GOoLNGTr aining, 07.03.2018, Gda("""l.nte_fgggf%

Contribute to the safe operation of
ship subject to the IGF Code
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A One of the largest academic schools in Poland
A 16 Faculiesi n Wr oc Ja@Gara, J&WVadbr aych and Lec
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Who we are

Wrocgaw University of Scie

w Department of Cryogenics, Aviation and Prodesgineerings
a part of the WUSTaculty of Mechanical and Power
Engineering

w Main competence; helium cryogenics

w Science and R&D collaboration with:

¢ CERNCh R e
¢ GSI, Ge s [
¢ ESS,S

¢ DESY, Ge

w Main projects: 5

¢ Cryodistribution for ESS accelerator

¢ Cryodistributionfor SIS100 and-BRS FAIl&cceleratos
¢ SCcavitytest stand for XFHbroject
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Who we are
Samso Ferry T LNG dual-fuel ship
First LNG fuel system fully designed and W M
produced in Poland =i o P

Shipowner : Samso Kommune (DK)
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Ship manufacturer: Remontowa Shipyard
Ltd.(PL)
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LNG Fuel System:
A Design: Wroclaw University of Technology (PL) W
A LNG Tank production: FUO Rumia Ltd. (PL) °

A Cold-box and auxiliaries production:
KrioSystem Ltd. Wroclaw (PL)

Classification society: DNV-GL (N, PL)
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Fuel systems subject to the IGF Code

Simplified P&ID of Samso Ferry fuel gas system
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Who we are

Samso Ferry T LNG Fuel System
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LNG tank design, structural and thermal design done at WUST
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Who we are

Samso Ferry T LNG Fuel System
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LNG Tank under construction at Remontowa LNG System Ltd, Poland
(former FUO Rumia)
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Who we are

Samso Ferry T LNG Fuel System

LNG tank connection space under construction at KrioSystem Ltd, Poland
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Who we are

Samso Ferry T LNG Fuel System
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LNG tank with integrated TCS T transport to the ship
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Who we are

Samso Ferry T LNG Fuel System

LNG tank with integrated TCS 1T view from the ship tank room
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IGF Code

IGF Code is an acronym for Ainternational Code of Safety for Ships using
gases or other Low-flashpoint fuelso developed by The International
Maritime Or g a n i zMatitime $afety Committee. IGF Code aims to minimize
the risk to the ship, its crew and the environment, it is mandatory under the
International Convention for the Safety of Life at Sea (SOLAS).

Content of training:

A Basic knowledge of the physical properties of fuels on board ships subject
to the IGF Code (fuels adressed by the IGF Code; properties and
charasteristics)

A Basic knowledge of ships subject to the IGF Code, their fuel systems and
fuel storage systems (types of fuel systems, cryogenic or compressed
storages; general arrangement of fuel storage systems; hazard areas)

A Basic knowledge of fuel storage systems operation on board ships subject
to the IGF Code (piping systems and valves; relief systems and protection
screens; protection against cryogenic accidents)
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Fuels adressed by the IGF Code

ACode includes regulations to meet the functional requirements for natural gas
fuel. Regulations for other low-flashpoint fuels will be added to this Code as,
and when, they are developed by the Organization.

In the meantime, for other low-flashpoint fuels, compliance with the functional
requirements of this Code must be demonstrated through alternative design.o

IGF Code, Preambule
Directly:
Natural Gas (Liquid Natur al Gas LNG

Indirectly:
Fuels with flashpoint below60AC ( <C8 Hydrocar bons, M ¢

Flashpoint is the temperature at which a particular organic compound gives off
sufficient vapour to ignite in air.
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Properties and characteristics

Natural Gas is a hydrocarbon gas mixture of primarly methane, ethane, propane
and others. Can be characterized by Upper Wobbe Index W, (in Poland higher

than 23 MJ/m3 by definition)

Physico-chemical properties of the LNG (Methane)

Molecular weight [kg/mol.] 16,4
Boiling point [ AC, K] (@ 1 bar) -161,8AC, 111 K
Odor Odorless
Color Colorless
Temp. of self-ignition [AC] (@ 1 bar) 5400580
Flame temperature ~2800 AC (oxygen), ~1960 AC (air)
Toxicity Non-toxic
Corrosivity Non-corrosive

Carcinogenicity Not found

Flam. limits of vapor in the air [% vol.] 5015
Solubility in water Very low
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Properties and characteristics

Qualitative characteristics of the LNG in the world (2010)

Content of Nitrogen* [% mol.] 0,0-0,9
Content of Methan* [% mol.] 81,6 - 99,7
Content of Ethan* [% mol.] 0,1-13/4
Content of Prophane* [% mol.] 0,0 - 3,7
Content of C4+* [% mol.] 0,0-1,6
LNG Density* [kg/m3] 423 8485
LNG Specific Gravity 0,415-0,45
Expansionfactor * NG/LNG [m3/m3] 559 8590
NG Density* [kg/m3] 0,719 - 0,867
NG Specific Gravity 0,5561,0
Heat of combustion* [MJ/m3] 39,8 - 46,5
Upper Wobbe Index* [MJ/m3] 53,3 - 56,8

*GW2A08YBNRLX 2y & BIDId kiBEAPRYASYAL

23s5fyS A LRRall-GAZ220M2 OS&dz NJ
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ll. Shipssubject to the IGF Code, thel
fuel systems and fuel storage systen
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B Ucone
Specialized vessel 1 T
Tug 6 T
Ro-Ro | 2 mEmE
RoPax 3 I
PSV 18 8
Patrol vessel 4
Oilfchemical tanker 2 NI
HSLC 1
General Cargo 4
Gas carrier 6 13 |
Cruise ship (N
Container ship 1 I T
Car/passenger ferry 25 13 ]
Car carrier (FI
Bulk ship @m
0 S 10 15 20 25 30 35 40

In operation M On order

Updated 23 October 2015
Excluding LNG carriers and inland waterway vessels

A Gas carriers need not apply the IGF code, only IGC code

A Also if not burning own cargo, but a different gas i for example an
LPG carrier using LNG as fuel
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Fuel systems subject to the IGF Code

Engines

A ngh pressure type - Diesel cycle

gas is injected after oxidant air compression
mixture in ignited by pilot liquid fuel (diesel) injection
supplying gas pressure: 2500300 bar

oll fuel only when operating below 15-20 % of the engine load T
problem with high emission in the ports or close-to-shore areas

A Low pressure type - Otto cycle

gas and oxidant air are mixed before the mixture compression
pilot fuel for mixture injection (as in HP engines)

supplying gas pressure: 507 bar

low emission at low engine loads

risk of unintended (knocking) ignition i max 80% of full load if
engine works in the gas mode
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Fuel systems subject to the IGF Code

Non-pressure vessels (membrane type, A-type and B-

type tanks)
Q
Gas to engine

= 5087 bar
e I LNG centrifugal pump
vap | I LNG evaporated and
=] we warmed-up in the VAP with

water-glycol (WG) brine

I Pressure pulsation dumper
(PD) Is required

I Low exploitation costs

I High installation costs
o Oper. pres. < 0.7 barg
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Fuel systems subject to the IGF Code

Pressure vessels with gravity-based PBU

l PD l Gas to engine .
p= 567 bar g l

VAP

=lw

MAWP = 10 bar g
Oper. pres. 5-7 bar g

Pressure in the tank
produced in pressure built-
up unit (PBU)

Pressure in the tank
compatible with low-
pressure engine
reguirements

Lack of the mechanical gas
compressors

Simple and reliable design
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Fuel systems subject to the IGF Code

Gas to engine
p= 567 bar g

>

MAWP = 10 bar g
Oper. pres. 5-7 bar g

PBU

Pressure vessels with forced flow thought PBU

LNG pump for PBU
Whole LNG evaporated In
the PBU (larger size)
VAP for gas warm-up only
(smaller size)

PD is no necessary
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Fuel systems subject to the IGF Code

Systems for high-pressure engine

Gas to engine
p= 2506 300 bar g

L 16

>

Compressor

MAWP = 10 bar g
Oper. pres. 5-7 bar g

WG

Whichever previously
discussed scheme is used
here the multistage gas
compressor after VAP is
necessary
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Fuel systems subject to the IGF Code

Membrane tanks

0) O
.‘.;‘.‘5':':::, R A TR O R TR “‘k\

——— Primary barrier membrane
—____Primary insulation

—— Secondary barrier
Secondary Insulation

A non-self-supporting

A consist of a thin layer (membrane) supported through insulation by the
adjacent hull structure

A MAWP < 0.25 barg

A if the hull structure is of proper design MAWP < 0.7 barg

A capacity: 100 6 20 000m3

A high production costs
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Fuel systems subject to the IGF Code

Independent A-type (prismatic)

Primary barrier
plating

Insulation on
outside of tank

Hull secondary
barrier

A designed using classical ship-structural analysis procedure
A are required to have a full secondary barrier

A MAWP < 0.25 barg

A if the hull structure is of proper design MAWP < 0.7 barg

A capacity: 100 6 20 000m3
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Fuel systems subject to the IGF Code

Independent B-type (prismatic, sphericalé )

Insulation : ~ 2

Aluminium tank with f
internal stiffening ———

Chocks

similar to A-type tanks
are designed using model tests, sophisticated analytical tools and analysis

methods to determine stress levels, fatigue life and crack propagation
characteristics

are required to have a partial secondary barrier
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Fuel systems subject to the IGF Code

Independent C-type pressure vessels (cylindrical,
bilobe)

MARVS <10 bar g

90% MARVS > MAWP > 0.7 bar g

usually cylindrical shape

presently capacity: up to

500-600 m3

future capacity: up to 2000 m3

relatively cheap

small hull volume fulfillment ratio

can be installed in the new-building and for upgraded existing ships

o o o To  To To To o




