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Abstract

This dissertation was written as a part of the M®dCT Systems at the International Hellenic
University. Here goes a summary of the dissertation

In the last few decades the European indigenouduption of fossil fuel has been decreased and
unfortunately there are not enough new sourcesverche energy needs. European Union has to find
new energy sources in order to secure its enengglguFor this reason recently it has be given much
attention to the imports of liquefied natural ghklG). EU aims to reduce by this way the dependence
on pipeline gas and at the same time to diverssfyatural gas sources. Also, LNG imports enhance
competition which is indispensable for effectives-gaarket liberalization and the same time buyers
have the possibility to choose their LNG suppligtoreover, LNG is a clean fossil fuel which
practically helps to reduce carbon dioxide gE@missions in a short term and to enhance EU’'g lon
term decarbonisation targets. This reduction iregheuse gases has also to be achieved by the ship
sector and heavy road transport sector. Due tafallementioned parameters there is an increase
regarding LNG regasification terminals in the ElLtcArding to the latest news there are already 20
LNG import terminals connecting the EU with the lgdogas market and there are under discussion
and/or construction further 32. For this reasonrghis an increased need of small scale LNG
distribution. GLE has revealed in June 2014 thena8 Scale LNG Map 2014-Exiting & Planned
Infrastructure for Sea-Road-Waterways Transpoht’this map are represented all the operational
small scale LNG infrastructures and also all thefastructures which are under construction, etth
are going to be built or what it has been announadxs built.

Taking into consideration the increased need of LE@ especially the small scale LNG
infrastructures in EU, this dissertation will prdeithe basic information regarding the infrastrretu
which are needed for transforming LNG to naturad gad distributed after to the pipeline system.
Moreover, it is analyzed the LNG supply chain amelways of LNG transportation in small scale; like
small LNG ships and trucks. A closer analysis imdpelone also to the bunkering procedure of LNG;
Ship-to-Ship, Truck-to-Ship, Ship-to-Shore. Finaliytention is be given to the satellite LNG plants
which are found in remote areas and cover the nekdaergy supply where pipeline system is not
operational.

AIKATERINI VARAGKA

21/11/2014
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1. Introduction to LNG

The last two decades natural gas has proved ttesfagowing energy source due to high conversion
efficiencies in power sector and also due to logeghouse gas emissions. For more than one century
natural gas is transported safely to the final aomexs through pipelines. Pipelines have served the
supply and market needs of the twentieth centueglly, since all large natural gas reservoirs were
found in accessible areas. This provides staldlity security of energy supply as long as there are
available large natural gas reservoirs. Howevey |Jast decade it has proved that there are signific
guantities of natural gas in areas that are nolyesccessible. These large natural gas reserwgiish

are more isolated and technically more difficult be approached have trigger the attention. A
significant number of techniques have been develap®rder to facilitate the exploit of natural gas
On the other hand, over the past three decadediquéfied natural gas (LNG) industry has managed
to facilitate the energy needs of remote areas.adaws LNG is gaining more and more ground since
it has diversify its supply chains and can compeejigally the pipeline gas suppliers, providing sigur

of energy supply for many consumers breaking ggadgcal and political constraints.

Due to rapidly growing energy demand, decreasevailable oil sources, the no-flaring regulations,
the increase of oil prices and the imposed linotste greenhouse gases it has appeared the request
for transporting stranded gas over long distanBesing the past decades many technologies have
been developed in order to transport natural gdsng distances. The below figure 1 illustrates the
different methods of transporting natural gas t® tharket. The only fully commercial and mature
technologies are pipeline and LNG transportatiotwben remote natural gas suppliers and major

natural gas markets.

Alternative Methods of Moving Natural Gas to Market

Major
Natural
Gas
Markets

i ‘
|

R&D only - no commercial
projects yet sanctioned

G, =
% to Sofids - Hydra'*

|
|

David Wood & Associates

Figure 1: Technologies available to transport ratgas long distances, Chapter 1
LNG Fundamentals, Handbook of Liquefied Natural Gagics®Mokhatab et a
First edition 201«
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The selection of the best fit technology has toadth the transportation distance of the natural gas

Until now 70 percent of the natural gas that islédhinternationally is exported by pipeline and 30
percent is transported in the form of liquefiedunak gas.

As it is shown in figure 2 the transportation aftural gas through pipelines it is recommended only
for small distances approximately up to 2000 kmilstithe liquefied natural gas can be transported t
areas which are found from 1000 km to 5000 km. Alse gas field production rate (bcm / year) from

liquefied natural gas is increased as long asigtartte is being increased due to economic reasons.

Volume Versus Distance Options
for Developing Stranded Gas

Liquified tht.{fa 53

Pipeline

N B

o N & o ®» B

Gas Field Productlon Rate (bem / year)

Stranded or Methanol or DME-GTL

- g g 3

Distance to Gas Consuming Market (km)

4000
5000 =

David Wood & ASSOCID(Q}

Figure 2: Production volume versus distance to etafkamework for gas technologi

Chapter 1eNG Fundamentals, Handbook of Liquefied Natural Gaeeid Mokhatab et ¢
First edition 2014.

In figure 3 it is showed one diagram with the gasi$portation costs. The comparison is being done
between offshore pipeline, LNG, onshore low presipeline and onshore high pressure pipeline.
The results show that for onshore distances trategm of LNG is not recommended since it is away
from economic interest. For these circumstancés #fuggested to be used pipelines. LNG can be
competitive for onshore transportation at the begak point of 2,200 miles. LNG is preferred to be
used for long distances like those crossing ocearleng stretches of water since the construction

costs for pipelines are very expensive. For offsh@ages LNG can be competitive when the offshore
pipeline is less than 700 miles. [1]

Page 7 of 111



sportation Costs

Gas Tran,//

SIMMBTU

500 1,500 2,500 3,500 4,500

5,5
Miles o

Figure 3:Comparison of the cost of transportation gas vizlpip and LNG; for 1 tcf/y
and including regasification costs, ChaptdtNG Fundamentals, Handbook of Liquet
Natural Gas, Saeid Mokhatab et al., First editioh4

1.1 Value Chain of Liquefied Natural Gas

When natural gas is cooled down to the point tleaibimes its condensation then it passes from gas

phase to liqued phase. This point is at temperatfird62°C and under atmospheric pressure. By

cooling down the natural gas it is achieved thaicédn of storage volume approximately 600 times

and this makes it economically feasible for tramsgimn especially for long distances which include

also ocean voyages. The major steps for the us&geNG include many procedures. These

procedures form the LNG value chain which is cdedi®f the following:

Exploration includes all the operations which aemaded to extract natural gas from earth’s
crust and treatment of this gas in order to be @ised the final consumers. The discovery of
natural gas is being done most of the times wheraeion companies are looking for oll
reservoirs. According to the BP Statistical RevieivwWorld Energy June 2014 report the
proved reserves of natural gas at the end of 204/@ w557.8 trillion cubic feet or 185.7
trillion cubic meters. The distribution in perceggaamong the continents is: 43.2 in Middle
East, 30.5 in Europe and Eurasia, 8.2 in Asia Radif6 in Africa, 6.3 in North America and
4.1 in South and Central America. The productionatfiral gas including also the quantity of
natural gas which is produced for Gas-to-Liquidssformation is 3369.9 billion cubic meters
for 2013 (including data from Cedigaz). In 2013 thading countries producing natural gas
and selling it to world markets in the form of LN@®re Malaysia, Australia, Algeria, Qatar,
Trinidad & Tobago and Russian Federation. Thereals@ other counties which produce and

export LNG but in smaller quantities like Norwaynitéd Arab Emirates, Nigeria, Indonesia.

Liquefaction is the procedure where natural gagasverted to liquid for transportation
purposes. Natural gas from the point of its extoacts transferred to the liqguefaction power

plant in order to be transformed to LNG. A very pr@ant procedure before the
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transformation is to be removed all the contamisavitich are found inside to the natural gas
in order to be avoided the corrosion phenomendenpiping. The liquefaction process can
purify the LNG almost to 100 percent. When the raltgas is cleaned then refrigerants are
being used in order to cool down the feed gas.lifluefaction point is at -162°C. By cooling
down the natural gas its volume is being reduced/@0d" of the space required for a
comparable amount of gas to be stored at room tertyve and atmospheric pressure. LNG is
characterized as a ‘cryogenic’ liquid which medmat it is found in very low temperatures.
LNG is a liquid with density about 45 percent thensity of water. The storage of produced
LNG is being done in specific cryogenic tanks. Ehaanks are double- walled tanks.
Practically it involves the construction of a tainkide to another tank. The inner tank has to
follow specific construction characteristics acdogd to identified specifications. The
materials of the inner tank include 9 percent Hiskeel, aluminum and pre-stressed concrete.
The outer tank is made either from carbon stegirerstressed concrete. Between inner and

outer tanks it is installed insulated material.

Shipping of LNG is being done with special vessélgese vessels are double-hulled in order
to prevent any possible leakage or rupture in cégailure. The cryogenic conditions which
have to be maintained inside to the vessels aredastant due to insulation material which
is being used. The storage conditions are at -1@2d_under atmospheric pressure. The type
of LNG tankers can be: spherical, membrane designpaismatic design. In 2002 it has been
recorded from Maritime Business Strategies thapé&i2ent of LNG ships used spherical type
tanks. However, in 2011 it has been recorded froengame organization a shift towards
membrane tanks; 68 percent of LNG fleet containnsgatem followed membrane design, 30
percent spherical design and 2 percent other typbas been foreseen that between periods
of 2011 until 2016 the usage of membrane desigkstavill reach 94 percent. One typical
LNG carrier has capacities from 125,000 to 138,@0@ic meters () which can be
correlated to 2.6-2.8 billion standard cubic fe&&€F) of natural gas. The sizes of these ships
are most of the times 900 feet in length, 140 ife&tidth and 36 feet in water draft.

Storage and Regasification are two main procedwbih target to the receiving of
transported LNG to the terminals in special cryagemssels and after the transformation of
LNG through regasification procedure to natural igasrder to be distributed to the pipeline
system or to be used directly for energy produciioremote power plant. Since LNG arrives
at the terminal is pumped under atmospheric presiside to LNG storage tanks, after is
pumped under high pressure through parts of thesifécation terminal causing increase of its
temperature. The warm up of LNG is succeeded dtiectaise of heaters. The type of heaters

can be either direct-heated or seawater heatedr@ugh pipes which are heated with water.
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The vaporized natural gas is regulated to its presand after is ready to be distributed to the

pipeline system.

The usage of LNG is also to serve the needs dunigiy demand periods where there is a peak of
natural gas need from system, especially in reramas. Implementation of this procedure saves a lot

of money invested in pipeline infrastructures wheapacity commitments are very expensive. [2, 3]

1.2 Composition of Natural Gas
In order to understand better the process of LN@ilvag and transportation it is a prerequisite ¢o b

familiar with its physical and chemical properti@he knowledge of some basic characteristics of
LNG ensures the safe operations and actions duaimgaccident like a potential leakage. The
properties of LNG are directly connected to theuraltgas source and its processing/fractionation
history. Natural gas is composed mainly from meg¢harich is found in 82 percent of its entire

composition. The rest 19 percent includes ethaiteggen, propane, carbon dioxide, butane and
pentane. Also, it can be found small quantitiesvafer. For the liquefaction process is demanded
some components to be removed from the naturdilgasvater and carbon dioxide and the reason is
to prevent them from forming solids when naturad gacooled down to -162°C. The composition of
liquefied natural gas is based mainly to methanehvis almost 95 percent and only 5 percent of
other components like higher hydrocarbons (C2 dr, &dlfur trace or nitrogen exist as well. LNG in

normal conditions is odorless, colorless, non-t@td noncorrosive cryogenic liquid. When LNG is

vaporized to natural gas it has the advantage thiigatgeneration of particle emissions and carbon
dioxide emissions is very low compared to otherrbgdrbon fuels. When LNG is combusted the

products which are produced contain very smallipomf sulfur and nitrogen oxides.

The boiling point of LNG is approximately -162°Chd densities can vary between 430 Kgton470
kg/m?. For this reason LNG is spilled on water, floatstop and is being vaporized more quickly than
the water. When LNG vapors come gradually in cdntath the surroundings and reach temperatures
of -110°C, then the density of vapors is lightempared to that of air and vapors become buoyant.
The LNG vapors which have temperature less tha@’@ hre gathered at low level areas and when
they warm up they transferred to the upper partcdse that LNG is being released inside to an
enclosed space then it has the tendency to disghiacgurrounded air and making the area hazardous

for breathing.

Vapors which are released from LNG are going tonibeed with the surrounding air and due to their
temperature differentiation will be guided downwimdusing a vapor cloud that may become
flammable and explosive. The flammability limitseab and 15 percent by volume of air. The
methane/air mixture outside of these limits is flernmable. When LNG is stored inside to a closed
storage tank the vapor concentration is almost@Ed@ent methane, if LNG concentration is below the

lower flammability limit it cannot be burned. Foxanple in a well-ventilated area the LNG vapors
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rapidly mixture with air and dissipate to less thanpercent concentration which is below the
flammability limit. The required conditions in ondéo be produced an unconfined vapor cloud
explosion of natural gas is not present in caseN® facility, for this reason explosions cannot be

considered as potential hazard. [1, 3]

1.3 LNG Safety

LNG sector has proved one of the most reliablesaregarding the safety records. There are several
parameters which contribute to that high safetultesFirstly, it is given high importance to thafety
rules and actions from the engineering phase timél construction and operation. Secondly, the
physical and chemical properties of LNG are undedtvery well from all the parties including
engineering personnel until operational staff. dlyirthere are many standards, codes and regutation
that have been developed for LNG purposes and ¢baginue to be updated all the time. LNG is
considered one of the cleanest fuels and this mialesvironmentally favorable compared to other
fuels. The hazards which are associated with LN@dlrg are ignition and fires, vapor cloud
explosions (VCE), cryogenic effects like cryogefieeze burns, embrittlement of metals and plastics,
confined space hazards and chemical hazards. édethazards have been analyzed and studied very
carefully and can be well mitigated with carefuliaes and estimations of the hazards. Safety featur
are an inherent part of each LNG facility. The saffeatures of an LNG facility are: primary
containment, secondary containment, plants safgtyes), LNG unloading operations, insulation
standards, instrument and electrical standardgraepn distances which have to be followed, safe
features of LNG ships and LNG trucks. Moreover, shée processing, storage and transportation of
LNG are the essential parts for the growth andesasice of the entire industry. LNG marine
transportation industries, onshore LNG plants anshore LNG transportation facilities follow the

below paths of safe operations:

= Strictly implementation to the codes and standdegsgned especially for LNG operations

= Establishment of Process Safety Management (PSKtemsyfor each one operation. The
concept of this system is to establish and to ¥olbdtosely the best industry practices, to adapt
and use innovative measures and to obtain therisggeward ratio taking into consideration
their budgets. The meaning of risk is defined aspfobability, consequence or frequency of
one hazard to happen and for this reason are takegsures which can reduce these

phenomena. [1]

1.4 LNG Implications

In the last few years many concerns have been igedein the EU energy market regarding the
increased fuel prices and the security of energyplsu Temporary cutbacks in pipeline gas supply
system from Russia have shifted EU interest towéigisefied natural gas (LNG) as an alternative

solution to mainstream shipment through pipelinétl adopts many policies and frameworks
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regarding handling and transportation issues of LiNGrder to accelerate its penetration between the
periods 2020-2030. The main considerations aresebarity and diversity of gas supply, affordability
of LNG, energy efficiency of LNG, reduction of grd®use gases (GHGs), quality of LNG and
supply of LNG though ships.

= Security, Diversity and Affordability of Natural G&upply

Increased energy prices and sudden cutbacks idiesigb natural gas from Russia have affected the
concerns regarding security, diversity and affoilitglof natural gas supply inside EU. EU it is yer
vulnerable to such unexpected changes becausadaugto the latest researches the proved reserves
of natural gas for European Union are 0.8 percerth@ end of 2013. Proved reserves are those
quantities that both geological and engineeringrimfation reveal that it can be recovered in theréut
from known reservoirs under existing economic apération conditions. Moreover, according to BP
Statistical Review of World Energy 2014 the prodéuetof natural gas for EU is 146.8 billion cubic
meters (br) at the end of 2013. Comparing this value to trwpction rate of natural gas at the end
of 2012 there is a decline of -0.5 percent. Onatiner hand, natural gas consumption inside EUeat th
end of 2013 was 438.1 billion cubic meters {pmhich has be declined a little bit compared te th
values of 2012, this change is at the rate of pkrttent. The difference between consumption and
production of natural gas inside EU is covered wiliural gas imports and the basic supplier is
Russia, almost 40 percent of natural gas comes Rossia. The basic limit to the EU natural gas
diversification is the fact that approximately 8&rgent of natural gas imports are being done throug
pipelines. This impose to much stretch to the EWd &or this reason EU-policy makers consider
different ways to alleviate this, through commonergy policies, energy efficiency measures,
alternative energy sources, the use of liquefiedirahgas (LNG) etc. According to BP Statistical
Review of World Energy 2014 the trade movement2Q#3 as liquefied natural gas to Europe and
Eurasia is 51.5 bm3, with the main importers toSpain, France, Italy Belgium, United Kingdom.
When it is mentioned Europe and Eurasia are indiglgropean members of the OECD plus Albania,
Bosnia-Herzegovina, Bulgaria, Croatia, Cyprus, FearMugoslav Republic of Macedonia, Gibraltar,
Malta, Romania, Serbia, Montenegro and Former $aligon. World LNG production between 1975
and 2007 was 8 percent of world natural gas pragluctt has been estimated that until 2030 global
demand for natural gas will be increased 2.1 perddeo, it has been estimated that inside Europe
LNG trade volumes will be 220 bm3 until 2020 and! 28n3 until 2030. The basic LNG suppliers to
Europe by the end of 2013 have been recorded Bdn& Tobago, Peru, Norway, Oman, Qatar,
Yemen, Algeria, Egypt and Nigeria. Apart from thecgrity and diversity of LNG supply another
issue is also the affordability of LNG infrastruets. According to the latest release of “The Globa
Liquefied Natural Gas Market: Status and OutlooR20by the Energy Information Administration
of United States costs among LNG value chain haenldeclined. The Gas Technology Institute

(GTI) liquefaction costs have dropped from 50 petde 35 percent in the last 10 years. Plant chpita
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costs from US$500 per ton of annual liquefactiopacity decreased to US$200. Also, the costs which
are needed for the construction of LNG storage damkve also dropped from US$280 million to
US$155 million by the end of 2003. Moreover, refieation costs have fallen to the values of
US$100 million up to US$2 billion. It is difficulio implement a specific formula for the economic
analysis of all LNG industries since they are maayameters that have to be considered like the
location of the project, the characterization o throject as greenfield (built in a new locatiom) o

brownfield (an expansion of an existing plant).
= Energy Efficiency and Greenhouse Gases

Natural gas can be transported either through ipger in the form of LNG. The main differences

between these two processes are pointed in thegsing, transportation, storage and handling. These
differences affect consequently the results of gynesfficiency and estimated greenhouse gases
released from these two paths. In figure 4 it @vwadd the primary energy consumption that is needed

for delivering natural gas to the final consumdretigh pipeline infrastructures and LNG.
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Figure 4: Primary energy consumption to deliverated gas by LNG angdipeline pathways [%, primary fos
energyl2 consumed along the chains / total enempjayed (energy of the extractadtural gas and energy consul
from other sources), all on Net Calorific Value /NChdsis], JRC Reference Reportsquefied Natural Gas fi
Europe- Some Important Issues for Consideration, 2009.

The primary energy consumption for delivering nakugas through pipeline is approximately
between 12 to 16 percent with an efficiency of 89@ percent, whilst for LNG is 20 to 25 percent
with an efficiency of 75 percent. This differenseniot so obvious when transportation of natural
gas exceeds 7000 km, then energy costs for pipelneportation is 28 percent versus 24 percent
for LNG. In real terms LNG will be a more energydnsive option than pipeline deliveries of
natural gas. It has been proved that almost 18pexf energy consumption is saved in case that
LNG is trucked directly to the refueling stationdatihen vaporized and compressed on site, than if

LNG is regasified and then transported through lgipeo the same refueling station. Regarding
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the greenhouse gas emissions it has been estithatedNG pathway is inferior to pipeline routes.
This is represented more realistic in the figunehere it is showed the GHG emissions which are

released in order to transport a unit of energi ¢ and pipeline.

-
o
= 40 =7
. GHG emissions along LNG pathway -
E -~
3 == == GHG emissions along pipeline pathway - -
-
I 30
[
[
-
o
g = 20
=]
]
=}
= i0
)
X
= 0
0] 2000 4000 &000 8000 10000 12000 14000 16000
Overall transport distanca, km

Figure 5: GHG emissions to transport a unit of gndryy LNG and pipeline Pathway3RC Referenc
Reports, Liquefied Natural Gas for Eurep&ome Important Issues for Consideration, 2009.
The break-even point of GHG performance betweeelipip and LNG pathways is reached in
much shorter distance compared to the break-eviem gicenergy efficiency. The break-even point
Is approximately at 6500 km transport distance W@ithG emissions at 19kgG(&J for EU.

= LNG Quality Parameters

Natural gas is composed mainly from methane (Chi#XHere are also some components in small
quantities like heavier hydrocarbons, hydrogentsd and inerts. In order to be produced LNG
all these impurities have to be removed. This jrally means that LNG is composed almost 90
percent of methane. The rest 10 percent is ethmopane and butanes. All these contribute to the
overall energy content of LNG. Due to the procegsifi LNG slight impurities are found to its
composition compared to pipeline natural gas. @ndther hand, LNG does not include carbon
dioxide (CQ) and the existence of nitrogen amounts is verylistailG may be considered as a
superior quality fuel to pipeline gas. In figurésGepresented the chemical composition of pipeline
natural gas and LNG in EU, supplied from differeatirces. Pure methane is found in the top-right
corner. The relative size of bubbles indicatesrtghane concentration. Also, from this figure it
can be seen the different groups of LNG supplier&lt). Generally, the concentration of non-
methane hydrocarbons and inerts €dd CQ) are more pronounced in the pipeline natural fas i
someone looks to the left-hand side of figure 6lsthithese impurities are less in the LNG

composition which is showed to the right-hand side.
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Figure 6: Composition of European pipeline gas aN&lL(the relative size dhe bubbles indicates 1
methane content), JRC Reference Reports, LiquefiedrdlaBas for Europe Some Important Issues
for Consideration, 2009.

The issue that facing many European countries Bod@any countries outside EU is how they can
manage and control the variation in natural gaditgum order to ensure not only security of
energy supply in reasonable costs but also to miaiithe integrity of utilization equipment. The
basic characteristics regarding the quality of ratgas are the gross calorific value (GCV), the
Wobbe Index and the density of gas relative toTdie LNG which is supplied to EU from Nigeria
and Libya has a gross calorific value approximatelyMJ/nt and its Wobbe Index is 53 MJ/m
The different markets of natural gas are not likelyeach in a consensus agreement regarding the
quality standards that have to be followed. Howeweside EU, European Commission has already
given the mandate to CEN to structure a harmonstaddard on gas quality by 2010, and this
standard has to follow the EASEE gas specificatidigs will allow the free trade of natural gas
inside EU and also will increase the flexibility iofiporting LNG. Countries inside EU like France
and Poland are thinking to convert their low cdiorvalue networks to high calorific value
networks in order to allow LNG trading system torkvenore freely. Due to the wide spread use of
LNG the forthcoming regulations are going to addipeé LNG quality to their gas supply
regulations. In that case large LNG industries mag directly LNG in order to secure energy
supply. At that moment large chemical and petrodbahindustries cannot benefit from direct use
of LNG. Finally, delivering LNG by road trucks atrdilers is an alternative option for areas which

have poor natural gas quality or for remote ar€his is a promising market to the EU.
= Shipping of LNG
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It has been noticed an increase in the world LNBtflregarding both transported cargo capacities
and number of LNG vessels. It has been estimated the Ocean Shipping Consultants Ltd., that
in year 2007 the number of LNG fleets were 250 withotal cargo capacity 31 million®m
Analysis results show that by the year 2030 the Ldé@jo carrying capacity will be increased to
110 million n?, while the number of fleet will be increased tdABits. In this case it is assumed
that the average vessel size is 150,000 Qurrently are used mostly LNG carriers with cargo
capacities of 100,000 to 150,00G mith an increased interest for larger vessels Gf,d00 to
170,000 M There are also bigger vessels with cargo capadibout 200,000 to 250,006. mhis

is a new generation of LNG vessels called Q-Flhe iame comes from the word ‘Qatar’ since
these vessels are used mostly to the exporting pbiNiddle East and particularly in Qatar. Due to
the high needs of LNG carriers already have bearstoacted the Q-max vessels with cargo
capacities over 250,000°niThe ‘Q’ series of vessels are used mostly foroetkpg purposes in
large ports. In EU there is a plan of building neNG receiving facilities, which will served by
smaller LNG vessels. In below figure 7 it is depitthe world’s projected LNG fleet capacities

and the number of vessels.
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Figure 7: Current (2007) and projected (2010, 222B0) capacity of worldLNG fleet (million m3) an
number of LNG carriers (based on an average vassepacity of 150,000 m3))RC Reference Repo!
Liquefied Natural Gas for EuropeSome Important Issues for Consideration, 2009.

The above aforementioned LNG carriers use liquefiatiral gas as fuel oil for their propulsion
system. LNG fuelled gas engines have proven todtiabte during operation and also they are
environmentally friendly due to the low-sulfur fumdntent. Emissions like S@nd particular matters
(PM) are almost negligible, and the Némissions are below the Tier Il limits for Ottgcte engines.

In order to promote more the use of natural gapssht has to be adopted a number of policy
measures which will be included also to the lindfsEmission Control Areas (ECAs). European
industry is a step forward since it has developeeady a proven know-how in “green” shipping
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technologies. The International Maritime Organ@at(IMO) decided after the Convention in 2008
that the global sulfur content must be reduced%g@&rcent by 2012 and 0.5 percent by 2020. Insarea
like the Baltic Sea and North Sea are imposedtstriemission rules. These areas belong to the so
called Sulphur Emission Controlled Areas (SECAsankthe beginning of 2010 the sulphur content
for these areas was below 1 percent and it hag teeduced up to 0.1 percent by the end of 2015.
Regarding NQ@ emissions, SECAs areas have to reduce them byeBfemt in order to meet the
emission constraints of Tier Ill. European Comnagasalso tries to impose stricter rules regarding
ship emissions, and for this reason it has beeptadadhe EU Directive 2005/33/EC. This directive
includes for example limits regarding sulphur comntat 1.5 percent for marine fuels used by
passenger vessels and 0.1 percent for marinedsets by ships on inland waterways and at berths. In
below figure 8 is illustrated the emissions regagdan alternative Baltic Sea cargo ship.
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Figure 8: Environmental emissions for alternativeeepts for a typical Baltic Sea cargo st8purce
DNV Det Norske Veritas AS, GLE Position paper: GiEiews on Small Scale LNG, 2011.

This alternative solution provides 0 g@missions for an LNG fueled ship. N@missions are
estimated near to 20 ton/year, £@missions approximately near to 5,800 ton/year padicle
emissions (PM) almost 0 ton/year. At that momentoRean Commission is thinking to submit a
proposal which will be in alignment with the IMO @eention. [4, 5, 6]
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2. Study of LNG Storage Tanks and
Surroundings

In this chapter will be analyzed the requiremeetgarding the area at which LNG storage tanks are
going to be built in. Also, it will be representde different types of LNG storage tanks.

2.1 Study of Installation Area and its Surroundings

It is very important for an LNG company to incluteits safety assessment the functional description
of the terminal installation. In order to be aclddwhis target a series of steps have to be folowe
First of all it is very important to be exploredtbughly the site at which the infrastructuresgoing

to be built in. To begin with, a soil survey hadrtolude geological investigation where scientigiié

try to understand how this area has been formenhglihe past and which are the potentialities of
seismic activities, also they will record the prese of possible salt deposits, soil liquefaction,
gypsum, swelling clays, existence of ground wadbies etc. This geotechnical search will facilitate
the characteristics of the subsoil one of the npopstiominant characteristics for the LNG terminals
topology since unstable phenomena are forbiddererutite tank or the equipment foundation.
Otherwise it has to be proved that the aforemeatigphenomena can be detoured with appropriate
measures and potential problems to be overcomet Apan the soil survey more studies can be done
regarding the investigated area. For instance maquatic access and marine aquatic environment,
study of flooding and shock waves, study of sesemtmperature, quality and possibility of tidal, a
survey to the surrounding vegetation in order tedjot the possibility of fire risks, enhance the
communication of the surrounded industrial comparstudies which will include manoeuvring areas
and safety distances for the LNG carriers whichditawithin the port and those who are at berth.
Apart from the site study climatic study has todmme as well. It is very important the scientist to
investigate the temperatures of the area duringvti@e year, the range of barometric pressure, the
wind direction and strength, the frequency of ralinfsnow and icing, the relative humidity and the
substances of the air since it can be very coreotivthe infrastructures. One of the most important
studies which have to be done is the seismologlystithe area. The size of the area which areggoin
to be investigated is depends of its nature, islaggcal and tectonic conditions taking also into
consideration the soil survey, for this reasonrg@és may include also a wider research area which
historically has be proved that can affect the siteditions. Generally this area is around 320 kamf

the site but if the area is characterized as piales¢ismic then a wider area can be searched. An
earthquake is characterized by its vertical andzbotal acceleration of the ground and scientists t
to predict their frequency as well as their amplguThe selection of the relevant data helps gstent

to establish the Safe Shutdown Earthquake (SSE)tendperating Basis Earthquake (OBE). The
former is the earthquake which produces the maximubratory ground motion for which

infrastructures and/or systems are designed toinefmactional. It is based upon the evaluationhef t
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maximum earthquake potential taking into considenathe topology of specific area, the seismology
and geology characteristics. The latter is thehegadke which is based on the local topology,
geography, geology and seismology characterisscsvell as the characteristics of the subsurface
materials. The estimation of that earthquake esdinesafe operation of the site without unduetask

the safety and health of the public. Finally, patalith the above-mentioned studies project site
location assessments have to be done in ordersiresthe suitability of the site location takingoin

consideration parameters like neighbor industriad aresidential development, transportation
infrastructures and sensitive developments. Whersitie will be determined a detailed site assessmen
has to be published and revised frequently andudleclall the needed information regarding the
location of the project, the scope, the hazardoaterial which are found in this area, the possible

future developments and the conformance with thalland national regulatory laws. [7]

2.2 LNG Storage and Retention System at Terminals
The design of the LNG tanks is accordance to theofigan Standard EN 1473:2007. The basic

principle for the construction of these tanks isnaintain safely the liquefied natural gas at cgrog
temperatures. It is also very important to allow #afe filling of the tanks as well as the rema/al
LNG. LNG storage tanks have to be structured irhsuay so as to be possible to withstand leakages
due to internal and/or external factors. They halge to maintain stable internal conditions ofaad
moisture except as a last resort to prevent unwamteuum conditions in the vapour space.
Moreover, these tanks have to be able to endureuhwer of filling and unloading (emptying) cycles
and the number of cooling and warming operatiormindguthe predicted life cycle of the equipment.
The aim is to operate safely between the minimuch maximum pressures, permit the boil off gas

and minimize the rate of heat leak.

During the normal operation of the tank everythirag to be gas and liquid tight. The LNG storage
tanks consist of a primary and a secondary contaiffee primary container generally is consisted
either by a membrane, or by continuously weldedeplt is also very usual to be structured with
cryogenic concrete pre-stressed with cryogenidosiement. The secondary LNG storage container
has also to be tight in order to maintain any fgmedeakage or spillage and for this reason thiskmEa
either a continuous welded plate, or concrete tardny other proven suitable material. The surfsdce

the tank which can be metallic or concrete and @xposed to the atmosphere has to be designed and
constructed in such way in order to minimize angglility of water penetration in any form, for
instance rainwater, surface water, humidity. Thesterce of moisture can cause severe corrosion

problems to the equipment, impairment of insulatiwaterial as well as to concrete.

The design of LNG tanks has also to consider thernal and external piping which is directly
connected to the loading procedure of the liquefiatiiral gas. For this reason the fluid and the gas

pipes which penetrate to the LNG tank are not aibwo found neither to the primary and secondary
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container base or walls. It is very important tleagtration not to give rise to any heat input &atle
conditions to be maintained. If for any reason petiens cause thermal expansion and contraction
then it is necessary internal connections to bengthened as well as external connections so as to
transit piping loads to a thermal piping compemgpgystem. It is very common between the inner
tank and the outer containment to exist some cdiumscwhich are related to the feed of nitrogen and
the removal of it when commissioning face is goingake place. Also, these connections serve to

purge out LNG after emptying the tank for mainteseapurposes.

Another parameter which has to be included to #wgh of LNG tanks is the insulated materialss It i
crucial the design and selection of these mattyibe done carefully in order to prevent any caoms
and /or damage to the pressure containing compsndoé to the existence of undesirable
contaminants. In order to minimize the heat tran$éfem the ground insulation is implemented
beneath the foundation base of the primary comtaitiehas to be considered also the thermal
expansion of the components. For instance wherintdation material of the primary container is
made of expanded perlite, it is necessary to beegied from settling. This can be done if glassiwoo
padding is implemented. If LNG is stored insideatespherical tank then the insulation has to be
implemented to the outside area of the tank andraeention to mechanical and/or hydraulic actions
should be formed. Furthermore, insulation matetiage to be strongly non-flammable. Apart from
the proper selection of the insulation materidias to be considered also the proper thickness of i
For this reason many parameters have to be coesldike the atmospheric conditions, soil conditions
and so on. Regarding the quality of the insulatetenmal it has to be considered that no single tpafin

the external envelope of the container will be We@SC with air temperature above or equal to 5°C.

Moreover, the design of the LNG tanks has to inelatso a combination of many possible actions.
For example initial warm up to atmospheric tempertnd cool down, filling and emptying cycles,

the maximum rate of temperature changes, maximéferelntial pressures that can exist. [7, 8]

2.3 Types of LNG Tanks

There are several types of LNG storage tanks ngrfriom the function, the site characteristics, the
safety restrictions and from the results of solal as seismic study report. The categories whah

be classified for that purpose are:

¢ Single Containment (Cylindrical metal tank).
e Double Containment (Inner cylindrical metal tankdaouter cylindrical metal or concrete
tank).

¢ Full Containment (Inner cylindrical metal tank amater cylindrical metal or concrete tank).
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e Membrane Containment (Cylindrical concrete tankered from inside with a metallic

membrane).

Depending on site’s requirements other types of Lsti@age tanks can be built as well. For instance
there is one type named Cryogenic Cylindrical CeteciTank which is similar to the aforementioned
tanks and it is constructed from an outer pre-se@goncrete tank and a similar internal tank. Aaot
type is the Spherical Tank. The deferent typesMGLtanks will be described below. Generally, the
tanks can be placed directly on the ground but rabshe times it is preferred to be installed semi
buried or in ground or in pit. The foundation atiethLNG tanks are placed in has to follow specific

requirement and to be in accordance with the seistaidies. [9,10]

2.3.1 Single Containment
This type of tank is consisted only from one camtant tank (primary liquid container) made from

steel. The shape of the tank is mostly cylindramadl it is self-supporting. There is also an outeels
shell which is not responsible for containing amggible leakage. The purpose of it is to protedt an
retain insulation only. As it mentioned above tlamk here is placed on the top of a concrete
foundation, which has also the possibility to maimtthe temperature of the tank due to the ingtalle
heating system. Between the primary container &edaduter steel shell there is also loose filled
insulation. The foundation and the tank are foursidie to a bund wall. The roof of the primary tank
can be separated into two deferent types regartiegcapture of the produced vapours. The first
scenario is a simple structure of a steel dome vk vapours are kept inside whilst the second
scenario includes an open top cup where a gas+iglallic outer tank enclosing the primary liquid
container. With the second scenario products vapateg kept inside and insulation is protected. In

figure 9 are depicted two examples of Single Coetaianks. [9,10]
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Figure 9 Example of single containment tanks, British Stadd
BS EN1462(-1:2006, Paragraph 4: Concept Selec

2.3.2 Double Containment
Double type containment is consisted of an innek taade from steel which is reliable to maintain

both the vapours and the liquid and an outer taallerfrom concrete and it is responsible to capture
any possible spillage. The secondary containeessgded in such way in order to be able to maintain
all the quantity of primary container’s liquefiedtaral gas in case of leakage accident, the camtain
does not maintain the vapours as well. The anrsglace between the two containers shall not exceed
six (6) meters. Due to this gap between the twdaioers it is constructed a shield which prevenés t
entry of rain, snow, sand. Also, to this type of@&Ntorage tank there is a concrete foundation which
is insulated and a heating system helps to maistainle the desired temperatures. It is very common
procedure instead of building a concrete basedoephbove the primary and secondary container to
build in the ground both containers, an earth erkivemt is made for this purpose. It is existed also
here two possible scenarios for the roof just tike case of single containment type. In figureslO i

showed the drawing of a Double Containment tani.(p
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Key
1 primary container (steel) &8 roof (steel)
3 bottom insulation 9 external shell insulation
4  foundation 10 external water vapour barrier
5  foundation heating system 1 loose fill insulation
6  flexible insulating seal 12 outer steel shell (not capable of containing liquid)
7 suspended roof (insulated) 13 bund wall

Figure 10 Example of double containment tanks, British Stadd, B¢
EN 1462(-1:2006, Paraaraph 4: Concept Selec

2.3.3 Full Containment

The design of a full containment tank includesienpry and a secondary containment which together
consist an integrated LNG storage tank. The primtank withholds the liquefied natural gas whilst
the outer tank is responsible for retaining theili@ison and in case of primary tank’s failure todise

to keep both the liquid natural gas and the vapdtrs primary containment can be either open at the
top or it can be closed, at this case a dome ®abnstructed and keeps inside the LNG vapours.
Moreover, primary containment is constructed froleek and it is a self-standing structure. The
secondary containment is also a self-supportingl steconcrete construction and it has a roof, made
from the same material. The purpose of the secgnctamtainment in the case of an open primary
containment is to preserve natural gas vapoursaltthermal insulation of the primary containér. |
the primary containment is shielded at the top thHem aim of the secondary containment is to
withhold any spillage occurring due to failure ofnpary containment. More specific is responsible to
maintain not only the liquid but also the vapoufsnatural gas. There is the case where venting
release can be acceptable but it has to be dogecaesfully. In the normal operation the secondary
containment is responsible to keep the thermalatism of the primary’s containment and at the same
time to reserve vapours. If both the primary anzbadary container is made from steel then the space

between them which is approximately two (2) meiefed with insulated material. The same is done
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also when the primary container is made from st the secondary is made from pre-stressed

concrete. In figure 11 is showed the drawing ofih Eontainment tank. [9,10, 11]
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Key
1 primary container (steel) 7 suspended roof (insulated)
2 secondary container (steel) 8 roof (steel)
3 bottom insulation 9 loose fill insulation
4  foundation 10  concrete roof
5 foundation heating system 1" pre-stressed concrete outer tank (secondary container)
6 flexible insulating seal 12 insulation on inside of pre-stressed concrete outer tank

Figure 11 Example of full containment tanks, British StardfarBS E!
1462(-1:2006, Paragraph 4: Concept Selec

2.3.4 Membrane Containment
Membrane containment is another type of LNG stortgek. It is consisted of a primary steel

container which is very thin (~1.2mm) and for théason is called membrane. Most of the times it has
a corrugating shape. There is also a secondargicomnt made from concrete which purpose is to
maintain both liquid and vapours in case of leakagé provides hydrostatic stability. Between the
two containers exists insulating material, its khiess is 40cm. It is very important this insulapece

not to come in touch with vapour space. For thesoa there is adjusted on this space a nitrogen
breathing system which monitors the methane coragot and keeps the pressure within normal
values. Moreover, this nitrogen system it can bedu® purify the insulation space in case of a
leakage. At the top there is closed, hemispheramaicrete roof and behind this there is an inedlat
suspended deck which is made from aluminum anddiass. A detailed drawing is given in below

figure 12.
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Key
1 Primary container (membrane) 6 Flexible insulating seal
2 Secondary container (concrete) 7 Suspended roof (insulated)
3 Bottom insulation 8 Concrete roof
o Foundation 9 Insulation on inside of pre-stressed
5 Foundation heating system concrete outer tank

Figure 12 In the left hand an example of membrane contairint@nk
British Standards, BS EN 14620-1:2006, ParagraptoAc€pt Selection.

Among the four types of LNG storage tanks thereoie common characteristic. In all the
circumstances below to the foundation of the tdmde is foundation heating system. The reason of
this is to prevent expansion forces which maythi# tank and damage either the tank itself or prts
the tank for example tank’s bottom connections.séhexpansion forces which are produced are due
to temperature differences between tank’s bottochsmil. If the soil which is found under the tank
becomes too cold then frost penetrates into therngir@and form ice lenses. As time goes by these ice
lenses are growing and cause expansion forceg tatik. In order to prevent undesirable phenomena
it is used a self-regulating on-off heating systehch automatically starts and stop keeping thé& tan
foundation between a temperature range of +5°CL@G-. This is the desirable temperature among to
tank’s foundation. In some areas it may be obsehiglder temperatures but this does not cause any
problem. It is suggested a frequently monitor @f lieating system performance because it can reveals
any information about tank leak. If a leak is appdahen the controller which is found near to the
leak it shows a sudden drop of the temperaturetti®rreason it is recommended a daily inspection t
the system. Another indication that there is a ipbsgank leak is the change of heating power
consumption because it is produced a change inffaimme. The normal activation of the system is
40% to 60% of the total heating operating timethis suddenly changes to 100% activation this
directly indicates an abnormal operation of thetespswhich is very possible to be linked with a

leakage problem. [9,10, 11]
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3. LNG Supply Chain

In this paragraph the supply chain of the LNG Wil described. This includes all the paths from
natural gas extraction until the end-use consumptithe first step of the supply chain is the
exploration of the source; this includes drillimggll preparation and closure. Most of the timeg, th
recovery of natural gas is accompanied with oilbwecy. The main composition of natural gas is
methane, but also contains ethane, propane, batashdreavier hydrocarbons. It can be found also
small quantities of carbon dioxide, oxygen, sulfiittogen and water. All these components have to
be removed and especially the non-methane competiéet water, carbon dioxide. This is done
because during the cool down of natural gas (-16€i€re is the possibility to be formed solids. The
natural gas is processed until to reach very higfitypmost of the times the purity is 95% methane
and only 5% other components. The next step iidhefaction process. This includes cooling of the
cleaned feed gas by refrigerants. By liquefyingrthtural gas it is achieved the decrease of voloyne

a factor of 600. Practically, this means that Ifipenatural gas uses the 1/808f the space required
for a corresponding amount of gas at room temperaand atmospheric pressure. After the
liquefaction process the LNG either is loaded atb@eship or is stored in specific double-walleck&an
at atmospheric pressure. The transportation of LislGeing done with double-hulled ships. These
ships follow specific design criteria and codesasdo be in accordance with safety rules. There are
different types of LNG ship carriers depending le tonstruction criteria but also to the loading
capacity. After the transportation, LNG is disclet@t specific receiving terminals. In these teatsin
LNG is pumped to double-walled storage tanks abapheric pressure. From this point LNG can be
transformed again to gaseous phase through reggifi process. From the atmospheric pressure
storage tanks LNG is pumped at high pressure aed iafis warmed by passing through pipes. The
heating of pipes can be done either directly bgdfiheaters or seawater, or through pipes thatare i
heated water. The gaseous natural gas can be #itimsported by pipelines or it can be used for
power generation. Apart from regasification prodg¥& can be transported by trucks. The trucks can
carry 40 to 80 MLNG depending from the permitted transported sizeuzks in each country. LNG
transported by trucks it is proved less cost effeatompared to ship transportation if the volurags
LNG involved are sufficiently large over a periofl ttme. The recommended distance for LNG
transportation by truck is 600 km approximately.eTurpose of LNG transportation by truck is
multiply. It is transferred to specific terminalgrfend-user consumption to LNG vehicles. Liquefied
natural gas can be transformed to compressed hgagavhich can be used by CNG cars. Also, LNG
truck distribution aims to cover energy needs &ogé industries, energy demand during peak lodds (a
this case LNG is stored to cryogenic tanks unis iheeded, then it is transformed to natural gasl)

for remote end users with no access to pipelimastiuctures.
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In the below figures are illustrated the differsopply chains of LNG that can exist. The choice of
LNG distribution depends on commercial as well @shhical conditions such as the size of the
terminal, the frequency of customer visits etc.eHigis worth mentioned that every additional siep

the supply chain may affect the quality of LNG hesm there is the possibility of temperature
increase. This is done due to pumping from one gldupply chain to another part. In the below

figure 13 is showed one possible scenario of LN& us

Natural Gas Natural Gas .Natural Gas LNG Ship . LNG Regassification Nat.u.rag.Gas Power
- . is processed : Discharged Utilization .
Exploration Extraction Carriers h of LNG Generation
to LNG to Terminals Process

Fiaure 1 LNG Subplv Chain No

Many power plants in order to ensure their proditgtihey build LNG storage tanks and use them as

backup fuel, depicted supply chain at figure 14.

Natural Gas Natural Gas _Natural Gas LNG Ship . LNG Regassificatio Power
- . is processed : Discharged LNG Storage .
Exploration Extraction Carriers ; n of LNG Generation
to LNG to Terminals

Figure 14: LNG Supply Chain No 2.

Figure 15 shows the LNG supply chain by truck whichoing to be used for transportation purposes.
The loading capacities can vary between 50 to’8@fi.NG. The exact amount of transported LNG
depends on two parameters the maximum load andetigth of the vehicle, which directly is
connected on its country authority legislationgufes 15, 16 & 17 show how the LNG trucks can be

used for other purposes as well. [12, 13]

Natural Gas Natural Gas .Natural Gas LNG Ship . LNG LNG Truck LNG
- . is processed : Discharged LNG Storage o X
Exploration Extraction Carriers : Distribution Vehicles
to LNG to Terminals

Fiaure 1% LNG Supplv Chain No.

Natural Gas Natural Gas _Natural Gas LNG Ship . LNG LNG Truck Users. No

X . is processed N Discharged LNG Storage o
Exploration Extraction Carriers | Distribution Access to
to LNG to Terminals Pineline

Figure 16: LNG Supply Chain No 4.

NG Stor:
Natural Gas Natural Gas _Natural Gas LNG Ship . LNG LNG Truck - Usage
X . is processed N Discharged LNG Storage e )
Exploration Extraction Carriers S Distribution During Peak
to LNG to Terminals Demands

Figure 17: LNG Supply Chain No 5.
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4. LNG Regasification Process

In this area it will be analyzed the process of LM@asification. In remote areas LNG is transferred
by ships into the port, after it is unloaded aratesd in cryogenic tanks. For the regasificationcpes
it is needed some basic equipment, which includi§> arms, LNG pumps, Boil-off gas Recondenser

System, Vaporizers. Each one will be analyzed sépigrbelow. [1]

4.1 LNG Arms

When an LNG ship anchors to port they are used lai@s in order to transfer LNG from ship to
onshore LNG tanks. These arms consist of one piper, the inboard arm and the outboard arm. There
are different diameters of arms for instance itdsy common 16 in arm, but it can be found alsal unt
24 in arm. Between each pipe segment it is instadleswivel joint which facilitates the movements
between the onshore and the ship components. \&efut operations have to be done during the
process for this reason there are many monitoyagems like quick connect and disconnect coupling,
position monitoring and emergency release systéien LNG transfer from ship to onshore tank is
finished nitrogen purge takes place. This is dogfere the disconnection between the two systems in
order to ensure completely drainage of the armgypical port has two or three loading arms, one
vapor arm and one spare arm in case it is neetledatm is common for liquid and vapor. The

capacities of arms varies between 4,088rruntil 6,000nVhr. [1]

4.2 LNG Pumps

LNG pumps are one of the main characteristics gas#ication process. LNG pumps are submerged
inside the LNG storage tanks with their motor adl.w@ne very common motor pump is the
submerged electric motor pump (SEMP). Liquefiediradtgas is a dielectric fluid for this reason ther
are not safety problems with the submersion of maial electric cables inside the liquid. One more
advantage with the aforementioned pumps and m&dhsit there is no need for tank penetrations and
mechanical seals. LNG pumps can be classified twtm main categories the Low Pressure (LP)
sendout pumps and the High Pressure (HP) sendeopguThe former are used inside the LNG
storage tanks to force LNG to regasifier and same there is also the possibility to by-pass ihigh

pressure pumps, the latter is used to boost LN porizers. [1, 16]

4.2.1 LP Sendout Pumps
These pumps as it is mentioned before are usedN@ transfer, they are installed inside a vertical

pump well and after they submerged inside to tbeage tanks. The installation is done from the top
of the tank since they are retractable. Pump’sronlis purged with nitrogen to ensure safety. The
main components of an LP in tank pumps are: suctadwe seal plate, suction valve seal, helical
inducer, suction valve springs, inlet house, weéags, impeller, main bearing, axial diffuser vane,

shaft bushing, motor housing, discharge portsj@uealve, motor housing, submerged electric motor
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(stator and motor), one-piece solid shaft, cootaturn lines, upper bearing, end bell housingaimkt
feed thru, catch screen, terminator cover, in-tpower cable, lower support plate, support cable,

lifting cable, customer column.

These pumps are designed to discharge at 8 torgiOpbassure. The maximum pump’s efficiency is
when the operation is near to design flow, for ep@n80% efficiency can be achieved approximately
with pump flow 400r¥h. If pump is operated under the minimum flowsthiill lead to efficiency
drop and discharge temperature of the liquid wallibcreased. This can cause problems to the BOG
(Boil-Off Gas) recondenser. During the turndowrtloé pump there is the possibility of shortage of
LNG Cold for BOG recondensation, this can resulB@G carryover to High Pressure (HP) sendout
pump and cavitation problems. The usage of BOGn@easer is during the startup of the pump

where the minimum flow valve opens and the pumpatlyenerates boil-off gas.

Apart from supplying LNG to HP pumps and to theoreenser, LP pumps are also responsible for
circulating cold LNG to the jetty because this @mex keeps cold the unloading lines. Finally, these
pumps include an inducer (an axial flow impelley)the lowest possible level of the tank so as to
improve NPSHR (Net Positive Suction Head Requird@dljs allows operators to lower as much as
possible the LNG storage tank level. [1, 14, 15]

4.2.2 HP Sendout Pumps
The usage of High Pressure (HP) pumps is to taggosufrom the BOG recondenser to increase the

pressure from 8 barg to 80-120 barg and to booss ltdl vaporizers. The type of these tanks is
vertical canned with submerged motor which drives d¢lose-coupled, multistage pump. When pump
operates near to its design flow the efficiencypproximately 70% with flow 510 $h. A typical
motor has 1500 to 2000kW power.

The basic components of a HP pumps are: spiralcerdumpellers, thrust equalization mechanism,
shaft / rotor assembly, motor, stator, suction tezdischarge, electrical penetration, seals. The
inducer of the pump reduces the NPSH requirememgeration. During the motor operation heat is
generated, this heat is removed by the sensibledfi¢ae inlet LNG. A small portion is vaporizeayf
this reason it is important to vent the casinghef pump periodically. This vent vapor is sent te th
BOG recondenser. Very careful design of the pigystem and estimations of the BOG recondenser
elevation has to be done, in order to ensure serfticNPSH available for the pump operation. This is
one of the most critical parts to the regasifiaatmocess and it has to be included in all cades, |

startup of the system, shutdown, holding positish§ unloading procedure. [1, 14, 15]

4.3 Boil-Off Gas Recondenser (Reliquefyer)

During the process of pumping heat is producedaaditional with solar radiation causes one fraction

of LNG to pass from liquid phase to gas phase. Vamor flow can vary significantly between ship
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unloading and onshore holding operations. Thisitgascalled boil-off and it has to be removed from
the storage tanks in order to maintain low preskwels inside them. For this reason these vapers a
compressed, removed and condensed in specific requipcalled Boil-Off Gas (BOG) recondenser.
Vapor flow which takes place is a contribution oamg parameters, like the heat input of the
operational pumps, the heat gains from the unlgatlimes, heat leaks from storage tank, volume
displacement from the tank by the unloaded LNG fainips. When the ship is not at port vapor flow
is much lower approximately 0.05% per day. Thismgiiya of BOG is produced mainly due to heat
leaks of the storage tanks. The noticeable hetkaiswhen the system is working at high sendout
ratios the BOG is reduced so much that it can geh @egative, at that times in order to maintaa th
system stable makeup vapor from the natural gadosgsystem can be used for balancing. A typical
amount of vapor flow rate is 4 to 40 MMscfd (MillicStandard Cubic Feet per Day). The process
goes as follow:

Vapor flows guided through piping to the BOG congsar, compressed and sent after to the BOG
recondenser where they condensed using a slipnstfathe cold sendout LNG. The BOG

recondenser has a triple role to the process:

= Maintain the pressure of storage tanks at low kelsglcondensing the boil-off gas.

= Receives the compressed boil-off gas from the B@& @ essor.

= BOG recondenser operation looks like a drum’s dpsrawhere liquid and vapor phase exist
together.

= |tis used as a suction drum to the high presddiR) 6endout pump.

= Maintains a constant suction pressure and an atedNRSH for the HP pump, in order to

work normally.

A typical BOG recondenser process line follows tlext steps. From an LNG storage tank low
pressure (LP) pumps boosts the liquid to the BO@messor. LNG is compressed about 8 barg.
There are two different types of compressors. Greentrifugal and the other is reciprocating. ldenr

to fulfill turndown requirements of BOG it is usdtiree or more, depending of the volume,

reciprocating compressors with automatic unloadéfisen boil-off gas is compressed then opens the
valve and it is allowed the vapor flow from the B@G@mpressor to the BOG recondenser. The BOG
recondenser is separated at two compartments, omgisted of a packed column and the other
consisted of liquid level. The packed section isdutb maintain the vapors. In order to be produced
saturated liquid it has to be provided sufficieMlG& LNG which is cold supplies the needed

temperature for the condensation of BOG and theadtion of saturated liquid. Primary (LP) pumps

from the storage tank send liquefied natural gasth® BOG recondenser. At the same time

compressed boil-off gas is guided also there. Hmelgut flow is balanced with the condensate from

the packed column in the lower section of the reemiser and the mixture is send to the high pressure
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sendout pumps. It is crucial the system of BOG mdenaser and HP pumps to be designed and
controlled in order to ensure not only a stablevflo the HP pumps but also to provide inadequate
cooling and NPSH for the HP sendout pumps. For tesson many actions can be taken as

precautions.

First of all it is important to maintain a constdiguid flow to the packed column. A flow ratio
controller is used based on the feedback which fyeta the boil-off gas flow rate and from the
pressure transmitter found on the inlet of recosdenSecond, it is important to keep liquid level o
recondenser between some limits. For this readeweh transmitter is used. This instrument gives an
alarm when the liquid level increased too muchiaradose to the packed column. The level should be
lower in order to allow all the packing to be agble for heat transfer. Moreover, a level controlle
installed near to the bottom of recondenser endinassufficient liquid exists at the outlet of the
recondenser which feeds the HP pumps. As it is ioveed before periodically HP pumps have to be
vented in order to prevent cavitation phenomena Vant from the aforementioned process is
rerouted to the top of recondenser and it is ddabnegravity to the bottom of recondenser goingkbac
to the suction of the HP pumps. The recirculatiomfof the HP pumps also is rerouted back to the
top of BOG recondenser, for this reason recondemsest be designed with surge volume. Finally,
during the design phase elevation differences hauge taken into consideration. This is important
because it has to be provided the needed NPSHReoHP pumps for all the circumstances, like

startup of the system or turndown of the system.

When liquefied natural gas passes through the B@@poessor and BOG recondenser it is boosted to

HP sendout pumps and from there to the vaporigerd 6]

4.4 Vaporizers
The choice of LNG vaporization system is a combamabf many parameters, including terminal’s

location, site environmental conditions, operatlassues, energy efficiency measures and regulatory
obligations. Also, vaporizers selection has to nteet target of minimization industry’s life cycle
costs. For this reason economists analyze the gtrepgenditures in order to achieve higher net
present value (NPV) and at the same time to basidagice with emission regulations. Today's LNG
regasification terminals target to cover naturak geeeds in remote areas. These regasification
terminals use mostly Open Rack Vaporizers (ORV)uado70% of them, 25% use Submerged
Combustion Vaporizer (SCV) and 5% use Intermedriged Vaporizer (IFV). There are also other
types of vaporizers like Direct Air Vaporizers (DAVAmbient Air Vaporizers (AAV), Shell and
Tube Exchange Vaporizers (STV) which are used mastsmall regasification terminals and peak
saving facilities. Today, LNG regasification termis used more and more because they are flexible
and they can provide gas where there is shortaget & already mentioned above the choice of

vaporization depends in a great amount of siterenmiental conditions. For this reason the countries
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at which are built regasification terminals can ddassified at two categories. The first ones are

equatorial countries, these countries have statelesnditions and temperatures do not follow below

18°C (Mexico, Brazil, Indonesia, Philippines). Teecond ones are sub-equatorial countries where
temperatures can fall below 18°C at winter mon@isirfa, Chile, Spain, UK, France). The selection of

the proper vaporization system is a matter of ptognd site specific parameters and should be
evaluated on a case-by-case basis. For the selextibe right vaporizer the below factors havée¢o

considered mainly:

= Plant location

= Site environmental conditions

= Capital costs

= Operating costs

=  Supply — demand curve

= Regulatory restrictions (environmental restrictiémsseawater and air pollution)
= Vaporizer capacity and operating parameters

= Safety precautions [1, 17]

4.4.1 Open Rack Vaporizers (ORV)

Open rack vaporizers are used widely in the exstegasification terminals and most specific at
subequatorial countries. The regasification povents are constructed usually near to the opeinsea
order to allow access to ships. The most availablgce for heat is sea water. For this reason ORV
used as heat exchangers taking advantage of thHlaldeaseawater. It is proved that seawater

temperature above 5°C provides better efficiensylts.

An ORYV is a construction of tubes which are arrahigepanels. These panels are connected between
them through the LNG inlet pipe and the degasifiemtiuct outlet piping manifolds and hung from a
rack. Seawater is very corrosive and for this rea@BV are made from finned aluminum alloy tubes
which externally are protected with specific ziraints. The selection of this material tubing isdahs

on two parameters. The first one is to provide raadal strength to the tubing in order to withstand
cryogenic temperatures and the second reason tigheahermal conductivity which appears. Higher
thermal conductivity increases ORV efficiency. Tdhesign of these units is made based on safety
precautions and easy access to the equipment, deeitademands regular maintenance. Moreover, the
operation of this system can be adjusted througllating sections of the panels and vary the load of
the unit. This provides the opportunity to operatiar conform to any changes regarding gas demand,
seawater temperature or gas outlet temperatureadi@ntage of ORV is that there is no possibility
for explosion because there is no ignition souccéhe system and any gas leakage can be detected

very easy.
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An open rack vaporizer is a system which works wéhwater, heat exchangers of this type during the
design phase have to consider many parametersiffieat the operation. For example, it has to be
analyzed the quality of the seawater because ti@ista the operation of the ORV and also affecés th
life of the zinc aluminum coating tubing. Also, fmoseawater analysis it can be detected the
concentration of suspended solids and the amourganfl. This is important because it can be
appeared sedimentation phenomenon causing jamnfirigeowater through piping. This can be
treated with proper infiltration system preventisglids, sea life and silts reach pumping system.
Designing an ORV heated by the seawater creatas gpacerns for the ecosystem of marine life. The
destruction of the system when it is in operatias to be as lower as possible, seawater dischagye h
to be in guidance with local regulations and chamigcsage must be minimized (chlorination of
seawater is a method which is used widely for tlegntion of marine life growth). Other parameter
that has to be considered as well is the site enwiental conditions. In very cold climates in ortter
maintain stable the temperature of gas outlet &erexl heating system is used. At this case iery v
common technic the usage of boil-off gas createdaabge tanks as a heating fuel. Furthermorast h
to be considered as well the available backup sydte case of failure of ORVs. Taking into
consideration the aforementioned parameters ang wifers a case study has to be done before the
final decision. In the below figure 18, is showed @utline of the composition of panel tubing
arrangement. [1, 17, 18]
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Figure 18: Bird's-eye view of the ORV, constructi@mngpany Tokyo Gas.

4.4.2 Submerged Combustion Vaporizers (SCV)

It is one of the most used vaporizer in areas wétty stringent emission limits, or within areas whe
there is no other available heat source and bedtacae be used to utilize boil-off gas. A typi&CV

is composed from a water bath in which there isstrotion of stainless steel tubing. LNG flows
through this tubing. Inside to water bath therealso a submerged gas burner. This burner heats
directly the surrounded water with hot flue gagedistributor which is located under the heat tfans
tubes is used in order to dispense the gases hetavater. The sparging action creates turbulence

through the tubes resulting in a very high thereféitiency (over 98%) and high heat transfer rates.
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Because the system works under constant tempesdatmds to high thermal capacities, giving an
advantage to sudden load changes, startups ardbsms.

Due to the combustion process which takes plade firoduced carbon dioxide (GOwhich is
condensed in the water casing acidic environmenbrdler to protect tubing from corrosion it has to
be adjusted the pH, for this reason are used cladsrlike sodium carbonate or sodium bicarbonate.
The excess combustion water before to being digeldato open sea it has to be neutralized.
Following up environmental restrictions regardin@Nemissions many SCV units are consisted of
NOx burners. These burners limit NOx emissions @ppin, this value can be reduced further if
selective catalytic reduction units will be usetem the NOx values can be reduced even to S5ppm.

The design of a SCV is capable to handle a maximutput of natural gas of 200MMscfd. SCV are
very reliable during their operation and it is veasy to be detected any possible gas leakage. iAlso
does not take enough time for the unit to shutdowease of emergency. Moreover, the possibility of
explosion is very low due to the fact that the teragure inside the water bath is very low compared
to the ignition temperature of natural gas. Anothigvantage of SCV is that they do not demand large
tracts of real estate since they are very coméeire are two disadvantages regarding SCV. Thee firs
one is the regular maintenance of the system wisiclemanded due to the complexity of the system
(piping, air blowers, and burner). The second an¢hat SCV system requires 1.5% of the total
vaporized LNG as fuel that is a significant opemtcost to regasification terminals. In the below
figure 19 an SCV system is depicted. [1, 17, 18]

Exhaust gas

1 Stainless
heat exchanger

AL : | g—_no
Corbustion Alt—= : -~ LNG

~ . Concrebe or Steelbath

Figure 19: In the right is depictedSubmerged Combustion Vaporizer. Courtesy of Wo
& | and Sumitomo Precision Products.

4.4.3 Ambient Air Vaporizers (AAV)
Ambient Air Vaporizers is another type of vaporizarhich use air as heat source. The choice of using

an AAV is due to strict environmental rules whictist in some countries and seawater as heat source
cannot be used. Compared to ORVs and SCVs, AAVsrame environmentally friendly and cost

competitive. On the other side, the number of vagorunits is much higher and it is required larger
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construction area. In areas where the climatetishd humid fog is formed to the outlet of the eyst

which may be a problem to the surrounding area.

There are two types of ambient air vaporizer forA_erminals; direct air vaporizer and indirect air
vaporizers that use an intermediate fluid. Direictvaporizers are vertical heat exchangers used
mostly in peak shaving plants in small LNG term&éburing their operation ice is formed to the
external part of tubing and for this reason itesndnded periodically defrosting. Automatic switchin

valves are installed that allow automatic defrggtiheir operation is based on timers.

A typical ambient air vaporizer is consisted of dorvertical direct contact exchange tubes that
expedite downward air draft. Ambient air as entengorizer is warmer and less dense, for this reason
is found on the top, contrariwise colder densebaing at the bottom. Ambient air vaporizers wutiliz
air in natural or forced draft arrangement. Thdetudf exchanger is a mixture of cold, dried aidan

condensed water; this can be used as source dfipatad/or service water.

For the normal operation of the AAV it is needegesiodically deicing or defrosting in order to adoi
ice formation to the tubing. This is done everyr8dours depending on the operating hours of the
heat exchanger, as longer as it works more defigostme is demanded. Defrosting process can be
done even naturally or by forced draft air fanse Tise of forced draft air fans can save time from
non-operational hours but requires additional hmveer. However, it is proved that the
aforementioned defrosting technic can be marginfaléger because ice layers that are formed in the
surface of tubing work like insulation and heanhsfer is done slowly. Most of the times the ch@te
using forced draft air fans is done in order to imime the fog which is generated because they
disperse it. The formation of fog is a natural pireenon due to the contact of cold air coming from
the outlet of exchanger and the warm, moistur@fagurroundings. The formation of fog depends on
many parameters like the outside temperature,iveldtumidity, wind conditions, the distance
between the units and the quality of LNG inlet. Aemb air vaporizers are preferred mostly in hot
climate equatorial regions where ambient tempegauihigh all year round, whilst in subequatorial
regions in winter time may be required supplementerating system. In figure 20 is represented a

typical Ambient Air Vaporizer. [1, 17]
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Figure 20 Thermafin™ Supergap™ Ambient Vaporizer. Prodd
company Thermax Inc.

4.4.4 Glycol-Water Intermediate Fluid Vaporizer (IF V)

There is another type of vaporizers called Intetiated-luid Vaporizers (IFV). This type of vaporizer
uses an intermediate fluid as a heat source th N vaporizers. Heat transfer fluid (HTF) is found
in a closed loop and its scope is to transfer freat a heat source to the LNG vaporizers. HTF most
of the times is ethylene glycol, propylene glydwt water, hydrocarbon based HTF or any other fluid
which has low freezing heat transfer. The choicgeppends to the construction company and to the
ambient conditions of the area. The main partsnoinéermediate fluid vaporizer system are a surge

drum, a glycol-water recirculation pump, a heasggtem for HTF, a shell and tube exchanger.

In this part it will be discussed the IFV which ss&s heat transfer fluid glycol-water mixture. The
warm glycol-water heat transfer fluid passes thhotlge shell and tube exchanger where liquefied
natural gas passes to gaseous phase. The cold-gigmr fluid which exits from IFV is pumped from
the glycol-water pumps. Upstream to this pump therg surge drum which scope is to balance any
differences in volume occurring during the startushutdown of the system. Glycol-water fluid has
to be heated again in order to continue to the [M\ére are many solutions to warm up glycol-water;
for instance seawater heater plate and frame egehaair heater, reverse cooling tower, waste heat
recovery unit or fired heater. Due to high heamndfar coefficient IFV has a very compact design. In
the figure 21 there is a schematic approach oiinieemediate fluid vaporizer process. [1, 17, 18]
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e Intermediate Fluid eSeawater Heater Plate & Frame

Vaporizer Exchanger
eSurge Drum ¢ Air Heater
*Glycol-Water Circulation e Reverse Cooling Tower

Pumps ¢ Waste Heat Recovery Unit

eFired Heater

Warm Glycol-Water

Figure 21: Intermediate Fluid Vaporizer process.

4.4.5 Hydrocarbon Heat Transfer Fluid (HTF)
In many regasification power plants where seawiatesed as heat source due to climate conditions,

there is the possibility to be encountered freepirablems. For this reason it is very common the us
of propane, butane or hydrocarbon refrigerants. Bf@ementioned refrigerants are used as
intermediate heat transfer fluids (HTF) becausey thbow the usage of seawater at very low
temperatures even to 1°C. At this case in orderasform LNG to natural gas it is used two heat

exchanges in series. The process goes as follow:

LNG enters the first heat exchanger which is arpesator exchanger named LNG Vaporizer. This
exchanger uses the latent heat of propane condmmsatheat partially LNG. Natural gas exits from
the top of LNG Vaporizer whilst from the bottom &xiiquid. Downstream to LNG Vaporizer there is
an intermediate fluid vaporizer (IFV) circulatiomimpp which boosts preheated liquid natural gas to
the second heat exchanger called IFV Vaporizers $bacond vaporizer utilizes as heat fluid seawater.
Seawater enters to the vaporizer and heats thegqexhLNG causing a phase change to gas. Natural
gas exits from the bottom of IFV Vaporizer and ente® NG Expander. Afterwards passes from a
seawater heater and NG enters to metering staliog.second exchanger is used also to vaporize
propane which is recycled to the first exchangéquid exits from the top of IFV Vaporizer in the
form of High Pressure (HP IFV) vapor and enter~d Expander. At the outlet pressure is dropped
at low pressure (LP IFV) and goes back to the fmsat exchanger. In the below figure 22 it is
depicted a schematic picture with the process ofFdhby the company Kobe Steel. In order to

protect tubes from erosion/corrosion they useitit@amaterial.
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Figure 22: IntermediateFluid Vaporizer by KOBE STEEL. The symbols repre
correspondingly: E-1: Intermediate fluid (shell &ids vaporized by seawater (tube sid€).E-
LNG (tube side) is vaporized by the heat from thadensation of the intermediate fluid (s
side). Inermediate fluid is condensed by LNG on the surfaicéhe tubes and dropped to
bottom of the shell. E-3NG (shell side) is heated by seawater (tube sigejouan ambiel
temperature.

It has proved experimentally that an IFV heat ergea can still operate at winter time when it uses
fluid propane. In order to be achieved this seamtmperature is not allowed to go lower than -
1.5°C. Of course, in such circumstances the hegtamger continues to operate but in reduced rates.
When seawater temperature drops down to 5 °C tHerpmance of an IFV exchanger is still at the
same levels, but when temperature of seawater duoipeer this concludes that also LNG throughput
will also drop. The correlation between LNG thropgh (ton/hr) and seawater temperature (°C) is a
linear reduction. At 5 °C of seawater LNG throughgu200 ton/hr whilst at 1 °C of seawater LNG
throughput is 75-80 ton/hr. [1, 17, 18]

4.4.6 Choice of Vaporizer

The right choice of the suitable vaporizer depdratscally to the environmental conditions of the si
location. Also, it has to be examined the opergbdf the system and the frequency of maintenances.
For this reason, in warm climates found in equat@one the choice of the vaporizer defers from the

choice in cold sub-equatorial zones.

In warm ambient locations with temperature aboveC18uring the whole year the most favorable
vaporizers are ambient air vaporizers (AAV) andhaiated intermediate fluid type vaporizers (IFY). |
has proved that both vaporizers can cover the nefemisegasification power plant without the neéd o
trim heating. The first choice of selection is mtediate fluid vaporizer (IFV) using as a heating
medium glycol-water/air, the second choice is amibar vaporizer (AAV) with heating medium air,
the third choice is open rack vaporizer (ORV) withating fuel seawater, the fourth choice is
intermediate fluid vaporizer (IFV) using as a hegtmedium glycol-water/seawater, the fifth choge i
intermediate fluid vaporizer (IFV) using as a hegtmedium propane/seawater and the sixth choice is

submerged combustion vaporizer (SCV) using as ingdtiel hot water-fuel gas/waste heat. In the
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final choice of the vaporizer it has to be includedwell the space requirements for the constnuctio

the investment cost and operating costs.

In cold ambient locations where site temperatune deop below 18°C the choice of the proper
vaporizer is also important because in this casgidge systems which use as a heating medium
seawater or air may not be able to conform to viaption duty. In many circumstances an additional
external heating may be required especially in evinhonths. Because of the cold ambient air
temperatures it is preferred the usage of interatediuid vaporizers. Taking into consideration the
aforementioned the first choice of selection isropsck vaporizers (ORV) combined with submerged
combustion vaporizers (SCV) using as a heating umedieawater/fuel gas. The second choice is
intermediate fluid vaporizer (IFV) combined withefuheating vaporizer (FH) with heating medium

glycol-water, seawater/fuel gas, the third choxentermediate fluid vaporizer (IFV) combined with

fuel heating vaporizer (FH) with heating medium agliywater, air/fuel gas, the fourth choice is

ambient air vaporizers (AAV) combined with submergemmbustion vaporizers (SCV) the heating
fluid her is air and fuel gas, the fifth choice sebmerged combustion vaporizer (SCV) using as
heating fuel how water, fuel gas/waste heat, fued gnd the sixth choice is intermediate fluid
vaporizer (IFV) combined with fuel heating vaporize~H) with heating medium propane,

seawater/fuel gas. [17]

5. LNG Transportation by Ships

The transportation of LNG requires the constructibspecific ships, LNG carriers, due to the need t
carry cargo at atmospheric pressure, or under ymesd conditions at cryogenic temperature (-
160°C). The storage tanks are designed to maintigo at 0.7 barg, but in normal operation the
pressure is 0.3 barg. The design of these tankased to the insurance of the hull system, insuati
techniques and safety precautions. Insulation cessary because LNG has to be maintained at low
temperature, however they are always some lossksame liquid boils off during the voyage. It has
proved that LNG vaporization is not homogenous. LGcomposed from heavier and lighter
components. Methane and nitrogen are two LNG compisnwhich have very low boiling point and
evaporate more easily leaving the heavier compsnentthe bottom. This phenomenon is called
ageing and has as a sequence LNG to become heaneits heating value as well as the Wobbe

Index of LNG to increase over time.

Wobbe Index (WI) was introduced in order to chageee the similarities between gas mixtures when
combust and release heat. This approach is based tire correlation between the heat released
during the combustion, the heating value of the ayas its density. The index can be calculated by

dividing the higher heating value of the gas bydhaare root of the gas density or molecular weight

relative to air (W=%). WI is widely accepted as the most guarantee sarea of gas
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interchangeability. The WI is expressed in Britidiermal Units (BTU) per standard cubic foot (scf)
or it can also be expressed in megajoules (MJ) staedard cubic meter ($)1(1,000BTU/scf = 37.3
MJ/Sn?). For a typical LNG Wobbe Index is 1,367 BTU/sthe allowed variation in WI is in the
range of 5%. If WI is greater than 5% then vapatiz®G is diluted with nitrogen in order to meet
pipeline limits, usually 2 to 3%. As it is menti@habove during the voyage it is common the LNG
Wobbe Index to increase due to weathering phenomedfar this reason regasification terminals in

remote areas are equipped with nitrogen or LP@faje to regulate the sendout gas heating value.

In a daily bases 0.10% to 0.15% of the ship volumust be removed in order to keep ship’s tanks at a
constant pressure. Depending on the design ofabkgel, the produced boil-off gas can be either used

as fuel in the dual fuel LNG ship’s engines or ¢oré-liquefied and return back to cargo storagkstan

An LNG carrier with spherical tanks protruding abahe main deck can be recognized from their
profile and large size; these carriers are desigviddpressurized vessels. Gas carriers which feans
LNG at atmospheric pressure inside prismatic taaksbe recognized by their freeboard. In the below
paragraphs it will be examined the design of LN@sland their capacity. The design is based on Gas
Codes and the rules of ship classification sodefide International Maritime Organization (IMO)

has introduced up to not three Gas Codes apply gas carriers regardless of their size.

= Gas carriers built after June 1986 (the IGC Code)
International Gas Carrier Code (IGC Code) applegéas carriers built after 01/07/1986. It is
an international standard regarding safe transpamtdy defining design and construction
standards.
= Gas carriers built between 1976 and 1986 (the G@=Lo
Carriers which constructed between 31/12/1976 dd/1986 they have to comply with the
Code for Construction and Equipment of Ships Cagyiiquefied Gases in Bulk (GC Code).
= Gas carriers built before 1977 (the Existing Shqu€)
Gas suppliers that have been constructed befol2/3B76 have to comply with the Code for
Existing Ships Carrying Liquefied Gases in Bulk.

Now the IGC Code is under review and its final mpall be published by the end of 2014. [1, 19]

5.1 LNG Carriers Containment System
The basic difference between an LNG carrier anérogias supplier tankers is the cargo containment

and the handling system. The categorization camobe as; freestanding solid type containments and

non-freestanding (membrane) type containments.
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5.1.1 LNG Freestanding Tanks
LNG freestanding tanks are also known as indep@ntinks because they are self-supporting;

meaning that they are not part of ship’s hull and this reason they are not estimated to the
calculations of the hull strength. The shape o$¢h@nks can be either prismatic or spherical.fifsie
ones are designed by Conch International Methadentilst the second ones are designed by Moss
Maritime in Norway. Both types of tanks are maderfraluminum alloy or 9% nickel steel with layers
of insulation at the outside part. There are tloategories of independent tanks; Type A, Type B,

Type C.

5.1.1.1 Independent Tank Type A
These tanks are designed accordingly to classitplstructural analysis procedure. These tanks are

characterized as gravity tanks and have planecasgfadere the design vapour pressyis Rss than
0,7bar.

Design vapour pressuregfAs the maximum gauge pressure (barg) at the tapeotank and this
pressure is used during the design phase of the Y¥8hen a cargo tank is lacking of temperature
control system and at the same time pressure afaitg® can be dictated only by ambient temperature,
P, cannot be less than the gauge vapour pressureedfank at 45°C. The value of B directly
connected with the temperature of 45 °C, howeverestricted areas or on voyages of restricted
duration or in areas with higher ambient tempesatinis indicative temperature of 45°C may be
change and accepted by the Society for ships. égettcircumstances many parameters have to be
considered like insulation of the tanks qy \Rlues which cannot be less than the MARVS value

(Maximum Allowable Relief Valve Setting). [19]

5.1.1.2 Independent Tank Type B

These types of tanks designed very carefully withomaking any general assumptions. During the
design phase refined analytical tools are usedytigca methods which determine stress levels, kcrac

characteristics and fatigue life. Moreover, manydeidests are implemented in order to improve the
design of the cargo tanks. Also, type B tanks aawity tanks where the design vapor pressyrns B

be less than 0,7bar. The self-supporting, prismgpe B tanks (SPB) have the advantage over self-
supporting, spherical type B tanks (SSB) the us#gine entire available cargo’s space. However,
they are heavier due to their plates and due tcatheunt of their bracing; which keep the plates

protected from bending. [19]

5.1.1.3 Independent Tank Type C

These type of tanks are called also pressure wesehuse they have to comply with pressure vessel

criteria which means that they must have desigowapressure #Amore than:

Po=2+A xC(py)"* [bar] where A stands fot = 0,0185 x (1),
A
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In the below table 1 are explained the symbols flloenabove equation.

Table 1: Explanation of equation’s symbdie = 2 + A x C(pr)L5. Rules for Classification and Construction Chapter 6,
Section 4, Paragraph 4.2.2.4, Edition 2008.

SYMBOL | DESCRIPTION

Gm Design primary membrane stress

Aca Allowable dynamic membrane stress. Double

amplitude at probability level Q = 10-8

Aca 55 N/mnf for ferritic-perlitic, martensitic

and austenitic steels

Aoy 25 N/mnf for aluminum alloy (5083-0)
(Al Mg 4,5 Mn)
C Characteristic tank dimension to be taken as

the greatest of the following: h, 0,75b or 0,45l

h Height of tank (dimension in ship's vertical

direction) [m]

b Width of tank (dimension in ship's transverse
direction) [m]

Length of tank (dimension in ship's longitudinal

direction) [m]

pr Relative density of the cargp, & 1 for fresh water) at the design temperature.

If the cargo’s carriage has relative density gnethien 1, then the dynamic pressure differentialtba

be calculated from the below formula:
4p = 1,02px1o4 lag1 X zp1 —apz X zp3] [bar]

Where @ and g, are the two values which give the maximum liquidgsure (R)max Whilst &, and
z3, are the two values which give the minimum liquickgsure (R)min. FOr the calculation of\,

(maximum differential pressure), it has to be eatdd the full range of acceleration ellipse, figige
depictsA, value. [19]
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top of tank
~J\ top of tank ,,"“--/._ ifg=p,
ag> »f__”;'_‘}/ if = V’: i ”,.

pressure point

Figure 23 Determination of Ap. Rules for Classification a
Construction, Chapter 6, Page 4-2, SectionPdragraph 4.2.2,

5.1.2 LNG Non-Freestanding Tanks
Non-freestanding tanks also known as membrane w@mrkaon-self-supported cargo tanks due to this

reason they are surrounded by a complete doubleshipl structure which is insulated. These tanks
consist of a primary barrier which is a thin lagémetal, after intervene insulation which is felled

by a second barrier and the last layer is agaimlatisn material. The design and the constructibn o
these tanks are done in such way in order to ptesay possible thermal or other expansion
phenomenon and to avoid stressing of the membrRraetically the outer tank is the ship’s hull
followed by insulation material and then a thindayf membrane is installed inside to retain the
liquid. The material which is used for this douhldl ships are either high nickel content steeP(36

or a mixture of 18% chrome with 8% nickel stainletsel. The first material is offered by Gaz
Transport whilst the second one is offered by Tagdm Gaz Transport membrane containments are
consisted of a grillage structure which is consegddy plywood and filled with perlite, this helfs
keep membrane tight as well as insulation. On ttleerohand, Technigaz follows a different
membrane system that includes a double layer systade of reinforced polyurethane foam which is
separated by another material called triplex. Tisstruction provides a complete insulation system.
Now these two companies have been merged and tmeed a new type of containment system
called Combined System Number 1 (CS1). This newasoment system incorporates characteristic
from both previous aforementioned systems and lficg teason it includes two membranes and
reinforced polyurethane foam as insulation matefiake first membrane is made from Invar and it is
0,7mm thick whilst the second one is made froml@xpaluminum-glass fiber). The usage of this

containment system is very easy because it isimiefded and it can be installed very easy onboard.

In this type of containment system the design vapoessure {£in normal operations will not exceed
0,25bar. There is the possibility the design vagmessure to be increased but many parameters have

to be considered, like increase of hull scantliaggncrease of insulation supporting system. Iisthe
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changes are considered then design vapour pressurge increased until 0,7bar. The standard of the

membrane thickness should not exceed 10mm. [1, 19]

5.2 LNG Cargo Containment Design Characteristics
During the design phase of LNG cargo containmemyr@arameters have to be considered. In the

below paragraph it will be explained briefly soniglem.

Design Loads

Tanks with their supports and other fixtures arsigleed taking into consideration the
contribution of various loads like internal pressuexternal pressure, thermal loads, sloshing
loads, dynamic loads (caused by the ship’s movemerk and support weight, insulation
weight, loads related with ship deflection. Veryefally studies are implemented in order to
estimate how these loads can contribute to tardsgd and operation as well.

Structural Analysis

This depends to the type of LNG containment systdrich will be chosen and defers to each
case.

Allowable Stresses and Corrosion Allowance

Allowable stress also here depends to the typeN® lcontainment cargo. For each case
separately guidance can be found in “Rules fors€ifecation and Construction” by GL
(edition 2008). Regarding the thickness of the a@wombent which is a result from the
structural analysis that has been done no corrasi@llowed. For pressure vessels which
carry no-corrosive substances and their extermédseiis protected by inert atmosphere or by
insulating material then no corrosion allowanceeiguired. Moreover, no corrosion allowance
is required when special alloys are used. If trereathentioned conditions are not satisfied
then scantlings have to be increased accordinglyetstructural analysis.

Supporting

Cargo tank is constructed in such way that cargdasoement is supported by the ship hull.
This structure has to provide stable conditionsmitaak is under static and dynamic loads
and at same time to enable contractions and exqganéihe tank when temperature variations
exist. The construction of supports has to be toatance with the largest acceleration and
rotational movements of the ship. The design opetjng system has to incorporate also the
collision forces which acting on the tank. These &bg in the forward direction and 0,25¢g in
the aft direction.

Secondary Barrier

A secondary barrier is provided in order to protany possible leakage due to failure of
primary barrier. This is done when the temperatsireelow -10°C at atmospheric pressure.

The hull structure can also act as second barrfenwsurrounded temperature will not go
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beyond -55°C at atmospheric pressure. In such ¢heesaterial of the hull has to be suitable
to maintain any possible leakage and moreover & tm be able to withstand such

temperatures without to suffer from stresses probldn below table 2 there is a schematic
presentation of the secondary barriers in relatahe primary barriers.

Table 2: Secondary barriers in relation to tames; Rules for Classification and Construc
Chapter 6, Page-13, Section 4, Paragraph < Edition 2008.

Cargo temperature at ° ) Below —10°C . o
atmospheric pressure — e A down to —55°C [z =il
Basic tank type No secondary barrier Hull may act as secondary | Separate secondary
required barrier barrier where required
Integral Tank type not normally allowed 1
Membrane Complete secondary barrier
Semi-membrane Complete secondary barrier 2
Independent: Type A Complete secondary barrier
Type B Partial secondary barrier
Type C No secondary barrier required
Internal insulation: Type 1 Complete secondary barrier
Type 2 Complete secondary barrier is incorporated
1 a complete secondary barrier will normally be required if cargoes with a temperature at atmospheric pressure below —10°C are
permitted in accordance with 4.2.1.3.
2 In the case of semi-membrane tanks which comply in all respects with the requirements applicalbe to independent tanks type B. except
for the manner of support, the Society may. after special consideration, accept a partial secondary barrier.

Insulation

During LNG transportation one of the basic paramnseteat have to be maintained steady is
the cargo temperature. When cargo temperaturelisvbd0°C then the suitable insulation
material has to be chosen. This ensures that temyperof the hull structure will not fall
below the minimum allowable design temperature, wambient air temperature is 5°C and
sea water temperature is 0°C. This is the genexeépged conditions but there are some
circumstances where the ambient temperatures magtegefor this reason Society for the
ships can make an exception. Specifying the rigidigh temperature is very important
because due to this are chosen the constructioeriaddbr the ships. These temperatures can
be found in International Certificate of Fitness fbe Carriage of Liquefied Gases in Bulk.
Taking into consideration the temperatures of antbéér and sea water as mentioned above
there is the approval to be used heating systemrder to protect materials from being
damaged and not fall below the minimum allowablkies. The design and construction of
heating system has to be in accordance of the gipecification by Society.

Materials

Materials used for cargo construction must compth\@esign temperature of equipment. All
the parts of the ship like plates, pipes, sectidoggings, weldments, castings, pressure
vessels, process piping and secondary barriersselexted according to this. Moreover,
insulation material has to comply as well with desiemperature of cargo. In the below tables

are shown the composition of construction materigdble 3 represents the element
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composition of plates, sections and forgings rdla® cargo tank, secondary barrier and
pressure vessels which are working below -55°A ui6°C. Table 4 depicts the construction
material for pipes, forgings and castings for cafgum 0 °C to -165 °C. In very low
temperatures the materials which are used mostlareinium alloys like 5083 annealed,
austenitic steels such as 304, 304L, 316, 316L,08&U7and 9% nickel steels.

Table 3: Plates, Sections and Forgings for Cargok§,aSecondary Barriers and Process Pre
Vessels for Design Temperatures below — 55 °C awthdo — 165 °C. Rules for Classification &
Construction, Chapter 6, Page 6-5, Section 6, Pgrhdi2, Edition 2008.

t\elli:;::?::ll:ie;;%l] Chemical composition 4 and heat treatment lell::)l:*‘l)'::ltu":s[t"(‘]
- 60 1.5 % Nickel steel — normalized - 65
- 65 2.25 % Nickel steel — normalized or normalized and tempered 3 - 70
- 90 3.5 % Nickel steel — normalized or normalized and tempered 5 - 95
- 105 5 % Nickel steel — normalized or normalized and tempered 5 6 - 110
- 165 9 % Nickel steel — double normalized and tempered or - 196
quenched and tempered
- 165 Austenitic steels (e.g. type 304. 304L, 316. 316L. 321 and 347) - 196
Solution treated 7
- 165 Aluminium alloys: e.g. type 5083 annealed Not required
- 165 Austenitic Fe-Ni alloy (36 % nickel) heat treatment as agreed Not required

Tensile and Toughness (Impact) Test Requirements

Plates Each "piece" to be tested

Sections and Forgings Batch test

Charpy V-notch Test
Plates Transverse test pieces. Minimum average energy value (E) 27 J
Sections and forgings  Longitudinal test pieces. Minimum average energy value (E) 41 J.

Notes:

The Impact test requirement for forgings used in critical applications will be subject to special consideration.

(]

The requirements for design temperature below — 165 °C are to be specially agreed with the Society.

For materials 1,5 % Ni, 2,25 % Ni, 3.5%Ni and 5 % Ni, with thickness exceeding 25 mm, the impact tests are to be conducted as
follows:

Thickness [mm)] Test Temperature [°C]
25 <t<30 10° below design temperature
30 <t<35 15° below design temperature
35<t<40 20° below design temperature

In no case shall the test temperature be above that indicated in the table.

The energy value is to be in accordance with the table for the applicable type of test specimen. For materials exceeding 40 mm in thickness,
the Charpy V-notch values are to be specially considered. For 9 % Ni, austenitic stainless steels and aluminium alloys, thickness greater than
25 mm may be used at the discretion of the Society.

The chemical composition limits are to be approved by the Society.
A lower minimum design temperature for quenched and tempered steels may be specially agreed with the Society.

6 A specially heat treated 5 % Nickel steel, for example a triple heat treated 5 % Nickel steel may be used down to — 165 °C upon special
agreement with the Society, provided that the impact tests are carried out at — 196 °C.

7 The impact test may be omitted subject to the agreement with the Society.

Construction and Testing
Due to ship construction the majority of partswedded. Especially for independent tanks the

type is butt weld, full penetration. Nozzle welde also full penetration type. For all these
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welding radiographic inspections have to carry iaubrder to prove the success of welding
procedure and their durability. [19, 20]

Table 4: Pipes (seamless and welded), ForgingsCastings for Cargo and Process Piping for De
Temperatures below 0 °C and down to —165 °C. Rule€lssification and Construoti, Chapter 6, Pa
6-5, Section 6, Paragraph 6.2, Edition 2008.

Tmpact Test
Minimum . . Test temperature|  Minimum
design Chemical Composition” and Heat Treatment werage
temperatur energy ()
¢ .
(] [C] [
55 Carbon-Maganese Steel. Fully killed fine gram 4 )
-3 . 6 21
Normalized or as agreed
~65 2,25 % Nickel steel. Normalized or normalized and tempered ¢ - 70 4
=90 |3.,5%Nickel steel. Normalized or normalized and tempered & - 95 H
% Nickel steel . Double nomalized and tempered or _19 4
quenched and tempered
_165 | Austenttic steels (e.g. types 304, 304L, 316, 316L, 321 and _19% 4
347). Solution treated®
Alumymumum alloys; e.g. type 5083 annealed

Tensile and Toughness (Impact) Test Requirements  Each batch to be tested.
Impact Test Longrtudunal test pieces.

Notes:

The use of longitudmally or spirally welded pipes s to be specially approved by the Society.
The requirements for forgings and castmgs may be subject to spectal consideration.

The requirements for desien temperatures below - 163 °C are to be spectally agreed.

The test temperature 13 to be 3 °C below the design temperafure or — 20 °C whichever is lower.
The composition limits are to be approved by the Society.

A lower design temperafure may be specially agreed for quenched and tempered materials.
Thus chenucal composition 15 not suitable for castimgs.

Impact tests may be omutted subject fo agreement with the Socefy.

L= T R T L T S I

5.3 Selection of LNG Containment System

For the selection of LNG containment system mamarmaters have to be taken into consideration.
Since the design of these containments is donecaordance with specified guidelines, safety
requirement and reliable construction techniqueditial choice has to include also other parameters
The basic parameter is economic, based on the, phiealelivery time, the shipyard expenditures and

cargo’s availability.
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Free standing tanks can be separated into two ;typesprismatic and spherical type. The prismatic
type containment used in ships has the most opgrgéars of experience and it has proved that up to
know any barrier failure happened. The advantagprisiatic tanks is that after the fulfilment of
construction works they can be tested and inspeptent to their installation. Their structure is
analyzed very thoroughly and this minimizes théufai due to fatigue. Also, when they compared
with membrane system they have the advantage thet \Wwull is damaged the possibilities to transfer
this problem to the rest of the cargo tanks is wmall almost negligible. Also, prismatic tanks mak

more efficient use of cubic space.

Spherical freestanding tank system is easy to b/zed structurally and this makes it more reliable
Also, the tank’s structure is independent of halll hey leave more free space between hull anacarg
tanks. One of the most important advantages tlegthiave is that in case of cargo pump failure @an b
pressurized in order to discharge the remaining LNIGey provide the safest system in event of

grounding or collision.

Membrane tank system is more vulnerable in casewbssel's hull is damaged. It is easier this
damage to be transmitted from tank structure coetptr freestanding system. Some activities which
have to be carry out like inspection or repair\aiéis of membrane and surging of cargo tank can
cause damages to the membrane. Moreover, thewstust tank is very difficult to be analyzed and
this does not prevent fatigue failures. This consetly can lead to higher repairing costs and
demanding time for reconstruction activities. Tiembrane tank system has gained ground in the last
few years because utilizes the hull shape moreiefily leaving less free space between cargo tanks
and ballast tanks. Statistical analysis revealed bletween the period of 2001-2011 three-quarter of
the new LNG ship carriers use this type of tanksabee they offer grater cargo capacities and the

initial capital cost which is demanded is lower. 19, 20]

6. LNG Carrier Cargo Capacities

LNG ships can be found in many different sizes viaoyn 19,000 i until 275,000 m Most LNG
ships are between 125,008 and 140,000 fhcapacity. A typical construction of LNG ship indks
five spherical tanks capacity 25,008 each one. However, in the last decades larger ENis are
under operation. Q-Flex and Q-Max with capaciti#§,800 mi and 265,000 fhcorrespondingly are
built in order to serve long-distance supply chaifbe innovation part of an LNG ship is the
propulsion system which uses. New LNG ships usev-sigeed diesel engines, which are more
efficient, environmentally friendly and easier foeoate and maintain them. The problem with boil-off
gas in these LNG carriers has been solved dueliguefaction system which involve. LNG terminals
correspond to the new capacities of Q-Flex and Q-Marriers and moderate accordingly their

facilities.
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In the last few years small scale LNG carrierscmestructed. This immergence came due to the need
of clean fuel power plants in remote areas (indistrr islands), to supply fuel in regions at which
pipeline grid cannot reach, to facilitate partilifg and quick replenishment to final consumetsew
there is peak in energy demand. In year 2003/5LWG ships with capacity 2,500 nmave been in
service in Japan for coastal LNG transportatiomwNis under construction in the same area another
LNG ship with capacity 19,000 init is composed by three spherical tanks. An Aalistn company
develops projects for transportation capacitiestas80,000 m Anthony Veder (NL) Company is
building now in Norway a new LNG/Ethylene carrigitwcapacity 7,500 fh

In small scale LNG carriers, the containment systedesigned mostly according to independent type
C tanks, following the IMO standards and IGC Cotgtially the aforementioned vessels were
constructed to carry ethylene and afterwards umgrad transfer also LNG. The choice of using

independent type C tank as containment systemegalu

= Self-supporting pressure vessel

= Tanks are fabricated outside the carrier and tlaika® them more cost competitive
= Do not required a secondary barrier

= No restrictions concerning partial filling

= Type Cis economical for small LNG carriers compalarge carriers [16, 19,20]

6.1 Small LNG Carrier-Ship Arrangement

LNG ships which transfer liquefied natural gas #mel same time they use it as propulsion fuel they
have to be in accordance with IGC Code and IMO Réso MSC.285(86). Also, the same two

reports have to be taken into consideration duttiregphase of ship’s arrangement design. Any LNG
ship with gas-fueled engine should release a rigdyais report in order to ensure the structural
strength and integrity in case of an accident. Moeee, the aforementioned report should include
instructions regarding construction, installatioperation and maintenance procedures for LNG ships.

In below paragraphs will be analyzed the arrangeémiebNG ships. [19, 20]

6.1.1 Arrangement and Exact Location of Spaces
The basic characteristic for ship arrangement iprmvide the minimum extent of any possible

accident related to the hazardous zones of a Baghinery spaces, boiler spaces, service spaces,
accommodation spaces, drinking and domestic taakesphave to be separated from hold spaces.
Moreover, hold spaces have to be segregate froim eder by single bulkheads and very careful

selection of construction material has to be donerder to sustain low temperatures.

6.1.2 Machinery Spaces-Gas-Fueled Engines

For gas-fueled engines the machinery station inddn the same level as LNG tank rooms. There are

cases where machineries cannot be settled onlyg@am and there is need for a second one. At this
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case these two rooms should be designed in suchna@yler to ensure that any possible leakage or
damage caused to one machinery room will not affexiother. Gas explosion has to be contained or
vented from the damaged machinery room withoutctiffg the integrity of the other. The system

configuration can be separated into two categotiesfirst one is Gas Safe Machinery Spaces whilst
the second one is Emergency Shutdown (ESD) MachiBpaces. The main difference between these
two configurations is that, machinery spaces uragrormal conditions cannot be characterized as
safe in the ESD Machinery Space and may becomead@am When this happens potentially unsafe

equipment and machineries automatically turn offchase of ESD system there are some restrictions

that have to be followed, these are:

Electricity engines and propulsion engines havieegseparated into two or more spaces which do not
have between them any common boundaries. In casehby have, the common boundary has to
withstand explosion. The distribution of machinsrleas to be done is such way in order to ensure
40% propulsion operation and 100% electricity opienain case of shutdown of fuel supply to any

machinery space. Also, inside to gas machineryesglae piping pressure should be less than 10 bar
and a gas detection system is obligatory to opearatginuously so as to be able to detected any

possible leakage and consequently if necessatyuto@wn the system.

6.1.3 LNG Tank Room

LNG tank rooms have to be separated from the machitation and the distance between them to be
as long as possible. In case that the separati@ancisfferdam this should be at lease 900mm and
insulation class A-60 has to be fitted on the eagiwmom side. The tank’s entrance should be at least
300mm high.

The entrance to the tank room has to be complatelgpendent and direct from open deck. In case
that the LNG storage tank does not cover all tleen’e available space, even then the access to this
area has to be from the open deck. If this is wgsible then air lock system has to be implemented
that conforms to the IGC Code regarding air locktem. During the normal operation of the system

the access to tank rooms in not allowed unlesg tiseauthorization permit.

6.1.4 Gas Piping Requirements
Gas piping which founds inside tanks area has tprbt&ected from mechanical damages and to be

able to assist thermal expansions without devetpidditional tensions. Piping connections are

preferred to be done with welding joints and eliaénas much as possible flange connections. The

thickness of the piping has to greatertte: %tb—i; (mm). Where:
100

= tp=theoretical thickness

_pD
to=""/(20Ke + p)
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= p =design pressure (bar)

= D = outside diameter (mm)

= K = allowable stress (N/min

= e = efficiency factor equal to 1 for seamless piged for longitudinally or spirally welded
pipes

= b = allowance for bending (mmj),= %& (mm)

= r=radius of bend (mm)

= ¢ = corrosion allowance (mm)

= a = negative value which shows the manufacturiigraoce for thickness expressed in

percentage (%)

However, there are occasions where piping thickmesssnating from the above equation may be
higher in order to provide sufficient mechanicatesgth and avoid phenomena like damages,
excessive sag and collapse. Due to very low terresa(<-110°C) stress analysis has to be done for
each branch of the piping system. The pipes hamaiatain a minimum distance from the ship’s wall
which is 760mm. Gas piping is avoided to be leaulgh other machinery spaces. Also, gas pipes
which are related to nitrogen purging procedureukhde also marked clearly in the ship’'s
arrangement. Moreover, relief valves have to be&igedl in specific parts of the piping where liquid

gas exists. [19]

6.1.5 Gas Supply System

LNG propulsion systems can use either a combinaifoboiler and steam turbine engines or slow-
stroke diesel (SSD) engines. Dual fuel enginesusangas fuel (boil-off gas) or liquid (diesel) and
regarding the circumstances they can switch betwetn It is estimated that 1% of diesel fuel isdis

in order to ignite the gas engine in the phasdartigp. On the other hand, single fuel engines whic
use boil-off gas as fuel are spark ignition engiffid®e LNG propulsion system can be classified into
three categories: the first is Dual Fuel DiesecEle (DFDE), the second is gas turbine system twhic

uses boil-off gas and the third is high pressugarstturbines.

= Dual Fuel Diesel Electric (DFDE) propulsion system
This type of propulsion system offers great excleabiity between boil-off gas fuel and
diesel fuel for the LNG cargo. The DFDE system &y high efficiency results and due to
its electric propulsion system it requires impletadipn of frequency converters, electric
motors and a high capacity switch gear. The maamea and the operation of such systems
require a well performed and qualified staff. Dgriihe design of LNG containment system it
is considered that a percentage of 0.10% to 0.16%eotank’s capacity (per day) will be
transformed to boil-off gas. This amount is coketaind is cooled by a LNG spray pipe. Due

to very low temperatures liquid droplets may berfed and for this reason it is used a mist
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separator. The purpose of mist separator is alsertmve any heavy components from the
boil-off gas which could cause damage to enginés. ffeated boil-off gas is passed after to
low duty compressors where pressure is increasptb@mately to 5barg. After, the gas is
passed directly to engine injection ramp. In sorases (depending from manufacture of
engines) the gas before to enter injection rampeisted up to 20°C with the help of gas
heaters. In case that boil-off gas is in excesa thgoes directly to gas combustion units
(GCU). There are some cases where boil-off gas doedulfill the required amount for
DFDE system and additional amount is needed, thizlled “forced boil-off gas”. This is
formed when LNG from cargo tanks sent to forcingorézers. There vaporization process
takes place with the help of ship’s steam. Whes pinocess finish fuel gas pumps pressurize
the gas until to reach 8barg. The result is thelgction of FBOG which then is led to mist
separators and after to gas heaters. At this stegeroduced FBOG is mixed with the normal
boil-off gas coming out from the low duty compresso

Gas Turbine Propulsion System

Gas turbine propulsion system is a new innovataahtology which has many advantages
compared to other propulsion systems. It provides fuel consumption, increased thermal
efficiency, low installation costs, easy maintergnmompact machinery which is very light,
increased cargo carrying capacity and low vibratidaring voyages. The engines which are
used mostly in this propulsion system are aero@sgifihe main fuel is gas (either boil-off gas
or forced gas) and as back-up fuel it is used reaoih gas (MOG). Gas turbine system is
mainly driven by an electric propulsion system.dgieity is produced through gas turbine
driven alternators and after distributed to highage network which with the help of busbars
provides power for the propulsion motors.

Steam Turbine Propulsion System

Steam propulsion system is the most used systeallftire vessels and it is implemented also
to the LNG ships. The supplying fuels are boil-géfs and heavy fuel oil (HFO). The system
includes two boilers which produce steam which gtwesigh and low pressure turbines.
Through gearbox steam turbines drive a single héliso, the purpose of produced steam is
to provide heat to fuel tanks and air-conditiorsiygtem, drive electrical generators and power
other auxiliaries as well. There are also one av tliesel generators that purpose is to
manoeuvring LNG ship into the port and to help LM&3sel during the start up when engines
are cold. The basic problem of steam turbine pipualsystem is the need of very clean water
(demineralized water) for the boilers. The demahduzh high water quality and the weight
of the boiler add extra costs to the system. Itdlas proved that the fuel efficiency of the

produced high pressure steam system is equaldeldiagine system. [19, 20]
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6.1.6 Ventilation System
Ventilation system is one of the most basic paftsro LNG ship. Ducts which are used for this

purpose should be always separated between hasastwlinon-hazardous areas. The ventilation
system is designed in such way in order to be ¢pea all the time regardless the outside
temperatures during ship voyages. Ventilation sgstans through the below systems; gas supply
system, bleed vent line, engine rooms and bunkdmmeg. Electric motors driving fans are used for
this purpose and the constructed characteristifsr drom area to area. In case that air lose accur
immediately an audible and visual alarm should w@fgeration of the fans has to be independent in
order to provide the needed capacity for ship dimrs. Special attention is given to the ventilated
areas which are defined as hazardous. At this tasair inlets are taken from areas which are
intrinsically safe and are found at least 1.5m afwam ATEX areas. Air outlets from hazardous areas
have to be in open areas. The estimation of neeglatilation capacity depends entirely to the volume
of the room; in some cases due to the complexityoom’s design the required capacity may be
increased. If a safe area has an opening to admmarea, air-lock system has to be provided and

ventilation system has to work at overpressuraasadn. [19, 20]

6.1.7 Relief Valves

The purpose of relief valves is to maintain pressusetween operational limits and not exceed the
maximum allowable pressure of the gas system wiki@tbbarg. According to the Gas Code any LNG
tank should have at least two pressure relief walVl@ere is the possibility to be installed onleas

the tank’s capacity is lower than 26.rRressure relief valves have also to be installedg bunkering
lines and to each one gas supply unit (GSU). Thesyf pressure relief valves can be either spring-
loaded or pilot operated. Pilot operated reliefvealare used mostly in LNG vessels Type ‘C’. The
relief valves exhaust through the vent header.rAfiee or more vent riser guideline vapors to the
open atmosphere. It is very important these vesersito be provided with drain, which maintenance
has to be done regularly in order to prevent acdation of rain water and sudden increases of back
pressures. All the pipelines which carry liquid aaeh be either isolated or not, to have relief @alin
order to allow thermal expansions of the liquidthis is not foreseen then collecting pots havbdo

installed and vents after to be guided to ventsigd6, 19, 20]

6.1.8 Cargo Pumps

The pumping system of LNG carriers is designed dasecentrifugal pumps. There are two different
types of these pumps; the first is the deepwelkt@nd the second is the submerged type. The
arrangement of pumps is in such way in order tmathe operation only from one pump or a series of
pumps. All LNG carriers use submerged motor pungembse they achieve very low discharge levels
when they are installed in the bottom of cargo safdoth pump and motor are mounted on the same
shaft eliminating by this way any need for mechahiseal or coupling. Because this area is

characterized as an ATEX area special cablingas usitil the motor terminal. The cool down of the
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pump and the lubrication system of the pump is dhame the cargo flow; for this reason is very
important to feed a constant flow to the pump. LLevdtches to the tank, discharge pressure switches

and under-current relay can provide this protection

Pump room as well as compressor room should haveryagood mechanical ventilation system,
allowing 30 times air flow changing during one hotihe number and the power of the ventilation
fans should ensure that capacity air flow levelé mgt drop below 50% in case of a sudden shutdown
and will be operational when pumps and motors an@ing. In case that ventilation system is lost an
audible and visual alarm must work and inform opsawho have the responsibility to solve the
problem. If this is not possible then all electrigsstallations have to be disconnected outside the

hazardous area and padlocks to be placed. [120]9,

6.1.9 Inert Gas System
The purpose of the inert gas system is to mainpaisitive pressures in hold and/or intermediate

spaces in order to prevent explosion phenomenatirigeoperation has to be carried out before
aerating an area for inspection or drydock. Alsgs used before moving from a gas-free conditmn t
loading condition. It is very important prior to gEng-up to check oxygen levels. Oxygen
concentration should not exceed 5 per cent, sorastilower concentration is demanded but this
depends to the loading terminal guidelines. Anothesic parameter that has to be checked is the
concentration of moisture inside to the inert gaige to very cold temperatures any existed moisture
will be condensed. This not only can affect negdyithe quality of loaded LNG but also it can cause
corrosion problems to cargo storage tanks and sfpddes. In order to prevent this drawback inert gas

is dried as it leaves the generator.
There are three types of inert gas:

1. Produced inert gas from fuel burning
2. Produced inert gas from shipboard nitrogen system

3. Pure nitrogen from shore

Regarding LNG carriers it has proved that nitropeoduction system found onboard cannot cover
ship’s inert gas requirements. When it is needediimg of cargo tank it is used either nitrogen ahhi

is produced to the shore or combustion-generatt gas produced on ship. [16, 19, 20]

6.1.9.1 Produced Inert Gas from Fuel Burning
Gas carriers most of the times prefer the solutibimert gas production from fuel burning because

firstly is not costly compared to the purchaseigitl nitrogen and secondly the inert gas capasity
available both at sea and port. During the combnsbif fueled liquid attention has to be given not

only to the oxygen concentration of inert gas s & other parameters as well, like sulphur aonte
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which has to be as minimum as possible. In thevbéigure 24 is depicted the flow diagram of an

inert gas generator. The same working principlesied for LNG inerting system.

atomising medium (steam or air)

oil return
absorption drier
(see figure 4.20)

oxygen
__________________ analyser / -I

R22 coaler 1

Qi —

LV

non-return

cooling water _g. refrigerated

drier valves

purge to
atmasphere

generator | _

condenser

water seal cooling water

discharge

Figure 24: Flow diagram of an ingas generator, Liquefied Gas Handling PrinciplesGMIRE and WHITE,
paragraph 4.7.1.

The quality of produced inert gas depends mostl{heomanufacturer’s instructions for the normal
operation of the system. Maintenance procedures t@mbe followed as planned in order to maintain
not only the quality of inert gas in high standabds also to extend the lifetime of equipment. As i
showed in figure 17 the system is composed fromgameerator (including burner and sprayers), one
cooling system, one condenser, one refrigerategr qwhich is cooled normally with R22), one
oxygen analyzer and one absorption drier. Below lvgl stated briefly the basic operation procedure

of combustion chamber, refrigerated drier and gitgor drier.

= Combustion Chamber
Combustion generators are fitted normally in the’sltargo engine room. Inert gas is used to
fill all the cargo hold positions and also in sagases is piped inside to tank’'s area. All
temporary connections have to be blinded when ystem in not in operation. For the main
line of inert gas in order to prevent back-flow gaps two non-return valves are installed.
When it is not used for inerting purposes regardirg loading tanks, inert gas plant is used
time to time to fill hold and interbarrier spacésside to the generator chamber it is found the
burner, the operation of the burner is designeduoh way in order to ensure complete
combustion and minimize the possibility to tracghhbxygen levels inside to inert gas. For

the combustion it is needed also air. Air floweégulated through valve’s openings. After the
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completion of combustion, inert gas enters the waskection of generator. Due to high
combustion temperatures inert gas has to be coddseh. For this reason are installed
washing sprayers which use sea water. The purdossirgy sea water as a cooling media is
also because it can removes acid gases, like suthbxide and oxides of nitrogen. During

the reaction are formed solids which have to beoked. The inert gas then exits combustion
chamber free of any sulphur content and its tentperais approximately 5°C higher

compared to that of sea water. The only thing thaéft is to remove from inert gas water

vapours.

Refrigerated Drier

After the generator inert gas goes to compressuwistizen to condenser. The freezing fluid
which is used inside to condenser is R22. Afterftitfidiment of this stage inert gas is guided

to refrigerated drier. The purpose of refrigeradeér is to cool down the inert gas in order to
minimize the water content. It has proved experitagnthat the lower the temperature of

inert gas is the less the grams of water per coigiter. For this reason it is recommended to
reach a temperature of 4°C where saturated wateteb of inert gas is approximately

6grH,0/n?. In the outlet of refrigerator drier it is insid an oxygen analyzer to check

continuously oxygen levels of inert gas.

Absorption Drier

The inert gas which is coming from refrigerated leoas driven to two vessels through
pneumatic valves. These vessels are filled withvaietd alumina or silica gel and dry inert
gas until to reach dew point equal to -40°C or Weto this value. It is very common these
vessels to have at their bottom a layer of sienexmder to improve the dew point. When one
vessel is used for drying the inert gas the otlessel can be either in standby mode or to be
regenerated. The regeneration process takes ptagadasix hours. During this period the
inlet and the outlet valves of inert gas are clomed open only the inlet and the outlet valves
of air. The air is heated before to enter the Jed3aring the normal operation of the
absorption drier there is at the outlet of the gksse pressure control valve which regulates
the pressure changes. This ensures stable pressuditions along the whole process and at

the same time reserves stable combustion conditisige to the generator. [16, 19, 20]

6.1.9.2 Produced Inert Gas from Shipboard Nitrogen System

A nitrogen shipboard system is a very simple systeich operation principle is based to air

separation process. Air is a mixture of gases maiittogen, oxygen, carbon dioxide, argon, neon,

helium and methane. The separation of nitrogennsegihen air passes through air compressors.

After, this stage air is guided to filters and thenhollow fiber membranes. Membranes have the
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capability to capture and separate nitrogen fronerogases. The nitrogen which is captured is very
clear reaching 95 to 97 per cent purity. The amaidrgroduced nitrogen is a combination of many
parameters like; air inlet flow, air inlet pressared temperature, the number of fiber membranes and

finally the demanded nitrogen purity. [16]

6.1.9.3 Pure Nitrogen from Shore
Inert gas is composed mainly from nitrogen. The ammf nitrogen found in inert gas which is

produced by combustion is 85 to 89 per cent andatimeunt which is produced by membrane
separating process can be up to 99.5 per cent.dasris not composed only from nitrogen but also
from other gases. The quality of inert gas is vergortant to be kept at high standards because ther
are very stringent rules regarding oxygen requirgme tank cargoes. For this reason many cargoes
are purged with nitrogen coming from shore by teuckrucks carry nitrogen in liquid form and for

this reason vaporizers are used on board. [16]

6.1.10 Cargo Control Station
All ships have a special room for controlling aittes. Control station includes the navigating

equipment, emergency source of power, fire recgrdiystem. It is prohibited to install a control
station inside the cargo area. The purpose ofghis avoid any contact of hazardous gases/vapours
case of piping failure with the controlling machipeFor this reason consideration has to be ginen i
air intakes and openings during design phase aeg Have to be fitted with closing devices.
Regarding the cargo control room this can be ilestaither above the weather deck or inside to the
control station. In the second case same parameeesto be sufficed firstly; like the insurancatth
control room is a gas safe area and entrancesattdo control stations to comply with some design

and manufacturing restrictions. [19, 20]

6.1.11 Bunkering Station

The bunkering station of an LNG ship consist onghefmost important parts, which is physically and
structurally separated from cargo deck and constation. During the loading and unloading
procedures the area must be ventilated very weltalse of sudden ventilation loss an audible and
visual alarm is energized inside to the bunkeringtiml location. All connections and piping are
arranged in such way in order to ensure safe dpesatduring damage of gas piping, avoiding
uncontrolled gas discharge. For this reason treesdways near to the shore a shutdown valve which
works even manually and/or remote. In order to dgmpth safety regulations it is necessary to be
installed under each bunkering connection drip strajhis ensures that any possible spillage or
leakage will not contaminate the surrounding abBeaing the bunkering process operators have to be
also in control room and check all the parameties tiank level, tank pressure, overfill alarm etc.
[19, 20]
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/. Bunkering Procedure

In this section it will be discussed the differéypes of bunkering facilities, depending on howythe
store, obtain and bunker LNG to vessels. Theretlaree main bunkering options. The first is
bunkering from truck (TTS), the second is bunkeriram onshore terminals (TPS) and the third is
ship to ship bunkering (STS). There is also a foogtion which is bunkering from container to ship.
In the below figure 25 it is depicted graphically the bunkering solutions which are now under

implementation.

*Bunkering tank
truck

*Bunkered ship

*Bunkering
terminal/station

*Bunkered ship

*Bunkering ship
*Bunkered ship

eTank container
eBunkered ship

Figure 25: LNG bunkering methods, CLEANSHIP Task, B&NKERING OF SHIP:
THAT USE LIQUEFIED NATURAL GAS OR DUAL FUEL AT KLAIFEDA STATE
SEAPORT.

= TPS Bunkering Procedure

TPS terminal to ship via pipeline bunkering is grecedure at which LNG ships are fuelled
with LNG either from an LNG bunkering station ooifin an LNG bunkering terminal. TPS
bunkering procedure it is used to bunker ships feopermanent bunkering location and in
some specific cases to bunker large ships at higimsity. Because of the nature of bunkering,
which demands permanent location and high intengdyticular type of LNG ships are used
these are linear short-distance ships. In some NG bunkering is used also for bunkering
small LNG ships. In bunkering terminals there afferent types of LNG tank capacities; this
depends on terminal’s needs varying from 20umtil 100,000 M The bunkering terminal
and the LNG ship are connected between them witextion; like pipes and hoses. The
problem which is faced appeared is that these atioms are very long burden the bunkering

process and increase also the installation costheoterminals. In order to be solved this
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problem it is suggested to be installed smallegties of connection, and bunkering terminals
to be as close as possible to the quays whichsae for mooring.
TTS Bunkering Procedure
TTS tank truck-to-ship bunkering is the procedatevhich LNG is bunkered to bunkered
ship from LNG tank trucks. This method has the atlvge that is very cheap compared to
other and for this reason it is used widely in gt quays. In TTS method there is one
limitation regarding the volume of bunkered LNGdoips. LNG trucks can carry specific
amounts of LNG. These amounts vary from 40 to 80Fur this reason it is recommended to
be used for bunkering LNG bunkered ships which hawn& capacity from 30 to 200%nit is
used widely in small scale LNG ships.
STS Bunkering Procedure
STS ship-to-ship bunkering procedure is charaadrihe procedure at which the bunkering
ship fills up with LNG the bunkered ship. The cdiatis at which bunkering procedure can
proceed can be either when LNG ship is at the qaayjer, or in water area (either at the
open see or to an anchoring territory). It is reg@mnded that under strong weather
conditions; like strong wind, storms, ice etc.,aeid STS bunkering. It is preferred STS
bunkering procedure to by exercised by mooring bunk ship to bunkered ship. The
effectiveness of this process is higher when bungekNG volumes exceed 100%miThe
capacities of bunkering ships can vary betweenQLyBil 10,000 m In the last years many
ports prefer to use bunkering ships with smallgractties. The opportunity to use LNG as
fuel in many different types of ships combinedte advantage of achieving high intensity at
high LNG amounts makes STS process very attrafdivase.
TCS Bunkering Procedure
TCS tank container-to-ship bunkering solution iscambination from all the three
aforementioned bunkering procedures (TPS, TTS &)STSan be applied to all types of
ships excluding the ships that have large containE€S bunkering procedure is the most
suitable procedure for bunkering small LNG shipsie Tapplication of TCS bunkering
procedure is not recommended when ship’s capacitiesarge enough (1,000 to 1,508),m
because these amounts require big storage arepgmyd. In order to be covered the above
volumes 40 units of LNG tank containers with 35aapacity per each unit is needed. In order
to be transferred the tank container inside to lth& carrier it is used either crane or
container lifter. Cranes can be installed eithertte quay side or to be part of ship’s
arrangement. Regarding the usage of LNG contaiterhe TCS tank container-to-ship
bunkering solution there are four possibilities.

1) Usage of LNG containersdirectly connected to ship engines.

This method of TCS bunkering solution has one digathge; it minimizes the

available space for cargo transportations. Whemethg a ship which transports
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cargoes and stores LNG filled tank containers msa the cargo area it minimizes
available transported capacities. Also, there &k laf safety instructions for this
method.

2) Unloading of LNG containers at the quay and their further usage for ship bunkering
and filling of LNG tank containers.
During the implementation of this method it hav&considered in advance the place
at which LNG tank containers will be stored. Thisgre-requisite because many
different activities have to be arranged to thet,plike bunkering of small ships,
filling of linear ferries and containers. It hasebeestimated that this method of TCS
bunkering will reduce the traffic of small scale GNships in the port. Also, the LNG
tank containers which are stored at quays can seddoon vehicle transports and
transferred to other ports.

3) The usage of LNG containersin bunkering ships for bunkering of other ships.
After the performance of ship bunkering by TCS rodththe filled LNG containers
can be used as fuel suppliers to other LNG comtgipne at quays. The remaining
empty containers in LNG bunkering ships can be usgain after refilling. The
refilling procedure can be done from another LN@ stank truck or LNG terminal.
The advantage of this method is that it is the senad TCS bunkering types.

4) The usage of LNG containersin bunkering barges for bunkering of other ships.
The same TCS bunkering method which is used fokdnimg LNG ships from LNG
ship containers which are mounted on ships is atsml for ship’s bunkering from
LNG containers mounted in LNG bunkering barge. &tleantage of bunkering LNG
containers mounted in LNG bunkering barge, is tege of small LNG ships and the

ability to go sail in shallow waters.

In the below figure 26 it is depicted the advansage well as the disadvantages of the tree main
bunkering solutions; STS, TTS and TPS.
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STS TS TPS

Ship-to-ship Tank truck-to-ship Terminal-to-ship via pipeline
Flexibility Flexibility Availability
High loading rate Low costs (investment and  Large bunkering volumes are
operation) possible
Advantages Large bunkering volumes Quick bunkering procedures are
are possible possible
Bunkering at sea (enlarged
market)
Manoeuvrability in port Small quantities Fixed to certain quays
basins
Disadvantages
High costs (invesiments and  Low loading rate Occupy terminal space

operations)

Figure 26: Table 14 Advantages and disadvantagteedlifferent bunkering solutions, from logistieald operational points
of view, North European LNG Infrastructure Proje&tfeasibility study for an LNG filling station irdistructure and test of
recommendations, Danish Marine Authority.

Ship-to-ship bunkering solution has many advantayiesflexibility allows high loading rates and

large bunkering LNG volumes for transportation. Btrer, bunkering procedure can take place not
only in quays but also at open sea. The disadvastafthis method are the high investment costs and
the difficulties in manoeuvring ships at ports. Bus reason small LNG ships are gaining nowadays

more ground. [6, 21]

7.1 Characteristics of Bunkering Procedure
For the bunkering procedure all companies havensoire that they follow all the required operations

regarding Safety Management System. These procedhorild include all the possible risks that may
occur and the solutions in order to control thetme Tollowing procedures have to be followed by the

corresponding company:

= Firstly, communication between supplier and reaeiveist be finalized before bunkering
procedure begins. All open items regarding bunkeprocedure and emergency operations
have to be clarified in advance.

= |t has to be determined that there is adequateespdhe receiving tank.

= Loading rates regarding start-up and shut downal&sto be decided beforehand as well as
tank maximum filling volumes in order to avoid ofiing problems. In case that this
happens overfilling arrangement has to be congidere

= All valves related to bunkering procedure havedahbecked.

= Ventilation system has to be adequate in ordeotercall needs.

= All operations have to be executed by qualifiedspenel.
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The aforementioned bunkering characteristics ame s$hme regarding all available bunkering
procedures. There are of course many differenaa@s firocess to process but the basic idea is to

implement bunkering procedure taking into consitlenzall the needed safety measures. [6, 21]

7.1.1 Characteristics of Bunkering Procedure; Ship to Shore

Interface
» Supervision and Control

Regarding communication between ships to shorefaute the basic parts are:

= Moorings

= Fenders

= Breasting dolphins

= Hard arms and hoses

= Ship/shore gangways

= Emergency shut-down arrangements
= Ship/shore links, and

= Fire-fighting equipment capability

All terminals around the word have the same arnanage and differ only to the available LNG
capacities, both for terminal and LNG ships. LN®jects most of the times contribute contracts of 25
years lifetime. This means that LNG loading termih&lG gas carriers and LNG receiving terminal
are an integrated part. Safety precautions aremib&t important issue and for this reason ship and
terminal operators have to be familiar with thepgdhore arrangement and operations, the division of
each ones responsibility and to ensure a reliabfenaunications between them. These issues are

described more detailed in the International SaBatide for Oil Tankers and Terminals.

Before LNG ships arrive at LNG terminals resporigibs between shipmaster and responsible
terminal representative must be separated. Thisemdure a safe loading or unloading procedure.
Also, before to proceed with any loading or disgearcargo or ballast both ship and terminals
representatives have to ensure the readiness $o.d&hen loading or unloading procedures begin in
both sides trained crew must be present and fotlmvinstructions of the responsible officer. It is
important to have a continuous watch of tank deukia case that this is not possible through céntro
room a person has to be arranged only for thisTebminal staff should watch closely all the loagin
or unloading procedure until to finish and to chettien hosing connections for in possible leak&ge.
case that this occurs correction actions have taken immediately. Finally, stand by requirements
related to loading and unloading procedures as agefimergency shutdown system has to be familiar

to both parties.

» Design Considerations
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Design considerations have to though very carefidiyboth LNG terminals as well as LNG ships.

During the design of a new terminal is establistiedminimum and the maximum ship size that can
cover such needs. When a terminal is ready foratioer all the responsible authorities have to be
informed; like ship agents, ship-owners associatiand port authorities. It is very usual for one
terminal to proceed with some modifications duentrance of new LNG ships which have different
characteristics from the originally envisaged.His tcase all the modifications have also to bentego

to the relevant authorities.
» Communication

Communication between ship and shore begins verly,ebefore the ship to reach its final
destination. In order to ensure the compatibilgyvieen the ship and jetty information are exchanged
betwixt the parties. This information include skipfata like the length of the ship, height of maldi
above the water, ESD system, ship LNG storage d#sacship’s equipment for mooring, hoses
connection for shore interface and so on. All theéermation has to be provided in advance to the
terminal’s personnel in order to know if the shananchor to the terminal. Prior to ship’s arriial
the port shipmaster has to inform the responsilelesgn of terminal and to supply all the needed
information like; pressure and temperature of cagjore and bunker requirements, ship’s available
personnel. Alongside the jetty communication betwte two parties has to be performed as well.
Both participants have to be in contact and awaemaoh other actions. The most important partes th
ESD (emergency shut-down system) system and iscioinection between the ship and terminal.
This system will be energized in case of emergemzyrelevant shut-down valves will be activated to

stop all the ongoing procedures.

Before to start any cargo transfer a meeting hdmetarranged between the two parties and to discuss
thoroughly all the issues for the ongoing procediifee basic purpose of this meeting is to ensure a
safe loading or discharge cargo operation and tiéagaliar both parties with the relevant equipment
Any deviations that may exist due to some reasmy, have to be discussed and the final resolutions
to be written in an official letter. The contenttbé meeting can include the following issues asvsh

in table 5:
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Table 5: Chapter 6, Paragraph 6.4 Discussion Ryi@argo Transfer, Liquefied Gas Handling PrincigdasShips and in
Terminals by McGUIRE and WHITE.

(4]

k

Responsible Duty

Ship/Shore Provide the names and roles of responsible perkonne

representatives

Terminal Checks the implementation of agreed upon issue&edaspections to th

representative ship’s equipment and tests protocols.

Ship officer Checks the implementation of agreed upon issuekeMimspection to the po
equipment.

Terminal Check the cargo tank data; cargo quantity, presauack temperature, tan

representative vapour composition, total quantity of cargo.

Ship/Shore Agree the quantity and order of unloading cargsoAlthe intended transf

representatives rates, temperatures and pressures as well asdlad teturn line.

Ship/Shore Provide the Cargo Information Datasheet to allipig@ents.

representatives

Ship/Shore Review of port and jetty regulations and especitdtyse related to emergen

representatives procedures.

» Operational Considerations

For the ship/shore interface the below steps habe tfollowed:

= Berthing and Mooring

= Connection and disconnection of cargo hoses arttidrans

= Cargo tanks atmospheres

= Cargo handling procedures

= Cargo surveyors

= Gangways and ship security

= Bunkering

=  Work permits

In the below figure 27 it is represented a typiChkcklist between tanker and shore interface.
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Part 'D' Bulk Liquefied Gases — Verbal Verification

Bulk Liquefied Gases Tanker | Terminal | Code | Remarks

1 | Material Safety Data Sheets, or equivalent, are
available giving the necessary data for the safe

handling of the cargo.

2 | A manufacturer's inhibition certificate, whe P

applicable, has been provided.

3 | The cargo deck water spray system is ready

immediate use.

4 | Sufficient protective clothing and equipmg
(including self-contained breathing apparatuskeady
for immediate use and is suitable for the prodi

being handled.

5 | Hold and inter-barrier spaces are properly inede

filled with dry air, as required.

6 | All remote control valves are in working order.

7 | The required cargo pumps and compressors ai A
good order, and the maximum working

pressures have been agreed between tanker and S

8 | Re-liquefaction or boil-off control equipment is

good order.

9 | The gas detection equipment has been properlyos§
the cargo, is calibrated, has been tested

and inspected and is in good order.

10 | Cargo system gauges and alarms are correctly dg

in good order.

11 | Emergency shutdown systems have been tested

are working properly.

12 | Tanker and shore have informed each other of A | Ship:
closing rate of ESD valves, automatic valves Shore:

or similar devices.

13| Information has been exchanged between tanker] A
shore on the maximum/minimum temperatul

pressures of the cargo to be handled.

14| Cargo tanks are protected against inadvel
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overfilling at all times while any cargo operations

are in progress.

15| The compressor room is properly ventilated,
electrical motor room is properly pressurized and

the alarm system is working.

16 | Cargo tank relief valves are set correctly and alq
relief valve settings are clearly and visibly

displayed.(Record settings below.)

17 | The operating parameters (opening pressure) of
pressure valves (MARVS) of the tanker have

Been considered and agreed.

18| The (port) authorities have been notified priocémgo P

handling, if required.

Figure 27: Part 'D' Bulk Liquefied Gases — Verbalification, Appendix 1: Tanker — Shore Safety Cheislt, International
Safety Guide for Inland Navigation Tank-barges @&edminals, Edition 1 — 2010.

» Fire Fighting and Safety

When the ship is alongside the terminal, fire-fightmeasures have already been taken, both on board
and shore. Fixed and portable firefighting equipth@ in stand-by position in case of emergency and
ready to cover ship and jetty manifold area. Haattsched with their nozzles as well as hoses from
fixed dry powder units are laid out. The same asours for the firefighting extinguishers. Water
spray systems are also available and their avililabas to be tested on a regular basis. All pengb

including both parties must be trained in ordeditd with such circumstances.

Regarding safety precautions check lists are pmddrin order to assist berth operators and ship
operators in their job. Tanker Masters as wellldp sperators have to follow strictly these rulss a
long as the ship is found alongside. The same rhtasge to be followed as well from terminal
representative and shore staff. Both parties haemsure safe and efficient operations, for thasoa
they have to collaborate. Inside to these Safegckhists are declared each one’s responsibilities
ticking the appropriate box, in the end the lissigned from all the parties. This list includeg th
responsibilities of personnel which are involvedte procedure and all the safety measures that hav
been agreed between the two parties. In thisHestetare some responsibilities which belong only to
the ship crew whilst other belong only to the shsiedf, and there are also some common. The shaded
boxes which are included to this list indicate mofsthe times responsibilities which belong only to
one party. The deviation of responsibilities betweéle two parties does not exclude them from
checking that the other part proceeds with thetgafeasures. In the below figure 28 is depicted the

Safety Check List which includes all the main glirdes for completing a safe inspection.
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Guidelines for Completing the Safety Check-List

Part ‘D’ — Bulk Liquefied Gases — Verbal Verification

1

Material Safety Data Sheets, or equivalent, arevailable giving the
necessary data for the safe handling of the cargo.

Information on each product to be handled shouldvaélable on board the
tanker(s) and/or ashore before and during the tipara

Cargo information, in a written format, should ingdé:

- A full description of the physical and chemicabperties necessary for the s3
containment of the cargo.

- Action to be taken in the event of spills or lsak

- Countermeasures against accidental personalatonta

- Fire-fighting procedures and fire-fighting media.

- Any special equipment needed for the safe hagdifrthe particular cargo(es)
- Minimum allowable inner hull steel temperatures.

- Emergency procedures.

A manufacturer’'s inhibition certificate, where applicable, has been
provided.

Where cargoes are required to be stabilized obitg in order to be handle
tankers should be provided with a certificate friwe manufacturer stating:

- Name and amount of inhibitor added.

- Date inhibitor was added and the normal durabibits effectiveness.

- Any temperature limitations affecting the inhdit

- The action to be taken should the length of thgage exceed the effecti
lifetime of the inhibitor.

Document should be on board before departure.

The cargo deck water spray system is ready for imnatate use.
In cases where flammable or toxic products are ledndvater spray systen
should be tested regularly. Details of the ladsteBould be exchanged.

During operations, the systems should be kept remdynmediate use.

Sufficient suitable protective clothing and equipmem (including self-
contained breathing apparatus) is ready for immedite use and is suitablg
for the products being handled.
-Suitable protective equipment, including self-@ned breathing apparatus, §

protection and protective clothing appropriate he specific dangers of th
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product handled should be available in sufficientargtity for operational
personnel, both on board and ashore.

-Storage places for this equipment should be predefrom the weather and |
clearly marked.

-All personnel directly involved in the operatiohasild utilize this equipmen
and clothing whenever the situation requires.

-Personnel required to use breathing apparatusagluperations should b
trained in its safe use. Untrained personnel amgop@el with facial hair shoul

not be selected for operations involving the uskerefithing apparatus.

Hold and inter-barrier spaces are properly inertedor filled with dry air, as

required. T
The spaces that are required to be inerted byMi@ Gas Carrier Codes shou

be checked by tanker’s personnel prior to arrival.

All remote control valves are in working order.

All tanker(s) and/or shore cargo system remoterobmalves and their position

indicating systems should be tested regularly. iBetd the last tests should o R
exchanged.

The required cargo pumps and compressors are in gdoorder, and the

maximum working pressures have been agreed betwegthe two) tanker(s)

and/or shore. XXX
Agreement in writing should be reached on the manrirallowable working

pressure in the cargo line system during operations

Re-liquefaction or boil-off control equipment is ingood order.

It should be verified that re-liquefaction and bafil control systems, if requireq X | X | X
are functioning correctly prior to commencemenbopérations.

The gas detection equipment has been properly sebrf the cargo, is
calibrated, has been tested and inspected and isgood order.

-Suitable gas should be available to enable operatitesting of gas detectid
equipment. Fixed gas detection equipment shoulgsted for the product to L

handled prior to commencement of operations. Therafunction should hav,

been tested and the details of the last test shmutkchanged. XXX

-Portable gas detection instruments, suitableHferproducts handled, capable
measuring flammable and/or toxic levels, shoulésslable.

-Portable instruments capable of measuring in wmrhable range should
operationally tested for the product to be handieidre operations commence,

-Calibration of instruments should be carried ouaccordance with the Safg
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Management System.

10 | Cargo system gauges and alarms are correctly setéin good order.
Tanker(s) and/or shore cargo system gauges shauldhbcked regularly t
ensure that they are in good working order. XXX
In cases where it is possible to set alarms tewifft levels, the alarm should
set to the required level.
11 | Emergency shutdown systems have been tested and arerking properly.
Where possible, tanker(s) and/or shore emergenaylelvn systems should f X [ X | X
tested before commencement of cargo transfer.
12 | (Both)Tanker(s) and/or shore have informed each o#r of the closing rate
of ESD valves, automatic valves or similar devices.
-Automatic shutdown valves may be fitted in theken(s) and/or the shoi
systems. Among other parameters, the action ofethealves can b
automatically initiated by a certain level beingeked in the tank being loads
either on board or ashore.
-The closing rate of any automatic valves should@vn and this informatio
should be exchanged.
-Where automatic valves are fitted and used, thgodaandling rate should be w | x | x
adjusted that a pressure surge evolving from thiengatic closure of any sug
valve does not exceed the safe working pressustioér the tanker(s) and/
shore pipeline systems.
-Alternatively, means may be fitted to relieve firessure surge created, such
re-circulation systems and buffer tanks.
-A written agreement should be made between thegdRatble Person(s)
Officer(s) and/or Terminal Representative indicagtiwvhether the cargo handlir
rate will be adjusted or alternative systems wallused. The safe cargo handl
rate should be noted in the agreement.
13 | Information has been exchanged between tanker(s) dfor shore on the
maximum/ minimum temperatures/pressures of the carg to be handled.
Before operations commence, information should kehanged between th w | x [ x
Responsible Person(s) / Officer and Terminal Repmasives on carg
temperature/pressure requirements.
This information should be in writing.
14| Cargo tanks are protected against inadvertent oveifling at all times while
any cargo operations are in progress. XXX

Automatic shutdown systems are normally designedidse the liquid valveg
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and if discharging, to trip the cargo pumps, shdblkl liquid level in any tan
rise above the maximum permitted level. This lawnelst be accurately set a
the operation of the device should be tested atiaegntervals.

If tanker(s) and/or shore shutdown systems arestonter-connected, then thg

operation must be checked before cargo transféndeg

15| The compressor room is properly ventilated, the eldrical motor room is
properly pressurized and the alarm system is workig.

Fans should be run for at least 10 minutes befargocoperations commen
and then continuously during cargo operations.

Audible and visual alarms, provided at airlocks oassed with

compressor/motor rooms, should be tested regularly.

16 | Cargo tank relief valves are set correctly and actai relief valve settings are
clearly and visibly displayed.

In cases where cargo tanks are permitted to have than one relief valv
setting, it should be verified that the relief valg set as required by the cargqg X | X | X
be handled and that the actual setting of thefrgtibre is clearly and visibly
displayed on board the tanker(s).

Relief valve settings should be recorded in thektist.

17 | The operating parameter (opening pressure) of thergssure valve (MARV)

of the tanker have been considered and agreed.

This is the abbreviation for the Maximum AllowalRelief Valve setting on S
tanker's cargo tank - as stated on the tankert#iCate of Fitness / Approval.

18| The (port) authorities have been notified prior to cargo handling, if T
required.

19| If required by the (port) authorities, an external co-ordinator has been
appointed and is on board as co-ordinator responsib for the planned cargo XX

handling between the two tankers.

Figure 28: Part ‘D’ — Bulk Liquefied Gases — Verlarification, Appendix 7: Guidelines for Completitige Safety Check-
List, International Safety Guide for Inland Navigat Tank-barges and Terminals, Edition 1 — 2010.

» Emergency Shut-Down System (ESD)

It is very important during the cargo loading osaliarge operation to be able to stop cargo floan|f
incident happens cargo flow pumps must stop imntelgialn most LNG stations, terminal and ship
ESD system are linked and work in combination.eimminals at which ship/shore ESD system is not
linked directly, more attention has to be givernonder to avoid overpressure in connection points.
This occurs due to quick closure of isolating vahemd reduction of flow. It is preferred during the

loading operation of the ship to be energizedlfirtte terminal’'s ESD system and after the ESD
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system of the ship. Whilst, during the ship’s cadigcharge is preferred firstly to be energized the
ESD system of the ship and secondly the ESD sysfderminal. It is recommended ship/shore ESD
system to be linked in order to provide more seoperations no matter which party initiates thetshu

down. The following figure 29 shows who the ESDtegsis energized even manually or automatic.

ESD should be initiated by the following EMERGENCIES:

SHIP TERMINAL

Manual Trip Manual Trip

Operation of manual trip Operation of manual trip
Automatic Trip Automatic Trip

Shut-down signal from ashore Shut-down signal from ship
Overfilling of any cargo tank Overfilling of receiving tank
Power loss to valve controls Power loss to arm manoeuvring
Loss of control air pressure Power loss to ERS

ESD valve moving from full-open ESD logic failure

ESD logic failure Fire in terminal area

Fire in cargo area Loss of electric power

Loss of electric power Ship movements-pre-ERS

Activation of the PERC
High level in surge drum

ESD should initiate the following IMMEDIATE ACTIONS :

ON SHIP ON TERMINAL (LOADING)

Send shut-down signal to the shore Send shut-down signal to the ship via the
Trip ship’s cargo and spray pumps ship/shore link

Trip booster pump Trip loading pump

Trip vapor return pressure Open spill-back valves

Start to close ship’s ESO valve Start to close shore ESD valve

ON TERMINAL (RECEIVING)
Send shut-down signal to the ship

Start to close shore ESD valve

Figure 29: ESD activation, Paragraph 6.8 Linked Emecy Shut-Down Systems, Liquefied Gas Handlinigdiples on
Ships and in Terminals by McGUIRE and WHITE.

> Terminal Booklet

In terminal booklet it is recorded all the basiformation regarding the ship/shore interface. Tlaeee

information which include data from geographicasifion of the terminal, weather conditions, safety
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requirements etc. It is recorded also all the @aievegulations from national and local authorities
Finally, it is recorded all the submitted documénta regarding calculation and planning form of

cargo. In figure 30 is denoted the basic form tdraninal booklet. [6, 16, 21, 22]

INFORMATION REGULATIONS DOCUMENTATION

= Port geographical position National and port = Letter to shipmasters

= Restrictions on port entry  authority requirements = The ship/shore safety

= Ship restrictions atthe = Safety issues check list
berth = A cargo planning form
= Weather and tidal data = A cargo calculation form

= Preferred mooring plan

= Diagram of jetty fire-
fighting and life-saving
appliances

= Procedures for limiting
surge pressures

= Terminal pipeline and
tankage plan

= Description of BSD
arrangements

= Communication methods

= Requirements for a
ship/shore ESD Link

= Cargo pumping
limitations

= Safety requirements

= Emergency procedures

Figure 30: Terminal Booklet, Paragraph 6.9 TermiBaloklet-Information and Regulation, Liquefied Gas Hiémg
Principles on Ships and in Terminals by McGUIRE svidITE.

7.1.2 Characteristics of Bunkering Procedure; Ship to Ship Transfer
Bunkering procedure regarding ship to ship trankfes been developed based on transfer and safety

guidelines described by SIGTOO, ICS, OCIMF, IMO I@&0ode and IMO IGF Interim Guidelines.
These guidelines take into consideration that bun§eprocedure and cargo transfer happen at the

same time in order not to prolong the ship stgyoat. These guidelines include the following:

= Safety instruction during bunkering procedure

= Safety equipment
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= Communication between two ships

= Manoeuvring and mooring procedure

= Connection procedure and needed equipment
= Unmooring

= Emergency plan

Figure 31 shows the timeline of bunkering procedliris separated in three timing zones. The fgst
before bunkering process to begin and takes plac&S minutes. During this period must be fulfilled
all checks regarding tank system, available equippmend exchangeable information between two
ships, arrival, mooring and hose connection. Atercompletion of this stage check lists are retdrn
signed and manual valves can be open waiting fakdming process to start. The second time zone
includes LNG transfer from one ship to other whas$ts for 25 minutes. This transfer time is dingctl
connected with the bunkering LNG volume. In thigufie it is assumed that LNG transfer rate is
320m’h which corresponds to 65 tons of LNG (LNG den&®@ kg/ni). When transfer is finished is
demanded some time (approximately 10 minutes) dtn bhips to complete bunkering procedure and

after a while to be available again.

LNG BUNKERING TIMELINE

TOTAL AVAILABLE BUNKER TIME

BEFORE BUNKERING,_ DURING BUNKERING AFTER BUNKERING
EVENT 15 Min. 25 Min. 10 Min.

INERTING —
TANK SYSTEM CHECK —_—

EQUIPMENT CHECK —

CcALL -

ARRIVAL —_—

MOORING —_—
CHECKLIST TO RECEIVING SHIP —
CONNNECTION LINK / EARTHING =
CONNECTION HOSE —
RETURN OF SIGNED CHECKLIST

OPEN MANUAL VALVES

READY SIGNAL BOTH SHIPS

PUMP START SEQUENCE ™ Transfer rate = 320 m3/h at & m's
TRANSFER SEQUENCE ——
PUMP STOP SEQUENCE 24 min =130 m3 = 65 tonnes s
PURGING OF CARGO LINES (BOTH SHIPS) —
SHUT MANUAL + REMOTE CONTROLLED VALVES
DISCONNECTION HOSES -

INERTING OF CARGO LINES (RECEIVING SHIP) —_—
DISCONNECTION LINK | EARTHING =

DELIVERY CARGO DOCUMENT =

UN-MOORING =
DEPARTURE —
INERTING OF CARGO LINES (BUNKER SHIP) L —

Figure 31: LNG Bunkering Timeline, page 22, LNG berikg Ship to Ship procedure, Swedish Marine TeldgyoForum
2010.
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Some preconditions have to be finalized in advdefere the day of bunkering procedure. It is very
important to be closed all the open items in otdelbe allowed from both parties the LNG transfer.

These requisites are:

= Approval of bunker ship: Local authorities have dbeck if LNG bunkering procedure
complies with the local regulations and at the séime to the port regulations. If everything
is right then they can release the process.

= Ship compatibility: Necessary equipment regardirggpring and bunkering procedure must be
available and compatible between the two ships.

= Transfer area: Port authorities are responsibtiefme the proper area for bunkering process.
At the same time bunker ship has to check the ddcinlea and to evaluate if it is suitable to
ship dimensions and operations (like manoeuvrirgsp

= Weather conditions: It is very important for burikgrprocedure the weather conditions to be
stable. Also both parties have to agree that bumigarocedure can take place under current
situations. Another parameter that has to be takeraccount is that due to the complexity of
procedure and high safety standards it is prefenackering procedure to be conducted

during daylight hours.

Since the aforementioned preconditions have beHillefth bunkering procedure can start. As it is

mentioned before ship to ship bunkering it is sefeat into three stages: operations before bunkering
procedure, operations during bunkering procedudeogrerations after bunkering procedure. In below
table 6 are depicted in sequence all the stepshwidwe to be followed before bunkering procedure

happens as well as all the additional actionshhse to be taken.

» Operations Before Bunkering:

1. Preparations: Before to begin any action it halsemoted in the ‘Before Bunkering Check List’
(figure 25) that the crew of both ships have theppr safety equipment, firefighting equipment
has been checked, emergency zones are free ofdsazad ESD system in both ships work
properly. Moreover, both ships have to check thdGLtanks have the right conditions regarding
temperature and pressure because there are casdscht tank temperature is high before
bunkering and this can cause an increase in taggspre when bunkering begins. For this reason
it is recommended to reduce tank pressure befocelfdhbunkering hoses which are going to be
used have to be checked in order to ensure thatatteein good condition and the arrows which
show the flow direction are right. The correspogdimoroughly check has to be done also to the

mooring equipment like fenders, winches.
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2. Check List before Bunker: Bunker ship and receivshgp have already prepared their checklists
including all the items which are necessary to tuided in the initial inspection. All steps
which have to be followed are written very cleatyd crew with to follow them strictly.

3. Call: When discharging ship is close to the recgjvship, they make a phone call through the
VHF contact channel in order to take the permis$iorberthing. The receiving ship can ask also
the mooring plan of discharging ship in order t@mknexactly their relative distance and more
detailed information.

4. Manoeuvring: Since the discharging ship takes tbamfssion to berth manoeuvring can be
commenced.

5. Mooring: As bunker ship approaches the receivirig s$lvo main fenders are rigged alongside.
Secondary fenders are placed into extent in omldretavoided direct contact between the two
ships. All fenders have to be approved by classoriig procedure has been finished when all
lines have been connected according to the planttemdare stretched to the desired way. All
mooring lines have to be monitored closely durimgwhole process.

6. Connection Communication Link: No mooring and buivig procedure will take place before to
be ensured that communication between two shimificient. The communication methods
which are used commonly are; VHF, vocally, handheatfios or through a cable link containing
a wired communication.

7. Connection of Hoses: Connection hoses are delivieretbst cases with the help of a hose crane
from bunker ship to receiving ship. When transfiecannection hoses to receiving ship has been
finished, trained crew receive them and perform dbenection with the manifold. Also, they
check all the connection hoses to be supportedcerifly. The hoses can be found in different
sizes for increased safety measures.

8. Bunker Hoses: The connection between the two slipsompleted by two separate hose
connections. The first one is used for transfertimg LNG whilst the second one is used for
vapor return. It is very important these conneditmbe distinguished clearly and for this reason
it is followed different color code. Thorough checkave to be done in advance to all these
connections. The hose connections are supporteich way in order to avoid contact with
stainless steel gratings and also to avoid anyacomith the water.

9. Pre-Transfer Bunker Check List: This is a list whitas to be checked very thoroughly from the
responsible ship operator in order to be confirried both bunker ship and receiving ship are

ready for LNG transfer. The items which have tahecked are listed to the following figure 26.

In the below table 6 are depicted all the stepsciwhire included in the operations before bunkering

procedure.
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Table 6: Operation Before Bunkering, paragraph 5, UN@kering Ship to Ship procedure, Swedish Marieehhology
Forum,2010.

OPERATIONS BEFORE BUNKERING

Steps Further Actions

1. Preparations * LNG tank system check
= Mooring equipment check

=  Bunker hose check

2. Check List Before Bunker = Please refer to figure 25

3. Call =  Safe communication

= Mooring plan

4. Manoeuvring

5. Mooring * Fender positioning
= Fender type and size
= Mooring operation

»= Mooring line supervision

6. Connection communication link

7. Connection of hoses

8. Bunker hoses = LNG bunker hose and vapoypr

return hose

9. Pre-transfer bunker check list = Please refer to figure 26

Both bunker ship and receiving ship must fulfilfdmehand their corresponding checklists in order to

ensure safe handling. A sample of the form of ¢hiscklist is depicted in figure 32.
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Name of Ship: e

Place of bunkering: ....ocmviinnns iovcinsrinnn Date: e viann

General checkpoints Bunker Ship Receiving Ship

(1 [
1 [

1. Authorities/Port permission for bunkering?

2.  Are ships compatible for bunkering
regarding mooring and hose connections?

3. Is the transfer area ok for approach,
mooring and bunkering?

4. Are light conditions satisfactory?

5. Isthe EX-Zone activated?

6. Are earth indicator lights on
switchbhoard/control panel ok?

7. Are main radio transmissions restricted?

8. Are accommodation doors  around
bunkering area closed?

9, Isthe safety zone activated?

10. Are personnel protection equipment
checked and ready for use?

11. Isthe ESD-system tested and ready for use?

L] ) Oy Ly ) ]
L OO oy oy o

12. Is the mooring equipment checked and
ready for use?

13. Are the fuel transfer hoses visually
checked?

L) OO O O O Oy O a2 e O -
N | R

LNG-Tank temperature ("C)

LNG-Tank pressure (bar)

Signature

Figure 32: Appendix A CHECK-LIST BEFORE BUNKERING, pa®®, LNG bunkering Shipgo Shif
procedure, Swedish Marine Technology Forum 2010.

Since the inspection of checklist has finished angroblems exist ship Masters have to make a final

review to the list of pre-transfer bunker procedwhich is depicted in figure 33.
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Name of ship: e

Place of bunkering: ..o visiionssr s

Date: i i,

General checkpoints

Bunker Ship

Receiving Ship

Do the weather conditions permit bunker
operations?

[]] -
Bk

Is the receiving ship safe at berth?

Is the mooring plan agreed upon and
mooring of the ships carried out in
accordance with the plan?

Are primary (and secondary if needed)
fenders in proper position?

Is safe communication in agreed language
established between ships?

Are radio transmitter aerials earthed,
radars switched off and VHF on low power?

Are smaoking regulations, naked light and
galley requirements being observed?

Are emergency signals and shutdown
procedures agreed upon?

Are firefighting equipment checked and
ready for immediate use?

10.

Are navigational  signals indicating
bunkering operation displayed?

L O O SN 1ooliol -
O OO0 8 \ioloiol e

11.

Are the fuel transfer hoses checked to be of
the correct type, in good condition and ok
according to the maintenance/replacement
system?

12.

Are the fuel transfer hoses properly
connected and supported?

13.

Are all fuel transfer manifolds, not in use,
blinded?

14.

Are valves set to their correct position?

15.

Are receiving tanks gauged and fuel
transfer quantity to be transferred agreed
upon?

16.

Is the maximum pump rate and the topping
up rate agreed upon by the responsible
officers on both ships?

17.

Are there trained and educated persons on
watch at bunker stations, close to the
emergency stop, on both ships?

13.

Are drip trays in position and ready for use
below manifolds in use?

UU O OO0 o oooooioogn
OO0 O0oo o goooo i gog

U000 (O] O O
L\LO OO )
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Specific checkpoints for LNG transfer Bunker Ship Receiving Ship
Y N Y N

1. Are vapour return connections properly
connected and supported? I:l |:| |:| I:l

LNG-Tank temperature ("C)

LNG-Tank pressure (bar)

Signature by receiving ship Signature by bunkering ship

Figure 33: Appendix B CHECK-LIST PRE-TRANSFER, page 5M@A bunkering Ship to Ship procedure, Swedish Marine
Technology Forum 2010.

» Operations During Bunkering:

1. Signed Documentation: The pre-transfer bunker chistkvill be provided to the receiving ship
for control and acceptance and after it has teehgmed back to the bunker ship. It is compulsory
this list to be kept in ship files for at least ®mhs. Moreover it is necessary responsible officer
for both ships to clarify in advance the transférgeiantity of LNG, the transfer rate and pressure
in normal operation as well as during the startugh shutdown of the system. In all circumstances
maximum and design pressure must be known.

2. Manual Valves Position: Since all documents arekbg and signed from both parties, manual
valves of bunker vessel can open. A close looletoate controlled bunker valves has to be done
in order to be ensured that they are closed.

3. Signal for Startup: When both ships are ready torkering procedure, a signal is given by VHF
communication. All the personnel stand outside wiker area and monitor closely the process.
When LNG transfer pumps start working trained cobwck that connections are ok and no leaks
appear. If something goes wrong or if it is detéary possible spillage the procedure shutdown
immediately.

4. Bunkering: Since LNG transfer pumps start workimm tprocess continues in a controlled
manner. Personnel of both ships check all the timesituation of hose connections, manifold
connection, and operation of pumps and recordldverfate data.

5. Shutdown of Pumps: When transferred LNG quantityalimost to be reached LNG transfer
pumps ramp down to the agreed topping up rate. ydwthae filling volume of LNG tanks cannot

exceed 98% of the total tank volume.
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» Operations After Bunkering:

1.

Purging of Bunker Hoses: When LNG transfer finisheses connections must be drained and
cleaned before to be disconnected. The hoses agegwith heated LNG from bunker ship and
for this reason all the valves near to manifold remiions are open. When purging stops all
valves have to be closed. First close the remate&ated valves and after all the manual valves.
Disconnection of Hoses: Since purging of hose commes finishes the bunker line and the
vapour return line of the receiving ship can becalimected and all the valves to be closed.
Equipped personnel very carefully will drive alletthose connections back to the bunker ship
hose crane and they will leave them in the parlpogition. All hoses are connected to the
ventilation mast in case that vapours are captinside to the pipes.

Submittal of Signed Documents: The responsibleceffiof bunker ship submits to the
responsible officer of receiving ship two copiesishhinclude the quantity and the quality of
transfer LNG. Both parties have to sign them archame will keep one copy for at least three
months.

Unmooring and Manoeuvring: After the completionbofhkering procedure and handover of all
documents, bunker ship is ready to unmoor. Weatt@rditions have to be taken into
consideration. The responsible officer gives ingtams for loosing mooring lines and storing
them. Only when the bunker ship has moved away feeeiving ship fenders can be removed
and stored to the deck.

Inerting of Bunker Lines: When hoses are discoreweétom the manifolds directly begins the
inerting procedure for the receiving ship. Hosescivtare related to bunker procedure cannot
remain with gas inside and must be cleaned. Forbtieker ship inerting procedure is not
necessary to start immediately since the hosesarrected to the parking area and they are
ventilated. In order not to be forgotten a chesk difter bunkering procedure has to be fulfilled
and additionally an alarm signal is activated fithiem main switchboard within 60 minutes.
Checklist after Bunkering Procedure: Bunker shig eateiving ship have a checklist with all the
steps which have to be followed after the comptetibbunkering procedure. This list is depicted
in figure 34. [23]
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Name of Ship: i, Date: ...ccoeiee e

Place of BUNKering: .eoveveeveerveen.

General Checkpoints Bunker Ship Receiving Ship

Y N Y N

1. Arethe fueltransfer hoses purged? O O O O

2. Arethe remote controlled fuel transfer valves closed? D I:I D D

3. Arethe manual fuel transfer valves closed? O O

4, Arethe fuel transfer hoses disconnected and placed in their D D

parking position?

5. Are the Transfer Documents signed and delivared? D I:I l:l l:l

6. Arethe mooring lines retracted? D D

7. Arethe fanders retractad? D I:I

8. Istheradar turned on? l:l D

9.  Arethe fuel transfer lines inerted? D l:l I:I I:I

Signature

Figure 34: Appendix C CHECK-LIST AFTER BUNKERING, page, NG bunkering Ship to Ship procedure, Swedish
Marine Technology Forum 2010.

7.1.3 Characteristics of Bunkering Procedure; Truck to Ship

Transfer
When a small LNG ship with receiving volume aro@@®n7 is mooring at the port, truck can proceed

with its bunkering procedure. Tank trucks have ciies between 40 to 80%of LNG. This means
that 3 to 4 trucks are required in order to fill ship bunker volume. Also, tank trucks can be used
serve the needs of remote areas which cannot cottméte main pipeline system or other ports that
want to provide LNG to their LNG vessels. This is @conomically feasible solution which can be

implemented to areas which are found between 38@®@a6 kilometers away from trucks area.

The steps which are followed during the bunkeringcpdure can be classified into four categories.
The first one is the pre-operational checks, tlo@isg one is the pre-transfer operations, the thirel
includes the actions during the LNG transfer arel fhurth one comprises all the actions which are

taken after the fulfilment of bunkering procedure.

» Pre-Operational Checks:

1. Local and terminal authorities have granted peinimisgor LNG transfer operations for a

specified day and time.
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Terminal and local regulations have to be followedy strictly.

3. All personnel which are involved to this procedbeye to be trained in order to be familiar with
the procedure.

4. The bunker area has to be free of obstacles ams$sibte for the LNG supplying tank truck.

5. The area has to be sufficiently illuminated.

6. Gas detection equipment must be available andiedrby a credible laboratory.

7. The procedure that will be followed during the berikg has to be agreed in advance from both
parties.

8. All ATEX areas have been recorded beforehand.

Firefighting system related to ship, truck and feaharea must be tested and ready for use when

is needed.

All the aforementioned steps are shown in the bdigure 35. The letter ‘A’ declares the agreement
or the procedure that has to be identified in teenRrk column or in another mutually accepted form.
The letter ‘R’ shows all the items that have tachecked again from both parties in a specifiedogleri

The letter ‘P’ indicates that permission has tgtsnted by the authorities.

~ LNG _
Checks Ship Terminal Code REINES

Truck

Local authorities have granted

permission for LNG transfer operatiops

for the specific location and time.

2 | The terminal has granted permission
for LNG transfer operations for the

specific location and time.

3 | Local authorities have been notified |of _ N
} Time notified:
the start of LNG bunker operations jas n

rs
per local regulations.

4 | The terminal has been notified of the
start of Time notified:
LNG bunker operations as per terminal hrs

regulations.

5 | Local authorities requirements gre
_ e.g. Port byelaws.
being observed.

6 | Local terminal requirements are being e.g. Terminal

observed. regulations

Page 82 of 111



All personnel involved in the LNG

bunker operation have the appropriate

training and have been instructed on the

particular LNG bunker equipment and

procedures.

The bunker location is accessible
the LNG supplying tank truck and th
total truck weight does not exceed {
maximum permitted load of the quay

jetty.

The bunker location can be sufficientl

illuminated.

y

10

All LNG transfer and gas detectig
equipment is certified, in goo
condition and appropriate for th

service intended.

o

e

11

The procedures for bunkering, cooling

down and purging operations have been

agreed upon by ship and truck.

12

The system and method of electrical

insulation have been agreed upon

ship and truck.

by

13

The LNG transfer exclusion zone h

been agreed upon and designated.

as

Exclusion zone;:

mtr / ft

14

Regulations with regards to ignitig

sources can be observed. These incl

but are not Ilimited to smoking

restricions and regulations  wil

regards to naked light, mobile phones,

pagers, VHF and UHF equipment,

radar and AlS equipment.

15

All mandatory ship firefighting

equipment is ready for immediate use.

A

16

All mandatory truck firefighting

equipment is ready for immediate us€

Page 83 of 111




17| Al mandatory terminal firefighting

equipment is ready for immediate use

Figure 35: I. PART A: Pre-Operations Checklist, LNGnRer Checklist, Truck to Ship, Version 3.0, Juneh2&014,
International Association of Ports and Harbors.

» Pre-Transfer Checklist and LNG Transfer Data:

Travelling conditions have to be checked in advalike weather and wave conditions.
The access and mooring of ship to be secured.

Operating equipment to be available on site.

P 0w NP

Responsible persons both from ship and truck haveetpresent all the time until to finish the

bunkering procedure.

5. Prior to any operation has to be agreed and tabe@ommunication system between ship and
truck interface.

6. Security zone has to be established and cleanedigvith marks.

7. Material Safety Datasheets (MSDS) have to be aailan bunkering area as well as all the
needed measures in case a spillage or leakagertgeappe

8. Availability of instrument and valves as well agithalarm signals has to be checked beforehand.

9. ESD system both on ship and at tank truck musettested.

10.Pre-cooling of terminal components.

11 Hoses connections to be in good condition. Groundable between ship and quay must exist and
also tank truck to be electrically grounded.

12 Moisture and oxygen has to be removed from pipethfe reason inert has to be done with N

13 Because some engines are sensitive to nitrogsmsgual procedure to purge piping with LNG.

14 Since it has been clarified between ship and tamdktresponsible the amount of transferred LNG

as well as the flow rate, pressure and tempersiwm&ering procedure can start. The filling begins

with a low pumping rate until to reach the maximathowable working pressure.

15.The pump stops when the pre-agreed amount of LNi8ligered to the final client.

In below figure 36 is found the checklist of prarisfer operations.

~ LNG _
Ship Terminal | Code

Truck

1 | Present weather and waye

conditions are within the AR
agreed limits.
2 | The LNG receiving ship is R
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securely moored.

Regulations with regards to

mooring arrangements a
observed. Sufficient fenderin

is in place.

re

g

There is a safe means of acc

between the ship and shore.

eSS

The bunker location i

sufficiently illuminated.

[72)

The ship and truck are able
move under their own pows
in a safe and non-obstruct

direction.

Adequate supervision of th
bunker operation is in plag
both on the ship and at tf
LNG tank truck and ar
effective watch is being kept

all time.

An effective means ¢
communication between th
responsible  operators  af
supervisors on the ship and
truck has been established 3
tested. The communicatig
language has been agre

upon.

e
nd
at
nd
n
ed

VHF / UHF Channel: |

Language:

Primary System:

Backp System:

The emergency stop signal &
shutdown procedures ha
been agreed upon, tested, &
explained to all personng

involved.

Emergency Stop Signal:

The predetermined  LN(

transfer exclusion zone ha

been established. Appropriate

signs mark this area.

.y
J

1S
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10

The LNG transfer exclusio

=)

zone is free of unauthorized
persons, objects and ignition

sources.

11

External doors, portholes and
accommodation ventilation
inlets are closed as per

operation manual.

At no time they should bg

locked

12

The gas detection equipment

%)
o

has been operationally test
and found to be in good

working order.

13

Material Safety Data Sheets
(MSDS) for the delivered

LNG fuel are available.

14

Regulations with regards to
ignition sources are observed.
These include but are npt

limited to smoking restriction

192}

and regulations with regards to
naked light, mobile phone
pagers, VHF and UHJ

equipment, radar and AIS

\*2J

equipment.

15

Appropriate and sufficient
suitable protective clothing
and equipment is ready for

immediate use.

16

Personnel involved in th
connection and disconnectig
of the bunker hoses ar
personnel in the direct vicinit
of these operations make u
of sufficient and appropriat
protective clothing ang

equipment.
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17

Hand torches (flashlights) a
of an approved explosio

proof type.

18

The water spray system h

as

been tested and is ready for

immediate use.

If applicable

19

Spill containment
arrangements are of &
appropriate volume, i

position, and empty.

20

Hull protection system is i

place.

—

If applicable

21

Bunker pumps an
compressors are in  god

working order.

If applicable

22

All remote control valves ar
well maintained and in goo

working order.

D

23

Bunker system gauges, hig
level alarms and high-pressu
alarms are operationa
correctly set and in goo

working order.

yh

o -

24

The ship’s bunker tanks a
protected against inadverte
overfilling at all times, tank
content is constantl
monitored and alarms a

correctly set.

[€

nt

Intervals not exceeding

minutes

25

All safety and control device
on the LNG installations ar
checked, tested and found

be in good working order.

n

26

Pressure control equipme

and boil off or reliquefactior

d

equipment is operational an
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in good working order.

27

Both on the ship and at th

tank truck the ESDs, automatic

valves or similar devices ha
been tested, have found to
in good working order, and a
ready for use. The closin
rates of the ESDs have be

exchanged.

e

e
be
e

ESD Ship:

seconds

28

Initial LNG bunker line up ha
been checked. Unuse
connections are close
blanked and fully bolted.

U7

2d

29

LNG bunker hoses, fixe
pipelines and manifolds are
good condition, properly
rigged, supported, proper
connected, leak tested a

certified for the LNG transfer.

=N

30

The LNG bunker connectio
between the ship and the tru
is  provided with  dry]

disconnection couplings.

If applicable

31

The LNG bunker connectio
between the ship and the LN

bunker truck has adequate

n
G

electrical insulating means in
place.

32| Dry breakaway couplings in
the LNG bunker connections
are in place, have been
visually inspected for
functioning and found to be in

a good working order.

33

The tank truck is electricall

grounded and the wheels g
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chocked.

34| The tank truck engine is o
during the

connection, purging an
disconnection of the LN(

bunker hoses.

35| The tank truck engine i Unless the truck engine |s
switched off during transfer. required for transfer of
LNG.
36| The ship’s emergency firg Location:
control plans are located
externally.
37| An International Shore
Connection has been provided.
38 | The LNG specifications have _
A e.g. quality, temperature

been agreed upon by ship and _
iruck and density of the LNG.
ruck.

39| Port authorities have been
informed that bunker transfer
operations are commencing
and have been requested |to
inform other vessels in the

vicinity.

Figure 36:1. PART B: Pre-Transfer Checklist, LNG Bunker CheckliStuck to Ship, Version 3.0, June 26th, 2014,
International Association of Ports and Harbors.

» After Filling LNG-Checklist:

1. Since the filling has finished stripping has todme in piping and hoses connection, in order to be
ensured that no more liquid exist.

2. After is followed purging of pipes.

3. Disconnection of hoses (under atmospheric pressumé)grounding connection can be done after
the procedure finishes.

4. Disconnection of grounding cable can be done. e ¢hat the terminal provides the ESD cable to
the ship it has to be removed also this.

5. Local authorities to ensure that bunkering procedhas finished.
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6. Handover of signed documents from both partiestvd® done. These documents will include the
quantity and quality of transferred LNG as welbay incident that may occurred.

In figure 37 is illustrated the checklist after fiaéfillment of bunkering procedure. [24]

. LNG _
Checks Ship Terminal Code Remarks

Truck

1| LNG bunker hoses, fixed pipelines and
manifolds have been purged and are

ready for disconnection.

2 | Remote and manually controlled valves A

are closed and ready for disconnection.

3 | After disconnection the LNG transfs

D

r
safety zone has been deactivated.

Appropriate signs have been removed

4 | Local authorities have been notified that _ -~
_ Time notified:
LNG bunker operations have begn h

rs
completed.

5| The terminal has been notified that LNG Time notified:

bunker operations have been completed. hrs

6 | Port authorities have been informed that
bunker transfer operations have ceased
and have been requested to inform other

vessels in the vicinity.

7 | Near misses and incidents have been Report nr:

reported to local authorities.

Figure 37:1. PART C: After LNG Transfer Checklist, Truck to $hiVersion 3.0, June 26th, 2014, International Aggmn

of Ports and Harbors.

8. LNG Transportation by Trucks

Consumers which are found in remote areas anddbeayt have access to coastal areas they receive
LNG by trucks, road trailers or ISO intermodal aygoic containers. Liquefaction and trucking
procedure in remote areas have been proved an mamaity solution compared to construction of
long pipeline system. If we look it also from thensumer side natural gas prices remain historically

in low levels. LNG trucking is a safe and relialsielution for refilling stations, because are used
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specialized, double skinned vacuum insulated tahkiS transportation by trucks serves also the
needs of satellite stations, where trucks unloar tbargo inside to insulated pressurized storage

tanks.
Trucks that carry LNG must comply with Europeanutagions which are the followed:

= European Directives 94/9/EC and 1999/92/EC; reggrdiplosive atmospheres (ATEX)

= European Directive 97/23/EC; related to pressutdpecent

= Trucks have to be designed according to the stdrieldr13530 “Cryogenic vessels — Large
transportable vacuum insulated vessels”

= |n case of vacuum loss or fire the inner vessdlN& trucks must maintain its integrity in
order to avoid sudden increases of pressure

= LNG trucks must have a specific equipment whichrafen will be to detect if the cargo tank
is cooled enough and the level of liquid insidéht® tank

= Earth connection is obligatory

= LNG truck carriers must comply with ADR regulatiofisternational Carriage of Dangerous
Goods by Road)

= Trucks’ connection has to be in accordance withuldgSpecifications; Messer Griesheim:
794.01837

= Manifolds of trucks have to enable the purge okifiEe connections and flushing with
nitrogen before to be disconnected from the tritle customer is responsible to specify the
type and size of these connections which will hidneecharacteristic to be adjusted directly to
the connection point without the need of adaptor

= Truck have to accommodate ISO 9001

= The driver of truck has to be a qualified persod tmbe familiar with English language

All the aforementioned requirements for LNG trarmsgion by truck have to be followed strictly

without any exception. [25]

8.1 Steps for Approval Procedure

There are four basic steps for the approval of tN@k to the filling station, these are:

8.1.1 Exchange of Information

Customer must sent in advance all the requirednmdtion related to its truck like; dimensions oé th
truck, weight of the truck, design, P&ID, technichlta, location of manifold connections and types’
of connections. Also, it has to provide the appteestificates and the documents which are rel&ted
cooling down procedure, filling procedure and erimmyprocedure. Moreover, Customer has to
provide a detailed list with the names of partiagiggaincluding truck driver and supporters. All the

staff has to be familiar to LNG transportation dvahdling procedure and also to be certified by an
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independent body. Customer has to surrender alsoahprotocols from Ship operators who confirm
that LNG transportation has been done safely umdlesafety precautions. On the other hand,

operators from terminal have to provide to Custotheraccess plan to the area. [26, 27]

8.1.2 Compatibility between Customer and Terminal O  perator
Since terminal operator received the request frarst@ner it has to answer within ten working days

if accepts or rejects LNG transportation. During time operator checks all the submitted documents
and studies if there is technical and physical carbpity between the two facilities. There are ess
where operator and Customer arrange a meetingder ¢o clarify some issues. After the approval of
LNG transportation, Customer visits the terminabider to record the area and the faculties thet.ha
[26, 27]

8.1.3 Test Procedure
Before the date of LNG transportation it is perfedra test filling. During this day terminal operato

records all the data linked to filling procedurelawrites down all the corrective actions that mayéeh

to be taken. This report will be sent after to Ghestomer between the next five working days.[28, 2

8.1.4 Approval of Truck

After the fulfillment of checks terminal operataadhto decide if accepts or rejects the requedtNGs
transportation. If the truck is authorized to pemdransportation then Customer will receive a s@yn
approval document which will be valid for the néxe years. If the truck does not implement all the
pre-requisites then corrective actions have tcakert. Finally, in case that the truck is not autteat

to perform any actions to the terminal then the lelpyocedure will have to be repeated again under

the terms of a new request. [26, 27]

8.2 Operational Procedure
With the arrival of LNG truck to the terminal thaeea strict procedure that has to be followedroeo

to be completed the LNG transportation. The belepsdescribe the basic checks that are used to be

done in every LNG terminal. [26, 27]

8.2.1 Entry of LNG Truck to the Station

With the arrival of LNG truck driver to the Stati@ecurity post is informed. The responsible segurit
officer checks the Operational Schedule of the itesiirand confirms the arrival of LNG truck. Also,
he crosschecks that arrival time, identity inforimatof trucks’ driver and truck details correspdnd

the prescheduled operations. The driver has to &oetidshow his valid training certificate for LNG
transportation by truck, the approved certificaftd. G transport unit and to live to the securityspo

all the devices (such as mobile phone etc.) whiehrmt allowed to be taken inside to the filling
station. Since the security officer performs a# &forementioned checks then he informs the Station

Control Room for getting the permission to allove tentrance of truck to the site. Since the truck
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takes the permission to enter to the site, theoresple person for receiving trucks approached the
gate and welcomes the driver and he makes alsdimalevisual inspection (possible broken lights,

flat tire, defective thermal insulation, availalBlBPE, MSDS and other documents). [26, 27]

8.2.2 Supervision

From the time that truck enters to the terminalwim®le responsibility and inspection has the statio
officer. Wherever the truck and its driver go, tfecer has always to follow. Officer is responsilib
guideline the process of tanks’ cooling down, logdand unloading procedure and the departure of

truck from the terminal. [26, 27]

8.2.3 Cooling Down Trucks’ Tank
Stored LNG in terminals is found in very cold cdratis, -162°C. In order to be transferred inside to

the truck tank a cooling down operation must eefbrehand, unless if the truck has already reached
the station in cryogenic conditions. If the truekivges in ‘hot’ condition this practically meansathit

will be demanded longer period for LNG transpod@atbecause it has to be avoided the reach of valve
set pressure. Also, the evaporation of transfeltid@ will be higher and will lead to an increase of
normal temperatures, approximately above -120°@ dfficer and the truck driver always have to
look the pressure and the temperature of the retuBoil-Off Gas (BOG) to the terminal. Checks are
performed with the help of specialized instrumdatatThe cooling down procedure strictly follows
the steps which are described thoroughly insidiaéocontract. It has been estimated that the agerag
time for LNG transportation to a cooled tank isvimtn 30 minutes to one (1) hour, whilst the average

cooling time for a ‘hot’ tank is approximately off® hour. [26, 27]

8.2.4 Trucks’ Tank Condition
The tank of the truck when reaches the terminaltnbesfound in natural gas atmosphere or in

nitrogen atmosphere. This means that inside tdathle the maximum water g8) vapour content is 1
ppm, maximum carbon dioxide (GCcontent is 100 ppm and maximum oxygen)(€bntent is 100
ppm. [26, 27]

8.2.5 LNG Loading Procedure

Under the supervision of officer, truck driver drésthe truck to the weight station. There is reedrd
the weight of the truck when it is empty. Thendniges the truck to the loading bay position. Fbdi
hoses are been connected between the truck ardiflitfiestation, fitting and tightening of flangés
carried out as well as opening and closing of truakres. The maximum loading rate is 108 m
LNG/h. The degree of tank filling will comply witthe ADR regulation. Normally is 80% filling
level. After, the fulfillment of LNG transportatioall valves must be closed and checks have to be
performed in order to detect any possible leaksceSthis procedure has been finished the truck goes
back to weight station in order to be recorded e weight. The formula which is used for

calculating the mass of loaded LNG is:

Page 93 of 111



M LNG Loaded (kg) = M Truck after LNG loading (kg) — M Truck before LNG loading (kg)
And the formula for calculating the volume of LNGabled is:

M LNG loaded (kg)

V LNG loaded at — 160°C (m3) = 2
p LNG at - 160°C ;)

When all procedures finish officer handover to tituek driver all transport document required by the
ADR and the Loading Certificates. These Loadingtifestes include information regarding the
quality and quantity of transported LNG. [26, 27]

9. Satellite Stations

LNG plants are small stations where LNG can beest@nd vaporized for supply gas to an isolated
area or to satisfy the needs in peak saving cirtamss. LNG satellites stations are being supplied
with fuel by road tankers, barge or rail carrieféie location of these stations is near to remote
consumers in order to satisfy their needs immelgiai& typical satellite station includes truck
unloading system, storage tanks, vaporizers, safedycontrol system. The type of storage system can
be either LNG storage tanks or LNG cylinders. LNGage tank capacity is between 31.6 to 3,138 m
with an effective volume of 30 to 3,000°.nWorking pressures can be between 2 to 16 bar avith
vaporization rate 0.5 to 0.2 % per day. From tieohand, LNG cylinders have capacities from 63 to
526 | with an effective volume of 60 to 500 |. Wl pressures have to be below 16 bar with a

vaporization rate 2 to 3 % per day. [28]

9.1 Schematic Process of LNG Satellite Stations

In this paragraph will be analyzed the facilitidlsam LNG satellite terminal and the sequence of
processes which take place. The fueling of the itealris done by trucks. The final purpose is to

supply natural gas to the grid system or to vehicle

1. LNG Trucks approach to the terminal and they unkba&it cargo. The LNG transportation is being
done by pumps from offloading tanker to the storaegsels.

2. During the stage of truck unloading the volumedasio the tank is being decreased gradually,
causing misbalances to the trucks’ cargo. In otddsalance the volume of the pumped liquid a
small volume of vaporized through an atmospherjgovizer. The gases which are produced flow
back to the vehicle tank. The flow rate of the gmscontrolled all the time with pressure
instruments (pressure indicators and/or pressansitnitters) which are found on the vehicle tank.

3. When LNG storage tank is not being filled until iteaximum permissible volume the pressure

inside the tank is being increased. In order tadatamh pressures the gases which are found inside
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to the tank are warmed up through an air heatetagger and then it can be delivered to the gas
grid.

LNG from storage tank is vaporized through heaharger and after is delivered to the grid.

LNG from storage tank also can be pumped in higisgures with the help of piston pumps and to
be guided through a heat exchanger. LNG is themnagd and fed to high pressure tanks of

vehicles.

6. LNG from storage tank is supplied also to the liafjl stations of vehicles. At this circumstance
LNG is found in a sub-cooled liquid state. In orderbe achieved this purpose liquid nitrogen is
used.

7. Every LNG satellite plant must has its own sub-pwplstation consisted of a storage tank with
liquid nitrogen. Liquid nitrogen (LN can be used to cool the gas phase of LNG insidine
storage tank.

8. Liquid nitrogen sub-cools also LNG for vehicle tardnd the LNG transfer system.

From the LNG truck one small portion is vaporizktbtigh a heat exchanger

Figure 38 depicts all the aforementioned steps ftam9. [29]
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Figure A.1 — Example of a LNG satellite and fuelling plant

Figure 18: A.1-Example of a LNG satellite and firgjl plant, ANNEX A-Schematic description of a presdor a satellite
and fueling plant, Installations and equipmentliguefied natural gas-Design of onshore installaionshore installations
with a storage capacity between 5t and 200 t, B &5:2002.

9.2 LNG Satellite Regasification Plant Components

A typical installation of an LNG satellite plantqares firstly central storage tanks where truckis w
unload their cargo. The type of tanks can be eittegtical or horizontal with storage capacities
ranging from 60 rito 250 ni and design temperature -196°C. Another basic coemids vaporizers.
There are two types of vaporizers, Ambient Air Viapers and Hot Water Vaporizers. Ambient Air
Vaporizers use the heat from ambient air to subecbliquid. It is an inexpensive way to cover plant

needs since there is no need for extra heat enétgly Water Vaporizers take advantage of heat
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transfer between hot water and sub-cooled liquat. Whter is produced from a gas-fired burner which
consumes approximately 2% of natural gas for tk&son these vaporizers are more expensive
compared to ambient air vaporizers. Pumping systetween LNG truck and storage tank. There are
two ways to transfer LNG from trucks to storagektarirhe first one is by increasing gradually the
pressure inside to the LNG truck tank. The presssele to the truck tank can be around 5,5 bar
reduced to the outlet to 5,3 bar, until to reactalfy 3,5 bar inside to the LNG storage tank. The
disadvantage of this way is that the process iwesldout requires less equipment on the truck itself
The second way of transfer is by pumping. The presmside to the truck tank is approximately 2,5
bar increased with the help of a cryogenic pumpQdoar concluding to LNG storage tank at 17 bar.
This way of transfer provides higher flow rates butequires more equipment on the truck itself.
Monitoring and recording is also another importanimponent of the process. Safety measures
including MSDS, personnel protection equipmeng firevention mechanisms and other have to be

taken also into consideration. [28, 29]

9.2.1 Satellite LNG Storage Tanks

Small LNG capacity storage tanks are preferred édfdbricated according to the design of steel
pressure vessels. These tanks have spherical bbapase its geometry provides strong durability to
pressures up to 10 bar and even more. The reaspit ismeeded this durability is because no matter
how good is the insulation of the tank there isaglsvsome boil-off gas inside. This amount of bdfil-o
gas can increase not only the pressure but alseiimpgerature inside to the tank. When the tankis n
full with LNG more boil-off gas will be created iide. For this reason it is installed a pressurdrobn
valve which opens when the pressure inside todhk is increased too much and this releases the
stresses, lowers the temperatures and keeps thareaninto equilibrium phase. The advantage of
using a pressurized tank is the avoidance of useliguefaction system. The boil-off gas which is
created will be used afterworlds with the consuomptf LNG. Small scale LNG tanks exist in many
different types from small ones up to larger tamkth capacities even 1,000°min order to be
achieved the desirable volume it is very commonb& used many tanks in parallel position.
Pressurized storage tanks are classified in thatsgories: Single Integrity, Double Integrity andlF

Integrity.

» Single Integrity
A single integrity storage tank is defined thiskamhere cryogenic liquid is stored inside to an
inner tank whilst outside there is only insulat@asing which is not possible to withstand the LNG
in case of tanks’ failure. Code BS EN 13645 dessrithe design of storage tanks with capacities

between 5 tones to 200 tones. In figure 39 is degpia spherical single integrity storage tank.
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Figure 39: Single Integrity LNG Sphere Design, Corafige Risk Assessment for Different LNG-Storage K @oncepts,
Stefan Path, 2013.

» Double Integrity
In case to be avoided any possible leakage int@tlv@onment a double integrity storage tank is
designed. Practically is a single integrity buiptiere tank which is installed along with a leakage
collection system. The second container can bentatonent pool or a collection basin which will
gather all the spillages and gravitational willdeaem inside to the pool. Bullet tanks are inetll
in groups elevated above the ground on two supgéigsre 40 shows a horizontal double integrity

storage tank.
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Figure 40: Double Integrity LNG Sphere Design, Corafige Risk Assessment for Different LNG-Storage K @woncepts,
Stefan Path, 2013.

» Full Integrity
A LNG sphere or bullet tank is characterized akifiibgrity when inside and outside container are
made from cryogenic steel and are both able to taiaiany possible leakage. The basic advantage
is that in case of inert tank failure outside tawik maintain the LNG without to lose its structura
integrity. In figure 41 is showed this type of LNsBorage tank. In this figure it is showed also
inside to the inert tank one valve. This valve #hat-off valve which closes automatically from the

ESD system in case of export piping rupture.
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Figure 41: Full Integrity LNG Sphere Design, Congitve Risk Assessment for Different LNG-Storage T&uncepts,
Stefan Path, 2013.

The design of a small LNG storage vessel has tarenthat no surface water penetration or
atmospheric humidity will be permeated inside te tank. The materials which will be used for
external thermal insulation will be in accordandthviEN 1160:1996. The installation of LNG storage
tanks can be either above ground or undergroungeing to the position of the tank different
insulation techniques and materials are used. kample the following figure 42 illustrates steel

storage vessels with different insulation materasording to surrounded conditions.

Underground insulation
Above ground insulation Insulalion system : Felite ar mineral wool in wacuum

Insulatien system . Pedite cr minzsral wool in vacuum

Underground insulation Underground insulation
Insulaticn system : Perlita cr minera woo in nitrogen atmosghere Insulation syster : Parlite ar mineral wool in vacuum

Figure 42: Annex C: Examples of LNG Storage Vesdeksign Concepts, British Standard Institution, B$ E645:2002.

In all cases perlite is used for insulation combiméher with vacuum or nitrogen atmosphere. The

position of the tank can be vertical or horizont&rtical position is preferred when capacity stgra
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volume is between 3 to 50°nFor storage volumes from 20 to 250 im preferred the horizontal
position. The same position is also recommendegdtumes from 100 to 200 inThe boil-off rate is
also affected from the design requirements of asLdtorage tank, its storage capacity possibilities,
position of the tank and insulation materials. &tow figure 43 is represented this combinationlbf a

the aforementioned parameters. [29, 30]

Installation Position Volume Insulation concept Boil-off-rate
m3 %lday
Above ground vertical 3-50 vacuum-perlite 02-05
Above ground horizontal 20-250 vacuum-perlite 01-02
Under ground horizontal 20-250 vacuum-perlite 01-02
Under ground horizontal 100-500 perlite-nitrogen 0,3-0,6

Figure 43: Table C.1, Annex C: Examples of LNG Ster&@gssels- Design Concepts, British Standard InstituBS:EN
13645:2002.

9.2.2 Satellite LNG Vaporizers

LNG satellite plants use mostly two types of vapers the first one is ambient air vaporizers armd th
second one is hot water vaporizers. Regarding qhaoi heat exchangers there are two types: direct
heat exchangers and indirect heat exchangers. tthiesat exchangers are comprised from a water
distribution system, a section which enables tmectlicontact of working fluid and air, a fan which
creates the proper air flow and one basin to racesder and condensate. Indirect heat exchangers
consist of a coil section inside which is recir¢eththe working fluid. In order to be increased the
available surface area these coils are fitted fuith The ambient air is forced down with the hefp

forced draft fans in order to collect the waterfd®nsate to the collection basin.

» Ambient Air Vaporizers (Atmospheric Heat Exchangers

Direct heat exchangers which belong to this categoe characterized from the direct contact of
air and working fluid while in indirect heat exclygms there is separation between working fluid
and air and heat transfer take place. Both systakesadvantage of the wet heat transfer procedure
since they condense atmospheric moisture and éxpieibenefit of latent heat transfer. Direct
system takes advantage of heat and mass transfler mwtirect system uses only heat transfer.
Also, in the indirect system coils and fins areduge order to help heat transfer procedure by
increasing the necessary surface area. It is wappitant during the design phase of both systems
to take into consideration parameters like weasmer wind conditions. Mass and energy balance
also differ in the direct and indirect procedurebklow figure 44 is illustrated a schematic preces
of the indirect procedure. The mechanisms thatigyaate in this system are: 1. Sensible heat
transfer: ambient aiw fins — tube wall— to fluid

2. Latent heat transfer: condensing vapefilm — fins —»tube wall— to fluid
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3. Sensible heat transfer: ambient-airffiilm — fins —tube wall— to fluid

CRTy

COOL SATURATED
- z MR -
- -

Figure 44: Mass and energy balance, indirect anecdheat exchangers, Utilization of AtmospheriaHExchangers in

LNG Vaporization Processes, Tom Dendy, 2008.

On the other hand figure 45 represents the massm@erdy balance of a direct heat exchanger. The
mechanisms that participate to this system are:

1. Sensible heat transfer: ambient-airto fluid

2. Latent heat transfer: condensing vapsp fluid

3. Mass and Energy transfer: from condensate maitig fluid

COOL SATURATED AIR

COLD FLUID

——

Figure 45: Mass and energy balance, indirect anettdheat exchangers, Utilization of Atmospheri@aHExchangers in

LNG Vaporization Processes, Tom Dendy, 2008.

Since the available heat from the condensate hes tvansferred to the heat exchanger or to the
vaporizer, condensate has to be removed from tseersy In the direct heat exchanger this is done
upstream to the heat exchanger. There is also tssilplity the condensate to be discharged
downstream of the atmospheric heat exchanger basitbeforehand to be equalized with the working
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fluid. Direct heat exchanger transfers more heat thdirect heat exchanger and for a given airitate

seems that less surface area is demanded.

The performance curve of both direct and indireztlexchangers depends on the inlet air wet bulb
conditions and the ambient temperature. Inlet @nddions and ambient air conditions are not always
distinct able. Inlet wet bulb temperature for gegi air flow and cold fluid temperature affects the
outlet fluid temperature. There is linear corr@atbetween wet bulb temperature and outlet flow
temperature. When the first one drops the same fadtows the other. Moreover, when the inlet fluid
temperature is low this result to smaller size ehthexchangers and q widely range of operating

conditions.

» Hot Water Vaporizers (Gas Fired Burners)
Submerged combustion vaporizers belong to heafesl \tgporizers where heat source is integral
with the exchanger. The operation of these vapariebased on the warm up of LNG as it flows
through the tube bundles which are found submergéde water bath. The water which is inside
to the bath is heated by the combustion of a spaation of natural gas. Burner and heat exchanger
are parts of the tank. Submerged combustion butogng its operation emits hot exhaust gas
which directly heats the water bath. The vaporieensists of the following parts: submerged
combustion burner, combustion air blower, concoetsteel bath, exchanger section, inlet of LNG,
outlet of NG, fuel gas inlet, flue gas distribugord exit stack.
The burners of the submersed combustion vaporizzerde either completely immersed to the tank
bath or semi-submerged. In the immersed burnecdhgbustion takes place underneath the water
surface and the products of the combustion areeguid the opposite direction of the liquid bath.
On the tank deck are located two or more downfirigth velocity burners, the connection of fuel
gas supply and the connection of combustion aie. ddmbustion takes place above the liquid level
and it is distributed homogeneously with the hdlg @ommon downcomer. The existence of two
or more burners provides protection to the systeroaise that some of them fail to operate. The
products of combustion are guided directly to tiggitl bath with the help of a water cooled
downcomer which includes spargers for uniform dstion. The difference between semi-
submerged burner and immersed burner is that ifirfftecase there is only one single burner with
large capacity and combustion takes place undelighel level. Main combustion air is supplied
from the top and one supplementary volume is sagghiom the bottom. Fuel gas inlet is found on
the bottom of the conical combustion section whglsooled by a water jacket. The products of
combustion are directly exhausted to the bottortihefliquid bath and with the help of distribution
duct are dispensed along the bath. Also, in orldret achieved homogenous conditions there are
installed spargers. Due to high thermal capacitythef water bath stable conditions can be
maintained stable for a long period and this presigrotection in case of a sudden shutdown of the

system. During the combustion gases of ,N&@e formed and have to be eliminated for
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environmental reasons. In order to be achieveditligsinstalled inside to the burner combustion
chamber a water injection spray system which megugas fuel with water. Practically this can
minimize NQ, emissions but may cause corrosion to the combustiamber.

Exhaust burner vaporizer consists of a downcomstrildution system whilst semi-submerged
single burner vaporizer consists of a distributiirek. In both cases these systems are responsible
to collect the hot fuel gas from the burner andxbaust it inside to the water bath. The exhaustion
point is within the weir area and below the processng. This is done in order to allow more
uniform distribution conditions. The reason of ésixe of weir is to provide the needed space for
water recirculation through the open bottom. Aftex pass of fuel gas through the tube bundle the
exhausts are guided to the stack. The purposeisitage of stack is to achieve good dispersion by
dropping the pressure across the burner, distritautd submergence.

From the process inlet which is found on the tothefvaporizer LNG is guided to the bottom inlet
header where exchanger exists. There it passesgthithe exchanger tubes and gradually comes
out from the top outlet header in the form of natwas. Heat exchanger tubes are installed and
supported inside to the weir. The type of exchartgbes are in the form of serpentine. It is
recommended to be installed some mixers to thedligone of vaporizer tubes in order to ensure
liquid contact with tube walls. For this reason thaterial of tubing is made from stainless steel
304 or 304 L.

The operation of a submerged combustion vaporigdbaised on the heat transfer that occurs
between water and process LNG. Water is used asttagsfer medium. The first stage of the
process includes heat and mass transfer from cdmbyzroducts to the water bath, the second
stage includes only heat transfer from heated waatdrexchangers’ process tubes, and the third
stage includes heat transfer between heated tuitb$ MG. As it is mentioned beforehand the
products of combustion are exhausted to the botbmater bath allowing by this way a better
heat distribution, higher efficiency rates and eimgu safer operations. The LNG enters the
vaporizer in sub-cooled conditions.

The efficiency of a submerged combustion vapornigeter normal operations is over 100 percent.
This high efficiency results are due to condensatibthe combustion water vapour based on the
lower heating value. Fuel composition, ambient terapure, water bath temperature and
combustion stoichiometry are taken into considerafor the fuel efficiency results. The required
amount for fuel consumption (natural gas) is caltad to 1.5 to 2 per cent of the LNG which is
vaporized during the process. Concluding, submemgedbustion vaporizers are ideal for using
them in peak shaving demands, for base load opegtfor stand-by operations and in seasonal

facilities since they have proved economically fisl@sand safe during operation. [31, 32, 33]
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9.2.3 Nitrogen System
In a satellite power plant it is very common tofbend a liquefied nitrogen storage tank in order to

cover basic process needs. The usage of nitrogtansycan be:

= To cool down the gas phase which exists insidé¢oLNG storage tank in order to minimize the
amount of boil-off gas

= To precool the transfer system between truck amertterminal

= To sub-cool the tank of the receiving vehicle @se that the terminal is a refilling station for GN
vehicles)

= For piping purging purposes

= Drying and inerting specific part of plant

= Rapid extinction of flares and vents

It is very important the materials of liquefiedrogen system to be in accordance with recognized

codes and proper for cryogenic substances. [29]

9.2.4 LNG Pumps

In LNG services it is commonly used centrifugaimps. The design, manufacturing, testing and
installation and operation of the pumps must to @gnwvith some standards like: EN ISO 9906, EN
12162, EN ISO 13709, EN 61800 and EN 12483. Ths telsich will be performed regarding pumps
can be classified to the following categories: typsts, acceptance tests, strength and tightes) test
performance tests and net positive suction headsHyRests. All the aforementioned tests will be
carried out with liquid nitrogen or with LNG. Thelsction of materials has to withstand cryogenic
conditions and for this reason it is recommendetedollowed the EN 1160. The suppliers have to
demonstrate that the selection of pump materiatgaper for their use. During the design phase of
LNG pumps and the operational description of themimal it has to be foreseen the proper
maintenance of equipment. For this reason it igesigd isolations valves to be installed in proper
areas so as to allow the draining, isolation andjipg of equipment. During the operation of the
pump the responsible personnel has to take intsideration the pump’ curve characteristics in order

to setup the pump in its best operational positif28j

9.2.5 LNG Piping System

In one satellite power plant the piping systemadasisted of the main process system, the auxiliary
process system, the utility system and the firégotoon system. During the design phase of the powe
plant some basic rules have to be implemented degppiping construction. All piping systems have
to be in compliance with EN 13480. Dynamic effduéve to be avoided like vibrations and for this
reason the pipes are designed in such way in todemsure smooth flows. Pressure drop calculations
have to be submitted for correct operation of thenps. The materials that are used for piping

construction and their accessories like suppoit® joints are be chosen according to the purpbse o
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their use. The specifications for material seleciwan be found in the EN 1160. Basically there are
two categories for materials: the first one is th&terials which are used in occasional or permanent
contact with LNG and the second one is the magevidich come in contact with LNG but in case of
an accident due to leakage or spillage problens $bparation is being done because in the firgt cas
the materials must follow the cryogenic requirersewhilst in the second case the materials are
chosen according to the level of a possible actidenthe last case it is used most of the times
insulation with suitable material. All pipes hawehe tested according to the existed industriahpgip
codes. In case that there are not sufficient inStras for the pressure test procedure then it is
recommended to be done either hydrotest with presstb0% of design pressures or pneumatic tests
as per PED directive. It is suggested in cryogeqigipment the pressure tests to be pneumatic liype.
case that it is not feasible pneumatic tests tddree, a hydrotest will be carried out and aftertiad!
pipes have to be dried. The water that will be usedhe hydrotest has to follow the recommended
specifications. If during the pressure tests leakagill appear this is not acceptable. Proper astio

have to be taken before to be repeated again #ssyme test. [29]

9.2.6 Control and Monitoring System
Control and monitoring system is one of the mogtantant parts of a satellite plant. These systems

enable the operator to monitor and control natgaal process, the situation and position of equipmen
to have a close look to the site access and egressior and control plant safety, to be accurately
informed for any incident that may be caused andxichange information with site operators and
personnel. Monitoring and control system can beaisgpd into three main categories: the process

control system, the safety control system and ticess control system.

» Process Control System
This system provides the real situation of the fppaosition and allows safe and efficient operation
of the plant. Some of the equipment has their awdividual process shut down (PSD). In case of
failure of process control system shall not leach&zard situations. In order to be avoided this
some precautions can be taken. For instance toels@rid more data transmission routes,
equipment of same functions to be split betweefeint processing modules or to be available
spare 1/0 modules. The system has to record alfiditee and operator to have access on them. The
system chronologically discriminates and storesrédirmation including the initial problem and
the relevant actions that have been taken. Thersyktas to present to the operator the minimum
amount of data required for safe and efficient apen of the plant and alarms that are not in high
importance to be minimized.

» Safety Control System
Safety control system is designed in order to ptdtee plant from hazard situations and operators

to have the possibility to act in advance. The fioms that have to be controlled at least are: gas
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detection, fire detection, spillage detection, coinbf normal operation of safety devices, ESD
station.
Emergency shutdown system (ESD) is activated bys#ifety control system. The activation of
ESD system is based on the feedback that it gets fhe fire system, gas system, some specified
local ESD stations and/or ESD central panels. WthenESD system is activated automatically
equipment shutdown and ESD valves go to fail cfussition. ESD valves are also used inside to a
sub-fired area in order to prevent release of litmar materials to the rest of piping or equipment.
The plant is separated into two zones; the fireegand the sub-fire zones in order to escalate the
importance of actions. A hazard assessment has tdefined beforehand and it has to be in
compliance with the rest of safety control syst&ime type, number, location, installation position
and redundancy of detectors and/or sensors have tetudied very carefully so as to be in
compliance with the hazard risk assessment. Thieguphy of ESD system is to minimize the
release of hydrocarbons and to confine the expamdithe hazard. The typical ESD levels are:

= ESD 1: Plant shutdown with the exception of certaifety items normally powered by the

emergency generator or the UPS
= ESD 2: Shutdown of all hydrocarbon processing amalster operations
= ESD 3: Local plant area, equipment or operatiordsiwn

The main functions of the safety control systemehtavbe:

= The automatic release of ESD system in case ofganey. The manual activation of ESD
system can be done only if it written to the hazast assessment and only after the
approval of the appropriate authorities

= Automatic activation of the necessary protectionigapent

= To inform the process control system when ESD tivaed

= To control visual and sound emergency communicatarices like siren

= To allow the access of emergency crew and staffwthe emergency plant is activated

= The safety control system has to be designed aedatgpin accordance with the EN
61508-1 [29]

9.2.7 Safety Plant
Every LNG satellite plant should establish its safglan which will include all the risks and the

appropriate appraisal of the consequences. Thegysaém is established during the design phasét but
will be reviewed when unacceptable risks will baldntified. A hazard and operability study
(HAZOP) will be constructed in order to minimizé pbssible hazards. Safety plan will include also
the safety measures and principles that have tollmsved by the site operators and the emergency

actions that have to be taken. The basic paramtbigra safety plant has to include are: collectind
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data information, threshold values, identificatairisks and estimation of the consequences ofsa ga
or LNG release. [1, 29]

9.2.7.1 Collection of Data and Information
The first step for designing a safety plan is tword the data from natural conditions and surroogdi

integration in order to identify all the possibigks and define the relevant measures. The infaomat
of natural conditions will include topography, sedogy and seismic characteristics recorded over
years. Also meteorological and soil conditions havée included. The information of surrounding
integration will contain data from the nearest fa@rvices, access roads for LNG trucks and other

surrounding infrastructures like industrial sitds.29]

9.2.7.2 Threshold Values

There are some threshold values that must be exdeedrder for a certain reaction to be manifested
These are heat radiation from fires, heat radidtiom flare and/or lighting of vent and ignitiomit

of natural gas. In the safety plan it has to bemieined in case of fire which are the maximum trerm
radiation flux that are acceptable for equipmenimages. These values are provided from
manufacturers of equipment and also from validatethods which are defined in ENV 1991-2-2,
ENV 1992-1-1, ENV 1992-1-2, ENV 1993-1-1, ENV 1992, ENV 1994-1-1 and 1NV 1994-1-2.
For LNG storage vessels the permissible radiatiox lias to include to its calculation at least the
following: loss of mechanical strength, increasessure inside the vessel, relief capacity aftgaf
valves and the temperature of safety valves. Theralso some given values for the thermal radiatio
fluxes regarding areas beyond the boundary. ThigmEsof the system has to confirm that the heat
radiation from flare or lighting vent (excludinglap radiation) will not exceed 1,5 kWninside
buildings, vessels and other equipment. Finallg,ftammable mixture range of natural gas and air is
given in EN 1160:1996. [1, 29]

9.2.7.3 ldentification of Risks

The risks of a satellite LNG plant can be clasdifieto two categories. This risks which are caused
due to an internal problem and these risks whieftlag result from an external origin. Risks which a
caused due to an external parameter may be retatddNG supply vehicles, toxic gases, heat
radiations or natural phenomena like an earthquaka flooding. The risks which have an internal
origin are related mostly to the parameters whit cause failure of LNG vessels even these vessels

are plant vessels or LNG truck vessel. [1, 29]

9.2.7.4 Estimation of consequences in case of LNGr elease
The consequences of an unexpected LNG releaseeawilibd thoroughly in the EN 1160:1996.

When there is heat transfer between LNG and groundater phenomena like vaporization take place
and this is the result of depressurization. Theeeadready some models which are using data from

composition and flow rate of LNG, temperature ajgrd and atmospheric conditions in order to find
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out the rate of vaporization. Also, they have bdeweloped models which estimate the rate of the
cloud dispersion which has formed due to the LNGpevation. Moreover, validated models are
already used to calculate the over pressure fietally, there are calculations which are basethen

radiation effect which is caused due to the natgea vapour ignition. These models can calculate

precisely the various distances and elevationadiftion in case of accident.

LNG satellite plants have storage capacities fr@m & 200 t. In order to ensure safety operatibn o
the plant many calculations and models have beémdinced to calculate specific results of
phenomena that may exist like pool spreading, dispe and radiation. These models which have
been developed take into consideration many pamméke mass flow rate and flash, vaporization,
pool spreading, dispersion, radiation. When LNG esraut of its storage tank there is separation to
its phases. There is the flashed vapour which terakgas; there are the liquid droplets which are
entrained in the jet (aerosols); and the liquid ibabeing disposed to the ground. Aerosols include
practically droplets which are not going to be dagzbon the ground but they will be transferrechto t
vapour phase. Rainout is the LNG that comes aum fthe storage tank and after follows down as

droplets. In figure 46 is being depicted one LN@ktand the result of LNG outcome.

> flashed gas
\ o
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Figure 46: Figure B.Description of phenomena, ANNEX B, Example
safety scenarios and calculations, British Stand38JEN 13645:2002.

Fluid mechanics are also used here in order talzd&the mass flow rate that comes out from the
LNG storage tank. Thermodynamic models are usethkoulate the flash phenomenon. Also, it
can be estimated the occurrence of rainout basédediollowing criterion:

= |f rainout does not occur all the liquid that wile released will pass to the aerosol phase. The
proportion of aerosol and vapour can be calculbtetthe flash calculations.

= [f rainout take place it cannot be estimated tlapprtion of aerosol and rainout. Then estimation is
being done assuming that the mass flow rate ofsakie equal to the mass flow rate of flashed

vapour.
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A box type model is used to calculate the pool agireg of the rainout and the evaporation rate ef th
pool. This model uses time rates in order to edéntlae pass from wetted form to the vaporization
form. An integral type model is used from the othand to calculate the dispersion of a pressurized
jet of natural gas. Finally, the model which isdise calculate radiation has to take into consitlana
some parameters like the wind speed, the atmospstatility, and ambient temperature, the relative
humidity, the flame dispersion and the surface swis power. When all the aforementioned

parameters are considered then it can be preditdedhe distances and elevations of radiatio29].,

Conclusions

Small scale LNG provides actually two opportunitig#ge first one the usage as a fuel for heavy
transport like ships, trucks, buses and rails. THoeeasing demand of LNG use in this sector is
directly connected to the stricter regulations rdiyg greenhouse gas emissions {(3@D,, COG,) and
especially is shipping. Combining the need for rtign of carbon footprint with the necessity to fgee
fuel costs in low prices, LNG has proved a wellrpising alternative fuel especially for shipping
sector. For this reason EU strengthens the usmall scale LNG as the solution to a cleaner trarispo
sector, considering all the environmental beneditsl safety precautions. Moreover, it is trying to
adopt a cleaner legislative and fiscal framewor@ritier to attract more players to invest in heawy d
road transport and rail. The second usage of sssale LNG is the distribution of LNG from big
import terminals to smaller regional and local fijeation terminals inside EU. This is practically
the operation of breaking up bulk cargoes and dglg them to smaller market where most of the
times the pipeline system cannot support them. Li@ort terminals can have varying capacities,
from these terminals small LNG ships with cargoaiies ranging from 5,000 to 30,008 will take
care for the LNG distribution to remote areas. Alsocks with cargo capacities approximately 50 m
will distribute LNG to the onshore areas and saneeguure can be executed by rails with capacities
from 500 to 1,500 fh EU aims to connect with this way areas whichraeconnected to the main
European grid system and do not have access dasihe pipeline system. Moreover, small scale
LNG ensures security of energy supply, enhancesitheal operation of market functioning inside

EU and reduces fossil fuel prices.
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