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ABSTRACT

Through this thesis is an attempt to present and approached with an integrated manner, the
framework of the Network Design Sea Transport and assessed contribution as a tool to design
networks of marinéransport systems in the Cyclades.

Describes trends in maritime trade, with separate analysis for each ship type and analyzed the
problems of commercial ports.

Describe the most common methodologies for optimizing shipping routes on the coasters in two
ways, depending on the season, the logical and physical network design sea transport.

Also disclosed is a very good and useful tool for optimizing routes passing the minimum
distance, the application of the algorithm (NAUTILUS) based heuristics, modeliniggGou
the ability to enter other parameters.

The study concludes with application examples drawing on the network of the Cyclades.

Following conclusions and recommendations for further study of the issue.

Key Words:Network Design, Optimization Rouystem Algorithms, Models Design
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http://el.wikipedia.org/wiki/%CE%98%CE%AC%CE%BB%CE%B1%CF%83%CF%83%CE%B1_%CE%9C%CF%80%CE%AC%CF%81%CE%B5%CE%BD%CF%84%CF%82
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http://el.wikipedia.org/w/index.php?title=%CE%9A%CF%8C%CE%BB%CF%80%CE%BF%CF%82_%CE%A3%CF%80%CE%AD%CE%BD%CF%83%CE%B5%CF%81&action=edit&redlink=1
http://el.wikipedia.org/wiki/%CE%91%CF%81%CE%AC%CE%BB%CE%B7
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http://el.wikipedia.org/w/index.php?title=%CE%9F%CE%B9%CE%BA%CE%BF%CE%BD%CE%BF%CE%BC%CE%B9%CE%BA%CE%AE_%CE%B6%CF%8E%CE%BD%CE%B7&action=edit&redlink=1
http://el.wikipedia.org/w/index.php?title=%CE%9F%CE%B9%CE%BA%CE%BF%CE%BD%CE%BF%CE%BC%CE%B9%CE%BA%CE%AE_%CE%B6%CF%8E%CE%BD%CE%B7&action=edit&redlink=1
http://el.wikipedia.org/w/index.php?title=%CE%9F%CE%B9%CE%BA%CE%BF%CE%BD%CE%BF%CE%BC%CE%B9%CE%BA%CE%AE_%CE%B6%CF%8E%CE%BD%CE%B7&action=edit&redlink=1
http://el.wikipedia.org/w/index.php?title=%CE%91%CE%B9%CE%B3%CE%B9%CE%B1%CE%BB%CE%AF%CF%84%CE%B9%CE%B4%CE%B1_%CE%B6%CF%8E%CE%BD%CE%B7&action=edit&redlink=1
http://el.wikipedia.org/w/index.php?title=%CE%9A%CE%BB%CE%B5%CE%B9%CF%83%CF%84%CE%AD%CF%82_%CE%B8%CE%AC%CE%BB%CE%B1%CF%83%CF%83%CE%B5%CF%82&action=edit&redlink=1
http://el.wikipedia.org/w/index.php?title=%CE%9A%CE%BB%CE%B5%CE%B9%CF%83%CF%84%CE%AD%CF%82_%CE%B8%CE%AC%CE%BB%CE%B1%CF%83%CF%83%CE%B5%CF%82&action=edit&redlink=1
http://el.wikipedia.org/w/index.php?title=%CE%9A%CE%BB%CE%B5%CE%B9%CF%83%CF%84%CE%AD%CF%82_%CE%B8%CE%AC%CE%BB%CE%B1%CF%83%CF%83%CE%B5%CF%82&action=edit&redlink=1
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http://el.wikipedia.org/wiki/%CE%9C%CE%B5%CF%84%CE%B5%CF%89%CF%81%CE%BF%CE%BB%CE%BF%CE%B3%CE%AF%CE%B1
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http://el.wikipedia.org/wiki/%CE%A4%CE%B5%CF%87%CE%BD%CE%BF%CE%BB%CE%BF%CE%B3%CE%AF%CE%B1
http://el.wikipedia.org/wiki/%CE%9F%CE%B9%CE%BA%CE%BF%CE%BD%CE%BF%CE%BC%CE%AF%CE%B1
http://el.wikipedia.org/wiki/%CE%9A%CE%BF%CE%B9%CE%BD%CF%89%CE%BD%CE%AF%CE%B1
http://el.wikipedia.org/wiki/%CE%A0%CE%BF%CE%BB%CE%B9%CF%84%CE%B9%CF%83%CE%BC%CF%8C%CF%82
http://el.wikipedia.org/wiki/%CE%9C%CE%B5%CE%B3%CE%AC%CE%BB%CE%B7_%CE%92%CF%81%CE%B5%CF%84%CE%B1%CE%BD%CE%AF%CE%B1
http://el.wikipedia.org/wiki/1760
http://el.wikipedia.org/wiki/1860
http://el.wikipedia.org/wiki/%CE%95%CF%85%CF%81%CF%8E%CF%80%CE%B7
http://el.wikipedia.org/w/index.php?title=%CE%95%CE%BA%CE%B2%CE%B9%CE%BF%CE%BC%CE%B7%CF%87%CE%AC%CE%BD%CE%B9%CF%83%CE%B7&action=edit&redlink=1
http://el.wikipedia.org/wiki/%CE%91%CF%84%CE%BC%CE%BF%CE%BC%CE%B7%CF%87%CE%B1%CE%BD%CE%AE
http://el.wikipedia.org/wiki/%CE%9C%CE%B5%CE%B3%CE%AC%CE%BB%CE%B7_%CE%92%CF%81%CE%B5%CF%84%CE%B1%CE%BD%CE%AF%CE%B1
http://el.wikipedia.org/wiki/%CE%9C%CE%B7%CF%87%CE%B1%CE%BD%CE%AE_%CE%B5%CF%83%CF%89%CF%84%CE%B5%CF%81%CE%B9%CE%BA%CE%AE%CF%82_%CE%BA%CE%B1%CF%8D%CF%83%CE%B7%CF%82
http://el.wikipedia.org/wiki/%CE%97%CE%BB%CE%B5%CE%BA%CF%84%CF%81%CE%B9%CF%83%CE%BC%CF%8C%CF%82
http://el.wikipedia.org/wiki/%CE%91%CF%84%CE%BC%CE%BF%CE%BC%CE%B7%CF%87%CE%B1%CE%BD%CE%AE
http://el.wikipedia.org/wiki/%CE%A4%CE%B6%CE%AD%CE%B9%CE%BC%CF%82_%CE%92%CE%B1%CF%84
http://el.wikipedia.org/wiki/%CE%A0%CE%AF%CE%B5%CF%83%CE%B7
http://el.wikipedia.org/wiki/%CE%89%CF%81%CF%89%CE%BD_%CE%BF_%CE%91%CE%BB%CE%B5%CE%BE%CE%B1%CE%BD%CE%B4%CF%81%CE%B5%CF%8D%CF%82
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http://el.wikipedia.org/w/index.php?title=%CE%A1%CF%8C%CE%BC%CF%80%CE%B5%CF%81%CF%84_%CE%A3%CF%84%CE%AD%CF%86%CE%B5%CE%BD%CF%83%CE%BF%CE%BD&action=edit&redlink=1
http://el.wikipedia.org/wiki/%CE%92%CE%B9%CE%BF%CE%BC%CE%B7%CF%87%CE%B1%CE%BD%CE%B9%CE%BA%CE%AE_%CE%B5%CF%80%CE%B1%CE%BD%CE%AC%CF%83%CF%84%CE%B1%CF%83%CE%B7
http://el.wikipedia.org/wiki/%CE%92%CE%B9%CE%BF%CE%BC%CE%B7%CF%87%CE%B1%CE%BD%CE%B9%CE%BA%CE%AE_%CE%B5%CF%80%CE%B1%CE%BD%CE%AC%CF%83%CF%84%CE%B1%CF%83%CE%B7
http://el.wikipedia.org/wiki/%CE%92%CE%B9%CE%BF%CE%BC%CE%B7%CF%87%CE%B1%CE%BD%CE%B9%CE%BA%CE%AE_%CE%B5%CF%80%CE%B1%CE%BD%CE%AC%CF%83%CF%84%CE%B1%CF%83%CE%B7
http://el.wikipedia.org/wiki/%CE%91%CF%84%CE%BC%CF%8C%CF%80%CE%BB%CE%BF%CE%B9%CE%BF
http://el.wikipedia.org/wiki/%CE%A0%CE%BB%CE%BF%CE%AF%CE%BF
http://el.wikipedia.org/wiki/%CE%91%CF%84%CE%BC%CE%BF%CE%BC%CE%B7%CF%87%CE%B1%CE%BD%CE%AE
http://el.wikipedia.org/wiki/%CE%A4%CF%81%CE%BF%CF%87%CE%AE%CE%BB%CE%B1%CF%84%CE%BF_%CF%80%CE%BB%CE%BF%CE%AF%CE%BF
http://el.wikipedia.org/w/index.php?title=%CE%9A%CE%BB%CE%B5%CF%81%CE%BC%CF%8C%CE%BD%CF%84&action=edit&redlink=1
http://el.wikipedia.org/wiki/1807
http://el.wikipedia.org/wiki/%CE%A1%CE%BF%CE%B2%CE%AD%CF%81%CF%84%CE%BF%CF%82_%CE%A6%CE%BF%CF%8D%CE%BB%CF%84%CE%BF%CE%BD
http://el.wikipedia.org/wiki/%CE%A1%CE%BF%CE%B2%CE%AD%CF%81%CF%84%CE%BF%CF%82_%CE%A6%CE%BF%CF%8D%CE%BB%CF%84%CE%BF%CE%BD
http://el.wikipedia.org/wiki/%CE%A1%CE%BF%CE%B2%CE%AD%CF%81%CF%84%CE%BF%CF%82_%CE%A6%CE%BF%CF%8D%CE%BB%CF%84%CE%BF%CE%BD
http://el.wikipedia.org/wiki/1820
http://el.wikipedia.org/wiki/%CE%91%CF%84%CE%BC%CF%8C%CF%82
http://el.wikipedia.org/wiki/1850
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http://el.wikipedia.org/wiki/%CE%A0%CE%B1%CE%BD%CE%B5%CE%BB%CE%BB%CE%AE%CE%BD%CE%B9%CE%BF%CE%BD_%28%CE%91%CF%84%CE%BC%CF%8C%CF%80%CE%BB%CE%BF%CE%B9%CE%BF%29
http://el.wikipedia.org/w/index.php?title=%CE%91%CF%84%CE%BC%CE%BF%CF%83%CF%84%CF%81%CF%8C%CE%B2%CE%B9%CE%BB%CE%BF%CF%82&action=edit&redlink=1
http://el.wikipedia.org/wiki/1907
http://el.wikipedia.org/wiki/%CE%A5%CF%80%CE%B5%CF%81%CF%89%CE%BA%CE%B5%CE%AC%CE%BD%CE%B5%CE%B9%CE%BF
http://el.wikipedia.org/wiki/%CE%9D%CE%B1%CF%85%CF%80%CE%B7%CE%B3%CE%B9%CE%BA%CE%AE
http://el.wikipedia.org/wiki/%CE%A6%CE%BF%CF%81%CF%84%CE%B7%CE%B3%CF%8C_%CF%80%CE%BB%CE%BF%CE%AF%CE%BF
http://el.wikipedia.org/wiki/%CE%95%CF%80%CE%B9%CE%B2%CE%B1%CF%84%CE%B7%CE%B3%CF%8C_%CF%80%CE%BB%CE%BF%CE%AF%CE%BF
http://el.wikipedia.org/wiki/%CE%9D%CE%B1%CF%85%CF%84%CE%B9%CE%BB%CE%AF%CE%B1
http://el.wikipedia.org/w/index.php?title=%CE%A4%CF%81%CE%BF%CF%87%CE%BF%CF%86%CF%8C%CF%81%CE%BF&action=edit&redlink=1
http://el.wikipedia.org/wiki/%CE%8C%CF%87%CE%B7%CE%BC%CE%B1
http://el.wikipedia.org/wiki/%CE%9A%CE%B9%CE%BD%CE%B7%CF%84%CE%AE%CF%81%CE%B1%CF%82
http://el.wikipedia.org/wiki/%CE%91%CF%85%CF%84%CE%BF%CE%BA%CE%B9%CE%BD%CE%B7%CF%84%CF%8C%CE%B4%CF%81%CE%BF%CE%BC%CE%BF%CF%82
http://el.wikipedia.org/wiki/%CE%91%CE%B5%CF%81%CE%BF%CF%83%CE%BA%CE%AC%CF%86%CE%BF%CF%82
http://el.wikipedia.org/wiki/%CE%91%CF%84%CE%BC%CF%8C%CF%83%CF%86%CE%B1%CE%B9%CF%81%CE%B1
http://el.wikipedia.org/wiki/%CE%91%CE%B5%CF%81%CF%8C%CF%83%CF%84%CE%B1%CF%84%CE%BF
http://el.wikipedia.org/wiki/%CE%95%CE%BB%CE%B9%CE%BA%CF%8C%CF%80%CF%84%CE%B5%CF%81%CE%BF
http://el.wikipedia.org/wiki/%CE%86%CE%BD%CF%89%CF%83%CE%B7
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http://el.wikipedia.org/wiki/%CE%94%CE%B1%CE%AF%CE%B4%CE%B1%CE%BB%CE%BF%CF%82
http://el.wikipedia.org/wiki/%CE%8A%CE%BA%CE%B1%CF%81%CE%BF%CF%82
http://el.wikipedia.org/wiki/%CE%A7%CE%B1%CF%81%CF%84%CE%B1%CE%B5%CF%84%CF%8C%CF%82
http://el.wikipedia.org/wiki/%CE%9B%CE%B5%CE%BF%CE%BD%CE%AC%CF%81%CE%BD%CF%84%CE%BF_%CE%9D%CF%84%CE%B1_%CE%92%CE%AF%CE%BD%CF%84%CF%83%CE%B9
http://el.wikipedia.org/wiki/%CE%95%CE%BB%CE%B9%CE%BA%CF%8C%CF%80%CF%84%CE%B5%CF%81%CE%BF
http://el.wikipedia.org/wiki/%CE%A4%CE%B6%CE%B9%CE%BF%CE%B2%CE%AC%CE%BD%CE%B9_%CE%9C%CF%80%CE%BF%CF%81%CE%AD%CE%BB%CE%B9
http://el.wikipedia.org/wiki/%CE%91%CF%84%CE%BC%CE%BF%CE%BC%CE%B7%CF%87%CE%B1%CE%BD%CE%AE
http://el.wikipedia.org/wiki/%CE%9A%CE%B9%CE%BD%CE%B7%CF%84%CE%AE%CF%81%CE%B1%CF%82_%CE%B5%CF%83%CF%89%CF%84%CE%B5%CF%81%CE%B9%CE%BA%CE%AE%CF%82_%CE%BA%CE%B1%CF%8D%CF%83%CE%B7%CF%82
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http://el.wikipedia.org/wiki/%CE%91%CE%B4%CE%B5%CE%BB%CF%86%CE%BF%CE%AF_%CE%A1%CE%AC%CE%B9%CF%84
http://el.wikipedia.org/wiki/%CE%91%CE%B5%CF%81%CE%BF%CE%B4%CF%81%CF%8C%CE%BC%CE%B9%CE%BF
http://el.wikipedia.org/w/index.php?title=%CE%A5%CF%80%CE%B5%CF%81%CE%B7%CF%87%CE%B7%CF%84%CE%B9%CE%BA%CE%AE_%CF%80%CF%84%CE%AE%CF%83%CE%B7&action=edit&redlink=1
http://el.wikipedia.org/wiki/%CE%9A%CE%BF%CE%BD%CE%BA%CF%8C%CF%81%CE%BD%CF%84
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http://translate.googleusercontent.com/translate_c?hl=el&prev=/search%3Fq%3Dport%2Bancient%26hl%3Del%26client%3Dfirefox-a%26rls%3Dorg.mozilla:el:official%26biw%3D1047%26bih%3D471%26prmd%3Dimvns&rurl=translate.google.gr&sl=en&u=http://en.wikipedia.org/wiki/Long_Walls&usg=ALkJrhhwisPxU8OM2h4BvysJrH9hJNBG9g
http://translate.googleusercontent.com/translate_c?hl=el&prev=/search%3Fq%3Dport%2Bancient%26hl%3Del%26client%3Dfirefox-a%26rls%3Dorg.mozilla:el:official%26biw%3D1047%26bih%3D471%26prmd%3Dimvns&rurl=translate.google.gr&sl=en&u=http://en.wikipedia.org/wiki/Classical_Athens&usg=ALkJrhjdXkmRC8PZ4rUB1sXE3A82p2cNZg
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Dry Bulk Spot Earnings
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Not only have spot earnings regained lost territory, they
have set new peaks
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The Baltic Dry Index both peaked and bottomed out in
2008

14,000
11,440

12,000

10,000 N
8,000 / / \
6,000 -/ V \
. ANEVASN S \

NN~ |72

2,000 _ N ‘ /
715
=)
S
S

Baltic Dry Index

L o> L
55 o) e

e b= ]
S < (Y
S S > S

S S ~S

Sources: Clarkson, Danish Ship Finance

B U U@Batitbndindexa e ) glit ddaU aUs yGdU0Oa0 GUe U RoUsh |

g3 zY¥9a8 Uesg 2008, 6 uUUaolg#HgaBead a ¥ cEPdy ¢ ndebd
G¥sdoaU e9U ¥3Ug ) edo¢agDyeslbog d @AY o Deg vy iiWdaal W
715" ag e Wls f 8@ e Vaeseywsy s Usg 2008 (edgsUal
de U) gudlboeb6Blid e 6 Ue dafh U a Ute eUUsdUdUdEdg ssdfd g
ey Uaeag, U oy tud UsYydqbePrtly ;U hry B8 YaUs Us gy
KgUgeui d, d Uosy ¥ 3djei (o) Uaeg UsyoldWybde® v
“¥3y Upho &8@ogoce e 3 Y@ Ud easUY jjye3ea3Uiavyiadd yU
ey e Uf e 998608 ®dls "UyyeUs3sUs Usl bl UaBls g
6} h3aoaU ycegsg B e lljpwdeamiide.c 3 U v3WiE 030 Capesize

o9geUas3es3UUs aU0UY eyle A6 GUe 20%B 8o Baloa Y s ¥
Us 60% "e6g eUU3 cUedeohO0@; e U Us eyle AHyae 19

Current B-year timecharter rates seem to have left the
inflated levels of recent years
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Average 2009 earnings down 64% from the heights of
2008 but have improved heavily in first half 2009
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Dry Bulk earnings improved strongly during 2009
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Top 10 Front-Haul Capesize Routes 2009 (ton-NM)
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Market sentiments in the doldrums
The average fixture period® is now half its second half 2007 duration
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Top 10 Front-Haul Capesize Routes 2009 (ton-NM)
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The Baltic Dry Index falls in the aftermath of the
Australian cyclones and earthquake in Japan
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Fixture periods remain low as average charter rates fall
The average fixture period is now around 8 months
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TOP 10 FRONT-HAUL CAPESIZE ROUTES
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Asia -> Asia Africa -> A5|a Asia
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Asia -> Asia 70/0

A‘Frlca -> Europe
5%

DeepSea
Asia -=> Europe
3%
/I. Australia and

8%
T Oceania -> Europe

4%
\Latln America and

Latin America and
the Caribbean >
Asia
31%

Asian
imports

Sources: IHS Global Insight, Danish Ship Finance
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Baltic Dry Index descending deeper in 2012
By August 2012 the annual average was down by 40% compared to 2011
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Oversupply pushing Capesize charter rates lower while
fixture periods continue to fall
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TOP 10 FRONT-HAUL CAPESIZE ROUTES
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Timecharter rates remain under pressure
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Period fixture activity remains low
Larger segments are seeing slightly increasing fixture periods
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TOP 10 FRONT-HAUL CAPESIZE ROUTES
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| 1 o G Unligote dockat the Taconite Harboy Minnesota Visible in the picture are kaker (a self unloaderthe
boom is visible above the hatchcovers) and a stringr@fienniesa top the dock. The piles of material visible are
waconitea partially concentrated form afon ore. g U 3 A P#ker at the Hallet Dock No.6, unloading limestone in
Duluth MinnesotaThis laker is aself unloadert d a ®nited States Enronmental Protection Agency Great
Lakes National Program Office image collection.
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Contalner Timecharter Rates, 1994-2004

— Panarmnax, 3500 wcu —Sub P'rmax, 2000 tcu
—— Handy, 1000 teu Feocder, 350 teu
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Freight rate indices per TEU on Chinese container exports
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Container freight rates out of China to Europe seem
> 000 unaffected by the trembling world economy > 000
— EUROPE SERVICE = W/C AMERICA SERVICE = MEDITERRANEAN SERVICE
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Timecharter rate per teu has fallen through the floor
The Containership Timecharter Rate Index
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2009 Container T/C averages more than 60% below
2008 for Panamax and Sub-Panamax
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Sources: Clarksons, Danish Ship Finance 2008 awvg.
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Box rates out of China bound for Europe have risen 62%%
since June 2009
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Record low timecharter rate per teu
(... as available tonnage by far exceeds tonnage demand)
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Total Head-Haul Container Routes 2009

(measured in teu-nautical miles)
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Box rates out of China bound for Europe finally above
the 10-year average.
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Container Profitability Index
(Timecharter rate per teu minus OPEX per teu)

f: 7\ o~

272

266

Container Profitability Index

(S00)
1098 2000 2002 2004 2006 2008 2010

Sources: Clarksons, Danish Ship Finance

BilaaUdd oUj tisiaey) aCdnaegrlbssiEls Ui avidd Uxs




Total Head-Haul Container Routes 2009
(measured in teu-nautical mMiles)
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Sources: Globkal Insight, Danish Ship Finance
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Box rates declines 8% in 2011
Box rates up by 28%% in 2010
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Container Profitability Index
(Timecharter rate per teu minus OPEX per teu)
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Total Head-Haul Container Routes 2010
(measured in teu-nautical mMiles)
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Container box rates up by 19% in 2012
Average 2012 box rates 4% ahead of 2010-level
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Container Profitability Index

(Timecharter rate per teu less OPEX per teu)
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Total Head-Haul Container Routes 2012
{measured in teu-nautical Miles)
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Container box rates equal to 2010 average
Average 2013 box rates equal to the 2010 level
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Container Profitability Index
(Timecharter rate per teu less OPEX per teu)
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Total Head-Haul Container Routes 2012 Fraurs =5
(measured in teu-nautical mMiles)
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Small Feeder QL000 1
Feeder 1001-2000 50% (2077) 21
Feedermax 20013000 3
Panamax 30015100 23% (928) 41
PostPanamax 510110000 5
New Panamax 1000114499 27%(1117) 6
Ultra-Large Container 314500 v

Vessel (ULCV)
World FleetLists- (Source:clarksons06/2013) 100%(4122)
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Evolution of container ships

TEU: twenty-foot equivalent units

ength x width x depth below water in metres
Early container ship (1956-)
500 - 800 TEU, 137x17x9m

Fully Cellular (1970-)
1,000 - 2,500 TEU, 215x20x10m

Panamax (1980-)
3,000 - 3,400 TEU, 250x32x12.5m

Panamax Max (1985-)
3,400 - 4,500 TEU, 290x32x12.5m

Post Panamax (1988-)
4,000 - 5,000 TEU, 285x40x13m

Post Panamax Plus (2000-)
6,000 - 8,000 TEU, 300x43x14.5m

New Panamax (2014-)
12,500 TEU, 366x48x15.2m

Triple E (2013-)
18,000 TEU, 400x59x15.5m

nsport Systems, Jean-Paul Rodrigue
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Tanker earnings on the decline during the last 6 months
of 2008
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sSurprisingly strong off-season VvLCC earnings in 2008
but low declining peak-season earnings
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