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There are currently 248 confirmed LNG fuelled ships, and 110
additional LNG ready ships

Yearly development of fleet
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Updated 1 March 2018
Excluding LNG carriers and inland waterway vessels
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The 50,000 dwt
bulk carrier has also
been verified to be
in compliance with
the International
Gas Fuel (IGF) '
Code.

The vessel is
equipped with a

high manganese
LNG fuel tank. The
Type 6C0O6 L

Wlth a CapaCity Of lIshin Green Iris is the first ship in service with a high-manganese steel LNG bunker tank
500mj , | S 1 0ocCcdl eu

on the aft mooring

deck.
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Gaining market share rapidly for trucki

A > 1500 truck

A > 120 LNG fuelling stations

A Total number of  refuellings > 35.000
A Total amount of LNG sold > 3.500.000 kg
A Total distance > 17.500.000 km
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LNGi portal
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LNGi provides all needed information to keep you on top of LNG
bunkering for ships

LNGi - Comprehensive insights on worldwide LNG bunkering availability

and market data on LNG as fuel for ships

Heat map Vessel positions

V Map of LNG bunkering infrastructure

with detailed project data

V Heat map and vessel positions of LNG

ANLOYNLSYYSNI HILTId A

fuelled fleet operating area using AIS
V Detailed statistics of LNG fuelled

fleet development

\/ Scrubber + alternative fuels overview

V LNG related studies and publications

The heat map and vessel positions are based on AIS data from
01.01.2016 -11.01.2016
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All types of LNG supply facilities are being developed*

Type of facility worldwide

100 DNV-GL
80
= Under discussion
60
m Decided
40 mIn operation
20 -
O 1 T T
Local storage Bunker ship loading Tank to ship Truck loading facility Location with
facility bunkering unknown type of
small scale LNG
facility

*Some locations have several types of facilities, which is why the number of facilities is higher than the number of location
Local storage 1 An intermediary LNG storage

Tank to ship bunkering I A local storage where an LNG fuelled ship can bunker directly from shore

Truck loading facility i A terminal where LNG trucks can load LNG

Bunker Ship loading facility T LNG terminal accessible by small LNG carriers

Updated 9 December 2016
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End - use safety of LNG
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LNG has

significant

gual ity

var

at

ons

A LNG is produced at different locations around the world.

A Due to differences in natural gas sources, production
technologies and the target markets for the LNG, the
composition may vary substantially

Nitrogen Methane Ethane Propane Butane
CH,, % C,Hg, % Ci;Hg, % C,Hyy, %

Australia 7 Darwin 0.1 87.64 9.97 1.96 0.33
Algeria T Skikda 0.63 91.4 7.35 0.57 0.05
Algeria T Arzew 0.71 88.93 8.42 1.59 0.37
Brunei 0.04 90.12 5.34 3.02 1.48
Egypt 1 Idku 0.02 95.31 3.58 0.74 0.34
Indonesia 1 Badak 0.01 90.14 5.46 2.98 1.40
Indonesia 1 Tangguh 0.13 96.91 2.37 0.44 0.15
Libya 0.59 82.57 12.62 3.56 0.65
Nigeria 0.03 91.7 5.52 2.17 0.58
USA - Alaska 0.17 99.71 0.09 0.03 0.01
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Challenges of delivering fit

-for -purpose gas for end users

LNG has significant quality variations

across the gl obeé.
Yemen ] 38,1
USA - Alaska | 35,9
Trinidad | 369
Russia i Sakhalin | 39,0
Qatar 39,1
Peru | 38,6
Oman | 39,7
Norway 38,4
Nigeria 39,1
Malaysia 39,4
Libya | 41,8 G—
Indonesia i Tangguh | 36,9
Indonesia 1 Badak | 40,3
Indonesia - Arun | 39,0
Equatorial Guinea 37,8
Egypt i Damietta 36,7
Egypt i Idku | 37,6
Brunei | 40,3
Algeria 1 Arzew 39,2
Algeria 1 Bethioua | 38,9
Algeria i Skikda | 38,1
Australia 7 Darwin | 40,0
Australia T NWS | 40,9
35,0 37,0 39,0 41,0 43,0 45,0
Lower calorific value, MJ/m 3(n)

wher e g a-sise s aldcal market

with specific composition requirements

Different calorific values based on domestic
appliances
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The quality of commercially available LNG varies significantly

across the globe

Yemen
USA - Alaska
Trinidad

Russia 1 Sakhalin
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Australia 7 Darwin

Australia 7 NWS
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12% variation
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Algeria T Arzew
Algeria i Bethioua
Algeria i Skikda |
Australia 1 Darwin |
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35,0 37,0 39,0 41,0 43,0

Lower calorific value, MJ/m 3(n)

17% variation

45,0
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Example T January 2016:

LNG import on hold due to not meeting specifications

Lithuania puts plans to import LNG from the United
States on hold for now

VILMIUS

000000

Jan 13 Lithuania has put plans to buy liguefied natural gas from the United States on hold
because the LNG is not yet suitable for the Baltic state's gas system, its state energy
company said on Wednesday.

Lithuania's system was built to use Russian gas and state energy group Listuvos Energija
said U5, LNG was much more calorfic than Russian gas.

The country opened an LNG import terminal in the Baltic Sea at the end of 2014, which

allowed it to start importing from Morway and end its total dependence on gas imports from
its former Soviet master, Russia.

AWe are not buying gas from the U.S. at
the moment, because the gas they are
offering at the moment does not meet
specifications needed for our gas
distribution system 0

\.

~

.

REUTERS

AU.S. LNG is currently much more
calorific than the Russian gas for which

Li

t huani ads current

system has been built

0
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Weathering of LNG due to boll - off in LNG distribution chain

A A key issue in LNG transportation is the
generation of Boil -Off Gas (BOG).

Nitrogen
Methane
AThe #fbbid of the volatile compoLrlllGent S
in the LNG stored leads to a change in
composition of LNG SUEE
Propane

Boil - off rate depends on: Butane

Gas composition of the LNG

Temperature of the LNG

Heat transfer rate to the LNG through the tank
Residence time of LNG in the chain

Operating pressure

o 0ok~ Wb PE

Motion

-196

-162

-163

-88.5

-42

-0:5
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BOG generated during loading and un -loading processes

BOG generated during loading BOG generated during unloading

process process

AVapour r et urn from shipo6sAvagoirkrset urn from shipod

A Heat transferred to LNG by loading A Heat transferred to LNG by loading
pumps. pumps.

A Heat leak into LNG from pipes and A Heat leak into LNG from pipes and
equipment. equipment.

ACooling down of the shigobsl i ng down of the s
manifold and loading arms. and loading arms.

A Cooling down of jetty lines prior to A Cooling down of jetty lines prior to
loading if not continuous. loading if not continuous.

A Mixing of loaded LNG with the A Mixing of loaded LNG with the initial
initial amount of LNG (heel). amount of LNG (heel).

ACooling down of shi posAdoaonkisng fdown of shi pbo
necessary. necessary.
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Ri sk of delivering fnoff speco LNG in LN

Supply [ - End use “

Q ransport Q m -

Loading/storage/unloading Loadmg/storage/unloadlng

BOG
Sourcing BOG BOG BOG .
Engine
Specification

> 8
= E
S >
o Z
5 £
)

é ‘—‘_--~~\

______________________________________________________________ o ——— . )

\
Minimum Methane number T end-user “~-_Bisl{_gf.d'e'|ivering

off - spec gas

Time / place
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LNG as a transportation fuel
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Characterization for LNG, gasoline and diesel

Gasoline

DIESEL

-

Methane number Octane number Cetane number

-

Currently : No European or world -wide standard for LNG as a fuel (CEN /ISO)
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Determination of methane number is critical to safeguard the

vehicleds safety (only relevant for Ot
A The knock resistance of LNG is characterized vemen
by the methane number, which is similar to USA -Tﬁ':}z';
the octane number used in gasoline engines Russie; ie
atar
A The global variation in methane number is oot
more than 32 points oy
|ger!a
A The occurrence of engine knock leads to Ma'i?i;i
. . Indonesia i é
significant loss of performance (power Indonesia i 6
reduction), engine shutdown and potential s
Loet?
damage Egypt |g yl%kul_ )
A Knowledge of the knock characteristics of Ngarin 16
LNG fuels is crucial for suppliers and traders Noera 16
to provide reliable and efficient products and fusrate ﬁ:ﬁgl . |
for the end user to secure optimal engine 50 70 %
operations. Methane Number, PKI method
A DNV GL developed a fundamentally correct : L
. 32 point variation In
method to characterize gaseous fuels (PKI Meth h
Methane Number) ethane number
DNV-GL
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Matching fuels and engines

A High performance and high efficiency
(automotive) engines require high
methane number (similar to Octane
Number fuel)

A Engine spec examples:

Iveco Cursor 9 NG 70
W& rtsi| @ DF 5 | 80

Yemen
USA - Alaska
Trinidad

Russia 1 &

Qatar
Peru
Oman
Norway
Nigeria
Malaysia
Libya

Indonesia 1 é
Indonesia 1 é
I ndones
Equato —
Egypt ié ]

Egypt 1 Idku
Brunei
Algeria 1 Arzew

Algeria i é

Algeria 1 Skikda

Australia T é
Australia i NWS

CONG |

50 60 70 80 90 100

Methane Number, PKI method

A If Methane Number is fixed at 80, almost 90 % of LNG downloaded in
Europe does not match fuel specification, except if this is previously

treated (not easy and expensive).
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LNG as a fuel

- PKI Methane Number Calculator

DNV GL Methane Number Calculator

Please fill in the LNG composition in mole % and press calculate

Nitrogen (N2} 0.00

(LN,

Methane (CH,) 80

Ethane (C.H:) 20

Propane (CzHz) 0.00

o Total is 100.00%.

MN-Butane {n-CsH;q) 0.00

2-Methylpropane (i-CsHio)  0.00

N-Pentane {n-CsH;2) 0.00

2-Methylbutane (i-CsH:2)  0.00

2,2-Dimethylpropane (neo-CsH,z) 0.00

Screenshot

2

Methane number (PKI method): 70.9

Together with the partners below DNV GL is developing dedicated Methane Number
algorithms for different engine classes for LNG (Truck, Marine and CHP engines):

S

@ Shell S
LNG eNGie  wirTsiLA Sever



Key performance characteristic: Knock resistance of LNG

PDNV GL: the PKI Methane Number
terize the knock resistance of LNG

Knock resistance Maintain PKI Methane
performance Number

A characteristic of the LNG; its The occurrence of engine
tendency or resistance to cause knock can lead to  loss of
engine knock performance, engine shutdown that LNG and engine are

and damage matched for optimum
operation

The correct characterization of
knock resistance guarantees

https://www.dnval.com/oilgas/natural - gas/fitness -for - purpose -of-Ing -pki -methane -number -calculator.html
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LNG billing by energy content - The RP describes several options
to determine  mass directly or indirectly

—

_r

Third party
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DNV GL Recommended Practice (G105) for
LNG Bunkering




The scope of work includes guidance on risk management, fiscal

metering, the bunkering organisation and functional and
operational requirements for securing global compatibility

1. Shore LNG facilities:

a. Onshore permanent installatio
b. Portable tanks

c. Trucks

2. Waterborne LNG supply facilifies

a. LNG bunker vessel in port
b. LNG bunker vessel at sea
c. LNG offshore storage

LNG bunkering organisation, SMS and Risk Management

SIMULTANEOUS OPERATIONS ON LAND
I

Receiving ship**

LNG supply facilities*’ ** LNG bunkering facilities
Terminal-to-ship bunkering S
LNG Cassette bunkering >
Truck-to-ship bunkering >
Ship-to-ship bunkering >

SIMULTANEOUS OPERATIONS ON THE WATER

* LNG storage facilities, trailers and containers shall be governed by secific standards or nat
** Supplying and receiving vessels shall be governed by specific standards

Fiscal metering,
functional & operational
requirements, safety zone

bnal and/or local laws. If necessary, this RP may|defines additional requirements

24 DNV GL E 2017 05March2018

DNV-GL




The RP G105 provides guidance on development and implementation
of a measurement system for QUALITY and QUANTITY of LNG

A The measurement system ensures transparency in billing and safeguards both
safety and fitness for purpose for using LNG as a fuel.

I The energy content and essential properties of the transferred LNG shall be
determined.

I The receiving ship must be able to rely on the specification of fuel quality for
safe use.

A The cost associated with implementing a measurement system should be
proportional to the financial risk involved.
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