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1 INTRODUCTION

This document LNG BUNKERING SOLUTIONS CHARACTERIZATION, is the first deliverable (D1) of the STUDY
ON LNG SUPPLY LOGISTIC CHAIN, part of the LNG GAS HIVE, a project aiming to develop a safe and
efficient, integrated logistics and supply chain for LNG in the transport industry (small scale and bunkering),
particularly for maritime transport of the Iberian Peninsula, Spanish and Portuguese islands and territories.

The main objective of this work is to study theptimal logistic chains to attend the potential LNG demand,
identifying the infrastructure to be deployed in the Iberian Peninsula and islands. This is a planning exercise
that will match supply and demand. LNG bunkering technologies is a new and unmatureaket, and most

of the system references are at prototype or even conceptual engineering state. On the other hand,
demand projections today still carry a high level of uncertainty. In this context, this project aims to provide
the tools to facilitate a @ntinuous update of both bunkering supply technologies and demand forecast.

This work package (WP1) focus is placed on the cost components of all the potential elements of the LNG
bunkering supply chain. The output of this activity will feed further anaigswhen supply chains will be
designed, simulated against the expected demand and economically and financially validated.

Besides this report a database is delivered normalized to feed the mathematical tool that will support the
design job.

WP1.LNG BUNKERING SOLUTIONS CHARACTERIZATION 9
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2 METHODOLOGY

The methodology applied had three phases

Normalized

Potential

solutions

DB

First a thorough review of potential solutions based on existing literature and previous studies at
international level. LNG bunkering is a new activity and technologies are not yet mature. The research
therefore will be oriented to the identification of the mest probable technologies that will support the
development of this new bunkering sector. These technologies will be grouped in chain link with the
same function (product source, transport or bunkering means).

Second Those solutions that can be consideremharket ready, counting with adequate regulatory
support will be studied in detail obtaining both fixed and variable cost components. Contact will be
established with vendors to collect both technical and economic information for each equipment
category. Oten the consultant team will contribute with their background experience both in small
scale land based LNG supply chains and conventional bunkering process and equipment technologies in
the cost element analysis. The components will be grouped chain lirdtseady to facilitate the future
usage, for each chain link, several variations will be calculated providing a range of components with
certain capacity levels.

Third: The resulting technologies will finally be normalized to provide input to future modslewP2 and
WP3 where along with demand forecast supply chains will be designed. Those aspects that cannot be
normalized, imposing operational limitations to its usage, will be identified to become rules. The
results, will be provided in a database that cabe dynamically adjusted should future information
become available.

The three components categories to be analysed are:

Sources of supply
Transport means
Bunkering means

The analysis of each system category under this work package has placed the foecusnodelling each
component category to facilitate further design of supply chains. For each category, a set of specific
elements have been calculated, but as market matures, costing data will become more accurate, and new
elements could be added to WP1 dabase. Due to the functional grouping of the elements, transport and
bunkering means will be jointly modelled into a category to facilitate the construction of complex supply
chains.

WP1.LNG BUNKERING SOLUTIONS CHARACTERIZATION 10
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2.1 Financial considerations

The assessment of investment costs in this sty not only addresses the capital investment associated with
the asset acquisition, but also makes a proper distribution of the assets costs over time, resulting in the
yearly capital cost of it. Thisapital costs considers the equipment depreciation anthe financial costs.

In this planning exercise, certain common assumptions have been made in terms of the capital cost
calculation for every component (equipment or infrastructure) analyzed, as follows:

1 Conservative depreciation approach. An annual lineaarly linear depreciation over a period close
to total equipment lifespan.

100% external financing
4.5% annual interest rate

15% of residual value

= =4 =4 =

Operational fixed cost will remain constant from first yeaA decrease in financial costs is balanced
with anincrease in staff and maintenance costs

A general surcharge has been applied incorporating both: corporate overheads and industrial profit. This
AAAEOCET T Al AT O00h 1 AAAT AA O1T AARAO O-AOCET 0O 3000A000/
infrastructure operations.

Finally, Annex 1 contains a table of constants values shared across all calculations. Therefore, all costs

models could be recalculated after the update of the Annex 1 table.

WP1.LNG BUNKERING SOLUTIONS CHARACTERIZATION 11
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3 SOURCBFSUPPLY

The logistic supply chain will always staim source of LNG product that will be transported and served to
OEA AOOOI I AOBO OAOGOAI O AO OEAEO 1T PAOAOGEIT ¢ PI 0008
There are three potential supply sources analysed in this chapter:

Import Terminals
Auxiliary Terminals
Small Liquefaction Plants

Import Terminals will be the preferred source as they will reuse existing infrastructure reducing additional
CAPEX and OPEX. When designing the logistics supply chains to meet the expected demand, alternative
sources of supply could be needed to reduce the logistcost and guarantee the minimum service level in
certain ports. Auxiliary Terminals or Small Liquefaction Plants will be considered, compared and validated as
alternatives during WP2 and WP3.

WP1.LNG BUNKERING SOLUTIONS CHARACTERIZATION 12
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3.1 IMPORT TERMINALS

In this section LNG import terminals wilbe characterized. Location of the terminals around the Iberian

Peninsula coast are showim the next figure:
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3-1 Existing Import Terminals

Existing import terminals in the Iberian Peninsula are the follavg:

Import Terminal of Barcelona

Import Terminal of Sagunto

Import Terminal of Cartagena

Import Terminal of Huelva

Import Terminal of Sines

Import Terminal of Mugardos

Import Terminal of Bahia de Bizkaia Gas (BBG)

Import Terminal of El Musel
Import Terminal of Granadilla (in Project phase)

When the logistic chain of supply is evaluated, potential auxiliary terminals could be defined attending

the demand and distance from import terminals.
The main characteristics of the Import Terminalgll be showed in the following chapters.

WP1.LNG BUNKERING SOLUTIONS CHARACTERIZATION 13
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3.1.1 Import Terminal of Barcelona

Located on the Dock of the Energy in the Port of Barcelona.

CU_RE LNGas
hive

3-2 Barcelona PortSource: Google Earth

The main characteristics of th terminal are:

TERMINAL OF BARCELONA

Number of Tanks 6
Storage capacity 760,000 n?LNG
Emission capacity 1,950,000 rA(n)/h
Docking capacity: Minimum Maximum
Dock 1 500 M*LNG 87,600 nfLNG
Dock 2 69,000 mM*LNG = 266,000 n¥ LNG
LNG Ship Unloading 12,000 MLNG/h
LNG Trucks Loading 15 GWh/day
(3 bays, 50 trucks/day)
LNG Ship Loading Maximum 4,000 m3/h
Transshipment Available
Bunkering services Available

WP1.LNG BUNKERING SOLUTIONS CHARACTERIZATION
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Main characteristics of the port and tanker:
Docks:
Dock 1: For methane LNG tankers of tgp87,600 n?LNG.
Dock 2: For methane LNG tankers of up to 266,000 m3 LNG.
Typology:

Structure of the dock and loading platform: vertical quay with reinforced concrete
drawers.

Mooring structure: dolphins made of reinforced concrete drawers.
Maximum draugt: 14 m attending to the minimum water level.
Dock coping:
Offloading platform: +4.00 attending to port zero.
Mooring dolphins: +4.00 and +4.50.
-A@EI O EAECEO Alli1xAA £ O OEA
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3.1.2 Import Terminal of Sagunto

...

N

Located atthe end of the southern inner breakwater of the Port of Sagunto.

3-3. Sagunto PortSource: Googlearth

The main characteristics of the terminal are:
TERMINAL OF SAGUNTO
Number of Tanks
Storage capacity
Emission capacity

Docking capacity: Minimum

4

600,000 1 LNG
1,000,000 m(n)/h

Maximum

Dock 1 TBA 266,000m°LNG

LNG Ship Unloading

12,000 MLNG/h

LNG Trucks Loading 2 bays, 35 trucks/day

LNG Ship Loading
Transhipment

Bunkering services

WP1.LNG BUNKERING SOLUTIONS CHARACTERIZATION

Max. 3,000 n¥/h
Available

Available

CU_RE LNGas
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3.1.3 Import Terminal of Cartagena

Located into Escombreras dock.

3-4. Cartagena terminaSource: Google Earth

The main characteristics of the terminal are:

TERMINAIOF CARTAGENA

Number of Tanks 5
Storage capacity 587,000 n?LNG
4,021 GWH

Emission capacity 1,350,000 ri(n)/h
376.8 GWh/day

Docking capacity: Minimum Maximum
Dock 1 500 m*LNG 40,000 n?LNG
Dock 2 69,000 M LNG 266,000 nfLNG
LNG Ship Unloading 12,000m3 LNG/h
LNG Trucks Loading 15 GWh/day
(3 bays, 50 trucks/day)

LNG Ship Loading Maximum 7,200 r?h
Transhipment Available
Bunkering services Available

WP1.LNG BUNKERING SOLUTIONS CHARACTERIZATION 17
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Main characteristics of the port and tanker:
Docks:
Dock 1: For methane tankers of up to 40,000°hNG.
Dock 2: For methane tankers of up to 266,000°hNG.
Typology:
Loading platform: reinforced concrete structure built on dolphins made of armoured concrete drawers.
Structure of dockage and mooring: dolphins made of reinforced concrete drawers.
Maximum draught: 15 m referred to LLW.
Static maximum draught to access the twist and dock area: 13 m.
Dock coping:
Offloading platform, docking and mooring dolphins: + 10.00.

-AgEI O EAECEO All1iT xAA A O OEA OAOOGAI 80 OOPAOOGOOOA
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3.1.4 Import Terminalof Huelva

Located at the mouth of the rivers Tinto and Odiel.

35 Huelva TerminaBource: Google Earth

The main characteristics of the terminal are:

TERMINAL OF HUELVA

Number of Tanks 5
Storage capacity 619,500 MLNG
4,244 GWh

Emission capacity 1,350,000 rA(n)/h
376.8 GWh/day

Docking capacity: Minimum Maximum
Dock 1 500 m?LNG 180,000 niLNG
LNG Ship Unloading 12,000 MLNG/h
LNG Trucks Loading 15 GWh/day
(3 bays, 50 trucks/day)

LNG Ship Loading Maximum 3,700 n¥h
Transhipment Available
Bunkering services Available

WP1.LNG BUNKERING SOLUTIONS CHARACTERIZATION 19
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Main characteristics of the port and tanker:
Name: Enagas dock.

Typology:

Loading platform: reinforced concrete structure, secured on foundation piles.
Structure of dockage andmooring: reinforced concrete mooring dolphins secured on
piles.

Maximum draught spaces: 13 m referred to LLW.

Turning area in front of the dock: 13 attending to LLW.
Minimum draught in the interior canal: 11.3 attending to LLW.
Under keel clearance: 2.27 above LLW.

Maximum draught is the maximum deep less 1.5 m of UKC.

Vessels will start their entry in the estuary-25 hours (from the approach buoy) before high
tide. Minimum tide coefficient: C>=46.

Minimum speed allows: never up to 7 knots.
Dock coping:

Offloading platform: +12.47
Docking dolphins: between +6.30y +6.33
Mooring dolphins: between +6.32 and +6.36 (Docking 1st at +7.37).

WP1.LNG BUNKERING SOLUTIONS CHARACTERIZATION 20



3.1.5 Import Terminal of Sines

Located on the Port of Sines.
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36. Sinegort. Source: Google Earth

The main characteristics of the terminal are:

TERMINAL OF SINES

Number of Tanks
Storage capacity
Emission capacity

Docking capacity:

LNGShip Unloading
LNG Trucks Loading
LNG Ship Loading
Transhipment

Bunkering services

WP1.LNG BUNKERING SOLUTIONS CHARACTERIZATION

Minimum
Dock 1 500 NP LNG

3
390,000 MPLNG
1,350,000 ri(n)/h

Maximum
216,000 MLNG
12,000 N LNG/h

3 bays50trucks/day
Maximum 2,000 nih
Available

Available
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3.1.6 Import Terminal of Mugardos

Located on the Port of Ferrol.

3-7. Mugardos terminalSource: Google Earth

The main characteristics of the terminal are:

TERMINAL OF MUGARDOS

Number of Tanks 2
Storage capacity 300,000 nPLNG
Emission capacity 420,000 n¥(n)/h
Docking capacity: Minimum Maximum
Dock 1 500 m?LNG 266,000 ntLNG
LNG Ship Unloading 12,000 MLNG/h
LNG Trucks Loading 35 trucks/day
LNG Ship Loading Maximum 2,000 n¥h

Transhipment

Bunkering services Available

WP1.LNG BUNKERING SOLUTIONS CHARACTERIZATION 22
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3.1.7 Import Terminal of Bahia de Bizkaia Gas (BBG)

Located in the municipality of Ziérbana (province of Biscay), in the grounds of the outer port of Bilbao and
in its industrial zone.

3-8. Bilbao PortSource Google Earth

The main characteristics of théerminal are:

TERMINAL OF BBG

Number of Tanks 3
Storage capacity 450,000 P LNG
Emission capacity 800,000 mi(n)/h
Docking capacity: Minimum Maximum
Dock 1 500 m*LNG 266,000 n? LNG
LNG Ship Unloading 12,000 MLNG/h
LNG Trucks Loading 1 bay (1%rucks/day)
LNG Ship Loading Maximum 3,500 n¥h

Transhipment

Bunkering services Available

WP1.LNG BUNKERING SOLUTIONS CHARACTERIZATION 23



3.1.8 Import Terminalof EI Musel
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Located on the extension of the EI Musel port, between the Torres dry dock and the north quay.

39. El Musel PortSource: Google Earth

The main characteristics of the terminal are:

TERMINAL OF EL MUSEL

Number of Tanks
Storage capacity
Emission capacity
Docking capacity:
Dock 1

LNG Ship Unloading
LNG Trucks Loading
LNG Ship Loading
Transhipment

Bunkering services

WP1.LNG BUNKERING SOLUTIONS CHARACTERIZATION

2
300,000 MPLNG
800,000 mi(n)/h

Minimum Maximum
TBA 266,000 n?LNG

18,000 niLNG/h

2 bays (30 trucks/day,
Maximum 6,000 n¥/h
Available

Available
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3.1.9 Import Terminal of Granadilla

Located on the ground=f the industrial port of Granadilla (Tenerife)n project phase.

3-10 Granadilla PortSource: Google Earth

The main characteristics of the terminal are:

TERMINAL OF GRANADILLA

Number of Tanks 1
Storage capacity 150,000 MLNG
Emission capacity 150,000 m(n)/h
Docking capacity: Minimum Maximum
Dock 1 TBA 145,000 MLNG
LNG Ship Unloading 12,000 MLNG/h
LNG Trucks Loading Projected
LNG Ship Loading Projected

Transhipment

Bunkering services Available

WP1.LNG BUNKERING SOLUTIONS CHARACTERIZATION 25



3.1.10 Summary ofimport terminals

Import Terminal

Number of tanks

Storage Capacitym?)

Emission Capacitym3(n)/h)

Dock Capacity(m?3)

LNG Trucks loading

Ship unloading (m¥/h)

Ship loading (n¥/h)

Small scale ready to ship
loading

P1.LNG BUNKERING SOLUTIONS CHARACTERIZATION

Barcelona

760,000

1,950,000

Max. 266,000
Min. 500

3 bays
50 trucks/day

12,000

Max. 4,000

Available

Sagunto

600,000

1,000,000

Max. 266,000
Min. TBA

2 bays
35 trucks/day

12,000

Max. 3,000

Considered

available in 2020

3-1 Summaryimport terminals

Cartagena

587,000

1,350,000

Max. 266,000
Min. 500

3 bays
50trucks/day

12,000

Max. 7,200

Available

Huelva

619,500

1,350,000

Max. 180,000
Min. 500

3 bays
50 trucks/day

12,000

Max. 3,700

Available

Sines

390,000

1,350,000

Max. 216,000
Min. 500

3 bays
50trucks/day

12,000

Max. 2,000

Considered

available in 2020

Mugardos

300,000

800,000

Max. 266,000
Min. 500

35 trucks/day

12,000

Max. 2,000

Available

BBG

450,000

800,000

Max. 270,000
Min. 500

1 bay
15 trucks/day

12,000

Max. 3,500

Available

CC_.IRE LNGas

hive
El Musel Granadilla

2 1
300,000 150,000
800,000 150,000
Max. 266,000 Max. 145,000
Min. TBA Min. TBA

2 bays

30 trucks/day
18,000 10,000

Max. 6,000
Considered Considered

available in 2020

available in 2020
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3.2 AUXILIARY TERMINALS

In all ports that do not have LNG terminal or its distance from an existing terminal is very far, it may raise
the possibility of an alternative storagesystem through pressure tanks or by flat bottom vessels of
different storage capacities.

3.2.1 Tanks andauxiliary equipment forLNG

Usually LNG storage idassifiedin three big groups:

1 Cylindrical pressurized vesselsUsed to storage small and mediunvolumes. Capacity usually
ranges from 40 nito 320 n? for standard fabrication vesselsBeyond this capacity and up to 1,500
m3must be assembled on site or transported by sea,

1 Spherical storage:Not very popular, usual capacities ranges fro000 nito 8,000 n?

1 Flat bottom or atmospheric storage tanks Used to medium and big capacitiesThis type of tanks
are built on site and customised to every particular project. Capacities ranges from 1,060tan
200,000 n?

LNG tanks are comprised of two recipienthiat can be built in different materials depending on safety and
BOG requirements.

Main type of construction and its materials for the different types of storage are summarized in the picture
below and explained further in the next pages

3-11Tank types and integrity levels

Tank types and integrity levels

I Cryogenic steel I Mon-cryogenic steel Concrete WM Outletpiping W Earth Moisture barrier Insulation protection

single integrity lewel Double integrity level Full integrity level

5
Hot allowed acc. bo BN 1473 5FEA 59 A T\
_

Flal-botlom stel

Mot spplicable

Flatbottam concrele

'ﬂ
|

Spherical
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3.2.1.1 Horizontal andVertical Cryogenigressurized vessels

As it was showed in the figure 3.11 pressure vessels are built always witimer tank of stainless steel, but
depend on the grade of security required, the outer tank can be built in carbon stetiat required
additional security measures as bund wallsr can be built in inox steel also, assuring full integrity.

Regarding toinsulation material between tanks, there are two main options:

1 Perlite and vacuum insulation Raise the cost of the equipment, but provides stable and high
quality insulation of the product

1 Solid insulation: There are many options available, although any them are really popular in this
equipment. Some options are PIR, Aerogels, fiber glass, foam dglassA O A 8

Horizontal and Vertical stationary pressure vessels normally uses vacuum and perlite insulation for long
term storage of cryogenic liquefied gas undepressure. Besides, the vessel should be provided with a
hydroscopic material tocapture moisture betweencylinders(It required for high vacuum equipment)

Describe below are ypicalcharacteristics of deposits provided by one of the main manufacturersalable
on the marketand considered for further calculations within this project

General characteristicef the studied tanks

Design temperature-196°C(As the tank can handle liquid N@re-cool)

European Directive201468/CEReal decreto 709/201baws relating to the commercialization
of pressure equipment

CE marking.

Inner tank in austenitic stainless ste€B04-L) and outer tank in carbon stee{A-106 B)
Intermediate chamber withperlite insulating and vacuumHidroscopic material

Features d the storage tank (inner tank):

Built in austenitic stainless stedB04-L).

Working pressures according to the characteristics of the installation sfipply ypically from
5bar and up to 44bar, even higher for other uses apart from storage

Capacitiesrom 5 to 1,2001,500 .

Characteristics of the envelopeegarding to vacuum insulated tankexternal tank and camera surround):

Built in carbon steel (areas of austenitic stainlesseel pipes).
Protection against overpressure in the chambevith safety valves
With connection for vacuum measurement.

Absolute Vacuum admissible in camera.

Vacuum provided: 0.05 mbarg

Tank equipnent includedregarding tothe vacuum insulated tank

Cryogenic valves.

Equipmentto increase the tank pressure (PPR).
Pressure gaugend level gauges.

Safety valves.

Vacuum connector.

The volume of the LNG storage tanks has been conditioned by the safety distances set out in the regulatory
standards (Standard UNE 60210:2015). In this Standard, groups or ranges of storage volumes are
established and a safe distance for each range to different items. The different manufacturers choose to
manufacture tanks in such a way the storage volume gets the maximum level of each range.

WP1.LNG BUNKERINS®LUTIONS CHARACTERIZATION 28
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In addition to the risks indicated in this Norm, the ports wiimpose their own safety rules and regulations
for the storage of combustible such as LNG.

Risk defined in the Standard UNE 60210:2015:

a) Openings of buildings, basements, sewers or drains.

b) Motors, switches (not explosion proof), deposits of flammablenaterial, ignition points
controlled.

c) Projections of power lines.

d) Limits of property, public roads, roads, railways.

e) Openings of public buildings, use administrative, teaching, commercial, hospital.

For storage capacities greater thaB20m?3, pressurevessls cannot be found normally industrialized
therefore, additional safety regulations must be considered and depend of the site conditions vessels
would have to be transported by sea or preassembled in workplace and finally assembled on site, raising
the final price In any case, it will always be the port authority who decides on the application of other
safety distances and the assembly of other surveillance and safety devices.

3-12Safety distances for auidry terminals

Volume Occupation S Risk defined in the Standard UNE 60210:2015
(m?) Type surface SR a b . d .
base (n7)
60 Vertical 64.0 E 15 15 15 15 24
80 Vertical 100.0 E 15 15 15 15 24
100 Vertical 100.0 F 20 15 15 25 34
120 Vertical 100.0 F 20 15 15 25 34
150 Vertical 144.0 F 20 15 15 25 34
200 Vertical 196.0 G 20 15 15 30 44
240 Vertical 196.0 G 20 15 15 30 44
300 Vertical 196.0 G 20 15 15 30 44
320 Vertical 196.0 G 20 15 15 30 44
60 Horizontal 126.0 E 15 15 15 15 24
80 Horizontal 128.0 E 15 15 15 15 24
100 Horizontal 136.0 F 20 15 15 25 34
120 Horizontal 144.0 F 20 15 15 25 34
150 Horizontal 176.0 F 20 15 15 25 34
200 Horizontal 184.0 G 20 15 15 30 44
240 Horizontal 243.0 G 20 15 15 30 44
300 Horizontal 264.0 G 20 15 15 30 44
320 Horizontal 272.0 G 20 15 15 30 44
1,000 Horizontal 800.0 H 25 15 15 35 55

In casethe storage capacity of the auxiliary terminal exceeds 1,506, e involvement of all the actors

that will participate in the process will be necessary. According to the Regulations, a Safety Report must be
made before the construction of the Plant, in which an identification of the accident risks that may occur in
the auxiliary plant or terminal, the consequent damages and the distances that they can reach.
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Based onthe described analysis, on which both design changes and safety measures are established to
avoid accidents, as the minimum distances that must be safregded not only between the different
equipment of the plant but also with respect to other nearby activities and nearest population nuclei. This is
a fundamental aspect to observe since the Ports may have cesst of activities for the works that are
developed inthese ports, there may be other storage of combustible products that in turn have to comply
with their specific regulations, etc.

Dimensions and volume of different LNG vertical tanks (depending on mocdkig:

3-2 Vertical tank SourceLapesa

Volume (m3) Diameter (mm)  Height (mm)

60 3,000 14,300
80 3,800 11,300

100 3,800 14,050
120 3,800 15,300
150 3,800 19,300
200 4,200 19,660
240 4,200 23,660
300 4,200 29,660
320 4,200 30,661

—

3-13 Vertical tank SourceLapesa

Dimensions and volume of different LNG horizontal tanks (depending on modafg:
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3-3. Horizontal tank SourceLapesa

Volume (m’) Diameter (mm)  Length (mm)
60 3,000 13,374
80 3,800 10,292
100 3,800 13,042
120 3,800 14,322
150 3,800 18,332
200 4,200 18,700
240 4,200 22,700
300 4,200 28,700
320 4,200 29,700

1,000 6,000 54,000

3-14 Horizontal tank SourceLapesa

L]}
31
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3.2.1.2 Spherical tanks

Rarely used for LN®nshore, this kind of storage is commonly used in LNG carriers. Consists of an sphere
supported usuallyby a verticalsteel cylinders, both sphere and outer shell may be made in aluminium alloy,
stainless steel or 9% nickel steel. Capacities ranggscally from 2,000 n¥to 8,000 m®.

4EA OPEAOA AOAAGAG A AAOOAO AEOOOEAOOEIT 1 &£ OEA
structure saving important material costs by a reduction in shell thicknedsesides theless surface area
reduces BOG generated.

3-1%phericatank. SourceSPG
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3.2.1.3 Flat bottom Storage Tanks
Main characteristics

As it was showed in Fig.-B1 there are types of flat bottom tanks (including underground, inground and
aboveground configurations)depend of their materials and technologysed.

In this study onlyabove-ground full integrity tanks with concrete outer tank are consideredWithin this
category we can observe two main types:

Full double containment

A nonpressurized stationary flat bottom tank consists mtwo vessels, one placed inside the other, an inner

and an outer vessel. The inner vessel is made of stainless steel or 9% nickel steel, and the outer vessel is
made of carbon steebr concrete, depending on the project The space between the walls is &8l with an
insulation material: foamed glass on the bottom, expanded perlite on the walls and on the roof. The space

is filled with dry nitrogen to ensure efficient and durable insulatigrkeeping it dry and oxyge#ree. The

tanks are delivered as a set @omponents to beerectedon site.

Keys:
1. Primary container (9% Ni steel) 5. Insulated suspended deck (aluminum & fibreglass)
2. Bottom insulation (load bearing rigid cellular glass) 6. Hemispherical dome roof (reinforced concrete)
3. Slab (reinforced concrete) 7. Sidewalls (pre-stressed concrete)
4. Slab heating system 8. Wall insulation (loose fill perlite / 1m thick)

3-16 Flat bottom tank
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Membrane containment

The primary container is a thin stainlees steel corrugated membrane not selported and the secondary
container is a pe-stressed concrete tank that ensures the structural function. Thermal insulation function is
ensured by a panel composed of different materials like polyurethane foam and plywood

—_—  — \
Keys:
1. SS corrugated membrane (1.2mm thick) 5. Slab heating system
2. Sidewalls (pre-stressed concrete) 6. Insulated suspended deck (aluminum &
fibreglass)
3. Bottom insulation (load bearing PU / 40cm thick) 7. Hemispherical dome roof (reinforced concrete)
4. Slab (reinforced concrete) 8. Wall insulation (load bearing PU / 40cm thick)
3-17 Membranetank.

The basis of the depositsonsidered in this studys built in concreteand the main design requirement are:

NFPA 59A

EN 1473

Mechanic:API 620 general + apf

External pressure:API 650 app. V

Civilworks: EC 2 y 3 ACI code

SeismicAPI 650 app. E / API 620 afdp.Spain is ruled by NCSE

Wind/Snow: National Codes

EN14620

Alternative Designs:DIN 4119, BS7777, AD B6

Thermal Calculations

Flexibility Calculations

Calculatians of load to the battery lines

Most common volumes:
5,000 n? LNG full containment. Diameter 21.3 m. Height 2m3H4/d = 1.15 m
10,000 niLNG full containmentDiameter 26.3 m. Height 29.6 d/d = 1.12 m
30,000 n? LNG full containmentDiameter 37.4 m. Height 40.5 iid/d = 1.08 m
50,000 n? LNG full containmentDiameter 50 m. Height 26.8 m H/d = 0.536 m

Capacity designs can be made with different values for H/d, depending on different building constraints as
lifting capacities, dome sizing or others.
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Limitations of the application of the Standards:

Up to 200Tons of capacity (450 rhconsidering a density of 450 kg/8)
- Exclusion of the obligatory nature of the application of the standard SEVESO IIl (RD
840/2015).
- Application of the Standard UNfEN 60210
Up to 1,500 m(3,300m?3) of storage capacity:
- Application of the Standard SEVESO IIl (RD 840/2015)
- Application of the Standard UNfEN 60210
Above 1,500 M(3,300m?% of storage capacity:
- Application of the Standard SEVESO IIl (RD 840/2015)
- Application of the Standard UNEN 60210
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3.2.1.4 Floating storage

Nowadays offshore LNG storage technologies are commonly used for providing an alternative testiore
LNG storage.Operative capacity and reduced initial investment make them a proficient solution to the
problem, which also can be installed easily and faghis shows up the FS{loating storage units) as a high
growing and very interesting solution for solving problems relatedtadapting complex logistics for fuelling
maritime routes already defined with lower initial investments and competitive pricgsnainly thanks to the
reuse of LNG tankers that are near the end of their life in service or whose propulsion is no longetiefii

at competitive costs). As a summary, this are the principal advantages vs onshore infrastrugttivat would
be explained further

ADVANTAGES DISADVANTAGES

1 No land using 1 Higher OPEX

1 Delivery between 1 to 2 years T Higher BOG generation

1 Tighter operativerange for storage ad

1 Posibility of relocation L
regasification

f Short and longterm leasing contracts

possibility I Weathers conditions dependence

T No LNG supply or mre complex to

1 Low social and visual impact )
realize

1 Deepsea conexionsire necessary

Although this type of technologiesare currentlyoriented to largescale, it is true that more applications are
being developed to small and midcale usage. They can be adapted to the needs and particularities of each
one of the projects to be addressedencompassinga wide range of capacities accordqto the project
needs.

Floating Storage Solutions are divided into two groupthe FSRU vessels (Floating Storage & Regasification
Units) and the FSU vessels (Floating Storage Unit3he main difference between them is the FSRU
capacity to regasify LN®n board.

FSRU’s regasificationnit is integrated in the ship itself while normally the FSU alternative consigist in
an off-shore storage and a suitable connection either to the jetty or land, where the regasification
equipment is located (if any).

Floating Storage facilities are commonly based on old vessel conversions at the end of their life in service.
FSUs get normdy docked in a jetty thanks to which other cargoes can easily be loaded, either by the use of
hoses in a Ship To Ship operation (STS), or by loading arms situated on both sides of the jetty, in which
vessels would lie moored while interconnected betweerhemselves.

Hoses provide flexibility and a lower initial investment costs but greater operational problems, a lower
transfer capacity in general terms, a greater generation of baiff gas and higher frictional pressure losses.
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Loading arms operation isafer and generates less BO®itrogen is used for returning back the LNG excess
to the tank (used as a displacing piston for loading arms drainage). High nitrogen consumption is the main
drawback of this kind of systems.

» 125 000 m?® ; 5 bcm/year = 70 000 m3(n)/h = 6,7 GW I
) .

o — A T 5. T

EE T bl

FSRU JAWA BARAT BPEEESN

I Regasification module I

| Flexible Risers for Natural gas Export I | LNG Loading arms I

3-18 Nusantara Regas Satu. West Java

For large scale needs, the option of using turrets or buoys to connect the FSU with inland facilities should
also be considered, especially when the FSRU is not going to be near the céasta further understanding
a image of a FSRU with buoy conexion is showed in first place and above a turret installation

High pressure pumps and vaporizers

S g
ﬂ’ STL Buoy (Submerged Turret Loading)

Flexible Riser connected, via ”‘ ﬁ \9\
subsea manifold to the subsea
pipeline to shore

3-19 Energy bridge regasification unit
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3-20. PNG FSRU Lampung. Indonesia

From a commercial point of view, barge solutions are already available in the market with storage
capacities between 10,000 and 25,000%as the showed in the pictures below. An operative solution would
be freightage of these barges with suitable capacities (adapted to the demand forescast) in time charter.
This allows shipping to offer a fastrack or definitive solution in these facilitieand lead their market stand.

From Wison Otfsnare 8 Marine Ltd

321 EXMAR FSRU for Bangladesh
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Aditionally, small and mid scaleNG vessels can be used also as FSU, an example of that can be found in

Bali, Indonesia where a 30,000 fiFSU+FRU project has been developed. While the FSU final unit is built,

the FRU-already completed has been connected to a 30,000 #.NG transportati T OAOOAT h OEA O(!)
3() 9/5 yYrPzd68 7A AAT OAA E1T OEA PEAOOOAO AAI T x EiIx EO
the future.

ISK Floating LNG Terminal (FRU + FSU)

3-22 Bali FSU+FRAKktual arrangement

o .;‘.--.&'-
l SMALL LNG FSRU e

] Floating Storage Unit (FSU)

FRU, FSU and Small LNG Carrier Arrangement

323

Bali FSU+FRU+LNG Carrier for refilling. Future arrangement
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The type of solutions exposed along this document are usually installed in "Empty and leave" mode or in
"permanent seasonal regime" as it will be described inliowing lines.

Advantages and disadvantages

The capacity to operate on a seasonal basis is one of the most relevant advantages of this type of systems.
Although they can be relocated if necessary, is needed to be taken into account that the vast majarit

this systems already installed (FSRUs and FSUs mostly in large scale dimensions) have contracts signed for
minimum periods of 10 years, in order to be able to amortize the heavy investments carried out in the
conditioning of the socalled old ladies ihethane tankers at the end of their life in service), or in the
construction of systems built on purpose.

Another advantage of this type of systems is the possibility to avoid the sunken costs of arsbaore
installation, which requires a large investmerih case it needs to be dismantled.

Among the major disadvantages that these system present, is that the large FSUs that are docked in open
water suffer the disadvantages of changing weather conditions (very severe sea conditions) that may
require the diconnection of the arms and their exit to open water.

In the case of smaller FSUs, it is not foreseeable that this type of situation occurs, since they should be
found docked in port.

Another of the main disadvantages of FSU systems is that their storaggacity is limited to the size of the
vessel itself, and an extension of the storage capacity of the installation makes a new vessel mandatory.

Operating costs significantly higher than oshore systems penalize this type of systems in the medium and
long term, playing a relevant role against the use of this type of solutions compared to the traditionat on
shore installations.

The BOG generated in this type of systems will be approximately 0.15% (quite higher than the one of-an on
shore tank, but inine with the typical of a methane tanker), so a system to manage it must be foreseen, as
well as a security system based either on venting to atmosphere or on controlled combustion in a flare
system. In some configurations, the available barges have IMQ@dyC pressure devices, which is a great
advantage when handling the boibff.

Current references

Up to the present, several operational references are available, although all of them operate in the large
scale market. These are the Melaka terminalshfalaysia (FSU Tenaga Satu and FSU Tenaga Empat),
Montego Bay in Jamaica (FSU Golar Arctic) and the FSU Armada LNG Mediterranean in Marsaxlokk bay,
Malta, as well as the construction of a new FSU terminal for Bahrain. A historical and forecast of avalaible
installations can be seen in the figure below
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3-24 Historical and forecast of Floagrstoragelnstalled capacity20052022)

All the installations working today and his main characteristics are:
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. Delivery  Capacity Propulsion Status at
Ship Name Shipowner Shipbuilder Type Yaar em) Typa IMO # and-2015
oLT
Offshore . Converted Chartered
FSRU TOSCANA rene Hyundai et 2004 137500  Steam 9253284 Crarierec
Toscana
Golar LNG Converted Chartered
GOLAR FREEZE HDW e 1977 126000  Steam 7361922 oot
Golar LNG Kawasaki Converted Chartered
GOLAR SPIRIT e et iy 1981 120000  Steam 7373327 S mer
Golar LNG Converted Chartered
GOLARWINTER Daewoo b 2004 138000  Steam 9256614 it
MUSANTARA GolarLNG  Rosenberg  Converted Chartered
REGAS SATU Partners Verft FSRU 1977 125003 Steam 7382744 o cory
BW INTEGRITY BW Samsung FSRU 2016 170,000  TFDE 9724946 ?sﬂFstHud
Charterad
BW SINGAPORE BW Samsung FSRU 2015 170000  TFDE 9684495 opie:
Exmiar, Chartered
EXCELERATE podmar  Daewoo FSRU 2006 135313  Steam 9322285 Crarieres
EXCELLENCE Excelerate |, o woo FSRU 2006 138124  Steam 9252539 Crarered
Energy as FSRU
Excelerate Chartered
EXEMPLAR Energy Daewoo FSRU 2010 151072 Steam 9444649 o piTe
EXPEDIENT Excelerate  po0png FSRU 2010 147994  Steam 038gg43 Cnartered
Energy as FSRU
EXPERIENCE Excelerate .00 FSRU 2014 173660  TFDE  9p3sses Chartered
Energy as FSRU
Exmar, Chartered
EXPLORER Eroanar  Daewoo FSRU 2008 150900  Steam 9361079 gt
EXQUISITE Excelerate 000 FSRU 2009 151,035  Steam 9381134 Cnartered
Energy as FSRU
GDFSUEZCAPE  Hoegh, Chartered
e oL Sy Samsung FSRU 2010 145130  DFDE 9390680 Crarierec
GOLARESKIMO  GolarLNG  Samsung FSRU 2014 160,000 TFDE 9624940 ?:'FE""R“U"
Golar LNG Chartered
GOLAR IGLOO s Samsung FSRU 2014 170000  TFDE 9633991 opoe
GOLARTUNDRA  GolarLNG  Samsung FSRU 2015 170000  TFDE 9655808 iyt
HOEGH GALLANT  Hoegh Hyundai FSRU 2014 170,000  TFDE 9653678 g:ﬂ“ﬁ
HOEGH GRACE Hoeah Hyundai FSRU 2016 170,000 DFDE 9674907 (;':'FE'“R"Ud
INDEPENDENCE ~ Hoegh Hyundai FSRU 2014 170132 TFDE 9620536 iyt
Hoegh, Chartered
NEPTUNE MOL Jiyc  Samsung FSRU 2009 145130  Steam 9385673 o
PGN FSRU ) Chartered
L ABUNG Hoegh Hyundai FSRU 2014 170000  TFDE 9620524 gt
Sinokor
BALTICENERGY  Merchant  Kawaski Conventional 1983 125020  Steam 8013950  Laid-up
Marine
ECHIGO MARU NYK Mitsubishi Comventional 1983 125568  Steam 8110203  Laid-up
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Ship Name Shipowner Shipbuilder
FORTUMEFSU  Dalian inteh Dunkeraue
Mormandie
General
GAEA Golar LNG Dynamics
GOLAR VIKING Golar LMNG Hyundai
Sinokor
GRACE ENERGY Merchant Mitsubishi
Marine
Nova
T General
LNG CAPRICORM  Shipping & :
Logistics  DYnamics
General General
LNG GEMINI Dynamics Dynamics
General General
LNGLEQ Dynamics Dynamics
Nova
LNG TAURUS Shipping & DG:::EIS
Logistics 4
Tokyo Gas, ) .
LNG VESTA MOL. lino Mitzubizhi
General General
LNG VIRGO Dynamics Dynamics
LUCKY FSU Dalian Inteh  Dunkerque
Mormandie
METHAME KARI
ELIN BG Group Samsung
Sinokor
PACIFIC EMERGY  Merchant Kockums
Marine
Sinokor G |
SOUTH ENERGY  Merchant Enerd
N Dynamics
Marine
WILEMERGY Awilco Mitzubizhi
WILGAS Awilco Mitsubishi
TEMAGA EMPAT MISC CMIM
Dunkergue
TEMAGA SATU MISC Chantiers
Bumi
ARMADA LNG -
Armada Mitsui
MEDITERRANA
Rosenberg
HILLI Golar LNG Verft
PRELUDE Shell Samsung

Type

Conventional

Conventional

Conventional

Conventional

Conventional

Conventional

Conventional

Conventional

Conventional

Conventional

Conventional

Conventional

Conventional

Conventional

Conventional
Conventional
FSU

FsU

F5U

Comverted
FLHNG

FLNG

Year

1981

1880
2005

1889

1978

1878

1978

1879

1954

1979

1981

2004

1981

1880

1983
1884
1981

1982

2016

2017

2017

Delivery  Capacity

cm)

130,000

126,530

140,000

127.580

126,750

126,750

126,750

126,750

127,547

126,750

127400

136,167

132,588

126,750

125,788
126,875
130,000

130,000

127.209

124,890

437.000

Propulsion

Type
Steam

Steam

Steam

Steam

Steam

Steam

Steam

Steam

Steam

Steam

Steam

Steam

Steam

Steam

Steam
Steam
Steam

Steam

Steam

Steam

IMO &

7428471

TB19575
Q256767

8702941

7390208

7390143

7390155

739067

8020766

7390178

7428468

8256793

7708948

7619587

8014409
8125832
7428433

7428457

8125868

7382720

9648714
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Status at
end-2015

Laid-up

Laid-up
Laid-up

Laid-up

Laid-up

Laid-up

Laid-up
Laid-up

Laid-up
Laid-up
Laid-up

Laid-up

Laid-up

Laid-up

Laid-up
Laid-up
FsSU

FsU

FsU

Under
conversion

Under
consiruction

The main changes that can result in the conversion of an aftservice carrier into its FSRU version include:

-New LNG pumps with lower capacity (typical capacity for LNG tankers of 12,000 m

- Modifications of the discharge pipe manifoldinstalling pipes of smaller diameters.
- Installation of cryogenic hoses or loading arms.

- Installation of new auxiliary services, suitable for new functions, including power supply (either
external, or by using the BOG generated in the FSU itself).
- Madification in the hull and in the propulsion systems according to the requirements of the

corresponding port authority.

- Maodifications in the mooring system so they can stay sheltered safely even in the most adverse

weather conditions that may occur.

In the case of small scale solutions, real references are starting to be available, such as the 25,088RU
barge from Exmar, built in the offshore Wison shipyard in Nantong (China), which already has a contract for
Bangladesh with the state owned companye®robangla to be put into operation in that country. Or the Bali

installation showed some pages before.
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The Exmar barge has two IMO B type aluminum tanks based on theSPIB patent of 12,500 feach. And
with a regasification plant in its upper deck dégned and built by Black & Veatch.

Other types of companies, such as the Dutch shipyard Damen, are developing solutions based on barges
with IMO type C tanks, which represents a great advantage in terms of handling foffilgas.
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3.2.1.5 Tank selectiorsummary

The selection of the storage volume dedicated to an auxiliary terminal will be determined by the
characteristics of the port and by the demand that is generated.

According to recommendations of the main manufacturers of LNG deposits, the differelgpes can be
selected at first depending on the volume of storage.

Thus, for storage volumes of less than 250°nnsulated pressurized vesselwill be the best option, while
for storage volumes greater than 50,000 fp flat bottom tanks will be recommended

It is very important for a right selection, to consider the storage pressure in the vesseltnks. A ship with
a low pressure tank may require suifzooled LNG vhich could not be provided via pressurized tank.
Additional technical solutions, such as vapauflash chamber may be required.

For the economic evaluation, the costs involved in the use of tanks with vacuum insulation or flat bottom
deposits will be analysed. In the case of deposits with vacuum insulation, it is considered that auxiliary
terminals can be scalable in volumasingseveral tanks

In summary, the following table shows a comparison between the characteristics that can advise the
selection of a storage system type or another.

3-4. Maincharacteristics for the selection of the tank type. Source: CRarbx

Characteristic Flat bottom Insulated pressurized vessels

Vertical: marginally larger

Ground area needed Small .
Horizontal: much larger

Design of concrete foundations

. Expensive Lower cost
and containment

On site with shop

Method of manufacturing Shop manufactured

preparation

Lead time of work shop Several weeks Several weeks
Lead time of on site

. Several months Several days
construction
Typical max. pressure (bag) 0.3 8
Net daily evaporation ratedue 0.06 to 0.08%/day

0,05% .

to heat leak (For vacuum insulated tank)

(Spanish installed tanks)

Need of boiloff compressors

. : Yes Usually nd
(sized to maximum) y

Consequent need of
temperature and concentration Yes No
profile continuous control
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3-25 Flat bottom tank- Vacuum insulated tank, example of price comparatseurce: Cha#feerox

As it can be seen in the picture abovi,is clear that thebest solution for small capacities (up to 4000 #is
pressurized vesselsHat bottom tanks are for higher capacities (from 20,000 n¥). However, there
aremiddle levels, where the best slution should be studied and carefully chosen regardirgjte location,
OAEAAOI Ah 11 AOI AOGEOUR 1 AAT OO A1 0008 AOA

As a conclusion and without entering to value the characteristics of each port or the existing or future
demand, and as a preliminary step to reduce the multiple options of configuration of plants with
alternatives ininsulated pressure vesseland flat battom tanks, as well as tanks with vacuum insulation in
scalable plants, the typologies considered in terms of the design of storagapacity in auxiliary terminals
will be the showed in the following table.

3-5. Cost petnit of Auxiliary Terminal (Tanks, equipment and civil works associated)

Volume (n?) Typology 0 OEAA Occupancy rate (M)

320 n?¥ 320 n? Vertical Tank 944,298 2,600
1,000 nt 1,000 niHorizontal Tank 3,578,461 2,800
5,000 n? 5 x 1,000 mHorizontal Tank 17,892,306 7,000
10,000 nd 10 x 1,000 fmHorizontal Tank 35,784,613 14,000
5,000 n? 5,000 n¥ Flat Bottom Tank 8,344,613 5,625
10,000 ni 10,000 niFlat Bottom Tank 12,637,058 7,800
30,000 n¥ 30,000 n? Flat Bottom Tank 24,413,52¢ 15,800
50,000 n? 50,000 n? Flat Bottom Tank 46,000,000 25000
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The occupation surfaces have been established taking as reference the footprint of the tank and the
annexed surfaces necessary for the operation of the auxiliary terminal, considering the vials tfoe
circulation of trucks and the surfaces occupied by the operating equipment of each terminal, including the
building of control, racks and structures for pipes and cables.

In the case of terminals considered as scalable (with horizontal pressure tanksl1@00 ni of storage
capacity) for the calculation of the occupation surface, safety distances between each deposit have been
considered. It is these special cases of scalable terminals, the occupancy surfaces are considerably greater
than in the auxiliay terminals with flat bottom tanks, because in the case of scalable deposits there is a
limitation in the diameter of the tanks, while in the flat bottom deposits the height of the same ones is
much greater and safety distance is not required as it happeestween scalable tanks

3.2.1.6 Pumping equipment

To ensure LNG transference fronacross the plant atthe required flow-rates, the use of pumping
equipment for LNG will be required.

Pumps that work with LNG have tde designed keeping in mind that they will work with a cryogenic flyid
to accomplish thisthere are different technologies in the market to assist the differeritNG processes.

Thetwo main types of LNG pumpare:

1 Submerged pumps

1 Non submerged pumps:
0 Alternative pumps
o Centrifugal pumps

Each type of pump is aimed at a different proced$snction depending on the working conditions that are
required, .

It is possible that the process requires the use of pumps that work with small flows of LNG by applyig hi
pressures to the fluid, or it may requires the transfer of high flows of LNG at |olfferential pressure.

Alternative pumps and centrifugal pumps are considered as "nsaobmerged" pumps. The difference
between submerged pumps and nosubmerged pumps isthat although both types of pumps needa
previous cooling of the pumping systento work properly, gasifying part of the LNG during the process of
pumping -avoiding cavitation during the pumping processThe submerged pumps work inside a container
full of LNG while the nonsubmerged pumps need a coolindgefore starting to pump. This cooling is
provided through a recirculation of LNG in tankwith the downstream valve closed in a first moment and
retuning the BOG generated to the tankOnce the pump is cal enough to run it safely it is started and the
downstream valve is then opened, closing the recirculation.

3-26 DifferentPumps systemAlternative pump, centrifugal pump and submerged purBjpurceVanzetti
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Each manufacturer has a family of pumps that groups within the types that have been defined previously
and each type has different models that work in different ranges depending on each process or demand.
For this study we have taken into accourthe data provided by one of the main manufacturers of cryogenic
pumps for LNG, although the data provided can be extended to other manufacturers that produce pumps
of similar characteristics.

Working points for alternative pumps:

Flow rate (Ipm) max/min - Maximum working Power installed
(m3h) max/min pressure (baig) (kW)
60/10-4/1 420 110
120/20-8/2 420 160
180/30-11/3 420 250
300/50-18/5 420 400

Working points for centrifugal pumps:

Flow rate (Ipm) max/min - Maximum working Power installed
(m3/h) max/min pressure (barg (kW)
200/20-12/2 10 4
500/40- 30/4 10 20
900/80-54/8 10 20
1000/80-60/8 10 40

Working points for submerged pumps:

Flow rate (Ipm) ma.x/min - S ST (5 Power installed
(m¥h) max/min (kW)
300/20-20/2 10 10
3200/300- 190/30 10 30
4000/500- 240/50 10 100
7300/1000- 440/100 10 140

From the data shown, it can be seen that for smatale bunkering, the technology thafits better the

requirements considered hereare submergedpumps or nonsubmersible pumps of the centrifugal type.
The nonsubmerged alternative pumps work with small flows of LNG and very large pressiso they are
recommended when final users require high pressure product and will not be considered furtherthis

study

In addition to the working ranges of the different types of pumps, the conditions in which these pumps
work also advise the type of technology that suits each bunkering process. In situations of plants that are
going to carry out few operatims (in the order of 1 operation per daythe cheaper cost of centrifugal
pump trade-off the BOG generated during the preooling process needed to start the operationlf the
pump has frequent use, then it is advisable to install a submerged purtimat isalwayscold.

As bunkering plants will have a pattern of frequent use and should provide high flow rates for ship loading
submerged pumps are the most recommend kind of pumps. A neabmerged pump also has been
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included as it could be used for road tanttischarging or fit with the smallest auxiliary terminal considered
320 n¥-

Four flow rates (20,60, 190, 440 m3 / h) have been selected for terminasnsidered in this studyThese
three modelswill accomplishany transfer flowrequired for the bunkering process.

For the valuation of costs, two kinds of pumps have been considered (centrifugedn submersibleand
submersible). It is very important to define the operation frequecy of the pump.As discussed above of
continuous use of the equipmet) submerged pumps will always be installed.

Onthe other hand, larger LNG tank inventories will require tighter safety rules which may include tank top
connections and consequently the mandatory use of submersible pumps.

36. Cost per Unit of Pumping equipment

Flow (m¥h) Typology 00EAA j
60 mh Non submersible Centrifugal) 77,000
20 n/h Submersible 86,625
190 ni/h Submersible 365,750
440 mih Submersible 481,250

As an indication, themain manufacturers of pumping equipment for smaficale bunkering are named
below.

- Submerged pumps: Nikkiso, Ebara, Vanzetti, Cryostar
- Non submerged Vanzetti, Cryostar

3.2.1.7 Line for transfer of LNG

To avoid heating and phase change during the LNG transfgeration between the auxiliary terminal and
the ship, especially when the distance between both is large, conduction systems formed by pipes with
thermal insulation are used.

There are currently several systems to ensure thermal insulation of pipes thaitrg cryogenic liquids at very
low temperatures.

The main thermal insulation systems in LNG pipes are the following:

I Standard mating of the pipe with rigid polyisocyanuratgPIR)foamPolyurethane(PUR) Aerogels,
Al Al Cl AOOh OwitA Eoatimgl oh bdih side® Avith a metallic foilto prevent from
humidity entrance. The termination will be byaluminium sheet, inox or Fibarollor similar (Fiber
reinforced polymers) The insulation of this type is removable by sections for its replacement.

1 Concentricdouble pipe, prefabricated in workshop for assembly on site, with vacuum formation
between the two pipes and with super insulating internal material.

The manufacturing and assembly systems are completely different and therefore there is also a great
dispaiity in the cost of implementing one or the other system.

Considering that a minimum temperature transmission from the outside (normal environmental conditions)
to the inner fluid (LNG) must be guaranteed, the type of insulation selection used in the pipes that conduct
the LNG between the tank and the arm of loanlg or between the point of discharge and the tank is of
maximum importance. It must also beonsideredthe distances between the tank and the point of loading
of the ship can be important.
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The physical properties and therefore their effectiveness as theaminsulators will also be completely
different.

3-7. Physical properties for thermal insulation

Physical properties Air PIR or Polyurethane Vacuum
Thermal conductivity — 0,024 (*) 0,021(**) 5,48x10G (***)
coefficient W/(m.K)

V  (*) Value for natural convection.
V  (**) Value for PIR or Polyurethane of 38 kg/fof nominal density.
V  (**) Value for High Vacuum (18--10” mbar).

As can be seen in the values relative to the thermal conductivity of the systethat can be used to
guarantee the maximum possible isolation in the conduction of the LNG through pipes, the efficiency of the
system formed with vacuum insulated pipe is much greater than the efficiency of the system formed with
insulated pipe with polyuethane foam or PIRbut cost is between 3 and 5 times greater

BOG handling (With compressors) is notreormal capability of terminals with pressurized vessetherefore,
vacuum lines are more recommendetb guarantee the optimal conditions ando avoid considerable BOG
generation

Main characteristics of vacuum lines:

Construction Code:
Directive 2014/68/UE.
Design CodeASME B31.3 Process Piping / ASME BPV Section VIII DIV 1 /EN 13480.
Welding CodeASME IX / En 287 & En 15614.
NDE:ASME V.
Most common materials:
Pipe:ASTM A312 Tp 304/304L / 1.4306/I1SO1127.
CompensatorsAISI 321 1.4301.
Insulation: Mylar aluminium + Polyester (30 layer)
Separatorof inside and outer pipeEpoxy + Fibreglass / PTFE.
Absorbents:Molecular sieve.
Standardized fordifferent flow rates of supply*
60 m¥h-T &
130 n¥h-Y o
230 n¥/h-® o6
500 mh-Wo
1000 ni/h-1 o
1500 n¥h-Z P &
2,100h-Z T o

EO A AATTITIE

b3
O
(@}
m

O
Qu

3PDAAA T &£ 1T 1710 j2A1 ACEAAI A EECEh
to economize the expensive materials)
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3-27 Vacuum line

3-8. Cost per Unit of Vacuum Line

Maximum Flow (m¥h) = Diameter (")

60 m¥h
130m%h
230m¥h
800 m3h
2,100m%h

on
3"
4"
6"
12"

00EAA | HYI Qq
442
577
1,155
1,540
2,502
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Vapor Barrier Mastic (Elsstomer)
Reintorcing Fadric
Vapor Barrier Mastic (Elsstomeric)

| Secondary Vapor Barrier

3]
I Glass Fiber Tape
PUFPIR

328 PIR line

00OEAA jHTII Q O
Sheet

156

180

212

276

476
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3.2.2 Marine LNGoadingarm
A marine loading arm allows the transfer of LNG from the storage tank to the ship.

For the loading of ships from a storage tank, it is necessary to use a hose or a marine loading arm to absorb
the movements of the boat, the changes of tides, currents, wind, and many other factors. A marine loading
arm provides a great improvement compai to a hose, when transferring fluids between the vessel and
the dock. This loading arm provides an easier and meangeable operation, offering a longer service life

and allowing emergency disconnections without loss of product and contamination.

The maine loading arm is a system composed of rigid pipes and rotary joints for a perfect flexibility. The
rotary joints are used in a variety of industrial sectors.

3-29. Loadngarms. Source Enagéas

The marineloading arm is a hydraulically powered arm specially designed for loading LNG. The loading arm
for LNG has a separate support structure and is designed for being used in large areas of operation with low
temperatures. The main characteristics are the folving:

Nominal bores from4" to 20". Depending on the size of the ships that will be charged.
Operable in temperaturesup to z196°C.

Delivery pressures of up to 45 bar

Separate counterweights for inner and outer arms.

Special, flanged cryogenic swivgbints that do not require a special cooling rate.

Highest level of safety with Emergency Release Couplers (ERC) and Quick
Connect/Disconnect Couplers (QCDC).

Major codes and regulations for Marine LNG loading arm:

OCIMF Design & Construction Specificain for marine loading arms, Edition 1999

ANSI B 31.3 Petroleum Refinery Piping

ASME VIII Pressure Vessels Div. |

ASME IX Welding Qualifications

PED Pressure Equipment Directive

EN1474 Installation of equipment for liquefied natural gas Design and testingnaarine
transfer systems (for parts, which are applicable for a manual bunkering arm design)

The loading arm considered in this chapter is an equipment used to load LNG to the ship from the storage
tank. This loading arm does not allow the transfer of LN@m the ship to the storage tank.The loading
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arm has been designed for correct operation when working in the direction of the impulsion of the pump
located in the auxiliary terminal.

For the fillingoperation of the auxiliary terminaltank from the tankership, it is necessary that the ship itself
carries a group of pumps for the transfer of the LNG and its own coupling hoses to the load lines from the
berth to the LNG tank of the terminal.

39. Cost per Unit of Loading Arm

Maximum Flow (m3/h)  Diameter (") 00EAA |-
250 n¥/h [OX6) -
500 m%h 6" 948,200
1,000m%h 8" 1203788
1,500 ni/h 2P -

The prices of two loading arms operating at present and current supply have been taken as reference. With
these two models and with the combination of several of them in the same terminal, it is possible to
undertake the bunkering process in anghip.

It is possible to build loading armwiith different capacities. In any case to caider other capacities or types

of loading arms, it would be necessary to make a study and ardépth analysis of the characteristics and
conditions of the port where itisto be installed. The valuescluded in the study, are therefore real costs of
loading arms that are being used in ports at present and that have been designed for those specific ports.

Each auxiliary terminal requires the installation of a loading arm the LNG filling in the ship and a different
loading arm for the return ofBOGto the tank from the ship.

3.2.3 Deployable Manifold System with ERS (Emergency Release System) for LNG load

As a possibility of future implementationijt will be considered the implantation ofhybrid cranes with LNG
loading hoses with brealkaway safety devices

The Hybrid Crane for LNG bunkeringQuaysideto-Ship (QTS) solution is designed to satisfy the
requirements of the emerging LNG bunkering markdéor Shoreto-Ship configurations. It employs standard
safe, reliable and proven cryogenic components in line with regulations and current industry best practice
to deliver a valuable LNG transfer system.

TheHybrid Crane QTSolution consists of:
E Aflexible hose base bunker system
E An efficient deployment, connection & disconnection system
F A safe, monitored and controlledSIL 2 Emergency Shutdown System

This results in a costffective design with multiple capabilities.
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TCS

DERS

Hose tower

Docking station

3-30. Hybrid crane with hoses for LNG. Source: HOULDER KLAW LNG

Note:
TCS Tensioner and Compensating System

DERS Emergency Release System
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The Hybrid Crane QT% designed with the aim of improving the shore side transfer teagxperience in
handling hoses and cryogenic equipment while at the same time to reduce the requirements on the
Receiving Vessel (LNG Fuelled Vessel). The key features are:

1 Flexibility: The system is compatible with a range of manifold configurations and [faEns on
receiving vessels. This allows for transfer or bunkering to a wide range of vessels in the future.
1 Hydraulic Powered ERS (Emergency Release Systémki OPT OAOAO A EUAOAOI EAAT T U
Emergency Release System (ERS). This ensuresifkest level of operational safety.
1 DryCoupler Connectiorincorporates cryogenic Autesealing Drycoupler for quick connection and
disconnection.
1 ESD (Emergency Shutdown) functionalifyully supports the standard SIL2 ESD1 (Emergency
Shutdown Stage % shuts down the LNG supply operation in a quick controlled manner by closing
the shutdown valves, and stopping the transfer pumps and other relevant equipment in ship and
shore systems) and ESOOEmergency Shutdown Stage 2shuts down the transfer operaton ESD 1
and uncouples the transfer system after closure of ERS isolation valvédig)ctionality. Once the
ESD?2 signal is triggered, the system performs an emergency disconnection.
1 Controlled Manifold Loadsthe system eliminates the loads beinggansmitted to the Receiving
Vesselmanifolds and Drycoupler, removing risk of spillage at the €teiving Vesselmanifold
connection.
1 SelfContained:The system does not require any additional rigging of hoses to conduct transfer
operations, thus reducingime between transfers.
f Two Lines:The system is supplied with two transfer linesnaximizngOEA OUOOAI 8O0 DI OAT
transfer rate or allowing for concurrent handling of liquid anglapor.
1 Ease of Operatio: AET ¢ AAOAA 11 A OOAT MAsdsy t6 Bepl@ySconnetOAT Ah  OE
and recover reducing the amount of operator training required.
1 Ease of Maintenanc&here are no cryogenic swivel joints making the system easily maintainable
and allowing quick replacement of bunkering hoses.

=

3-31 Hybrid Cran&Hobra QTS Typical Quay Installati®aurce: HOULDER KLAW LNG
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The main components of the system are the followings:

1: DERS Manifold Assembly

TCS

Safety Breakaway (ERS)

AL

,3
? M Control Umbilical

-

| l l

Bunker hoses

r&-‘- A,

\

Landing Frame

3-32 Hybrid Crane KHobra QT8upling system componentSource: HOULDER KLAW LNG

1 Gas System. With composite flexible cryogenic transfer hose; safety breakaway couplers (Klaw
active ERS valve).

1 Electrical System. All equipment and materials for operation ithe marine environment;
intrinsically safe circuit cables are used; electrical equipment in accordance with ATEX directive.
1 Tensioning and Compasating System. Developed specifically for bunkering applications.

2.- Control and Safety System
3.-Handling Cane
4 .- Additional System Options

The system considered is an equipment used to load LNG to the ship from the storage tank and it can be
used in operations Ship to Ship if it is installed over the vessel ship.

3-1Q Cost per Unit dflybrid Cran&Hobra QTS

Maximum Flow (m3/h)  Diameter (*) 00EAA |~

500 nf/h 6" 1,185,641

1,000 n¥/h 8" 1391,794
#ADAAEOU AOAEI AAT A OATCAOG EOIT T wé O TPO

These are two examples of different Hybrid Crane (loading capacit@® similar tothose consideredin the
loading arms section).
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3.2.4 Truck Station

The loading procedure for LNG road tanks are regulated by the RD 91/2014 of February dadtito be
PDAOAEI O AA ET A 3PAT EOE EIi I OO OAOI ET Al h OEA ' ., OODPDI

PDZT , 1 CEOOEAA A foeldhdging © A& hoinativeiphotocole to third party access in Spanish
LNG import terminals.
To a deeply understanding of how this procedure is performed properly it should be readed:

T OOPAAEAEAAAET 1T AO a@icdhduéidies Ge cibtdrnas gus redlizar8 desbargas de

. ,8 51 EAAA PQ8 3AAECAO *OIEITTPZQ6

T 0001 O1T AT 11T -RARogigMOAMA A BOGBOAOT AG AA ' ., &
As complementary equipment in the auxiliary storage modules for those ports that do not have an import
terminal, these stores will be provided, where appropriate, from an island ®ruck Stationfor LNG tanker

trucks. The truck Staion is the same as exists in the Import Terminals, considering in this case that it can
only service a tanker at the same time.

The charging method will be that of connection by cryogenic hose.
The charge rate of LNG tanks shall be approximately one tgge hour.

TheTruck Stationfor trucks will have a loading capacity of 15 trucks per dayonly one bay

3-33 Loading Station

For the loading of tanker trucks or cotainers, there will be an entrance ofthe cistern delimited by a
structure with the necessary safety measures (fire equipment, cryogenic loading hoses with braalay
devices...)
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3-11 Cost per Unit of Loading Bay for 1 truck

Loading Bay for Trruck 00EAA j
Materials for loading 2,064,667
Rest equipments and materials 785,333
Supervision and inspection 106,666
Engineering and Legalization 285,000
TOTAL PRICE 3,241,666

3.2.5 LandSea Interface

The land sednterface will allow the connectionand safe transfer from the terminal to sea (PTS) and the
reverse: reloading the terminal from a feeder vessel. Modeling cost for such interface is rather difficult as it
highly depends on the existing infrastructure, depth, sea conditions, soil type, etc.

There will be cases where an auxiliary terminal could reuse existing berth infrastructure, required a new
development and there are new alternatives to use floating interfaces to reach anchored vessels.

For the berthing of the boats to be used in the LNIBading procedure, it can be done using three types of
facilities:

1 Berth:
The ships will dock in an existing berth near the auxiliary terminal. This option could be the best choice
to integrate a cargo or passenger terminal with its own dedicated LNa&ixiliary terminal. The land
spaced across the quay could be shared with other port activities, in those cases the piping, safety
perimeter and loading arm should be movable to liberate the space for other operations. An option is
to bury piping for fasterand safer connection. Alternative the berth could become dedicated under a
permanent concession allowing for a fixed superstructure setting.

2-  Jetty:
The ships will dock in a jetty existing (onshore or offshore) which should be adapted to develop the
LNG argo, these new facilities should allow the development of the usual operations of the port, for
this reason all the facilities should be installed in recordable manhole that will allow the connection of
the ships.
On the other hand, the construction of na jetty intended for LNG cargo should be evaluated, these
should be installed in an area that allows easy access to the ships, in addition to having all the facilities
for the proper development of operations (loading arm, mooring load monitoring system, krthing
aid system and an environmental monitoring system., ESD, etc).

3 Jettyless:
This installation has been developed to enable the transfer of LNG from srtallmid-scale carriers to
onshore or floating storage terminals where it is not feasible tooostruct a jetty for mooring the
vessel. This may be because the water is either too shallow for the ship, or too deep for a jetty to be
built. The transfer of LNG takes place using floating hoses. When not in use, the hoses are stored
onshore with a reelsystem. The jettyless represents a low investment and quick installation solution in
situations where the cost of building a jetty is prohibitive.
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3-34. Jettyless LNG. Source: Wartsila

As for the costsassociated with the adequacy or construction of the facilities described, these should be
analyzed for the particularities of the ports where the installation is planned, because the characteristics of
these and the ships that will develop the operationsacise the related costs vary a large degree.

In the Excel spreadsheet, accompanying this document a suggested cost will be provided as a reference to
compare the alternative solutions. The common superstructure cost (piping and loading arm) was allocated
to the auxiliary terminal, leaving this way the lanskea interface costs related only to infrastructure.

Bear in mind that not all alternatives would be available to all ports, and not all alternatives would be viable
based on the expected demand.

3.2.6 Calculation of costs for Auxiliary Terminals

To proceed with the assessment of the most appropriate supply chain model for each scenario, the costs of
implementation of the auxiliary terminals as an alternative system for the storage of LNG, will be explained
before used in the calculation tool.

The costs shown include the storage tank and the units of civil, mechanical and electrical equipment costs
associated with that storage model.

For further assessment, the area of occupancy and the limit marked by the distantsecurity according to
the regulation (UNE 60210 in the storage up to 1,50)mis included in each of the different capacity
scenarios assessed.

The area generated by safety distances required by regulation, will not be consideredaasost of

for security or other distance considerations accordance withPort security regulations.

Prices used for the valuation of vertical andadhnizontal flat bottom tanks are as of September 2017 and

represent the average price from the largest tank manufacturers. These prices should be reviewed

DAOET AEAAT 1 URh OET AA AEAT CAO ET OEA DPOEAA 1 mesOEA OATEGC
Civil works cost for vertical and horizontal pressured tanks, includes the cost of construction of both

foundation basis and walls for the containment cube. The height of the wall will depend on the projected
volume of each tank.

The pressure design considered for the pressured tanks is 5 bar. Regarding the design of the storage tank,
submerged pumps for filling operations wilbe the selected as the best functional option.

The control box for the plant will be placed in buildingonistructed for this propose. This cost, along with

OEA bl AT 660 Al AAOGOEAAI AT A Aii1o6011 Al 6066h xEI T AA ETAI
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The storage tanks will include all the LNG inlet and outlet valves, manifold for safety valves, control
instrumentation and everything necessary for the perfect functioning and operation of the storage
installation.

The study of CAPEX and OPEXill be divided into those assigned to the storage tank and auxiliary
equipment (pumps and insulated piping), those assigne the loading arm and those assigned to the
tanker loading station.

Fivestorage capacities have been considered for the auxiliary terminal$he load capacity (r¥h) of these
terminals will beused as the selection criteridor both the pumping equipmentand the capacity of isolated
pipesneededfor LNGtransport operations.

Capacity and typology of storage considered:

320 nt (Vertical Vacuum Insulated Tank)

1,000 ni (Horizontal Vacuum Insulated Tank)

5 x 1,000 m(Horizontal Vacuum Insulated Tank)
10 x1,000 ni (Horizontal Vacuum Insulated Tank)
5,000 n? (Flat bottom tank)

10,000 ni (Fat bottom tank)

30,000 n? (Flat bottom tank)

3-12 Reference values for sizing Auxiliary Terminals

Pump Capacity (rh Diamet ipe ("
ST G () Typology ump Capacity (nYh) iameter vacuum pipe (")

and number of pumps and pipe length

320 Vertical Tank 20 x (3) 3" x 200 ml
1,000 Horizontal Tank 20 x (4) 3" x 200 ml
5x 1,000 5 x Horizontal Tank 190 x (2) 6" x 400 ml
10 x 1,000 10 x HorizontalTank 190 x (3) 6" x 400 ml
5,000 Flat Bottom Tank 190 x (2) 6" x 400 ml
10,000 Flat Bottom Tank 190 x (3) 6" x 400 ml

30,000 Flat Bottom Tank 440 x (4) 12" x 400 ml

The financial reference terms used to calculate the costs are as shown below:

3-13 Financial Reference Terms

Term amortization  Type interest Residual Value = Useful life (Years)
(years) (%) (% of Capital)
Storage tank 20 4.50 7.00 35
Pump equipment 10 4.50 0.00 12
Piping 5 4.50 0.00 20
Jetty 20 4.50 7.00 30
Loading arm 10 4.50 0.00 20
KHobra QTS 10 4.50 0.00 20
Truck Station 10 4.50 7.00 20

With these financial termscapital costs and investments necessary for each type of Auxiliary Terminal were
calculated. This capital cost will be split in four components: Tank (and associated equipment), Loading
arm, Jetty and Truck Station.

For the calculation of operational cost, the cost of personnel depending on the type of terminal and the
costs associated to insurance and maintenance of the equipment have been considered.
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For the operation of each plant the following personnel has been considered:

Aucxiliary Terminal with320-1,000 ni of storage capacity will count with 6 workers (2 workers in 3
turns). 1 worker will control tank and 1 worker will control the truck station and the loading arm.
Auxiliary Terminal with 5 x 1,000 hof storage capacity will count with 9 workes (3 workers in 3
turns). 2 workers will control tank and truck station and 1 worker will control the loading arm.
Auxiliary Terminal with 10 x 1,000%0f storage capacity will count with 12 workers (4 workers in 3
turns). 3 workers will control tank andruck station and 1 worker will control the loading arm.
Aucxiliary Terminal with 5,006L.0,000 nd of storage capacity will count with 9 workers (3 workers in
3 turns). 2 workers will control tank and truck station and 1 worker will control the loading arm.
Auxiliary Terminal with 30,000 rhof storage capacity will count with 12 workers (4 workers in 3
turns). 3 workers will control tank and truck station and 1 worker will control the jetty.

The cost of personnel will be divided between the loadiagnloading operations of the storage tank,as well
as theoperation of the load arm andthe operations within the load station.

As can be seen in the table of economic analysis of the implantation of auxiliary terminals according to
different types, the fixed operating costs are very high in small plants (326° and 1,000m?®), in plants of
scalable type (5¢ 1,000n? and 10x 1,000n¥) are adjusted to acceptable ratios of investment/fixed operating
cost, while in plants with flat bottom tanks the costs arelevated in those of 5,000riand are adjusted
more in the capacity of 10,000f=and 30,000n?.

This is because when considering in all cases three operating shifts in the terminals to guarantee 24h of
operation, the operating costs are excessive in the smédrminals, while in the terminals of scalable type
and in those that have deposits of flat storage of large capacity, these personnel costs are momeptable
consideringthe investment to be made for the implementation of each terminal.

As it was mentimed in the section "Tank Selection Summary", the occupation surfaces have been
established taking as reference the footprint of the tank and the annexeslirfaces necessary for the
operation of the auxiliary terminal, considering the vials for the circulati of trucks and the surfaces
occupied by the operating equipment of each terminal, including the building of control, racks and
structures for pipes aml cables.In the economic table alsois consideredthe cost of rental of the surface of
the port necessary for the implementation of the auxiliary terminals, the area needed for the loading bay of
tankers trucks.

Costs shown in the table below are annualized costs including the financing and amortization terms defined
above.
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3-14 Breakdown of investment costs by model of Auxiliary Terminal

1x320m X100
Tank storage Volume : m3
Vertical .
(m3) Tank Horizontal
Tank
Occupancy rate for
2,600 2,800
Plant (tank) (m?)
Price for Storage tank,
auxiliary equipment 944,298 3,578,461
AT A AEOEI x
Pump equipment
(mdh) 3x20 4x20
Price pump equipment
., pump equip 259,875 346,500
i HA
100 ml x 3" 100 ml x 3"
Piping pump to ship isolated isolated
pipe pipe
0O0EAA &£ O 0 57,750 57,750
Loading arm (m3/h) 2 x 500 2 x 500
Price for Loading Arm
., 1,896,400 1,896,400
i HA
Occupancy rate for 3.000 3.000
Truck Station (n?) ' '
Price for Truck Station 3241666 | 3.241 666
i £ O = O0006A 7 o
) . 6%34-%. 4 6,399,989 9,120,777

5x 1,000
m3
Horizontal
Tank

14,000

17,892,306

2 x190

731,500

200 ml x 6"
isolated

pipe
308,000
2 x 500

1,896,400

3,000

3,241,666

24,069,872
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10 x 1,000
m3
Horizontal
Tank

28,000

35,784,613

3x190

1,097,250

200 ml x 6"
isolated
pipe
308,000

2 x 1,000

2,407,576

3,000

3,241,666

42,839,105

1 x 5,000

m3
Flat

Bottom
Tank

5,625

8,334,117

2x190

731,500

200 ml x 6"
isolated

pipe
308,000
2 x 500

1,896,400

3,000

3,241,666

14,511,683

CORE LNGas
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1x 10,000 1 x 30,000

m3 ms3
Flat Flat
Bottom Bottom
Tank Tank
7,800 15,800
12,637,058 24,413,529
3x 190 4 x 440
1,097,250 1.925,000
200ml x 6" | 200 ml x 12"
isolated isolated
pipe pipe
308,000 500,500
2 x 1,000 4 x 1,000
2,407,576 4,815,152
3,000 3,000
3,241,666 3,241,666

19,691,550 34,895,847
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3-15 Costs of Auxiliaryerminad
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TOTAL FIXED COSTS

VARIABLE COST
t}atLbD

IM{c¢

MH PN TT

MCH®T N

n

ETmMdPccn coHOAynN

VACUUM INSULATED TANKS FLAT BOTTOM TANKS

320 m3 1000 m3 5 x 1000 m3 10 x 1000 m3 5000m3 10000 m3 30000 m3

OPERATIONAL FIXED COST onpdaod enandricm EpT PHTMM®@®NCcoPyppmy PHpp EPT PT{MO ¥T C Pp
PERSONNEL MTH®PYpIIN MTHDPY|)I A Ep dPHIIAN aenpdchin Ep PPHII A HEp PPH|I A @Enp PcC
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3-35Cost of sedand interface
LAND SEA INTERFACE COST MODEL
Existing not dedicated | Existing dedicated bertf] . . S
berth infraestructure infraestructure Adaption of jetty | Newbuilding jetty Jettyless
OPERATIONAL FIXED COST
INSURANCE - My Znajlnn € myzZnalnn € pnZann e ?
MAINTENANCE - npznjnn € npZAaAnn e€eHHpXZpgNN € ?
T-C - ynznalyn emmnIgnann emmnZIgnn € ?
T-A MCZAnMc € HHZyYylyn € HHXZylyn €
CAPITAL COST - MyMZpnn emymIpnn epnyZgpnn € ?
DEPRECIATION - cnxnlnn € cnzalnn eonnXpnn € ?
FINANCIAL - MHMZPAA EMHMXIpAnN ecnyzfpnn € ?
OTA @) 0 d 0 d
1y b[h!5 /h{¢ WOHe,6 06¢€kdzd
- OZNNNAENNMOXENNNENNRMPENNNZINNN €

As it was previously mentioned, when implementing Auxiliary Terminals, safety distances to different risks
indicated in regulation muste taken in to account. In this case, Norm UNE 60210 for the definition of the
safety distances for storage capacity up to 1,50Cwas used as the normative reference.

Norm UNE 60210 defines the different risks that must beldressed,and the safety disances involved with
these risks, depending on the storage volume. All these safety distances will be met up to a maximum
storage volume of 1,500

In addition, ports will impose their own safety rules and regulations for the storage of combustible swah
LNG. For storage capacities greater than 1,500, nother safety regulations and conditions shall be
considered. In any case, it will always be the port authority who decides on the application of other safety
distances and the assembly of other surveitice and safety devices.

Consideringall the items described above are put together they conform an auxiliary terminal capable of
loading/unloading vessels and trucks, store LNG and provide bunkering via fpo#hip just as bigscale
terminals. Understanding the costs involved in the auwstly terminal is essential for a good analysis of the
final costs involved in every logistic chain, since the final cost per ton of every means of bunkering is going
to be affected by the cost of auxiliary terminal

3-36Auxiliary terminal scheme cos
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3.3 SMALL SCALE LIQUEFACTION PLANTS

Small scale liquefaction plants are used when natural gas is fed from the local pipeline.

3.3.1 Liquefaction process
The steps of the liquefaction process in small scale liquefactiequipment are:

Prior to liquefying the gas, processing and cleaning is needed. For the initial processing of the gas,
pressureswing adsorption technology is used.

The main gas conditioning technologies for LNG are:
Acid gas removal (for H2S, mercaptansié CO2) to prevent downstream corrosion and freezing
and meet product specifications, Dehydrationto prevent downstream freezing

GAS TREATMENT

Condensate CO, Removal Dehydration
Removal

3-37. Gas treatmenPFD. Source: ICC Ingenieros

The cleaning process isritical to avoid dry ice in the system that would otherwise clog up heat
exchangers, pumps and others equipment. For this reason, it is necessary to introduce this process
before the liquefaction and thus ensure the proper functioning of the equipment.

Thefirst cooling sequence is carried out in a regular cooling system. This will bring the natural gas
to a temperature of approx.-50°C.

From the precooling system, the natural gas is led to the colabxes.

From the coldboxes, the now liquefied natural ga (LNG) at a temperature of150°C is sent to
storage tanks on site.

Expansion to accommodate the gas to stoge temperature if its needed

This storage tank allows the distribution of LNG to offite clients.

3.3.2 Smalkscale liquefaction plants
Smaliscaleliquefaction plants are an increasingly attractive complement to large scale LNG infrastructure.

Technological advances have made monetization of small and stranded gas reserves possible in new
locations. This opens the door for business owners and energgmpanies to take advantage of the
growing LNG market.
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Smallscale liquefaction plants presents 2 uses mainly:

1 Production of INGto be transported or used by a vehicle as a fuel
1 Mini liquefaction plants to avoid BOG losses

Like in big-scale liquefaction, there are a few process technologies availabliing the key difference
between them, which refrigerant is used to chill the natural gas. For small and mid scale applications, the
most popular technologies are:

1 Liquefaction with single mixed refrigerant (SMR)

The most popular process for smadicale liquefaction. Presents a low energgonsumption but
could not be suitable for lowand/or unstabledemands

Liquefaction Skid MR Compressar Skid
P o o [Pl g B
: NG/BG PRE-COOLER ! : :
CLEAN | 1] |
NG/BG FROM iz WaVaVaul MR MA b |
L - I
;EEN 'I_'rHEATMENT ' AN J' PRE-COOLER AFTEACOOLER |
] I ]
= AAA ' =
A
| AN | |
i i i
| CAYOGENIC | |
I 1 HEAT ! !
! EXCHANGER . ' !
i SEPARATOR 1 |
I I I
I i I
I ] |
LNG TO ! I [
stonace ] e — e D i ' !
TANK e O ==t Hii i
! PRE-COOLING !
! SYSTEM !
| | —t IXED REFRIGERANT
Precoamg s T TTTTTTTTTTTTTTT T = WATER-GLYCOL

9 Liquefaction with liquid nitrogen
Mainly used to small applications likeediquefaction of BOG in LNG vessels as consumes more
power than the MR cyclewith continuous baseload.

ozt CHOH

With similar capital coststhe key point to choose between this technology would be operative costs.N
solutions offers significant startup time reluctions, wide partialload capabilities and no makep needed
On the other hand MR processes offers more efficiency hutarrow partiaHoad capabilities and large
startup times. So, with less operating hours and unstablitow (BOG reliquefaction , N2 slution is
preferable, but if operation is close to the baseload and continuous MR solutions are more efficient.
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3.3.3 Smaltscale liquefactiortechnology selected

Technical description and main characteristics:

3-16Technical description and main characteristics of sswlle liquefaction

Capacity 147219 TPD

Operation pressure Minimal 11 bar
Manufacturing method Prefabricated in factory
Gas source Pipeline gas

Complete plant, including = Gas pretreatment (CondensateRemoval, CO2 Removdbehydration)
Liguefaction process
Cooling system

Electrical and control systems
Energy consumption Around 347 kWh/mMLNG-and 586.5 kWh/ MLNG

Required surface Around 167 rhand 450 for skid

3-38 Small scalkquefactionplant. Source: Galileo/Cryostar
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3.3.4 Auxiliary installations for liquefaction plants

For the operation of the liquefaction plants, it willbe necessary to install a branch of an existing gas

pipeline near the port, which will supply 8OT OEE O AdpédueeilMd. 08 O

31T A PT OOO 1T AEAAO T £ O#1OA ,.'" AO (EOGAs AT O1 O ET bPOI @E
Iberian Peninsulayhich makes feasible liquefaction system for the generation ports for ship’s LNG supply.

Of the 46 ports corresponding to the study, 12 of these do not have data on gas pipeline/LNG plants in the

zone. However, of the remaining 34 ports, 50% have a neas gipeline, 18% have a plant LNG, 6% have both
supply options and the remaining 6% have no pipeline or plant in the area.

PERCENTAGE OF PORTS WITH GAS DUCT / LNG PLANTS
WITHOUT GAS DUCT

GAS DUCT + LNG 5%
PLANT \
6%
LNG PLANT __———
18%

\GAS DuCT
70%

3-39. Percentage of ports with gas pipeline / LNG plants. Source:Wartsila

In reference to the distances between the port and the point of connection with theigh-pressurepipeline
existing, these are between-16 km, the average distance being 7.3 km. As shown in Ficai38.
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DISTANCES BETWEEN THE PORT AND EXISTING GAS PIPELINE
@Q»at\v-\w\\e-&@(90(,0(}?/\%®v<§\1§\@®\40%,\0\y\\\?e\r(}v\b <° q,ov-v
FESFFFISITEE ST ERFF SN S \0 N
T R IE S F W TFFTEF T E S S vw S
3 ‘Fg{\ 4\"\? & (yé\ WS S “’«v}@ R Q«,“\
&v.

mmmm km port to gas duct e KM Average

3-40. Distances between the port and existing gas pipeline. Source: ICC Ingenieros

In ports that have LNG plants, the distances between ports and plaaig around 0.57 km, and on average,
they are 2.3 km. As shown in the Figure2 Distances between the port and the existing LNG plant.

8,00

7,00

6,00

5,00

4,00

3,00

2,00

1,00

0,00

DISTANCES BETWEEN THE PORT AND EXISTING LNG PLANT

BILBAO FERROL GUON BARCELONA CARTAGENA HUELVA SAGUNTO SINES

mmm km port to LNG Plant — KM AVerage

341 Distances between the port and existing LNG plant. Sourcend€aeros

To estimate the pipe diameter that would connect the existing pipelines with the new LNG plants, a series
of parameters were established to observe the behaviour of the gas when transported to these new points
of consumption under different condtions, these parameters are shown below:

LNG Consumptions: 2,060000,000 TPA LNG
Gas duct length: 1/20 Km
Operation pressure: 16 Bar / 50 Bar or 16 / 60 Bar
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Consideringthe required LNG flow rates, the necessary calculations were developed to determine th
diameter of the pipes required in each typical case of operation and the lengths established for the study.
The pipe sizes obtained are presented below in Tabl22Characteristics of the pipes

3-17Charateristics of the pipes. Source: ICC Ingenieros

q Outside Thickness .
Diameter Qut5|de Inside Steel

_ diameter Diameter diameter

(inch) (Inch) () 16bar 60 bar (Inch) ALk
2" 2 3/8 63.5 3.6 3.6 2.21 B
3" 3.5 88.9 3.6 3.6 3.2 B
4 4.5 114.3 3.6 3.6 4.2 B
6 6.62 168.14 4 4 6.3 B
8 8.62 218.95 4 4.8 8.3 B

For constructive reasons pipes with a diameter inferior to 4 inches are discarded.

3.3.5 Cost calculation for liquefaction plant and auxiliary installations

3.3.5.1 Liquefaction plant

Prices obtained from the manufactures has been considered in these calculations. The installation cost
shown includes an upgraded plant, liquefaction plant and loading system using data from Criobox 600
equipment manufactured by Galileo with 14 TPD capgcf{as a minimum production) and Starlite LNG XL
manufactured by Cryostar with 219 TPD capacity (as a minimum production).

3-18Liquefaction plant cost and surface. Source: ICC Ingenieros

Equipment Capacity Capacity CAPEX Occupation surface
(ton/day) (m3/day) base (m2)
CRYOBOX 600 14.64 34.12 'H ®hYX 167
STARLITE LNG X 219 511.01 H YT hy 600
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As for OPEX data below are presented for the 2 types of plants studied.
3-19Liquefaction plant operation cost. Source: ICC Ingenieros
Capacity Capacity / 0%8 | HXIi Y(Q
Equipment (ton/day) (m%/day)
Personnel Manteniance+spares = Electricity

CRYOBOX 600 14.64 34.12 15.74 8.00 28.24
STARLITE LNG X 219 511.01 3.37 4.36 46.48

For operating costs, the required staff (2 operators for the CRYOBOX / 4 Operator for Starlite LNG XL),
supplies, consumables (Spare) and electricity requiréd produce LNG wasconsidered All costs will be
reflected in the econonic model for the evaluation of supply chains.

For the calculation of the electricity costs, the costs of the installed capacity warensideredas well as the
cost of the energy consumedonsideringthe tariffs for the large industries of the Spanish market.

It was assumed the energy consumption o& liquefaction skid for the operation of 1 day, which will
require a contracted power of 700 KWconsideringthe value of contracted power and energy argariable
depending on the time, there for a time analysis was developed which allows to know the average annual

value of each one of these tariffs, obtainind EA OA1 OA 1T £ OGEA AT 1 OOAABGAA bPi xAO
kW/day, while the energy reaches the 0.0717 E 7 E 8

3.3.5.2 Auxiliary installations
$AO0OA OOAA ET OEA AAI AOI AGETT T &£ 66 O1T 18868 AT A X O =
existing gas pipelines and the liquefaction plant to be installed in the port areas, was obtained from Spanish

manufacturers historical market prices from the past 10 years. These prices, combined with the following
costs, conform the price of the linear meter of completed gas pipeline:

Supplies: Pipeline, Pipe coating, fittings, valves, equipment and components.
Construction and assembly:
Pipeline
Complementary facilities
Communications
Land:
Permanent easement
Temporary occupation
Crops
Supply and manufacture of measuring station
Engineering (Project)
Supervision of the work

Average crop prices have been used faalculating the costs of land management among the different
types of crop (rained, irrigated, fruit, vines, bush).

For the calculation of construction costs, prices have been applied for pipes between 4 and 8 inches of
diameter, defining the unit priceli H¥ 1 1 8

As for the complementary facilities, corresponding to the new pipeline, the prices have been taken for the
design with HOFTAP loadin connection, main sectionalizing valve, venting bgass and starup.
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The costs related to the communications syam, F.O cable and the F.O tubing were included as well.

The price of pipe transportation refers to tubes of 4"and 8" for lengths between factory and work site up
to 500 km.

3-20Characteristics of the pipes. Source: ICC Ingenieros

Diameter (Inch) HT I 1
4 153
6 180
8 214
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LIQUEFACTION EQUIPAMENT COST MODEL
CRYOBOX 600 STARLITE LNG XL
14,64 TON/DAY 43,92 TON/DAY 73,20 TON/DAY 102,48 TON/DAY 219 TON/DAY
(34,126 Mm3/DAY) | (102,39 Mm3/DAY) | (170,65 M3/DAY) | (238,91 M3/DAY) (511 Mm3/DAY)
OPERATIOMNAL FIXED COST 188.200 £ 5641.808 € 041.496 € 1.318.004 € B0A.852 €
PERSOMNMNAL+MANTENIANCE+SPARE 186.389 € 559.166 € 931.944 € 1.304.721 € 597.988 €
COccupancy fee (T-C) £/m2 yearly 1.910 € 5.731 € 9.552 € 13.373 € 5.864 €
CAPITAL COST ApA.0006 € 1.148.093 € 1.832.181 € 2.516.268 € 2.852.712 €
LIQUEFACTION 342.043,73 € 1.026.131 € 1.710.219 € 2.394.300 € 2.730.750 €
LIQUEFACTION EQUIPAMEMNT 307.881€ 923.042 € 1.539.403 € 2.155.165 € 1.888.061 €
DEPRECIATIOMN 191.250 € 573.750 € 956.250 € 1.338.750 € 1.172.830 €
FIMNAMNCLAL 116.631 € 349.892 € 583.153 € 816.415 € 715.231 €
INSTALLATION 34.163 € 102.489 € 170.815 € 239.141 € B842.689 €
DEPRECIATION 22.500€ 67.500 € 112.500 € 157.500 € 555,000 €
FINAMNCLAL 11.663 € 34989 € 58.315 € 81.641 € 287.689 €
GASDUCT (10 KM LENGTH) 121.962,15% € 121.962 € 121.962 € 121.962 € 121.962 €
GASDUCT PIFPELINE 121.962 € 121.962 € 121.962 € 121.962 € 121.962 €
DEPRECIATION B0.325 € B0.325 € B0.325 € 80.325 € 80.325 €
FIMAMNCLAL A1.637 € A1.637 € A1.637 € A1.637 € A1.637 €

TOTAL FIXED COSTS 852.305 € 1.712.991 € 2.773.67T7 € 3.834.363 € 3.457.564 €

VARIABLE COST

23,24 € 29,35 € 31,53 € 33,15 € 45,43 €

MARGIN (%) 15% 15% 15% 15% 15%
CAPACITY (m3/year) (1 year= 347 operation days) 11.841,72 35.525,17 50.208,61 82.892,05 177.317,00
OCCUPAMNCY AREA 167,00 501 835 1.169 600

INVESTMENT 6.556.500,00€ |  16.456.500,00€ | 26.356.500,00€ |  36.256.500,00 € | 40.302.500,00 € |

REGULATED FEES AND OTHER COSTS
FEE Units Cost
Occupancy fee (T-C) £/m2 yearly 11,44 €|

1 the costs presented correspond to upgraded plant, liquefaction plant, loading system and 10 km gas duct, not including stotagknow the costs related
to storage see the document section 3.2.5 Calculation of costs for Auxiliary Terminals

2- The CRYOBOX equipment can increase the capacity linearly scalable, however this scalability is no longer economically theenpiehi a large number of
equipment as observed intie cost model and it is recommended to go to equipment such as the Starline LNG.
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4 MEANS OF TRANSPORT

4.1 TRANSPORBY ROAD

4.1.1 Tanker Truck

There are two alternatives for the distribution of LNG by tanker trucks. A fleet of distribution through
cisterns with polyurethane insulation or through vacuum insulated tanks.

For each alternative, there are many suppliers with very similar characteristics and methods of
manufacturing. In this section, reference will be made to the characteristics of one of these mantiiaers
for both alternatives.

Although the amount of product transported is similar in both types of tank, the difference between them
is that in the vacuum insulationtemperature losses are much lower and therefore the amount of product
lost by the boiloff effect is almost negligible.

It has beenconsidered in the descriptive part both formats of transportation tanker trucks since now the
main companies of the sector of the transport use both type in the fleets that maintains operative for the
transport of LNG. However, according to European Application Regulations, the manufacture of transport
tanks with polyurethane insulation is no longer allowed, and these regulations must be complied with and
therefore the manufacture of cisterns with vacuum insulén for the replacement of the current fleets.
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4-1 Polyurethane insulation tanker truck. Source: Lapesa

Product to transport

Standard

Nominal total volume

Type
Dimensions

Weight tare
Truck considered

Product capacity

Maximum pressure service

Design temperature

Isolation
Security valves
Vessel material
Pumping system

Security systems

LNG

ADR /TPED/DOT /M
56,500 |
Semitrailer

Inner / Outer diameter: 2,340 / 2,600 mr
Total length: 14,040 mm
11,050 + 100 K

7,000 kg

21,000 kg

7 bar

-196°C

Polyurethane(130 mm)
According to code
Stainless steel

Load / unload by LNG pum|

Pressure relief system
Manual venting circuit
Hoses purge system
Earthing point
Maximum filling
Emergency stops

Security system in case of overturned Depressurization system in case of overturne

4-2. Vacuum insulation tanker truck. Source: Lapesa

Product to transport
Standard

Nominal total volume
Type

Dimensions

Weight tare

Truck considered

Product capacity

Total weight of the vehicle
Maximum pressure service
Design temperature

Isolation

LNG

ADR/TPED /DOT/IM
57,000 |

Semitrailer

Inner / Outer diameter: 2,340 / 2,600 mr
Total length: 14,000 mm
15,400 Kg

7,000 kg
21,600 kg
44,000 kg

7 bar
-190°C

Double wall with intermediate glass beads an

vacuum insulation
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Security valves

According to code
Vessel material Inner container Stainless steel 1.43(

Outer carbon steel with rénforcements for

vacuum
Pumping system Load / unload by LNG pumj
Security systems Pressure relief system

Manual venting circuit

Hoses purge system
Earthing point
Maximum filling

Emergency stops

Security system in case of overturned  Depressurization system in case of overturne

o

4-1 Truck for LNGSourceLapesa

The cost of the supply of LNG through LNG tankiuck will depend on the distance from the point of
charge to the port. It will beanalysedin the section of Means of bunkering.

In this section it will be consideredthe cost of the tanker truck (CAPEX). These costs will depend on the
storage volume. There have been considered only the volume of storage of Z{gaometric capacity):

4-3. Cost oftanker truck

Type of tanker truck Cost

Tankertruck with vacuum isolation 250,000'H

Tankertruck with polyurethane isolation Not considered

The storage volume of the tank is 57h{in other manufacturers 56 m, or quantities in that environment)
because considering the ADR Regulation for the circulation of dangerous goods, a cistern with this

geometric capacity can optimize the amount of LNG transportedonsidering the maximum weght in
circulation (including tanker truck and loadmust be 40T.
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As an alternative means to the tanker truck for the supply of LNG via road is iB®&container (with tractor

head).

It is an alternativeoption for supplying containers withvacuum insulation and similar characteristics to

tanks carrying LNG.

This study will cover two possibilities about the supply of LNG Containers:

20feet LNG Container
40-feet LNG Container

4-4. Vacuuminsulation container 20feet. Source: Chart

Type
Product to transport
Total nominal Volume
Empty weight
Maximum weight full
Type of insulation

External dimensions

Pressure

Working temperature
Inner body

Outer body

Container ISO 1AA 20 feet

LNG

20,330 |

6,830 kg

16,000 kg

Super insulation + Vacuun

Length 6,058 mm

Width 2,438 mm

Height 2,591 mm

Test pressure: 10.40 Kg/cir
Working pressure: 7.00 Kg/ctn
-160°C

Stainless steel

Carbon steel

4-2. 20feet LNG container Source Chart
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4-5. Vacuum insulation container 4fet. Source: Chart

Type Container ISO 1AA 40 feet
Product to transport LNG
Total nominal Volume 43,435 |
Empty weight 11,450 kg
Maximum weight full 34,000 kg
Type of insulation Super insulation + Vacuun
External dimensions Length 12,192 mn

Width 2,438 mm
Height 2,591 mm

Pressure Test pressure: 10.40 Kg/cir

Working pressure: 7.00 Kg/cf

Working temperature -160°C
Inner body Stainlesssteel
Outer body Carbon steel

[ JilS]
(gmm amum AR
i It

4-3. 40feet LNG container. Source Chart

The storage capacity of the containers of LNG will depend on the capacity of gerage tank of the ship
where the container is destinedUsually and to minimize costs, the containers transported will be fget.

When evaluation the cost of roadransported LNG container supply chain, the cost of the LNG container
unit must be considered. As an added cost, it is necessary to consider the rental of the transport truck and
the driver. If the destination of the container would be the storage in port, it should be considered the

associated costs of the human and auxiliary means foainsportation until the final storage.

4-6. Cost of container for LNG

Type of LNG container Cost
20 feet container I ©oh W]
40 feet container SYQht
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4.2 TRANSPORT BY SEA

Spain and Portugal have a large network of LNG import terminals, storage and regasification plants and,
due to the expected demand for LNG as marine fuel, a new network of auxiliary terminals of smaller size
will be proposed in some of the ports that are grt of the study.

Large LNG vessels cannot be considered for LNG bunkering service for several reasons: size of the vessel
would require much larger docking infrastructure and very expensive port services, and large vessels are
designed to navigate at fulload or laden to avoid sloshing.

Small scale vessels will be required for the supply of these auxiliary terminals. At present, there are some
smallscaleLNG dedicated transport vessel ioperation, but they only do in two specific regions: Japan and
Norway. The small scale and shale gas market development is changing thissamallscaleLNG carriers are
being developed all over the world. Besides, new engineering designs add features to vessaaildti-gas
transportation or bunkering capability, improving the range of services provided by the vessel and allowing
to pay off the asset should thesmallscaleLNG business did not grow as expected.

Paying attention to in service and order vessels femall scale LNG transport, it could be clearly identified
four main groups of vessels:

1 Small coaster LNG carriersUsually, vessels with capacities up to 4,000 *ndedicated to
distributing LNG to small auxiliary plants out of the grid lik8hinju Maru No,lin service since
2003 for the coastal area of Japan ®tioneer Knutserin Norway in service since 2004.

1 Medium coaster LNG carriersvessels with capacities up to 40,000 fdedicated todistributing
LNG to medium scale LNG plants or hubs where LNG igritigted again to small scale plants.
The most know vessel off this category is th€oral Energyhat serves LNG to Swedish terminals
from big scale terminals in ARA zone or Spain.

1 Multi-gas carrier: Medium scale LNG vessels capable of transport LNG, ethashale gas,
liquefied petroleum gas and other byroducts like Dragon class ships from Ineosr Norgas 6
vessels chartered to Skaugen

1 Bunkering vessels:Vessels with capacities from 5,000 hable to provide a wide range of
services to small scale LNQusiness like LNG coastal or deega distribution, bunkering and
even as floating storage unit (FSU). This vessel category is in early development and nowadays
just have three units in serviceEngie ZeebruggeCardissaand Coralius.This kind of vessels i
be further analysed in chapter 5.2.3.

2 http://www.skaugen.com/our-fleet/

WP1.LNG BUNKERING SOLUTIONS CHARACTERIZATION 79



T CORE LNGas
 hive

4.2.1 Small coaster LNG carriers

Japan and Norway are two countries where an extended gas grid is not possible due to mountainous
terrain and remoteness, so Japan has 33 LNG import terminals and roughly 100 satplitgs supplied by

road tanks, small LNG carriers and ISO tank containers provide LNG to a wide range of customers. Norway
have liquefaction and regasification plants, so the coastal distribution is quite important to allocate the
natural gas where demandequires.

Japan has % 2,500 ni and 1x 3,500 ni dedicated vessels to this purpose, each of them can deliver up to
200,000 n? of LNG a year based on two round trips a week, and Norway has11100 rifor satellite plants
distribution.

* AD AT 6darriers of 2,500 rhare Shinju Maru NO.1, Shinju Maru NO.2, Kakurei Maru, Kakuyu Maru and
North Pioneerand the 3,500 mvessel isAkebono MaruThe LNG technology for these vessels is supplied by
shipyards Hyundai, and the hull works was order tbree different local shipyards.

The main characteristics of Shinju Maru No.1 &re

Built Age: 2003 Gross tonnage 1,781 GT

Length over all:86.29 m Nominal Speed 15 kn

Length between perpendiculars:- Storage capacity 2x 1,250 m3 LNG
Beam:15 m Pumping capacity 4x 300 m¥/h
Draft: 4.2 m Engine 1x 2,206kW (8 t/d HFO)
Depth: 7 m Bow thruster

Deadweight: 2,930ton Fuel:HFO/MDO

Although the rest of 2,500 mJapanese vessels have been released up to 2013, the main technical
characteristics are quitesimilar to Shinju Maru No1

4-4. Shinju Maru no.. Source: Marine traffic

3 http://opac.vimaru.edu.vn/edata/EJournal/Significant%20Ships/Significant%20ships%202003. pdf
4 https://www.classnk.or.jp/register/regships/one_dsp.aspx?imo=9433884
https://www.classnk.or.jp/register/regships/one_dsp.aspx?imo=9469235
https://www.classnk.or.jp/register/regships/one_dsp.aspx?imo=9317200
https://www.classnk.or.jp/register/regships/one_dsp.aspx?imo=9554729
https://www.classnk.or.jp/register/regships/one_dsp.aspx?imo=9317200
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Norway 1100 nivessel is called Pioneer Knutsen and its main technical data

Built Age: 2004 Deadweight: 817 ton

Length over all:69 m Nominal Speed 14 kn

Length between perpendicular: - Storage capacity 2x 550 m3 LNG

Beam:11.8 m Pumping capacity 4x 50 m¥/h

Draft: 3.5 m Engine 2 x 910 kW LNG + 2 x 640 }

Depth: 7 m Diesel

Gross tonnage 1,687 GT Fuel:DuatFuel

These vessels are not considered as a type of vessel for further analysis in this study because nowadays

market is demanding vessels capable of offer a wider range of small scale services and combabilities, for

this reason described vessels in chapter 5fi2 better the ships models required for this study and only for

OET OA A AAOGAEI AA AT AT UOGEO 1T &£ AT i bPi1TAT 066 AT OO0 xEI 1T AA

4.2.2 Medium coaster LNG carriers

There are some medium size LNG carriers operating nowadays around the world, mainly in Asiathsg
Asian vessels built between 1993 and 2007 have been designed and are used to transport LNG from
production spots like Russia and Southeast Asia to import terminals in Japan. As these vessels were not
designed for partial loadings and coastal multipldistribution, they are not of really interest for this study.
LNG dedicated vessel for distribution between big LNG import terminals to LNG satellite plants are still on
development to adapt to new bunkering and distribution market. Currently there are twmodern vessels
already in the market, Coral Energy and Hai Yang Shi You 301 equipped witkslastiing tanks and
required equipment for optimal LNG small scale distribution.

Coral Energy main characteristics &re

Built Age: 2012 Gross tonnage 13,500 GT

Length over all:155 m Nominal Speed 16 kn

Length between perpendiculars:147 m Storage capacity 3x 5,200 m3 LNG Type C
Beam:22.7 m Pumping capacity 6x 270 n¥/h

Draft: 4.2 m Main Engine 1x 7,800kW

Depth: 15 m Auxiliary Engine 2x 1,056 kW
Deadweight: 12,260 t Bow thruster

Fuel:DualFuel

5 https://ec.europa.eu/energy/intelligent/projects/sites/iee
projects/files/projects/documents/magalog_Ing_supply_chain.pdf
6 http://www.tge -marine.com/files/datenblatt 15600 cbm__Ing_carrier_coral_energy.pdf
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Hai Yang Shi You 301 main characteristics are:
Built Age: 2015 Depth: 4.7 m
Length over all:184.7 m Deadweight 16,405 t
Length between perpendiculars:-m Gross tonnage 25,309 GT
Beam:28.1 m Nominal Speed 16.5%n
Draft: -m Storage capacity 4x 7,500 m3 LNG Type C

Hai Yang Shi You 301 has been leased to work as a FSU in Indemsidne planned FSU is built, so it is not
involved nowadays in LNG distribution, but Coral Energy whether it is used to distribute LNG from big
import terminals to medium scale terminals in Sweden or Norway. Coral Energy is chartered by SkanGas to
Antonhy Veder, the owner company and has successfully realisetbads from big import terminals, FRSU
and medium scale import terminals proving the great flexibility of this vessels to operate in every point of
the logistic chain. Given the great success ofishkind of vessel, Anthony Veder and Skangas has already
placed another charter agreement for the vessel EnerglCE, now in construction and expected to be
delivered in QR018, with a capacity of 18,0003 and state-of-art technology whose investment costs
estimated in a range of 7@00,000'H O,000,0D8'H

458 - JAE ®AT ¢ 3 EE 9ak &FSD.®ourcét CNDODOA OET C

4.2.3 Multi-gas carriers

Fuels and petrochemical markets have evolved deeply in the laétyzars developing a more integrated
business and setting up new production and exploration technologies like shaks. Integrated business
implies bigger refineries close to production centres, this increases the number and quantity of final
products shpped by sea to final customers.

As create dedicated vessels for every petrochemical product would not be ceffective, companies in the
market have worked in develop multproduct solutions that increase the trade flexibility and make easier
to adapt market changings.

7 http://www.nationaallngplatform.nl/wp -content/uploads/2016/03/2016315Anthony-Veder.pdf
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Multi-gas carriers for LNG transport have been developed for more than a decade, firstly driven by high oil
prices and lastly by the shale gas business rise.

Nowadays, multigas carriers are profitable trading shale gas bproducts or being used in conventional
LPG distribution chains, but when demand for mediurmscale LNG transport vessel will rise, this kind of
vessel will be an early available and costffective solution for LNG market.

There are not a large fleet of this kind of vessels and it is mainly controlledtnge companies:

f Evergas (All vessels chartered to INEOS companyy 2,500 nion service and 4« 32,000 n?
planned

f  Skaugen (All vessels chartered to NorGas)x 40,000 ni+ 2x 12,000 mon service

1 Anthony Veder: 1x 6,500 f 1x 7,551 n

Evergas has developed the biggest fleet of multi gas carriers, designimgp different class of vessels
Dragon class and Ineos Max, thi 8 and 4 vessels each one. Téevessels charteredo INEOS for 15 yedts
will transport ethane (product of shale ga¥ from USA to Europe market but, it can keep 2 different
products in its tanks so it could import natural gas too vile USA planned liquefaction plants are on service.
Besides,it is planned that four of the Dragon class will be in LNG distribution as soon as the latdreos
Max vessels will be available to transport ethane from USAThese Evergas vessels can transport natural
gas, ethylene, ethane, propylene, propane, DME, VCM listiane, butane and butadiene. Moreoverthey
are capable of use ethane, natural gas or MDO/HFO as fuel using the-tfbiproduced inside the cargo
tanks andtheir main characteristics are:

Built Age: 201522017 Gross tonnage 22,887 GT

Length over alt 180.3 m Nominal Speed 16 kn

Length between perpendicubrs:170.8 m Storage capacity 27,566 m3 LNG Type C
Beam:26.6 m Main Engine 2x 5,850kW Wartsila 6L50DF
Draft: 9.4 m Auxiliary Engine:2x 2,112 kW Wartsila 20DF
Depth: 14.8 m Bow thruster

Deadweight: 20,918 t Fuel: Trifuel

468 -716 O0*3 )T AT O )1 OPEOAOGEITd68 31 O0OA.

8 http://www.motorship.com/news101/shipsand-shipyards/versatiletankers-for -atlantic-ethane-traffic
9 http://www.Ingworldshipping.com/news/view,evergas irst -off -the-mark-with -ethane-carriers_44105.htm
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Norgasfleet with smaller vessels is allocated nowadays in Asian spot markets trading LPG and LNG, but has
signed a #ear charter deal fothree vessels with @ African electric company’, soNorgas company has 2 x
10,000 mMand 1x 12,000 mavailable to be chatered to LNG small scale distribution or FSU.

'TOETTU 6AAAAOEO 1 O1I OE C AvesseEithd Botal Methand\dnd aB6|5@dssel, £ A Qh X X
the Coral Anthelia. The Coral Methane was the first multi gas carrier built in the world and entereservice

in 2009, chartered 15 years by Gasnor AS is dedicated to LNG small scale distribution in northwest Europe,

being able to load LNG in different import terminals around Europe, according to availability and fuel prices.

Nowadays Coral Methane wil be retroffited to provide bunkering services tooll Coral Anthelia, is also

chartered but in shortterm -three years by New Fortress Energy, a company in charge of supply LNG to

* Al AEAA 0OAI EA 3AO0EAABO " i COykar yfemdnOfor Blpdlyl LAG fromEA AAAI
Golar Artic(a big FSU moored at Jamaigdo the Bogue power plant.

4.2.4 Bunkeringvessels

Refer toparagraph5.2.1

101.M Skaugen SE 1Q report 2017
1ihttp://www.Ingworldn ews.com/shellanthony-veder-to-convert-coral-methanelng-carrier-to-bunker-vessel/
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5 MEANS OF LNG BUNKERING

The definition of LNG bunkering is the transfer of LNG to vessels requiring LNG as a fuel from an external
storage. There are three main different LNG bunkering s@ios:

Truckto-Ship (TTS)is a micro bunkering, discharging unit is a LNG road tanker size approximately
below 56 m?®

Shipto-Ship (ST discharging unit is a bunker vessel or barge bellow to Q@0 m3

Terminal (Pipelineto-Ship (PTS)satellite termiral bunkering serves as a discharging unit and supply
size is approximately 1080,000 m3

PTS and TTS are the most established bunkering scenarios used to date and they are both classified as
onshore supply.

It is very important to establish a standard conection between Truck & Ship, Ship & Shore or between
Ship & Ship.

For the bunkering solution, a connection is made between the LNG supplier and the receiver by means of a
cryogentresistant hose. The pipes are pi#ushed with nitrogen to remove oxygen andhe moisture. Then

the pipes and fittings are precooled by LNG. Only when the pipe is cold enough, LNG will be pumped.
Pumping will be achieved either by increasing the LNG tank vapour pressure or using the special cryogenic
LNG pump. The loading pressuseill be about 7 bar.

General stepsfor bunkering are:

Initial pre-cooling

Connection of bunker hose
Inerting the connection system
Checking ESD system function
Purging the connection system
Filling sequence

Liquid line stripping

Liquid line inerting
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5.1 TRUCK TO SHIP (CONTAINER TO SHIP)

Among the various methods of import bunkering of LNGfuelled ships, Trucko-Ship (TTS) transfer is

currently most frequently used. With TTS, the LNG truck is connected to the ship on the quayside, generally
usingaflexAl A ET OA8 4EEO EO O1I AAUBO OEA 110060 xEAAIT U OOAA
demand in combination with the lack of infrastructure and the relatively low investment costs. For these

reasons, truckto-ship bunkering is a good interim soluth for LNG bunkering.

One of the main advantages of trucko-ship bunkering is the limited investment costs for operators. The
trucks can also be used for LNG distribution for other purposes.

The main drawback of LNG bunkering by means of TTS bunkering lémge consumers is the limited
capacity of trucks: approximately 280 n?¥, than only can be filled up to 85% of their capacit¥his
bunkering method is only suitable for bunkering quantities up to 30 tonnes and is therefore only suited to
smallersized INGfuelled vessels. Because of the limited flow rate, bunkering takes about an hour (around
1.000 I/min). The presence of truck and bunker processes also impacts other quayside activities like cargo
and passenger handling. Furthermore, a road connectiontivithe preferred bunkering position is required,

and local safety requirements need to be met, as with any bunker operation.

SUPPLY CHAIN FROM TANKER
TRUCK OR CONTAINER TO SHIP

TANKER TRUCK
LNG LOAD TO — e 5
‘_SH'P IMPORT
TERMINAL/ALTERNATIVE
STORAGE

LNG LOAD TO
TRUCK

LNG LOAD TO
SHIP

h

MULTI DISCHARGE

LNG LOAD TO 48
SHIP

h ®

N7 =

51 TTS Process diagrai®upply Chain

For capacity reasons, trucko-ship bunkeing is most suitable for smaller LN@ielled vessels with limited
bunker volumes, like tugboats, inland vessels, coastguard vessels and smaller passenger vessels. The
suitability of truckto-ship transfer may also be influenced by restrictions on simuleous cargo and
passenger transfer.

Conventional bunkering (MGO/MDO, HFO) from trucks is commonly performed today in Spanish and
Portuguese ports. The Royal Decree 958/2002 regulates the authorization of such practices in Spanish
ports. In article 5, the decree mandates Port Authorities taablish in each port the allowed location, vessel
types, and safety requirements of operations and operators. Port Authorities become then responsible of
these authorizations without prejudice of competences of other competent authorities. Furthermore, ¢h
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terms and conditions for operators to perform bunkering activity in the ports, should be publicly regulated
under the specification of the commercial service.

Is in these specifications Wwere the requisites for truck to ship bunkering operations are del@ped port by
port. In general terms the three main conditions required for truck to ship bunkering are the following:

1 Establish a safety perimeter. Assure regular loading and unloading of the vessel do not interfere
with the bunkering operation, and avoictargo being lifted over the safety perimeter.

1 Forbid bunkering operations simultaneous to loading or unloading hazardous materials (or under
other situations (ship repair, etc.) with potential risk conditions.

1 Use of approved equipment and operational pieedures at all time

None of the analysed specifications make specific distinctions between freight and passenger operations,
both subject to the overall risk assessment required to perform bunkering operations.

Certain port authorities, such as Valencia Baleares explicitly restrict bunkering operations to one truck at
the time, not allowing MTTS operations, and stablishing safety distances among unloading and waiting
trucks.

5.1.1 Manifolds for multiple loads (Multi truck to ship)

Manifolds for multiple loadsare used for the connection of several LNG transport trucks so the way out of
the mouth of loading of the ship is unique. They are formed by a line that acts as the discharge manifold of
the trucks with multiple entries for the coupling of discharge hosefsom the trucks and through an exit
that will connect the charging hose to the Bunker Station of the boat.

The manifoldconsidered in this studydoes not have charge pump. The pumps used for the transfer of LNG
are the trucks ones but exists alternative slutions in the market with pumping, BOG handling and other
capabilities

When system of bunkering to use is the-§ and for a volume of LNG required by the ship of several LNG
tanker trucks manifolds can be used.

It is necessary and very important to corser the occupation surface of tanker trucks when they connect
to the manifold and download at the same time.

When the multiple discharge manifold is used with several tanks at the same timegitds to be considered
that the amount of fuel gas containedn these tanks may exceed 50Tm. Each tanker has a limitation of
40Tm in load (including the weight of the tanker truck itself) which implies an effective limitation of
approximately 20Tm of s fuelgas (depending on the type of tank and the type of truck)SEVESO III
Directive, Transposed by Royal Decree 840/2015 does not apply to transport and bunkering operations.
Neverthelesswhen the quantity exceeds50 Tm, some of the obligations indicated in that normative can be
applied to the supplier, as could be to have a proper assurance system of quality management and
procedures for emergency purposes indicated there

In addition, it will always be necessario consider that the final permission after a risk analysis of the
security measures will be regulated by eaébort Authority.
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5-2. Use of manifold for multiple loads

5.1.2 Centrifugal pump skid

When the pumps installed in the trucks do not have the capacity to undertake the bunkering to the valves,
a booster pump must be used

In these situations, there must be considered the need of using centrifugal pumps with cold head to
overcome the loss ofload that will occur as result of the difference of pressure between the output of the
truck and the inlet of the tank

The pumps to be used shall be fitted in skid for connection to the truck. Between the output of the pump
and the entrance toO E A O Aénito/d ilduse a flexible hose.

It will be necessary to calculate the distance between the truck and storage tank to choose a suitable pump
in each case. Centrifugal pumps can work in a range of flows and with differéetad, according to their
charactristical curve

5.1.3 Hoses for Truco-Ship Bunkering

The hoses used for handling LNG and vapour shall be specially designed and constructed for the products
with a storage temperature ofz 196° C.

All hose strings must have sufficient length to avoid owstressing and chafing during the bunkering
process. To determine the correct hose length, ships relative freeboard changes and movements must be
taken into consideration. The hose size depends on the maximum amount of fuel to be transferred in a
defined time frame.

The hoses shall be handled with great care both during transportation and bunker operations. It is
important to keep the hosesprotected from air and humidityduring transportation and to support properly
when lifting to avoid damage by kinking. T& minimum bending radius (MBR) for each hose must be
observed.

WP1.LNG BUNKERING SOLUTIONS CHARACTERIZATION 88



CORE LNGas
hive

The hose connections should be drip free and preferably quictnnect coupling to have a safe and fast
connection/disconnection procedure. This type of coupling has two handles to lift, presglaotate to lock

position and is designed for the fuel temperature both for functional and operational reasons.

There shall be a breakway (dryA OAAEQ AT OPI ET ¢ 11 AAAE ,.' EIT OAh Pl AAAA
to ensure that hoses do not break ircase of extreme movement or emergency. The function of this

coupling is to be the weakest part of the chain and to break off if forces exceed the limits. Inside the

coupling, there are two quickclosing shutoff valves, which immediately close and prohitlieakage.

5.1.4 Bunker Station (Receiving ship)
The bunker station on the receiving ship is preferably located on a lower deck along a flat section.

The layout of the bunker station should be new standardized with placement of manifolds and size/type of
connections to make the bunkering operation quick and safe.

There shall not be any sharp edges in the hose handling area. If the receiving vessel hé®ama traffic
near the bunker station, there should be reinforcements buiin to protect the equipment from traffic
impact.

The bunker stations may have one or two hose LNG bunkering system. Two pipelines (depending of the
used systems) connect the bunker stations with the LNG tanks. One pipeline is for the liquid LNG, which is
partly routed in a vacuum isulated pipe. Another pipeline is for the gas return, which is used when
bunkering with 2 hoses. Occasionally it only exists one pipe for the LNG charge and there is not line for gas
return.

5.1.5 Personnel Transfers

Due to safety reasons, it is necessary to amuwith the driver of the truck and in addition one specialist
unloader, managing the valves of the truck. In the bunker station in the ship there will be one specialist and
one person of the crew of the shipSometimes will be necessary to count with morpeople as a security
staff of the port.

5.1.6 Process of bunkering Trudio-Ship

The bunkering process starts with the connection of the communication link (optional) between the truck
and the ship. Then the hoses for the transfer of LNG between the truck ahd ship shall be connected; the
liquid filling hose and the gas return hosgt will be consideredthe use of the gas phase return pipe or hose

in the bunkering operations for the discharge of multiple tanks at the same timéjhe reason there for two
hoses is to be able to handle the raise in pressure that will occur in the receiving tank. Gaseous natural gas is
led back to the truck through the gas return hose, balancing the pressure in the two tanks.

Note that the gas return is not ged if the top filling reduces the receiving ship tank pressure sufficiently.

The pump in the tank on the truck is controlled by a frequency converter. The frequency converter,

Ol CAOEAO xEOE OEA OEEAE AAAE T ETA6 11 OEAigmoE®&ET ¢ OUOOA
receiving ship by adjusting the flow of LNG. The flow is further controlled with flow meters flow regulating

control valves.

Pressure, flow and temperature transmittd are placed on the truck and the receiving ship to monitoring
the bunkering piocess. Close by the bunkering stations there will be an electric cabinet with indicators.

When the level indicator for the receiving ship indicates that the required level is reached the bunkering
shall end.
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After the bunkering, sometimes and in some sittians to follow the procedures of the Port Authority, the
piping system and hoses must be purged with nitrogen. Both truck and ship, shall have a nitrogen supply to
be able to perform purging. However, before using the nitrogen, any residual liquid in thyestem shall be
pushed back into the tanks. This is performed using the purge tank on the LNG truck, which contains
natural gas with a higher pressure than the rest of the system.

As natural gas is released into the system the liquid is flushed from theteyn into the tanks. Then the
hoses between the truck and the ship can be disconnected

5-3. Truck to ship operation. Sourdéeetsandfuels.com

When the hoses are disconnected the nitrogen is let into th@ping system close to the tanks; any natural
gas is then purged from the system to the vent masts.

In other situations, the purge with nitrogen will not be necessary and the operators will purge the residual
gas (never the liquid gas) to the atmosphere.

Evaluation of costs in the process of bunkering Trucko-Ship

For the evaluation of the costs of supply chain of the Truck to Ship Bunkering, the next cost elements will
be considered

Cost of tanker truck (or cost of the container + truck).

Distance fromthe storage tank to the point of charge on the port.
Truck, ship and unloaders staff to the maneuver of charge.
Cost of the discharge manifold for multiple trucks.

Cost and number of hoses for LNG.

The costs associated with the investment required for thecquisition of a fleet of LNG transport tanks are
not taken into account in this chapter. The existing fleet will be in charge of developing the transport and
in the case that it is necessary to expand it, it will be considered a cost for the company thiaas the
concession of transport but will never be considered a cost over the chain of supply.

For the complete characterization of the supply chain it would be necessary to assess the cost of manifolds
for multiple discharges and connecting hoses.

It is important to assess intervention times to ensure that the supply chain is adapted to the real costs. For
this reason, the real times of the operation will be estimated considering the difficulties of accessing a port,
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permits, signalling of security and othesensitive points that do not apply to an ordinary discharge of a
tanker truck in a standard plant.

The average time taken for a full load of a tanker truck at a loading termimaihree hours since the tanker
enters the terminal until it is loadedThethree-hour time necessary for the tanker loading operation in the
LNG terminakonsidersboth the actual loading operation, as well as the terminal entry times, the terminal's
output and waiting time-outs and placement in the loading bay.

The tanker truckwill return to the import terminal without LNG but with a bit of gas that will be returned to
the tank. This is the same operation that will be in the auxiliary terminal.

The time required for a recharge will vary depending on the tank pressure, the intaltremperature and the
state of the pump for the load. In additionhuman factors (terminal operator, driver, etc.)

The discharge time of the tank truck can be estimated in three hours as an avertge, but it will depend

on the pump of the truck, the pesonnel of the ship and the driver of the truck, the conditions to make the
operation, the instructions of the Port Authority and many other variables. In this average time, it is
included the time for the preparation of the area where the truck will be itioned, signalling according to
the port authority and the preparation of flexible hoses.

The estimated price considered for the operation of TTS watinsiderthe following costs:

1 Costs of the tanker for annualized LNG (with a f@ar forecast of use).

1 Cost of the tractor head considering that it has been purchased second hand with a previous use of
20,000km. Annualized cost (with a Xear forecast of use).

Annual cost of a driver.

Annual fuel consumption for the truck.

Estimated annual amount for mairgnance and repairs.

Insurance.

Margin of transport company (covering structure expenses and profit margin).

=A =4 =4 =4 A

The costsconsideringare the followings:

51 Costs for the operation TTS (1)

Cost of the tanker (hvestment) TXPhF
Cost of the tractor head (investment second hand) I XhP
Cost of the tractor head (new supply) STPhF
Cost of the driver (per year) XThP
Cost of the fuel consumption for the truck (per year) TThP
Cost of maintenanceand repairs (per year) QhPF
Insurance (annual) dh PP
Cost of the 40 feet container (investment) 1DhPF
Cost of the 40 feet container platform (Investment) TI hP
Cost of the skid for 4 discharges QhPF
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All these items are estimatedconsidering a minimum annual use of 100,000 km. If the utilization was
lower, the final cost obtained by Km would increaseConsidering an annual use of 100,000 km the costs
are the following:

52 Costs fothe operation TTSII|

Cost of the tanker annualized and per km P8x2TX
Cost of the tractor head annualized and per km P8PI X
Cost of the driver per km PB8XTP
Cost of the fuel consumption for the truck per km PB8TTP
Cost of maintenance ad repairs per km PBPQP
Insurance per km PB8PO®P
Margin of Transport Company per km P8XoP
FINAL COST 28TP

Once the exact data of the journeys travééd by the trucks are known, the data that relates the cost per
km to the number of kilometres travelled must be interpreted and the result will be adjusted to eacltase
The data obtained in the previous calculation must be interpreted as a data obtained from particular
circumstances and will only be indicative for an average of annu&ilometres travelled in the vicinity of
100,000 km.

In addition to the cost per km, there are other costs associated with each load and download that are
shown below:

5-3. Costs for the operation TTS (Il)

Loadof tanker-truck in the LNG terminal XP 'H
Discharge in port SXP HTA
Cost for inmobility of the tanker truck (from the three X p
hours considered in the loading or discharge operation)

Cost per trip to Canarias (particular case) 3,000H7 O
Cost per trip to Palma(particular case) ThPI P
Cost per trip to Funchalparticular case) YhPPP

As immobilization times that will be taxed with an additional cost will beonsideredall those that exceed
the three hours of loading or unloading that are caused by reasons unrelated to the performance of the
driver of the tanker truck orforeign the tank truck itself. Until the TTS bunkering operations are considered
within the normal operation of the port and are thus considered by the Port Authority, these
immobilization times may represent a significant cost overrun.

Whether the load of the ship is carried out directly from the tanker truck or if a multiple discharge manifold
is inseted, the presence of the driver of the truck or of the drivers of each truck will be necessary in the
event of a multiple load, and the presence of the unloading operator for assistance to the driver and for the
handling of the manifold for multiple dischege.

To estimate the cost of the manifold for multiple dischargeshe equipment has been consideredo allow
the coupling of up to 4 tankers or 4 containers. The operation of the equipment will be carried out by the
driver of the tractor that carries the skid to the point of unloading in port. It is considered that the
equipment will be operative during all the time and therefore a proportional cost of a tractor unit is
associated, with the associated costs of insurance and maintenance and a cost of foesemption lower
than in the case of tankers since the equipment must be accessihgarthe port.

The financial reference terms used to calculate the costs are as shown below:
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54. Financial Reference Terms
Term Residual Value Useful life
amortization Type interest (%) _ v
(years) (% of Capital) (Years)
Tanker 8 4.50 15 20
Truck (Tractor Head) 8 4.50 15 10
Container (40 feet) 8 4.50 15 18
Skid Multiple load 8 4.50 10 18

The following table shows the fixed costs for TTS operations including all personnel cost terms, insurance,
maintenance, as well as depreciation costs for tanker trucks, skid of manifold for multiple charges, and the
same using a container. All the capitabsts shown are annualized costs.

In the column of the table "Tanker + Truck” the costs of the operation of the transport tank are shown with
the associated costs of the tractor. The column "Skid + Truck" shows the costs associated with the
operation of the skid for multiple discharges that will be used in the case of using several tanks at the same
time in a bunkering operation. To this cost must be added the cost of the first column multiplied by the
number of tanks (from 2 to 4) that are involved ithe operation. In the column "Container + Truck" the
indicated costs are those related to the use of a container with the tractor.

It also shows the variable costs associated with the cost per km of travel, cost per sea trip (Palma and
Granadilla Posts),he costs of immobilization and the costs of loading and unloading in the import terminal.
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5b5. Costs of TTS (& CTS)

TTS & CTS COST MODEL

TANKER + TRUGKSKID (4) + TRUCJK CONTAINER
OPERATIONAL FIXED COST ypZannl eonpznanap eyzpnn
PERSONNEL pHZ/qnNnn eHnyZ|nnn € n
INSURANCE nsnphn € mysdnn € ozn
FUEL CONSUMPTION HHZJ/nn € yyzZinn e n
MAINTENANCE AND REPAIR TZnjnn € onXgnn € pzIp
CAPITAL COST OHXZPHP| e MOnNIMNpP €EMHZC N
DEPRECIATION MTZWYpPNn € TpXZyYynp € cZp
FINANCIAL MPp2ZJJTp € cnXdnn € CcC2ZIM

TOTAL FIXED COST

MARGIN (%)

INVESTMENT

The table shows the annual capital costs and annual fixed operating costs derived fitbm operation with
a tank truck, a manifold for multiple discharges with the associated tractor unit and with a container unit
with a tractor unit.

Mncxpcece

EPNAMZPNnP €NTZYHH

HYy>CNM € MCXTCO € HCZXZCHT

oopZnnh €MTozqonh EMOTchl

To simplify the calculation of costs, it is necessary to consider a constant that allows converting thedix
costs indicated above into variable costs that can be used in the calculation of -fyp® bunkering
operations. To this end, considering a quantity of 100,000 km per yé@velled by the tanker truck or by
the container and tractor unit, it is possibléo convert these fixed costs into variable costs having an impact
iT OEA £ET Al DPOEAA 1T &£ HTEIiRh All AT OO0 EIT Al OAAA DPOAOGEIT
fuel, insurance, maintenance, etc).

56. Costs of TTS (& CTIS) |

VARIABLE COSTS

wh!5 ¢wLt 06ek] YD 1,2 1,2
MARITIME ROUNDTRIP PALMA H®PnyYyn e -
MARITIME ROUNDTRIP CANARIAS odnpn € M®PH |
MARITIME ROUNDTRIP FUNCHAL odnpn e M®Pp
MARITIME ROUNDTRIP CEUTA Mdnpn € -
MARITIME ROUNDTRIP MELILLA HPYy fn e -
DAILY INMOVILIZATION COST MOPH AN € MH T
i b[h!'5 [/ h{¢ 0c¢€kdg onn e o nn

|CAPACITY (m3) | 50 50

REGULATED FEES AND OTHER COSTS

Tasa Units Cost

Load Terminal Fee ekaz K MXMO €

T-3 tons suplied nxyn e

T-A % Business in Port 2,00%

Svedoring truck Service MAT €

Stevedoring truck Service Ty €
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In all cases, the tax rates have been considered those related to the transport of the tanker with tractor
unit or the container with tractor unit. In the case of skid for multiple discharges withatctor head has not
been included in the analysis since the time to have to use that solution, teguipment should be
permanently in the port whereit worked.

To clarify the costs involved in single TH8nkering and multi TTS, ihas been realized the schemes the
below Figure5-4, where main costs arssummaryzed and order as the real operation would happen.

_____________

IMPORT TERMINAL

|
=

- \ ; y N
I | e [ TRUCK i
1! 1 H 1] ]
ROAD |1 MARINE | P STAFE 4b FEES b mmoBiLizaTion |
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54 Truckto-ship cost scheme
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5.2 SHIP TO SHIP

Ship to ship (STS) operation is carried out between two ships, when one of the ships unloads the fuel to the
other, that receives it connected by a manifold.

According to GASNAM, bunkering operation from barge in areas outside port water will only be carried out
when it is not possible to do the bunkering operation inside the port. In these cases, the bunkering will be
carried out with the authorization of the Maritime Autlority according to the conditions dictated by the
General Direction of the Merchant Marine and the Port Authority, in the anchoring area designated for
ships with dangerous products, in conditions of good weather, visibility superior to 2 miles, wind iideto
force 3 (Beaufort scale) and curly sea.

STS can be carried out by two vessels at different locations: along the quayside, in movement (although is
rarely) or the two vessels standing anchored or moored to several buoys. Both ships will always beemad
firm to each other using mooring lines.

SUPPLY CHAIN FROM LNG

FEEDER TO SHIP
IMPORT
TERMINAL/ALTERNATIVE LNG FEEDER
STORAGE ,

LNG LOAD LNG LOAD

55. STS Process diagra®upply Chain

The main factor when a STS operation is performed/analysed is the bunkering vessel. An LNG vessel is a ship
design to trangort LNG.Small LNG vessel§from 100 m3 to 60,000 m3Yit better with the present and
future needs of bunkering due to:

High manoeuvrability for port movements, effective and secure bunkering services.

Partial cargo loading.lIt is not possible in bigscale membrane tanks for LNG due to sloshing and
should be carefully studied for the rest of technologies, but the usage of Type C LNG tanks in small
LNG carriers allows to partial cargo loading and high flexibility in bunkering and feeder services to
multiple ports.

Bunkering services rangeslt will range from 200 m3 to 3,000 m3, so a big vessel tank would
increase BOG losses and LNG ageing.

Compared with other bunkering methods, shio-ship bunkering is very versatile from the point of view of
capacityand bunkering location as it is possible to provide LNG far away a LNG storage area, and as it is
mentioned previously can be done in a terminal, anchoring area. As the bunker vessels are moored
alongside LNGuelled ships, this bunker method permits simtaneous cargo handling and bunkering
operation, normally easier to be allowed by the Port Authority safety standards.
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The main drawback of bunker vessels is its high cost. The industry is hesitant to invest in such vessels, in
part because there are few akrnative operations when LNG bunker demand is limited. As LNG bunker
vessels are regarded as vessels carrying dangerous cargo, entering-pemoleum harbour areas must be
authorized, but this can be easily solved with a proper and monitored communicatitsetween the Port
Control Centre and the LNG bunker vessel.

Given the high flexibility of bunkering vessels, ship-ship bunkering is preferred over TTS for all types of
vessels and is expected to become the main bunkering method for ships with a bunkemdnd of over 200

m3. This argument implies that shipo-ship bunkering is most suitable for vessels such as cruise,
RoPax/RoRo vessels, butlarriers and container vessels. On the other hand, PTS from import terminals, has
a great potential to offer a ful range of bunkering service, requires vessels to perform a second manoeuvre
to approach PTS facilities, increasing cost and extending the vessel port call.

5.2.1 LNG bunkering vessels

There is a significant gap between the larggcale LNG terminals served lbgrge carriers to supply of natural

gas and small installations for LNG as a fuel. There is a new LNG transportation market that requires small
vessels which can reach regions far from import terminals with short sailing times and without design
limitations for partial filling.

56. LNG vessels. Source: Crowley
The Spanish regulation, BG&2005-16830 (1.6)3 classifies LNG vessels as:
Small vessels: storage capacity bellow 60,000 m3.
Medium vessels: storag capacity between 60,000 and 110,000 m3.
Large vessels: storage capacity up to 110,000 m3.
)yl OEA 111 0A1 OAPI 00 O- Al T OE®A puBllidhed bg En@gasA & 15t of ah INGOOA % OD
vessels that made scales in Spain were reported, the gapyween large and small vessel is appreciated.

12

13Memoria del Sistema Gasista Espari?z14
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57. LNG vessels in Spain, 2014. Sourcea€nag

In the graph can be seen that there is a fleet of medium size vessels (these vessels are being scrapped due
to their age), then there is a great number of vessels from 125,000 to 175,000 m3, finally tvilexQmade

calls that year. Only one vessel below 25,000 m3 made a call in Spain in 2014. In conclusion, it can be
observed the gap between small vessels and largessels.

It is difficult to characterize the smalscale carrier fleet due to is a new market. In this study, the storage
capacity will be considered the most important parameter. LNG bunker vessels studied may have capacities
ranging from 1,000 m3 to 1000 m3 depending on location, customer and bunker volume.

As noted in previous chapter, the lack of a fleet of small scale LNG vessel requires reviewing new designs
that are still not providing service. Most of the ships to be described are still today ceptual designs.

ThesmallscaleLNG vessels have been classified in three groups:
Multiproduct barges
Single product barges
Feeders

Feeders are used for inland, coastal and sometimes intercontinental transport. Barges are used mainly for
bunkering at homeports, but could be used as feeders too. When barges are used as feeders, it should be
taken in account their limitations such as navigation ability, speed, autonomy, etc. Following, main

characteristics of barges and feeders are described.
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5.2.2 Multiproduct LNG barge

Multiproduct bunker vessels add LNG storage and bunkering auxiliary equipment to a conventional
bunkering vessel. Low demands level in the first years of LNG bunkering services will prevent investors
from expensive dedicated solutions, smultiproduct barges could be an affordable alternative to develop

the early infrastructure needed

Multiproduct barges would supply conventional fuels (MGO and HFO) while LNG services are not
scheduled, reducing costs of LNG services by sharing investmeamtd fixed cost with conventional
bunkering services. LNG dedicated equipment costs will only be charged to LNG bunkering services.

Two multiproduct barges have been defined as a model for this study:
650 m3 LNG barge
1,200 m3 LNG barge

Larger capacities foLNG on multiproduct barges will not considered. In most cases LNG storage would be
mounted over the deck and increasing capacity (e.g. 10 x 300 tanks to reach 3.08)0nuld exceed the
available deck surface fathe conventional barge units.
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5.2.3 650 m3 multiproductLNGbarge
4EA O-110A ' OOAAOCS POI EAAO xEI 1 4FEAA CRODMA EAMO AR OCEAOMA QAT AOH

I'A %l AOCEA6 EIT DPAOOI AOOEED xEOE OEA OEEDP 1T x1 AO ) AAEUA
Corporation, ae working on the transformation of a multiproduct barge to include LNG bunkering
AAPAAEOUS8 4EEO DPOI EAAO Etinclids@léo the gdlapfidh Af th® inpo?t términal © AO EE O/
of Bilbao Bizcaia Ga®BBG) to enable the supply of LNG to smaissels through a pipeline of 500 #h

capacity. The import terminal and jetty A NOEDI AT O AT 00O EAOA AAAT bDPOi EAAOD
execution in November of 2017.

Monte Arucaswas built in 2009 as a conventional bunkering vessét was used for oil ecovery worksfor

three years then it was allocated to supply conventional fuels in A Corufia in 2012, this previous function

gave to the vessel @ood navigability with 7 kn speed and high manoeuvrability with dynamic positioning

system included*

Retrofitting works are scheduled for December and are projected to last for 6 months, since vessel gets
into shipyards and the first cargo trials are done in the import terminal of BBthe works include the
installation of 2x 325m3 LNG Typé& tanks in the topdeck, and the required equipment for LNG bunkering
service

Technical description and main characteristics of the barge are:

Built Age: 2009 Deadweight: 3,180 ton

Length overall: 74 m Storage capacity 2x 325m3 LNG+
10x 310 m3 conventional fuels

Engine 2x 540 kW Guascor SF 360

Length between perpendiculars:72 m

Beam:15m
Draft- 4 m Fuel:MDO
Depth: 5 m Azimuthal propulsion

Dynamic position system

Gross tonnage 1,590 GT

UuO%OOOAOACEA OIT AOA ' ., (1 AOpOEIT AT %OOEAAEOoh ) dAEE "1 OAAAR
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5.2.3.1 1,200 m3 multiproduct LNG barge

Suardiazand CEPSA are collaborating to design and build a mpitduct barge that includes LNG tanks to
operate mainly in the Port of Barcelona to supply every kind of vessel with multiple fuels. The barge will be
supplied from the import terminal of Barcelonawhere already exists a dedicatedmallscaleberth capable

of supply vessels with a minimum ofd00 m?® capacity®

The projectis based on a conventional bargdesign andincludes theadaption to provide LNG bunkering

services with conventional fuel servies. The transformation projecisBAOO 1T £ OEA O#iti % , . "' AO
conducted by Flota Suardiaz, HAM and Port Authority of Barcelona. The retrofitted works are planned to

last for 1 year, finishing in the summer of 2Q¥8st supply trialsare plannedfor October of 2018

The barge will have equipment to provide LNG bunkering from both sides of the vessel through a central
manifold with high pumping rates and capable of provide bunkering to ships, tanks and trucks and be filled
from them too. Propulsim will have Azimuth propellers with 360° rotation and bow thruster for great
manoeuvrability and possibility of providing bunkering services in multiple scenarios.

Design hull conditions allows the vessel to short sea shipping and, it is equipped with BROkW engines
would be able to reach a 10 kn speed.

The cargo system for LNG will be placed on the top deck with a capacity of 4x300° fiype C
manufacturing. Besides, the barge will have 3 segmentations for conventional fuels: 2x2,06Fan FuelOil
but MDOready and 1x1,000 #fior MDO.

Technical description and main characteristics of the barge are:

Built: 2018 Deadweight: 4,700 ton

Length over all:86 m Storage capacity:4x300 m3 Type C LN(
Tanks + 5,000 m? others

Beam:17 m

Depth: 7.55 m Engine:2x820 kW Guascor

Gross Tonnage2,743 GT Fuel:MDO

Azimuthal propulsion with 360° rotation

-
whZLINES

59. Suardiaz and CEPSA LNG vessel. Source: Suardiaz

15Servicios Small Scale. Enagéas 2017
16] Conferencia Proyecto CORE LNGas hive. Estado de avance subproyectos en Barcelona
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5.2.4 3,000 m?3 single product LNG barge

The vessel defined in this category is a 3,000 m3 barge conceived by Damen Shipyards, eventually to be
chartered by Shell company to operate in Rotterdam Area.

This dedicated vessel caprovide dedicated LNG bunkering and feeder services to a wide range of clients
and areas, reaching 10 kn speeohd using BoHoff (BOG) cargo losses for propulsion and auxiliary engines.

The cargo system consists in 21,500 m3 Type C tanks with BOG marmagent and a bunkering rate of
500ms/h that is supplied by 2 pumps. If the vessel is equipped with gas engines, the navigation fuel
consumption would be decreased in a 50% at full cargo load and 25% at half cargo load.

Technical description and main charderistics of the barge:

Length over alt 102.6 m Storage capacity 2 x 1,500 m3 Type C
Length between perpendiculars 97.8 LNG Tanks

m Pumping rate 500 m3/h

Beam:11 m Engine 4x300kW with option of MDO,
Draft: 3 m Gas or both

Depth: 5.4 m Diesel electric driven with Azimuth

propellers and bow thruster
Deadweight tonnage:2,100 ton

R N

-. v ~ '»5_,. .' ' _-’.-:’I = = E ll.“"liltllt'lt
: L H "y £ fx"
RE

5-1Q 3000 m3 DAMEN design. Source: DAMEN
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5.2.5 Feeders

Small scale LNG feeders are used for short sea navigation, coastal trading, distributing LNG to generation
plants, industries or auxiliary terminals while keeping bunkering capabilitiés.this study LNG feeders will

be used to distribute LNG from big sda import terminals to auxiliary terminals allocated in different
ports, being required a high feasibility of cargo volumes supplied and high pumping rates to reduced
harbour times and supply LNG to the biggest area.

This category of LNG carriers has aliddasome vessels built. A few ships of this type are already operating
ET %001 PAAT BT OOOh OOAE AO O0%. ' )% : AAAOOCAG6h O#1 OAI
Rotterdam Area by Shell but able to distribute LNG to Scandinavian remote locations too.

In order to analyse this category, three vessels projects have been identified as a model with the following
capacity:

5,000 m3 feeder
7,500 m3 feeder
10,000 m3 feeder
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5.2.5.1 5,000 m3 LNG feeder
O%. ') % OBAMKOGEAM x1 0l ABO ZAZEO0OO bOODPI OA AOGEI O 1 ENOEAEEAA
adventure between Engie, Fluxys, Mitsubisihi Corporation and NYK), it was built by Hanjin Heavy Industries

in Korea. It is based in Zeebrugee port, holding loigA O ACOAAI AT 66 &£ O ,.' 00PDI U
terminal where recently was commissioned a second jetty and supplies LNG to two UECC car carriers.
O%. ') wd6 xEIil Al Oi OOAT OPT 06 AT A O0O6PPIU ,.* AO A 1 AOET

his great navigability capacities.

This vessel is equipped with the latest technology to provide safe, reliable and fast services of bunkering
and feeder to every kind of vessel or terminal in multiple scenarios, so it implies a higher investment cost
and longer construction time than retrofitted barges. Construction began in July 2014 and ended in

November 2016, resulting in roughl§nree years production time.

The cargo system consists in 22,500 n¥ Type C tanks operating at dar and manufactured with @6 Ni
steel. Besides, the vessel uses a powerful bunkering and loading system with two liquid lines equipped with
4x300 m3/h pumps. This system allows the vessel to provide 600 m3/h of bunker rate and be fille¢gD@0 1
m3/h rate!’

Vessel speed can reach k8, propulsion system is fitted with 2x1,66%W DuaH-uel engines from Wartsila
(model 9L20DF) a BO@andling and fuel gas system with cargo compressor, forcing vaporisers and gas
buffer tanks that allow to use the cargo as fuel not needing a dedicatedlG tank for it. It also fits a 160 #n
tank for MDO operation and a selbperated inert gas system with i

Technical description and main characteristics of the vessel are:

Length over alt 108 m Storage capacity 2 x 2,000 m3 Type C LN
Beam 18 m Tanks

Depth: 9 m Engine Dualuel Wartsila 9L20DF

Draft: 5 m Bunkering rate: 600 n/h

Deadweight tonnage: 3,121on Loading rate:1,000 n¥h

Gross tonnage 7,403 GT

511 ENGIE Zeebruge. Source: Marine traffic

70%. ' ) % : AAAOOCGCAG 4AAET EAAT $AOA 3EAAOD
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5.2.5.2 7,500 m3 LNG feeder

Samsung Heavy Industries Co. announced the contract to build two 7,500 m3 LNG carriers. DAMEN,
Anthony Veder and Wartsila have developed conceptual designs of vessels with this storage capacity. The
reference for this study will be tle Anthony Veder design.

Bigger capacity vessels like this results intonaore costefficient loading at import terminals and allow to
supply bigger auxiliary terminals in a faster way. Fitting high and low manifolds the vessel covers a wide
range of termimal and ships to transfer and receive LNG. Besideigher bunker rates of J000 m¥/h reduce
bunkering and loading time.

The cargo system consists in 23,750 ni Type C tanks operating at 4.5ar and manufactured with 9% Ni
steel.

001 DOI OET 1T OUOOAI AT A AO@GEI EAOU AOI EAOET ¢ ANOEDPI AT O E
cargo capacity increases the power required teeach 13 knlt is fitted with a 3,000kW DuaH-uel engine

Wartsila 6L34DF and # 1,100 kW generating set®Vartsila 6L20DFthat could be operated with natural
BOG, forced vaporized gas from cargo tanks or MDO.

Technical description and main characteristics of the vessel are:

Length over alt 115 m Gross Tonnage6,850 GT

Length between perpendiculars 110 Number of tanks 2x 3,750 ni Type C
m LNG Tanks

Beanm 18 m Loading/unloading rate 1,000 m3/h
Depth: 10 m Engine DuatFuel Watrtsila 6L34DF
Draft: 6 m 400 m*MDO tank

Deadweight tonnage: 4,100 ton

512 7500 m3 Anthony Veder design. Sourgathony \éder
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5.2.5.3 10,000 m3 LNG feeder

Reganosa and Ghenovaresented their design of an innovative vessel with high energy efficiency and
operational versatility with a cargo capacity of 10,0083

This vessel could provide a LNG hub the whole range of marine LNG servieagn bunkering at open sea,
thanks to the dynamic position system and two Azipod propellers that provides high manoeuvrability and
extremely high selfsufficiency. It has two manifolds placed at different heights to cover a wide range of
import terminals and LN@&uelled vessels in both sides ohe vessel.

The key from previous reference feeders, is the use of two GTT membrane tanks, designed by GTT
industries, that allow to increase the capacity for a same space and decreased the gross tonnage of the
vessel below 5,000 GT, almost 50% less thampshof smaller. Membrane tanks have worst sloshing
performance that was addressed with an innovative design.

Propulsion system is fed by natural BOG, forced vaporizer or MDO. The two Azipod propellers are powered
by 4 MAN DuaFuel engines, 2 MAN 9L2Z®[Fx1,800 kW and 2 MAN 8LZ2DFx1,600 kW, being able to
deliver up to 6,800 kW of power with a great feasibility and good performances on partial loathis
configuration allows the vessel to sail at 14 kn cruise speed covering big areas in short times dad
operate 4x500 n¥/h intank pumps that could provide bunkering services in less than a hour to almost
every LNGfuelled vessel and be filled up in 5h in import terminals.

Dynamic position and high manoeuvrability systemgrovide safety and quality to thebunkering operation
but alsoincrease the fuel consumptionthat in this case can be higher than sailing fuel consumption.

Technical description and main characteristics of the vessel are:

Length over alt 119 m Gross tonnage 5,000 GT

Length between perpendiculars 113 Storage  capacity 1x5,500 &
m 1x 4,500 m3 LNG GTT Mark Il tanks
Bean 21 m Loading/unloading rate 4x 500 m3/h
Depth: 13 m Engine:2x 1,800 kW and 2 1,600 kW

Draft- 6 m DuatFuel MAN

Dynamic positioning

513 Ghenova and Reganosa design. Source: Ghenova
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57. Summary of LNG vessels
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5.2.6 LNG vessels cost

I AAT OAET ¢ O1 O) 1 OAOT Andakstale BNG vesgelossis Higher perTtéh Tampared to

large scale LNG vessels, a capital expenditure for small scale LNG ships is in the range of 9,000 to
28,000H7h xEEI A 1 AOCA AT 1 OAT OET 1 AOperdiignal @xpdéndit@e i€tdghetih PP P Ol
large scale vessels, small scale vessels have smaller crew, and engine and cruise speed are usually lower,
alsosmallscalevessels incur in lower costs for mooring and port activities.

In this chapter, costs of the previous described vessels categoried ¢ described.
$O0A O OEA Al i Pl AGEOU 1T &£ OEA AAGAT T PI AT O T £ OGEA OAOGOAI
Fixed cost costs incurred whether the ship is engaged in an activity or not.

Operative cost cost incurred to keep the vessel ready to maate.
Crew cost
The number of the crew members has been obtained from the product sheet of
ships and has been completed with information from similar vessels.
Salaries have been obtained from shipping companies and compared to scores
made to the sector.
It has been assumed:
Trip cost: cost incurred to move the crew to the home port per trip
i YOXHITPAOOI T g8
-AET OAT AT AA A1 6006g AT 06 O1 EAAA A PAOOII
71 OE Al 1T OEAOY AT OO0 1T &£ OEA Al T OEAO 1T AAAAR
Training: costofOOAET ET ¢ T £#£ZEAAOO PAO UAAO j ZhPPF
Insurance costsfor the calculation of insurance costs have been taken as reference ships
I £ OEI E1 AO AEAOAAOAOEOOEAO j ACAh OEUAR AOAA 1 &
Maintenance and repair costsfor the calculation of mainenance costs have been taken
AO OAEAOAT AA OEEDPO 1T £ OEIi EI AO AEAOAAOAOEOOEAO
to companies dedicated to maintenance of ships and tanks.
Administration costs
Cost of capital consumption of the vessel during @eriod considered. Investment in ships has
been calculated based on the information provided by companies involved in the development
of the projects listed and estimates of vessels of similar characteristics.
Depreciation of the ships costs: estimated 3@ears. Residual value has been estimated as a
15% of the investment in the ship.
Interest of financing credit costs: loan interest rate used is detailed in Annex 1. The
financing period estimated is 10 years.

Variable costsvoyage costs, associated to th&ips made by the vessel.

Port costs. these costs will be estimated in chapter 6.2 when port fees are calculated, some
will depend on the size of the ship (occupancy fee and T1) and other with the activity
developed or the goods shipped.

Fuel cost consunptions depend not only on propulsion system, but also on whether the
ships is in port, sailing or operating, so regarding the technical engine data described in
chapter 5.2.1 has been written the following table, what contains a breakdown of
consumption acording to the activity developed by each vessel.
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5-8. Consumptions by vessel

CONVENTIONAL FUELLED (t MDO/day)

Navigation Operation
600 m3 7
1,200 m3 11

LNG FUELLED §hNG/day)

3,000 m? 9
5,000 m? 22
7,500 m? o4
10,000 m3 40
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TOTAL FIXED COST

MARITIME TRANSPORT AND SHIP TO SHIP COST MODEL

Vessel 650 m?3 1,200 m?3 3,000 m3 5,000 m3 7,500 m3 10,000 m3

Propulsién MDO MDO DF DF DF DF

GT 1590 2743 2100 7403 6850 5000

OPERATIONAL FIXED COST yno®nnn dap pPpclH yenH Posan dr o Pmdjo me&PmMT N Pl cmoPTEN Y P
PERSONNEL pMne®ygnp pcTPpcn peMn P Np pcTPPcn cepr Py mna Tepp P
INSURANCE MnT@J:lnn MoOoOPT AN ecdninn @npdynn AN dYynn Hccd
MAINTENANCE MPP PANN HHTPANN HEAPDPANN HEMTOANN HKONPANN CcEpn P
PORT FEES ondclpp eomdojlnH e€eondc|pp enHPPoo enmPplpo €eoc O
MOORING HNno®nlpp eHndnjpp eHndnlpp eHndnlpp eHndPnlpp eHndn
MARPOL CPHNN € cPyNRT € CPHRN e€mydn|ty emT ®dnjby emH Pn

CAPITAL COST yoo®dMT pMm®@n nn®n andtep nj®n nwnd yen n|® n nond dgo 1|P mabm c g P
DEPRECIATION nnnegyp ceyndpnn yepnd®pnnm@ocnpPnmnddmHPp aHid eH p
FINANCIAL NHY P n TeHA DA NN danndpnnamennaPnHidEH p P aHnd cen n
FIXED COST MARGIN & STRUCTURE ( 15% 15% 15% 15% 15% 15%

MPPHT Pc VP TEMO P dHcP gy M PMNMIPP k0 PPMT B Py Ty OH TP PP

VARIABLE COSTS
NAVIGATION FUEL (t MDO/day) 6 12 5 12 13 21
MANEUVERING FUEL (t MDO/day) 4 4 4 4 5 7
PORT FUEL (t MDO/day) 3 3 3 3 3 4
¢nm o0ek{/![ 90 TM € M H € dn| € OOl € on € H H
tL[h¢! D9 o6exk{/!'[90 HT|p € HT|p € HT|p € HT € HTP € HT
LOAD IN TERMINAL FEE npd®NMoy encPymMm en pPHPn epHPYon epTPHpM €cmP(
VARIABLE COST MARGIN & STRUCTURE (9 15% 15% 15% 15% 15% 15%

CAPACITY @n 650 1.200 3.000 5.000 7.500 10.000

ACTIVITY DAYS 360 360 360 360 360 360

PPpPpHH <D|n Jwe Pen nn 1Danr|n<DrEn n 'iDnoandJrEn n 1Dnnnpn¢r€n n {ananfDrEn N 'i

REGULATED FEES AND OTHER COSTS
FEE Units Cos
T-3 tons supllied nyn e
T-A % Business in Pdrt 2%
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5.2.4 STS cost

Summarizing, all costs indged in STS bunkering or LNG transport by sea it is has been realized a scheme
showed in Figur&-14 to clarify the bunkering operation and all their costs.

! ) ! '+ CTUINSURANCER ) { )
JTE L WETMENT L e ! i FEES i
[ T Fommees Y e Y A e ]
[ DISCHARGE 1
i LOAD COSTS i i FIXED COST i i TRIP COST i
1 J

FEES

.................

DISCHARGE
OPERATION

514STS and LNG transport by sea cost scheme

IMPORT OR AUXILIAR
TERMINAL

5.2.5 Bunkering time

Time to carry out a inkering or loading operation is an essential parameter that impacts on the calculation
and design of the logistic chain. It is necessary to know this bunkering time, since the stay of the ships in the
port or anchored has a determined duration, and bunkieig operation must be coordinated while the ship

is in the port, so bunkering time has an impact on the cost of the supply chain. Minimizing bunkering times
is an important requirement in the design of the LNG supply vessel and loading/ unloading systems.

STS bunkering time not only depends on pumping operative, also it should be taken in account:

1 Pre-bunkering time: It would include the mooring operation between ships and all technical
checking before starting the bunkering operation.

1 Postbunkering time: It would include the unmooring operations and inertization of lines in both
vessels.

1 Rampup pumping procedure: It would include the time since pumping operation begins until
pumping rate is maximum.

1 Rampdown pumping procedure: To finish the pumpingoperation requires a time until product
stop to flow.

3O0O0AUET ¢ OEA AOIT EAOETI ¢ OAEAAOI A T &£ OEA EEOOO OAOOAI
duration could be implied for a STS Service. As FigaiEsshows, prebunkering will last 1615 minutes not

include previous communications, and posbunkering will last 120 minutes. So, the total bunkering

operation will last 2535 minutes in adition to pumping required times The bunkering vessel used in this

operation, the SEAGAS former ferry (48 m LOA) was transformed for this duty, she carries 70 tons of

LNG. Regular preunkering and postbunkering operations in this report is estimate in 60 minutes,

considering larger vessels and variable berthing and manoeuvring conditions.
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LNG BUNKERING TIMELINE

TOTAL AVAILABLE BUNKER TIME

L
N

BEFORE BUNKERING,__ | DURING BUNKERING | = AFTER BUNKERING

-cnemmﬂoasmwmmm

| L

Estatish communicaton (] N . wih i capociy

Connect lelemetry

Antval close 1o area R oo

Moaring

Grounding B 2! closing of valves

Check list from ship Disconnection of hoses

ES5D cable Stripping and purging (VG)

Hose connection Disconnect Ink and grounding

Purging and cooling Delvery of cargo document

Check list completed and signed Redease of mooring ropes

Open manual valves Departure

Ready signal by both vessels Stripping and purging (SeaGas)
i 3] 45 | 4 4

Time in harbour 60 minutes

5-15Bunkering schedulr Viking Grace. Source Vikiniges

Then, every bunkering service will lasth at least, and depending on the amount of fuel required and
bunkering rates of the bunkering vessel, the total time could vary frorhh to 10h. A calculation was
performed showing a full download bunkering time for each vessel described in praeus chapte and it

has been estimated for each vessel as a function of total storage capacity and loading rates. As it could be
seen in the Fig5-16 vessel usally would have to spend about 8 hours for a totalload/download.

Filling times in import terminals (h)

10,000 m3 Vesse! N "
7,500 m3 Vesse! I N
5,000 3 Vesse! IR
3,000 m3 Vesse! IR
1200 m3 Multiproduct barge IR
600 m3 Multiproduct barge | TR

0 1 2 3 4 5 6 7 8 9 10

B Mooring ERamp-up ®Pumping B Ramp-down =B Un-mooring

5-16Filling times for vessels described
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5.3 PIPE TO SHIP

Another bunkering method is shoreship, whereby LNG is either bunkered directiyom a (intermediae)
tank or small station, or from an import or export terminal. Pipelines from the terminal to the quay are
needed if the LNG terminal is not directly situated at the berth. Bunkering from pipelines has already being
used for LNGfuelled ships for several years.

SUPPLY CHAIN FROM STORAGE
TANK IN PORT TO SHIP

VACUUM PIPE STORAGE TANK SUBMERSIBLE PUMP

TANK FILL FROM

ISOLATED PIPE
ﬁANSFER 1O
LNG FEEDER ISOLATED PIPE
e

LNG SUCTION

TO LOAD LIN
TO LOADING
ARM

SHEIE LOADING ARM

ISOLATED

RIBE

3l LNG LOAD

517PTS Process diagraf8upply Chain (Links to TTS, Figu® 4

One of the major drawbacks of this type of bunkering is the effort it takes a ship to manoeuvre to a second
location on the bunker terminal (or pipeline)in terms of time and nautical services (mooring, pilots, tugs).
In addition, limited berth access for larger LNfBelled vessels can also be an inconvenient for sheskip
bunkering. If an import terminal is to baised, the equipment would not be suited for small scale transfers.

SUPPLY CHAIN FROM
LIQUEFACTION PLANT

STORAGE TANK

SMALL LIQUEFACTION PLANT VACUUM PIPE

TANK FILL FROM
VACUUM PIPE

ﬁ

TRANSFER TO
' ET— VACUUM PIPE

5-18 Small ScaleiquefactionProcess diagramSupply Chain (Links to TTS & PTS Figt2es 48)

If ships can be bunkereghredominantly at one location, and there is space available to install permanent
LNG tanks within short distances, then bunkering from fixed onshore tanks is a relevant option.

Shoreship bunkering is especially suitable for high frequency servicéged berthing, less strict timetables
and limited vessel draft. Examples include bunkering vessels, tugs, inland shipping vessels, utility vessels
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and fishing boats. Shorehip bunkering may also be a good option for inland shipping, because inland
vessels havehe flexibility to visit fixed stations, whereas seagoing vessels do not.

5.3.1 Delivery of LNG at a terminal by jetty

A quay or jetty is needed for receiving LNG supplied by ships and, preferably, also for bunkering purposes.
The terminal must be accessible bgt least a minimum size of vessel, and preferably also larger vessels.
Large RoRo vessels operating have lengths of around 200 m and maximum mean draughts around 7.5 m,
and the ability to load such vessels from fixed lines directly from a terminal would Bn advantage.To a
economically fueling operative by PTS, LNG loading should be done in the same berth or jetty that the
vessel is workingto avoid extra port movements.Transfer lines and shighore connection

LNG is transferred between the ship and ¢hstorage tank(s) by an insulated pipeline, usually accompanied
by a vapour return line. The same pipeline may be used for the supply of LNG from a LNG freighter to the
terminal and the bunkering of a vessel from the terminal. Due to the high temperaturéferential between

the LNG (162C) and ambient temperature, the distance between the terminal and the point of bunkering
at the jetty should be short to minimize heating of the LNG. The pipeline between the quay and the terminal
can be placed in an undground culvertto avoid interference with other activities.

The connection between the transfer line and the ship can be accomplished by flexible hoses. This is a
viable solution for the relatively modest flow rates of LNG to be required for bunkering opgions.
Terminals handling large LNG vessels use hoses mounted on loading arms.

519PTSunkering
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