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Who we are

Å One of the largest academic schools in Poland

Å 16 Facultiesin Wrocğaw, Jelenia Gora, Wağbrzych and Legnica

Wrocğaw University of Science and Technology
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Who we are

Wrocğaw University of Science and Technology

ωDepartment of Cryogenics, Aviation and Process Engineeringis
a part of the WUST Faculty of Mechanical and Power 
Engineering

ωMain competence ςhelium cryogenics

ωScience and R&D collaboration with:
ςCERN, Ch

ςGSI, Ge

ςESS, S

ςDESY, Ge

ωMain projects:
ςCryodistribution for ESS accelerator

ςCryodistribution for SIS100 and S-FRS FAIRaccelerators

ςSC cavitytest stand for XFEL project
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Who we are

Samso Ferry ïLNG dual-fuel ship 

First LNG fuel system fully designed and 
produced in Poland

Shipowner : Samso Kommune (DK)

Ship manufacturer: Remontowa Shipyard 
Ltd.(PL)

LNG Fuel System:

Å Design: Wroclaw University of Technology (PL)

Å LNG Tank production: FUO Rumia Ltd. (PL)

Å 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 ïLNG Fuel System

LNG tank design, structural and thermal design done at WUST
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Who we are

Samso Ferry ïLNG Fuel System

LNG Tank under construction at Remontowa LNG System Ltd, Poland

(former FUO Rumia)
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Who we are

Samso Ferry ïLNG Fuel System

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

Samso Ferry ïLNG Fuel System

LNG tank with integrated TCS ïtransport to the ship
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Who we are

Samso Ferry ïLNG Fuel System

LNG tank with integrated TCS ïview from the ship tank room
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IGF Code is an acronym for ĂInternational Code of Safety for Ships using

gases or other Low-flashpoint fuelsò developed by The International

MaritimeOrganizationôsMaritime Safety 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:

Å 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)

Å 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)

Å 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)

IGF Code
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I. Physicalproperties of fuels on board 
ships subject to the IGF Code 
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Fuels adressed by the IGF Code

ĂCode 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.ò

IGF Code, Preambule

Directly:

Natural Gas (Liquid Natural Gas LNG, Compressed Natural Gas CNG, é)

Indirectly:

Fuels with flashpoint below 60 ÁC (<C8 Hydrocarbons, Methanol, Fuel Cells, é)

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 Ws (in Poland higher

than 23 MJ/m3 by definition)

Physico-chemical properties of the LNG (Methane)

Molecular weight [kg/mol.] 16,4

Boiling point [ÁC, K] (@ 1 bar) -161,8ÁC, 111 K

Odor Odorless

Color Colorless

Temp. of self-ignition [ÁC] (@ 1 bar) 540ö580

Flame temperature ~2800ÁC (oxygen), ~1960ÁC (air)

Toxicity Non-toxic

Corrosivity Non-corrosive

Carcinogenicity Not found

Flam. limits of vapor in the air [% vol.] 5ö15

Solubility in water Very low
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Properties and characteristics

Qualitative characteristics of the LNG in the world (2010)

* G. wƻǎƱƻƴŜƪα{ƪǊƻǇƭƻƴȅ ƎŀȊ ȊƛŜƳƴȅ ς[bDΦ /ȊťǏŏ L ς½ŀƎŀŘƴƛŜƴƛŀ ƻƎƽƭƴŜ ƛ ǇƻŘǎǘŀǿȅ ǇǊƻŎŜǎǳ ǊƻȊƭƛŎȊŜƴƛƻǿŜƎƻέΣ b!C¢!-GAZ 2/2016

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 ð485

LNG Specific Gravity 0,415-0,45

Expansion factor * NG/LNG [m3/m3] 559 ð590

NG Density* [kg/m3] 0,719 - 0,867

NG Specific Gravity 0,55 ð1,0

Heat of combustion* [MJ/m3] 39,8 - 46,5

Upper Wobbe Index* [MJ/m3] 53,3 - 56,8
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II. Shipssubject to the IGF Code, their 
fuel systems and fuel storage systems 
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Å Gas carriers need not apply the IGF code, only IGC code

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

Engines

Å High pressure type - Diesel cycle

ïgas is injected after oxidant air compression

ïmixture in ignited by pilot liquid fuel (diesel) injection

ïsupplying gas pressure: 250õ300 bar

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

Å Low pressure type - Otto cycle

ïgas and oxidant air are mixed before the mixture compression

ïpilot fuel for mixture injection (as in HP engines)

ïsupplying gas pressure: 5õ7 bar

ï low emission at low engine loads

ï risk of unintended (knocking) ignition ïmax 80% of full load if 
engine works in the gas mode



GoLNGTraining, 07.03.2018, GdaŒsk, PL

ïLNG centrifugal pump

ïLNG evaporated and 

warmed-up in the VAP with 

water-glycol (WG) brine

ïPressure pulsation dumper 

(PD) is required

ïLow exploitation costs

ïHigh installation costs

WG

VAP

PD

MAWP = 0.7 bar g

Oper. pres. < 0.7 bar g

Gas to engine

p= 5õ7 bar g

LNG Pump

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

type tanks)

Fuel systems subject to the IGF Code
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ïPressure in the tank 

produced in pressure built-

up unit (PBU)

ïPressure in the tank 

compatible with low-

pressure engine 

requirements

ïLack of the mechanical gas 

compressors

ïSimple and reliable design

Pressure vessels with gravity-based PBU

WG

VAP

PD

MAWP = 10 bar g

Oper. pres. 5-7 bar g

WG

PBU

Gas to engine

p= 5õ7 bar g

Fuel systems subject to the IGF Code
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ïLNG pump for PBU

ïWhole LNG evaporated in 

the PBU (larger size)

ïVAP for gas warm-up only 

(smaller size)

ïPD is no necessary

Pressure vessels with forced flow thought PBU

WG

VAP

Gas to engine

p= 5õ7 bar g

MAWP = 10 bar g

Oper. pres. 5-7 bar g

WG

PBU

LNG Pump

Fuel systems subject to the IGF Code
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ïWhichever previously 

discussed scheme is used 

here the multistage gas 

compressor after VAP is 

necessary

Systems for high-pressure engine 

WG

VAP

PD

MAWP = 10 bar g

Oper. pres. 5-7 bar g

WG

PBU

Gas to engine

p= 250õ 300 bar g

Compressor

Fuel systems subject to the IGF Code
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Membrane tanks

Å non-self-supporting

Å consist of a thin layer (membrane) supported through insulation by the 

adjacent hull structure

Å MAWP < 0.25 barg

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

Å capacity: 100 õ20 000m3

Å high production costs

Fuel systems subject to the IGF Code
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Fuel systems subject to the IGF Code

Independent A-type (prismatic)

Å designed using classical ship-structural analysis procedure

Å are required to have a full secondary barrier

Å MAWP < 0.25 barg

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

Å capacity: 100 õ20 000m3



GoLNGTraining, 07.03.2018, GdaŒsk, PL

Fuel systems subject to the IGF Code

Independent B-type (prismatic, sphericalé)

Å similar to A-type tanks

Å are designed using model tests, sophisticated analytical tools and analysis 

methods to determine stress levels, fatigue life and crack propagation 

characteristics

Å 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)

Å MARVS <10 bar g

Å 90% MARVS > MAWP > 0.7 bar g

Å usually cylindrical shape

Å presently capacity: up to 

500-600 m3 

Å future capacity: up to 2000 m3 

Å relatively cheap

Å small hull volume fulfillment ratio

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


