Pax and Ro/Pax Misc. B

6 8 ScandiNAOS AB
1% 1%

Other General cargo
87
9%

Carcarriers

3 Roro
0% ]

1%

Chemical tankers

Gas tanker 10
25 1%

3%



Comparison between transport modes
Global emissions

T 1000 B B Road Traffic [ Aviaton [ Shipping —
% 178 222 207 5
) 100+
(@]
E
e 104 ks 65 6.0
A=
a 2.2 2.1 1.7
= 14 ~0.71
L
©
=
0.1
<

0.01. . . 0,001 .

CO, NO, SO, PM10 Fuel Consumption

Eyring et al., J Geophys Res 110 (2005)

Erik Fridell, 070927
erik.fridell@ivl.se
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Category

Dry Cargo.
Dry bulk

Gen.cargo
Comb.carr.
Total

Liquid.
Chem/dest.
Chem.
Crude
Total

Liner.
Container
Ro/pax
Ro/ro
Reefer
Total

Misc.
Fiskeftg.etc.
Off shore

Bunker.ftg
Total

No of ships

7002
13600
110
20712

1649
1195
1945
4789

3991

3759

2131

2132
12013

11902
4326
1723
17951

tdw

million ton

366.7
75
5.8

447.5

21.8
6.2
150.8
178.8

113.3
30.2
38.2
9.1

190.8

16.8
10.7
15.6
43.1

consumption
HFO+MDO million
ton

55.8
27.2
0.7
83.7

10
54
43.8
59.2

104
39.6
12.2
18.9

174.7

17.7
24
4.2

45.9

Marindagen 2009 - Clean and efficient maritime transportation
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emission CO2

million ton

168.8
82.7
24

253.9

30.5
16.3
132.3
179.1

314.5
120.5
574
37.1
529.5

54.5
73.4
12.8
140.7

ScandiNAOS AB



CO, Emissions per Unit Load

by Transport Mode

Large Tanker ﬂ’# ' 1

Large Containership

o
Railway @ h 6
&'y

Coastal Carrier

Standard-size
Commercial Truck

Small-size
Commercial Truck

Airplane 398
0 100 200 300 400
Units Relative
Hourca: Minlstry of Land, Infraseructure and Transpesr {dapan): The Sure ey on Transport Enargy 2001/ 2502

KSL {Jdapan): EBrelrommental and Soclal Pepor 20064
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Energy consumption expressed as kWh/TEU. B

Super Post .
Panamax Post Panamax Panamax S¢andiNAOS AB
Capacity 3.300 teu 6.900 teu 13.000 teu
Speed 24 knots 24 knots 24 knots
CSR 27.000 kW 46.000 kW 68.000 kW

Assuming a distance between Goteborg to Shanghai via Suez of 12.500 Nm, the steaming
time with 24 knots is 520 hrs.

Consumed

energy 14 milj kWh 23milj kWh 35 milj kWh
45% of teu

capacity 1.485 teu 3.105 teu 5.850 teu
Consumed

energy/teu 9.400 kWh/teu 7.400 kWh/teu 5.980 kWh/teu
95% of teu

capacity 3.300 teu 6.555 teu 12.350 teu
Consumed

energy/teu 4.465 kWh/teu 3.500 kWh/teu 2.800 kWh/teu

Marindagen 2009 - Clean and efficient maritime transportation
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ScandiNAOS AB

Fuel Consumption Reduction

Hydrodynamic

— Hull

— Propeller

— Other fuel saving measures

Mechanical

— Main engine
System integration
Energy recovery

Marindagen 2009 - Clean and efficient maritime transportation
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Fuel Consumption Reduction X\

ScandiNAOS AB

Hullform

W04M117A2
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Fuel Consumption Reduction

Hullform
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ScandiNAOS AB
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RT [kN]

Fuel Consumption Reduction “

ScandiNAOS AB

Hullform

1450.0

Resistance test results ]
1350.0 /
1300.0

1250.0 ~

1400.0 //
/

N\

1200.0

1150.0 —

1100.0 /
1050.0 ped d

1000.0 -
 -6%
950.0 v /
900.0 e /

\
\

A\

850.0 ///
800.0 ol
/ - — Conventional Bow Shape
750.0 i
%” ——FLEx Bow

700.0 /
650.0 !
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PD [KW]

Fuel Consumption K

Propeller large diameter

22000
21500
21000
20500
20000
19500
19000
18500
18000
17500
17000
16500
16000
15500
15000
14500
14000
13500
13000
12500
12000
11500
11000

eduction

ScandiNAOS AB

Twin Screw Speed-Power Prediction

S

v

A

s

|

yz 7z
/”5//
A7 pazroom [
// ;A/ T=750m I
- /1% 520 kW
//// 2
7/ //
P
T
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=
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Marindagen 2009 - Clean and efficient maritime transportation
Per Fagerlund Globtech/ScandiNAOS

12



P Ote N t | a I ScandiNAOS AB

4 Stroke 2 Stroke 2 Stroke larger 2 Stroke larger 2 Stroke larger
propeller propeller propeller
Lower heating value 20000 kw 20000 kw 20000 kw 20000 kw 20000 kw
Thrust power delivered |PT| 26,4% 5286 kW] 29,8% 5970 kwWw| 30,9% 6176 kW | 31,8% 6367 kW | 32,7% 6540 kW
100% 113% 117% 120% 124%

Marindagen 2009 - Clean and efficient maritime transportation
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Fuel Consumption Reduction

ScandiNAOS AB

Enaine Selection
218

T

£ Specific fuel oil consumption
& E ISO condition
& 4\ 8L48/60B vs 5SL6OME-C7 (derated)
200
190

15%
V4N
180 =§=—5L60ME-C7
13% == 81 48/60B
‘VV
170
4
160
| 1 | 1 |
I I ] | |
25% 50% 75% 85% 100% SMCR
150 . . : . ; KW
2000 4000 6000 8000 10000 12000
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ScandiNAOS AB

Are you ready for two-stroke?

=1
=

=1F

===

=JF

===
=)

=\
= |
==Clp

=l
=

=1

=5

==
—F

=
=l

==
—=F

==

==

=1
=

==\
===

15

nd efficient maritime transportation

Per Fagerlund Globtech/ScandiNAOS

Marindagen 2009 - Clean a



Energy recovery

ScandiNAOS AB

Shaft power output
L9 32¢

Lub oil cooler 2.922

Jacket water cooler
5.22%

Exhaust gas 25.52¢

Air cooler 16.52%

Fuel 1002 Heat radiation 0.62¢
(171 g/ kwh)

Marindagen 2009 - Clean and efficient maritime transportation
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Turbo compound system

MAN B&W General Information

Two-stroke Low Speed Diesel Engine of MAN B&W Design
in Combined Cycle

== Stack .
Bottoming cycle

steam furbine

Steam -
Exhaust EI::'D
gas boiler Feed water
Fresh air Exhaust gas
TGS unit
Turbo-
charger
Exhaust gas
Two stroke
lovy speed
diesel engine

Marindagen 2009 - Clean and efficient maritime transportation
Per Fagerlund Globtech/ScandiNAOS

17



AN

Energy recovery — exhaust JaSscandnaos AB

Exhaust Stack
De-su!phur Steam turbine
PM filter ORC - compressor
Silencer
A~ _
Exhaust %
as boiler =
g AN
|
1
Turbo To tank heating
charger H Exhaust gas \l,
turbine

Uiy

s -

Main Engine Synchronous :
Two stroke Generator .. °
Low speed °
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Potential energy savings

Category

Dry bulk & liquid

Totally

Container &
Ro/ro

Totally

Misc.

Totally

AN

ScandiNAOS AB

Potential saving Reason
10% a 20% Operation, scale of economy
10% a 12% Efficient engine systems

5% a 10% Hull and propulsion
25% a 42%
30% a 50% Operation, scale of economy
10% a 12% Efficient engine systems
10% a 15% Hull and propulsion

50% a77%

5% a 10% Operation
5% a 12% Efficient engine systems
10% a 15% Hull and propulsion

20% a 37%

It is not unrealistic to achieve a 50% reduction of energy consumption for the maritime transports — and thus
CO2 emissions — within a 20 year period of time.

And in addition also achieve better transport economy and capacity.

Marindagen 2009 - Clean and efficient maritime transportation

Per Fagerlund Globtech/ScandiNAOS



MEPC 57 IMO Fuel-sulphur Content

Equivalent methods may be used as alternative

_—Global: 4._5 —-35—-05 |

==SECA: 15— 1.0— 0.1

SECA/ECA

2000 2005 2010 2015 2020 2025

AN

ScandiNAOS AB

New ECA areas
could be?:

USA West Coast
Mediterranean

Others?

Year
Particulate matter requlated by the sulphur content of the fuel or by scrubber technology

Marindagen 2009 - Clean and efficient maritime transportation
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ScandiNAOS AB

g NOx/kWh IMO NOx Technical code

16 NOx Tier | - current

e N=x Tier Il - 2011

14 \ NOx Tier Ill - 2016

1 \

10 T

8 ‘h—¢

6

4

~—
e ——
2
rom
0
0O 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000
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Em|SS|On redUC“On ScandiNAOS AB

— NOx — reduction requirements are well
defined and various technologies are
available today

— SOx reduction requirements are well defined.
Alternative fuels will be part of the solution.
Scrubbers might be a competitive solution.

— Sea transport is already CO2 efficient. Fuel
efficiency goes hand in hand with CO2
reduction

Marindagen 2009 - Clean and efficient maritime transportation
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S OX red U Ctl on ScandiNAOS AB

» Low sulphur distillates (refineries)
— Residuals (HFO) will be available in at least 20 years

 LNG (Oil- and gas companies)
— Solves some problems, creates some new

 Scrubbers

— Further development required. Land based technologies need to be

adopted for maritié' Use

Pt Implementation SOx Emission SOx Global Scrubbers
date Control Areas
Existing 1.5% Only in SECAS
1 March 2010 4.5% Alternative
1.0% o measures
2012 Re%isex of (scrubbers) in
2015 ECA’s and
220l ity
2018 0.1%
2020 0.5% (HFO
allowed)
2025 Alternative 0.5%

intro date

Marindagen 2009 - Clean and efficient maritime transportation
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Lverage Monthly $/BBEL

AN

ScandiNAOS AB

Plains All American L.P.'s WTI Crude - Posted Price

140
130 - copyright ailnergy .com, 2008 F
120 -

0 -
100 -
a0 -
20 -
0 -
B0 -
B0 -
40 -
30 -
20 -
10 4

data provided by
Plainz All American Pipeline, L.P.

I:I 1 1 I 1 1 I 1 1 1 1 1 I 1 1 1 1 I 1 1 I 1 1 1 1 1 1 1 1 1 1 I

1978 1980 1932 1984 1986 1938 1990 1992 1994 1996 1998 2000 2002 2004 2008 2008 2010
Awerage manthly data from January 1975 through January 2009

Marindagen 2009 - Clean and efficient maritime transportation
Per Fagerlund Globtech/ScandiNAOS 24



4.00%

3.50%

3.00%

2.50%

2.00%

1.50%

1.00%

0.50%

0.00%

IFO 380 ScandiNAOS AB
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Flue Gas Desulfurization

Once through

Wet

Limestone Forced
Oxidation

Limestone Inhibited
Oxidation

Jet Bubbling
Reactor

Lime

Magnesium-
Enhanced Lime

Dual Alkali

Seawater

Dry

Lime Spray Drying

Furncae Sorbent
Injection

LIFAC

Economizer Sorbent
Injection

Duct Sorbent
Injection

Duct Spray Drying

Circulating
Fluidized Bed

Hypas Sirbent
Injection

ScandiNAOS AB
Regenerable
Wet Dry
Sodium Sulfite Activated Carbon

Magnesium Oxide

Sodium Carbonate

Amine
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ScandiNAOS AB

Tank you for your attention!



