goal of EEDI If using LNG as ship fuel,
= Mitigate CO, emissions - Rec_jucing_ CoO, emission_ of
» Increase cargo carrying capacity Main engine & Aux. engine

» Enhance speed performance = Reducing EEDI




Emission Regulations — CO,

EEOI (Enerqgy Efficiency Operational Indicator) — Operational Reqgulation

Voyage Specific

CO, Emissions(g)
DWT x Miles (ton — knot)

EEOQI = =[g/ton—mile]

Carbon content of fuel

(Z FC xccarbon] +(Z FC xccamnj J{Z FC xcca,bonJ +
N FuelTypel i=1 FuelType?2 i=1 FuelType3
Fuel consumption chargo,i xD;e Distance of voyage
i=1

Transportation capacity

Effect of slow steaming

Slow steaming as 70 % of design speed
= Reducing fuel consumptions down to

100 % Service Speed 90% MCR
) abt. 30 %
70 % Service Speed 30% MCR
50 % Service Speed 15% MCR = Reducmg EEOI

Service speed = guarantee speed at NCR with 15% sea margin
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I Green Ship Design l




Key Words in Current Green Ship Technology

1. Technical Energy Saving and CO2 Reduction

 Hull optimization appendages
* New propulsion system
» WWaste energy recovery and renewable energy utilization

2. Slow Steaming Operation
 Lower ship speed

3. Increase Ship Capacity

* Increase DWT



CO2 Reduction Potential by Known Technology and Practices

Fuel £O2 . _
Category ) Combined | Combined
Saving
DESIGN (New ships)
Concept, speed &capability 2 ~ 50%
Hull and superstructure 2~ 20%
Power and propulsion systems 5~ 15% 10 ~ 50 %
Low-carbon fuels 5~ 15%
Renewable energy 1~ 10% 25 ~ 75 %
Exhaust gas CO2 reduction 0%
OPERATION (All ships)
Fleet management, logistics &incentives 5 ~ 50%
10 ~ 50 %
Voyage optimization 1~ 10%
Energy management 1~ 10%

* Source ; IMO 2"d GHG Study



CO, Emissions (g /hr)
DWT x Speed (ton — knot)

EEDI =

=[g/ton—mile]

: : : Waste heat Energy saving device
Main engine Aux. engine .
recovery system & design

M nME nPTI nWHR neff
{( fj ](ZCFMB SI:CMEl PMEI J}"-(PAE CFAE SFC *AE {[H f Z PPTI(|) z feff (i) PAEeff (i)]CFAE SFCAE}_[Z feﬁ(i) I:)ef‘f(i) CFMEi SI:CMEi
=1 ° i i=1 i=1

|

Correction factor ; ;
Transportation capacity & speed

i
fi CapacityV, f,,
Capacity factor i Weather factor(wave, wind)

(by ship type)

CO,from propulstion + CO, from Auxiliaries - Efficient use of energy
f.-(DWT)-(ship speed)- f

EEDI=




EEDI Reduction

Propulsion power
reduction Reduction of aux Clean energy and
Lower resistance mechanisms power recovery
Hull form optimization Reduce hotel load Waste Heat Recovery(WHR)
Course Optimization HVAC Wind power, e.g. Sails,
Propulsion efficiency Lighting Kite, Flettner rotors
Energy saving appendages Aux machinery efficiency Solar power
Propulsion machinery efficiency Fuels with less carbon CO2 capturing
Fuels with less carbon, e.g. LNG

<L _ > o N >
CO,from propulstion + CO, from Auxiliaries - Efficient use of energy
f. - (DWT)-(ship speed)- f,

afiy

'Increase capacity
Higher speed with same power
Speed reduction
Reduce ship weight
Lighter material
Larger ship and/or payload
Structural optimization

EEDI=




Key Strategy of EEDI Reduction
Speed reduction, Increased Capacity, Improved technology

A EEDI Reference Line (IMO)
(Average, ordinary ship)
DWT increase (a)
1
> :
&) e e Speed Reduction (b)
B 838 S
"E
J ~ . l( echnologies (C)
—— .
— [ J— . i
Modified Ship ) -

Deadweight



EEDI Reduction Requirement by IMO

T Over 20K 0 10 20 30
u
10K-20K N/A 0-10 0-20 0-30
Over 10K 0 10 20 30
Gas Tanker
2K-10K N/A 0-10 0-20 0-30
Over 20K 0 10 20 30
Tanker
4K-20K N/A 0-10 0-20 0-30
_ _ Over 15K 0 10 20 30
Containership
3K-15K N/A 0-10 0-20 0-30
General Cargo Over 15K 0 10 15 30
Ship 3K-15K N/A 0-10 0-15 0-30
Refrigerated Over 5K 0 10 15 30
Cargo Ship 3K-5K N/A 0-10 0-15 0-30
Combination Over 20K 0 10 20 30
Carrier 4L-20K N/A 0-10 0-20 0-30
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Green Ship Design Based on EEDI Evaluation

Estimated Time-Scale for Realization of Energy Efficiency Measures

% reduction in CO, emissions/tonne-mile with
respect to 2008 baseline

2010 2015 2020 2030 2050
10 25 30 30 30
Technical = 5 10 20 30
measures#
(excluding fuels)

* new & existing ships # newbuildings
Source: IMO — MEPC 58 /Info 14

We need quick action in ship operation. Technology development
requires longer-term activity.



Green Ship Design Based on EEDI Evaluatio

Expected CO2 Reduction in Different Methods

Energy

Design

Device

Material

Operation

LNG Fueled Propulsion

Optimized Hull Form Design
High Efficiency Propeller Design 2~3%

Bulbous Bow Optimization

Shaft Generator 1%

Pre-Swirl Stator (PSS), Ducted PSS, Rudder Bulb Fin 3~6%
Waste Heat Recovery System (WHRS) 3~4%

NOx Reduction Device, SOx Reduction Device

Air Cavity System, Micro Bubble

Advanced A/F Paint

Trim Optimization

Optimum Weather Routing




Green Ship Design Based on EEDI Evaluation

Resistance Components of Commercial Ships

Components % in calm water

Wave resistance 5~30% Increases in actual sea
# condition: 10~50%

Air (wind) drag 1~5%

( L ) Effective, but hard to
Frictional drag 60~80% =) reduce

S ————————————
__ M Hull design optimization

Form drag 10~30%
Strategy should be different for different ship types.




Green Ship Design Based on EEDI Evaluation

Strateqy Example: VLCC (15kt) and Containership (22.5 kt)

(N. Sasaki, NMRI)

70.0% 1
60.0%
50.0% 1~
40.0% -~

300% 7 A2 L

200% ¥ il
” e .
10.0% -+~ P 'ﬂ, VLCC
i ~  Container
0.0% - : ’

Wave 3 Viscous{F) %  Viscous(P)%  addedwawve  wind{BFE) %
(BFiB) %

. GHG emission reduction strategy for Container
\ '

& GHG emission reduction strategy for Tanker



Green Ship Design Based on EEDI Evaluation

Hull form design to reduced added resistance

« Added resistance is a key parameter in power reduction in waves.
« Optimum hull form design is needed in the viewpoint of added
resistance.

F=180deg.

Ordinary bow

Model ship of Ax-bow

(By courtesy of K. Matsumoto,
Universal Shipbuilding Corporation, Japan) A dded resistance coefficient




Green Ship Design Based on EEDI Evaluation

Ship Design Procedure based on EEDI Concept

Ship Design EEDI Verification

!

Modification Calculate EEDI

Certificate
: ﬁ
Manufacturing
Operation
\
Sera Trial

Acceptance Criteria: Required EEDI



Green Ship Design Based on EEDI Evaluation

Strategy of Operation (e.q. LIloyd’s Reqgister)

Lloyd's Register Strategic Research 2011

Mane-acale eoat of material en enging surfaces

Dependant on initial state of lubrication methagds p -
/_)/Dperatlnnal Strategies

Catalysts
11%

=

Water emulsion fusls

40
= A0
fi
Engine lubricants
15% m‘;_:
T
Fuel addifives
2%
Huill cleaning
10% Y .'il )

| E

Hull surface coatings
L

10%

=
Slow Steaming

Port turn-around time

Optimum kerthing / virtual arn

Vaoyage cptimisation
33%

=

Weather routing
10%

NErdy saving awareness




Green Ship Design Based on EEDI Evaluation

Effects of Slow Steaming

Effect of Slow Steaming on

ratio  Fuel Consumption/mile (m_nxﬁuffg,:r )
s o0rs. /"
1 S
T RO | s bie it pei L
0.8 J0%Power
”
0.7 | |Engine Ouiput incl.- .~ -,
seq margin . ey
0.6 1--~=-~ W ---+--—--tk _,f-'\ ----- f—= Sl
- * Engine Output-without sea margin
0.5 mp e - S—_— -
s L a1 . . Ship Speed(kts)
15 16 17 18 19 20 21 22 23 24

Container Ship

Source: N. Sasaki (NMRI)



Green Ship Design Based on EEDI Evaluation

Effects of Slow Steaming

EEDI o Speed™’

Speed
exponent N
vknots] Containership case: H.O.H.Kristensen (2010) 50 | | | ‘
28 .
Power = constant x V7| 5045
' | TEU
24 45 /
Ilapede i ) 50g0
20 e = 1 u /
J o RO 4.0 4
o EAR sogd
16 T H
I:. ‘1;. ' / /
A = . - a5 r/ // Py
12 i~ Lpp <= 95 m: V=14 + (Lpp-95)0.016 | /// ﬁ
95m < Lpp < 340 m* V=4 + 0.1216 Lpp - 0.00017 Lpp ///f/
Lpp => 340 m: V=257kn — | ——
" | 30 ==
50 100 150 200 250 300 350 400 20 21 22 23 24 25 26 o7
Length pp [m] Speed V [knots]

Reduction of 3 knots will reduce about 20~30% of EEDI and
40~50% of FOC.



Green Ship Design Based on EEDI Evaluation

Generation of Containerships

Generation | Length TEU Category
. ~200m ~800 ' -
(1956~1970) T
(~1380) ~215m ~2,500 | M-S—
(~1388) ~290m ~4,000 TE——— Panamax Class
(~2300) ~305m ~5,000 ——— Post Panamax Class
(~2205) ~335m ~8,000 resssssns P 0 St Panmax Plus Class
(~2210) ~400m ~14,500 - — New Panamax
(2011~) ~440m ? | ~20,0007? , Ultra Large




Green Ship Design Based on EEDI Evaluation

Trend of Ship Size

Delivered in 2000~2008 (2003 is missed)
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Green Ship Design Based on EEDI Evaluation

A New Breakthrough of Capacity

http://en.wikipedia.org/wiki/Container_ship#cite_note-unctad56-45

Largest ships [edit]

Wain article: List of largest container ships
Ten largest container ship classes, listed by TEU capacity

Economies of scale have dictated an upward trend in sizes of cantainer ships in order to reduce costs. However, there are leitatinn resden]
ceﬂamlllml.t?tlons to the.5|ze of container ships. F‘rlmgrlly, these are the aval.lahlllty of sufficiently large main fenglne.s and T s Hame asS | imum TEU| Sources
the availability of a sufficient number of ports and terminals prepared and equipped to handle ultra-large container ships. size
Furthermore, the permissible maximum ship dimensions in some of the world's main waterways could present an upper 2006 | Erma Mazrsik & 1520015 550 | (1281661571
limit in terms of vessel growth, This primarily concerns the Suez Canal and the Singapore Strait. -
2008 | MEC Danit 7 14,000 [58][59]

I;112EIDB th.e South Korean shipbuilder ST announced plans to cnnstruct?z container ship capable of.carrylr?g 22 000 TEU, e 7 14,000 -
1] and with a proposed length of 430 metres and a beam of GO metres.[™?] If constructed, the container ship would become

i X (73] 2008 | CMA CEM Thalgssa |2 10,960 1]
the largest seagaing wessel in the warld.
Since even very large container ships are vessels with relatively low draft compared to large tankers and bulk carriers, there 2005 Guerun Masrsk B 10,130 [zl
is still considerable room for vessel growth. Compared to today's largest container ships, Maersk Line's 15 200 TELU Emma (2002) Clementing Maersk |7 9,600 [3][54]
aarsk-type series, a 20, 000 TEU container ship would only be moderately larger in terms of exterior dimensions. 2006 | COSCO Guangrhoy |5 9,500 511561
According to a 2011 estimate, an ultra-large cggt:gﬂer ship of 20,250 TEl._J would measure 44Elm.x 59m, compared to . 006 | cna Comt medes 14 9415 T
397.71 % 56.40m far the Erwma Mazrsk class T 1t would have an estimated deadweight of circa 220,000 tons. YWhile
such a vessel might be near the upper limit for a Suez Canal passage, the so-called Malaccarmax concept(for Straits of AT PRl LA E Sl [
Malacca) does not apply for container ships, since the Malacca and Singapore Straits’ draft limit of about 21 metres is still  |2006| AYE ega 3 9,200 7ol

above that of any conceivable container ship design. In 2011, Maersk announced plans ta build a new "Triple E" family of

containerships with a capacity of 18 000TEU, with an emphasis on lower fuel consumption.[?sl

In the present market situation, main engines will not be as much of a limiting factor for vessel growth either. The steadily rising cost of fuel oil has prompted most container lines to
adapt a slower, more economical voyage speed, of about 21 knots, compared to earlier top speeds of 25 or mare knots. Subsequently, new-built container ships can be fitted with a
smaller main engine. Engine types fitted to today's ships of 14 000 TEU are thus sufficiently large to propel future vessels of 20,000 TEL or more. Maersk Line, the world's largest
container shipping line, nevertheless opted for twin engines (two smaller engines working to separate propellers), when ordering a series of ten 18,000 TEU vessels fram Daewoo
Shipbuilding in February 2011.17% The ships will be delivered between 2013 and 2014,

Maersk Line ordered a series of ten 18,000 TEU vessels to Daewoo
Shipbuilding in February 2011.



Green Ship Design Based on EEDI Evaluation

Youtube:
Maersk Line Triple-E Smarter design, with room for 18,000 containers

MAERSK

DSME

DAEWO: HPELNLDY
MARINE ENGINEERING CO.LTD.




BEedreShlpddesign Based on EEDI Evaluation

Green Ship EEDI Reduce Plan: Example of DSME

Dimension ( pr XxB x DxTdx Ts x Cb ) A EEDI Reference Line (IMO)
320 x 60 x 30.5 x 21 x 22.5 x 0.82
Base Design (112 %)
DWT (Ts) : 319,600 MT _| 2254
L S70)
Vs (Serv.) 16.2 => 15.9 Kts - Case 2 (94.0 %)
DFOC : 101.6 => 94.9 MT/day
Case 3 (73.0 %) >
Case 3) LFS design to be developed further Deadweight
Parameter Base Design Improved (Case 1) Improved (Case 2) Improved (Case 3)
7S80MC-C8.2 €« €« 7S80ME-C8.2-Gl
Applied Econologies N/A(derated) 10 % derated 10 % derated 10 % Derated
PSS PSS PSS + WHRS(1200kW) PSS + LFS*
Prop Dia. 10.0 m €« €« €«
MCR (kW) x RPM 29,260 kW x 78.0 26,330 kW x 75.3 €« €«
EEDI speed (knots) 15.9 15.5 €« €«
SFOC at 75% MCR (g/kWh) 168.1 166.1 168.1 141.2
CO2 Emission (g/h) 12,075,373 10,757,969 10,166,380 8,182,817
EEDI (g/ton-mile) 2.515 2.241 2.115 1.646
EEDI/Reference line (%) 112 % 99.4 % 94.0 % 73.0%

* LFS ; LNG Fueled Ship
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Energy Saving Devices

1% Choice is dependent
on ship type, cost,
available space, etc.

3~6%
der Bulb Fin
Performance is
dependent on ship
type, operation
condition, device

m, Micro Bubble 7~10% type, etc.

overy System (WHRS) 3~4%

Higher FOC Performance, but Higher Ship Cost



Energy Saving Devices

Shaft Generator WHRS

shaft motor / shaft generator SIEMENS
systems (PTUPTO systems)

Exhaust
by-pass

WHR |
Boiler

Integration

.-.-l-—-"'-

i

: ISHIPC!® Boo
- haft Gener

Slemans Propery [ Copyrignt

Shaft generator and WHRS of Siemens



Energy Saving Devices

Micro Bubble Injection

* Producing thin layer of bubbles

 Drag reduction by air bubbles

 The film of air generated by air
Injection on ship surface covered
with very water repellent layer

Reduction of viscous
frictional drag



http://www.naiades.info/innovations/index.php5/File:Air_layer_1.JPG�

Energy Saving Devices

Air Cavity System

ACS by DK Group
How ACS Works

Compressed air is pum
th hhnlnlnlhfh-u&.;ndm

e Potential up to 15 % CO2
© moaiisdispersedio reduction
* Pressured air injection on
ship bottom
 Air pressure injection
requires some additional
power (1~3%), but
significant drag reduction is
expected.
» Pay-back time 2-4 years




Energy Saving Devices

Contra/Counter Rotating Propeller (CRP)

* Recovery of rotating
energy loss originated
by a propeller through
the use of a contra
rotating propeller

 Improves propulsion
efficiency by10% to15%

* Reduces cavitation

» Benefits mainly at
cruising speeds

« Complicated design
and higher costs

© KAMOME PROPELLER © Mitsubishi Heavy Industry



Energy Saving Devices

Hull appendages

 Typical concepts to increase propulsion efficiency
- Making uniform stern flow
- Reducing rotating energy loss
- Generating more thrust by appendage
 Improves propulsion efficiency by 3% to 5%

Pre-Swirl Stator (Daewoo Shipbuilding SAVER Fin (Samsung Heavy Industry)
& Marine Engineering)



Energy Saving Devices

Hull appendages

Thrust fin (Hyundai Heavy Industry)




Energy Saving Devices

Duct Propeller

» Thrust gain by duct
* Increase propeller efficiency by making

s
. e Gl stern flow uniform
IL /| \"H::ml” « Many variations in application
IE&Q\;\ pae « Improves propulsion efficiency by 3% to
s o 8%

Imprevement of Aow fizld at propeller plane

SSD SDS SILD Mewis duct
(Super Stream Duct) (Semi-circular Duct  (Sumitomo Integrated
System) Lammeneren Duct)



Energy Saving Devices

Typical Energy Saving Devices: Their Efficiency

Duct

Recovery of viscous resistance loss

Recovery of propulser energyv

Source :N. Sasaki (NMRI)



Energy Saving Devices

Clean Energy Devices: Skysalil

» Kite operated in 100~500m height
» Expect 10~30% fuel reduction

CGIANT KITE WILL PULL SHIP ACROSS ATLANTIC

The sl firsf commemerriad
yusgumgr frown Careraamy o Fmemnedss, Ther oleatgrrs of e comsgrntee-guisknd bite sy o ooubi

Uyl Ll W b leming e eupmvales b A B00Rg teger
| Farwhedl |0l 5000 prgfli-onl LAY - eevedrase

whaps poeratry b for greater bartion

¥ Cruss-seciion

sy whips prseered puret vl by e vte 1 mwekivimg e meihen
i

Cawity inflited bry wisd = l:_
¥ Comired corthy
1 Cantvil past: Ralissatecally g ke \
i it il v D, Pl e g il .-
Wl e - By el LT LR
il M5 Briwga ShySal; 10,500 ey
= »

SkySails-Antriek

Ship with Skysails



Energy Saving Devices

Clean Energy Devices: Solar Power

AURIGA LEADER 'I._

NYK Ship with solar cell

Concept design of
AguaSailor with solar sail



Energy Saving Devices

Strateqgy: e.q. Lloyd’s Reqgister

Propulsion Devices

*Applicable to RoRo and Ferry

Propeller monitoring and
maintenance
B%

*Reduction of fuel consumption
when vessel operates at vari
loads

Pulling thrusters
16%

Propulsion efficiency
Contra Rotafing propellers "-,IHI manitoring
2%

B%
_'_,—I—'_'_|
|
|'| Fropelier — nudder
| combinations
{ 2%
f

Mozzles

Wing thrusters
3%

15%
&=

Winglets
5%

Boss cap fin
5%

=Applicable to RoRo and Ferry

sAzimuth pods - spread of loads
on 3 propellers

e

LIFE MATTERS



Energy Saving Devices

Alternative Fuel/Energy for Ships: LNG as fuel

2008 dollars per million Btu

 Strong candidate for future
propulsion engine

* Duel fuel: Diesel + LNG (ME- 20
Gl)

 Relatively cheap cost

« 15~25% Reduction of CO2

« Dramatic reduction of Nox,
Sox, and air dust pollution

* e.g. 14,000TEU containership
=> 14M$/year reduction of fuel
cost (DSME)

25

LT | ] ] I I ¥ ] ] I 1
1990 1995 2000 2005 2010 2015 2020 2025 2030 2035

Ref. U.S. Energy Information Administration (ElA)




Energy Saving Devices

Alternative Fuel/Energy for Ships: Electric & Nuclear

Hybrid electric-diesel system, fuel * No air pollution

cell, pod propulsion system » 3-4 year operation with one supply
Excellent performance for noise » Low fuel cost

and vibration ( 1g uranium = 2 ton crude oil)
Good performance for constant * No heavy duct system or large
thrust power and controllability space for fuel

Flexible arrangement « Critical environmental problem in
Heavy machinery system failure case

Lower shaft transmission » Heavy safety system

efficiency (about 7~8% less than * Very high ship cost

other system) « Complicated system and many

operators



http://en.wikipedia.org/wiki/File:50_Let_Pobedy.jpg�

Energy Saving Devices

More Emerging Technology

« Hull Painting and Ultrasonic Hull-Surface Coating
* Bio-diesel

 FOC Reduction by Path Optimization

* Fuel Machinery System Optimization

 Structural Material

* Optimum Ship Structural Design

...... (many more)
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Ship price 1‘ Operation Cost l,

Which will be more ?




DSME Econology Plan

Econology = Ecology + Economy + Technology

High Performance Ship Design Green Enhanced Design

= Optimum Dimensions Fuel(= CO,) Saving Max. (EEDI)
= Excellent Speed Performance

» Maximum Capacity (DWT, VOL)

= Competitive FOC
= Safety Less Maintenance

Efficient Operation (EEOI)

Emission Reduction

New Requirements of
Conventional Design Goals Environmental Associations
& Shipping Industry

Hi-Performance & Environment Friendly Ship

-



APL’s Concept

APL’s Concept for Environmental Friendly Ship

Building environmentally friendly ships of the
future...

=

Twof{l) Tier Lashing Bridas Design

Mew Comtainer fire
fighting system

S waler mist _ﬁrg_—figl]t:l'ﬁg
system for Engines

Silicon Paint
Environmantal
friendly paint

Tunnel Guide sl Full Spade Ruddar

minimize the e .; A Suparior performance
additional hull g Ul il | and afficiency,
resistance and the e T - Protective design
loss of thruster Environmental Protection 12K Man BAW Main Enaine against cavitation
i d Double hull protected fuel  L2r@est and most modern engine in the
oll tanks world with high fuel efficiency and low
emmission.

—
B APL

Source :Poh (MTEC 2011)



Super Eco Ship by Japan

Super Eco Ship 2030 (NYK, Japan)

™~ ™

<
Solar power Wind power Reduced power Wiﬁfresistance
2% 4 % for ship use 2 % 1%
e 2 [E
Pmpulsmn ' ' — Hull form

efficiency 5% "-r-'-h'--_'-..._ optimization 2 %

A el
. N

Superconductivity Weight savings Hull friction Fuel cells
2% 9 % 10 % 32 %

We need to consider all the aspects for green ship.



Global Maritime Activity for GHS Reductiop

Some green innovative programs are already underway at
ports around the globe to reduce their carbon footprint

Cleaner fuel (Ultra low
sulphur fuel) & energy

efficient engine Green lease agreement,

Renewable source of power green building standards for
Es| to port facilities as solar, wind new construction
energy system
(Environmental L
Ship Index)
. . 5 ==
LMNG, hybrd incl. hydrogen fuel cell,
Shore-side power / CNG, elecfric cargo handling IModal shift from
“cold ironing” equipment & trucks trucks to coastal
LNG, hybrid incl. hyd e shipping and train
Smart arid , rd incl. hydrogen fue
appiicationgin port cell, CNG, nautical services Carbon, capture and

(tugboats, pilot, etc) storage

The mitigation measures can be accomplished with the help of a regulatory

and political framework promoting such innovation into an industry

Trends of Sneen issues and impact an Shioo'eg and For:
Thursday, O7 Apdl 2011
s SLANALING WISKE 5

€ Det Worsae Verlas AE. & rights resenved

Source : Svensen (MTEC 2011)



Environment Friendly

Economical Operation

Through Green Ship Technologies
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