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figures

trade volume 2008 882 million tonnes / 11% global shipping volume
2000ships present at any point in time

58% of trade exports

33% of trade imports

09% inter-regional

2008 figures

135,000t SOX

393,000t NOX

18,900,000t CO2

5%o0f ships accountable for 27% of emissions (PAX/RoPAX)
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ship type distribution in the Baltic Sea
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ship age distribution
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Distribution and availability
Development of a logistic distribution chain

Truck/trailer

Large storage over 100 000 m3

Container

Intermediate storage over ca 20 000 m3

Bunker vessels

LNG distribution carriers ca 10 — 20 000 m3
Import LNG carriers over 100 000 m3

The fundamental building blocks of a LNG distribution chain is well known, however how the optimal phased

development for the Baltic region and northern Europe shall be designed to provide optimal cost efficiency
and scalability to meet future demands is currently not known.
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LNG more accepted as fuel — But still hesitationdbipping
applications

In close
proximity to
hotel and
shopping area’s

D
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LNG bunkering today

Truck to boat

Dedicated terminal to boat
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Is the regulatory terrain explored?

Clear rules for gas fuelled vessels and gas
carriers

IMO - IGC Code

Rules for the bunker boat, which is a small LNG
carrier

IMO - IGF Interim Guidelines
Guidelines for the receiving ship, the ship using LNG

as fuel
SIGGTO

Guidelines for LNG transfer . .

Aspects to further investigate:

OCIMF

Guidelines for Qil transfer, ship to ship oil bunker :

orocedures Rules and reg.ulatlons related.to

. infrastructure in and surrounding ports

Port regulations i

e.g. “Green bunkering” for Port of Goteborg and terminals
DNV Rules Pt.6 Ch.13 Distribution with truck/trailer

Gas Fuelled Engine Installations

The DNV rules were the first rule set covering gas C g : : :
fuelled ship installations (2001) Distribution with bunkering vessel

Last updated January 2010 ] ) o ]
Containerised distribution
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Misconceptions and misunderstandings

There are several views and misunderstandings that needs to be clarified regarding LNG as a
fuel for shipping. For example, as far as DNV is aware after analysing the rules and

guidelines, talking to regulators, industry stakeholders and ports there are no rules preventing
bunkering LNG during carhop and passenger operations
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Status on rules, regulation, and standardization

Gas fuelled ships Port and bunker operations for LNG
DNV class rules published 2001 Less experience and documentation
Norwegian Maritime Directorate developed rules Standards does not address this completely
SOLAS under revision Development:

IGC Code, IGF Interim Guidelines - STS Gothenburg
. - Bungas - Hamburg
SIGTTO, OCIMF industry de-facto standards ~ EU funded study
- ISO project
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Schematic overview of intended bunkering procedure

Total time of operation approx. 50 minutes

&

Before bunkering L

During bunkering

Al

ter bunkering

e Call

 Arrival
» Mooring
» Checklist to receiving s
» Connection link
» Connection hose
» Return of signed check
* Open manual valves

» Ready signal both ships

 Pump start sequence
» Transfer sequence

* Pump stop sequence
hip

lisTransfer rate 150 ton

30 minutes

Aspects of LNG infrastructure
Sept. 30, 2011
© Det Norske Veritas AS. All rights reserved.

15

« Shut manual valves
» Purgeing of cargo lines
 Disconnection of hose
* Inerting of cargo lines
(receiver)
» Disconnection link
» Delivery bunker document
» Un-mooring
» Departure
* Inerting cargo lines (bunker

ship)



Hazard areas that needs to be managed

A
Environmental
Hazards

>
iy
o Hazards Electrical
@© generated by hazards
8 malfunctions B 7
E [eakage of Mechanical External Hazards J Other hazards

id LNG oy

causing loss of s bstances
structural Hazards generated
T 7 by neglecting . .
Pollution ergonomic principles Fire/explosion
& human
Grounding Collisions intervention
- >
Consequence
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Detalled checklists were developed

LNG ship to ship
bunkering
procedure

including relevant

checklists

N /

Technical
conceptual
solution for fast
and safe

bunkering of LNG

/

Pictures: LNG ship to ship bunker project
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Many creative technical solutions were developed.

Receiving
vessel
Bunker vessel LNG/Vapour return/Diesel Drip free break away couplings
Lube oil/Sludge Spill tray
Bunker port position  ggjiards position Mooring plan

Pictures: LNG ship to ship bunker project
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DNV classification assessment of Ship to ship LNG bunkering project

DNV has examined the output from the
Ship to ship LNG bunkering project.

DNV'’s assessment is that the indicated
ship to ship LNG Bunkering procedure
is a suitable solution, provided that
bunker vessel and receiving vessel
fulfils class rules and other relevant
regulations.

l.e. DNV acknowledge the
solutions developed and
these solutions are
deemed feasible from a
class society perspective
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six planned import terminals

Proposed LNG Plant Sendout Capacity  |Country
Import Terminals Start-up
Lithuania LNG 2010-2013 | 1,5 mill. tonnes/year | Lithuania
Gavle 2012 Sweden
Oxeldsund 2012 Sweden
Estonia LNG 2012-2014 | 3 mill. tonnes/year Estonia
Wilhelmshaven LNG | 2014 7,5 mill. tonnes/year | Germany
winouj cie LNG 2014 7,5 mill. tonnes/year | Poland

Source: 2010 Google Maps
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Risks

societal

from sea to road
major accident with LNG

business, financial

short return of investment expectations

lack of lending capacity as aftershock from
financial crisis

decision on abatement technology
price ratio LNG / lwo sulfur Destillate

business, strategic

required industry / network in place in time?
clash of market mechanism:

spot trading vs long term contracts
individual companies too small?

secure LNG supply

euphoria makes blind for other solutions
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Opportunities

societal
- building new LNG industry creates wealth
- LNG technology leader, export

business, financial
- improved bottomline

business, strategic

- demonstration of Corporate Social
Responsibility

- stimulus to rethink business and use of
technology

- first mover advantages

- new niches and alliances

- profiling



Key takeaways

Business and
technology require
the right partner

Short Sea Shipping
must change

LNG as fuel might
stimulate new
businesses
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Safequarding life, property
and the environment
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