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1 INTRODUCTION

Thepurpose of WP4 report is tocomparethe impact on the LNGsupply chainto be developedin the Iberian
Peninsulabased on existingnfrastructure and developments ofcompetitor ports in the samemarkets. This
study is mrt of the CORE LNGas HIVE project that addresses the future logistic supply chain design in Spain
and Portuguese ports toaddress future LNG demand as shipping fuel. This study is framed under Activities
ET2, ET3 and ET4 of the referred project and wadioance with EU CEF funds.

This is the last deliverable of the project, the reader is recommended to read previous propaiverables,
specially D2 deliverable for Activity 2 and Activity 3 where feasible and optimal LNG logistics supply chain
for Spanish and Portuguese portsvere studied in the20202050time frame. Also ishelpful to review the
LNG as bunkering fuel daand analysis,delivered in a previous studyof CORE LNGas HIVE project.

Considering thethe IberianPeninsulaocation and the European maritime traffic, the ke 1 | B A Ogor&@1 06 O
that shared traffic with the Iberian Peninsula in the sanmaarket will be studied.

The markets that shall be definedanalysedand evaluated are:

West MediterraneanMarket/ Southwest European Motorway
Atlantic Market/ West European Motorway
Gibraltar Strait/Southwest European Motorway
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The most important ports within each definednarket will be selected afterevaluatingthe importance ofley
indicators such as:bunkering services container traffic, port calls, volume of passengers, volume of
AOAECEO8AODA

For each candidate port included in this analysis, the following aspects will be studied:

Existing LNGinfrastructure
LNGbunkering drategy, improvements, progress, or modificationgoreseen.
TPA (Thirdparty access) andmpact of import terminal fees in the bunkering service.

Oncethe above informationwasgathered, an estimatedcompetitivenessanalysiswvas performedamong the
ports within eachmarket. Competitive factors have been evaluated qualitatively through a scoring system
where it is evaluated

Fees for LNG ship loading service and truck loading service.
o Current gassystem fees supporting small scale maritime and truokerations.
o0 Plans to update them to accommodate small scale operations
LNGPotential.
o0 Based on current vessel mix at the port and the expected speed LNG adoption rates
o As ferries and cruise ships are among the early adopters of LNG passetrgéic will
be consider as potential indicator.
Technical capacity to serve small scale vessels and tank trucks.
o Infrastructure availability such as storage, jetties loading arms, truck loading
stations, etc.
Distance to nearest LNG Import Terminal

o Both maritime and road distances from the target pogto the closest LNG storage
location

Conventional bunkeringsituation.
o Current bunkermeans andactivity with conventional fuels

The used scoring system and thfactors to be evaluated within eachmarket are defined in Annex A.

The report alsoin chapter 6highlights the responseto maritime LNG in the respective National Action Plans
after Directive 2014/94/EU on the deployment of alternative fuels infrastructure

Finally, in chapter 7 kegonclusions are summarized.

WP4.IMPACT ON EUROPEAN LNG BUNKERING MARKETS 2
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2 WEST MEDITERRANEMARKET
TheMediterraneanSeaE O AT 1 1T ¢ OEA x1 Ol A8 O A OO i Gidhal shipng activiyU O
by number of calls and @by vessel deadweightons. Overall vessel activity within theMediterranean has

been rising steadily over the past several years and is projected to increase even further over the next few
years Transitsacrossthe Mediterranean are expected to rise.

2.1 SELECTION OF PORTS

To select the main ports that could be competitors of the Spanish ports, the following criteria has been
analysed:

The geographical location of theort.
Freightvolume handled

Passenger in regular lines
Passenger irtruise lines

Bunkering volumeserved

The peninsular ports that have been studied based on the above criteria:d@arcelona, Valenciégsagunto
and CartagenaThenon-peninsular ports located in the French and Italian Mediterraneamarket, consideed
the most important are MarseillesFos, Genoaand Civitavecchia.

The nonpeninsular ports have been selectetiased on those th& have sharedtraffic with the peninsular
ports and therefore,would compete in the LNG Bunkering market in the future.

Once the datawasanalyzed,it was decided to not include the Port of Cartagena in tretudy dueto the low
volume of current fuel bunkeringand lower volume of passengersompared to the rest of the ports

Therefore, the main ports that have been considered in the Mediterraneiarket are:

Peninsular Ports:
o Port of Barcelona
o Port of ValenciaSagunto

Non-Peninsular Ports:
o Port of MarseillesFos (France)
o Port of Genoa (ltaly)
o Port of Civitavecchia (ltaly)

WP4.IMPACT ON EUROPEAN LNG BUNKERING MARKETS 3
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Location of the ports around the Mediterraneamarket are shown in the next figure:
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2-1 Ports of MediterraneaMarket, Source: ICC Ingenieros

2.1.1 State of play and planned development at the ports

A brief overview of the main characteristics of the ports included in thisarket are described in this section.
The information is based on the 2016 Annual Reports of each Port, as well as on the statistics database for
Europe of Eurosta

General Cargo ad passengers

The following table provides a summary of the main characteristics of the ports (database year 2016):

Volume Volume Pax Volume Pax
Port/Country freight in regular lines (regular lines and cruises) Port calls
millions of tons (2,000) (1,000)
Barcelona (ES) 48 1,27¢ 3,959 8,728
Valencia (ES) 71 507 910 7,552
MarseillesFos (FR) 81 1,11¢ 2,714 7,469
Genoa (IT) 47 2,093 3,11C 6,629
Civitavechia (IT) 9 1,458 3,600 3,200

2-2. Characteristics of the Ports of Mediterranédarket. Source: Eurostar and Annual Reports

WP4.IMPACT ON EUROPEAN LNG BUNKERING MARKETS 4
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Bunkering
TheConventional bunkeringnarket of fuel gives an idea of the potential LNG bunkering market.

The table below presents the current amount of fuel burgeing volume, the LNG Infrastructure in place, and
the plans for future development in each port.

Bunkerin
Port/Country _g LNG Infrastructure Plans for future development
(t/year Oil)
Feasibility study underway to
identify appropriate site for
Genoa(IT) 883,970 No currently permanent bunkering
operations site, expected by
2022.
Barcelona(ES) 832,787 Import terminal in location.
If Frenchlegislation still
. . considering LNG as a
MarseillesFos(FR) >1000,000 Two LN.G Import terminals hazardous good, no LNG
in the port : o
bunkering possible in the
Eastern bagi
Valencia(ES) 392,993 Import terminal in location
very near
No currently, but truck-to- . 3
Civitavechia(IT) 114,986 ship bunkering could be Plans in placdor 100 m

. storage terminal planned
available 9 P

2-3. Volume of Bunkering of the Ports of Mediterranééarket. Source: Annual Reports

WP4.IMPACT ON EUROPEAN LNG BUNKERING MARKETS 5
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2.2 PORT DESCRIPTIONS

2.2.1  Spanish Ports

The Spanish ports within this study, Barcelona and ValerSeguntqg aswell asthe associated LNG Terminals
are described and defined in Wp1.

The following table shows a summary of the import terminals.

Import Terminal Barcelona ValenciaSagunto
Number of tanks 6 4

Storage Capacity 760,000 600,000

Emission Capacityr3(n)/h) 1,950,000 1,000,000

Small scale ship loading Available Considered available in 2020

2-4. SummanPeninsulaimport terminals

WP4.IMPACT ON EUROPEAN LNG BUNKERING MARKETS 6
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2.2.2 French Ports

Port of Marseille-Fos

The Port of Marseilles (Marseill&osPort) is the main trade seaport of France in terms of cargo and second
in terms of TEU. It is the second largest Mediterranean port and fifth largest in Europe. In 2016 total cargo
throughput equalled 76 million tons. The port contains 4 multipurpose teiimals (with 19 berths), 1 container
terminal (with 1,000 m of berth length, an area of 32 hectares, and 4 cranes), 1 liquid bulk terminal (with 3
berths, quay lengths of 150506220 m, and 60,000m? of storage capacity), and 10 docks for ship repairs
(totalling more than 1,500 m in length). It also serves as one of the largest destinations for passengers in the
Mediterranean, with 24 million in 2016.

To strengthen the network of Liquefied Natural Gas (LNG) bunkerady ports and to bolster efforts towards
enabling the uptake of LNG as marine fuel, Port of Marseilles has joinedthe Port of Singapore and seven
other organisationsto participate in an international LNG bunkering port focus grodp

4EA 01 00 EO 1 AAA ODP T £ OxI locatddinAnke tpadMarséilie And ovedng @A OT EAOAI
EAAOAOAOR AT A OEA O7AO00AOT EAOAT OO6h 11T AAOAA ET &1 O jQ

Current fuel bunkering is donenainly through5 bunkering bargesand in a complementarywaOE A OAGPEDA8 S

Sincethere aretwo LNGTerminal in the port, the LNG Bunkering could be easily feasible and availahlg if
some important actions take place, such as the require changes in French regulation, the existence of truck
1TAAET ¢ OOAOGEITh OEA EAOOU AAADPOAOGEIT O1 , .+ AOTEAOQEIC

Both Import Terminals are descripted below:

2.2.2.1 Fox Tonkin LNG Terminal

Fox Tonkin LNG Terminal

1The focus group was first formed in 2014 by Maritime and Port Authority of Singapore (MPA), Antwerp Port Authority, BtigrdaR

and Port of Zeebrugge. In 2016, Asian representation in the LNG bunkering focus group increased with the joinirtgy aif Nlamsl,
Infrastructure, Transport and Tourism, Japan and Ulsan Port Authority, Republic of Korea. Through the signing of a Memofandum
Understanding (MoU) in Singapore on 5 October 2016, all members of the focus group committed to working tegétlepen cooperation

and information sharing in relation to LNG bunkering, to develop a network of LNG keakisr ports across the East and West and Trans
Pacific trade. The first meeting was held in April 2017 in Yokohama, Japan, where the focuggredtcafocus collaborative efforts on
enabling the uptake of LNG as bunkers globally.

WP4.IMPACT ON EUROPEAN LNG BUNKERING MARKETS 7
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FOX TONKIN
Company ELENGY
Port MARSEILLEEOS
LNG Terminal YES

Number of tanks
Storage capacity
Emission capacity
Number of jetties
Small scale

1

80,000m*LNG
620,000m3(n)/h
1

YES

Minimum ship size

7,500m?

Future implementations planned:

Small Scaleship loading: Currently, the availability of this service is for shipsom 7,500 m3 to
75,000m3. The availability for ships below 5,00@3is under study.

Truck loading:Since 2014 the terminal offer4 bays toLNG truck loading services, and in July 2016
Elengy-Terminal Operatorannounced that it had doubled the capacity of the LNG truck loading
facility at the terminal to accommodate eight trucks per day (up to 2,200 trucks a year).

It is under study the imptmentation of more bays, in order to provide a higher capacity to their
customers.

2.2.2.2 Fox Cavaou LNG Terminal

Fox Cavaou LNG Terminal

FOXCAVAOQOU
Company ELENGY¥OSMAX
PORT MARSEILLEBOS
LNG Terminal YES
Number of tanks 3
Storage capacity 330,000m3LNG
Emission capacity 1,160,000n3(n)/h
Number of jetties 1
Small scale YES
Minimum ship size 15,000m?3

WP4.IMPACT ON EUROPEAN LNG BUNKERING MARKETS 8
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Future implementations planned:

LNG Terminal By 2021 the terminal has planned to increase its emission capacity to 1,550,000
m3(N)/h, and by 2023 to 2,320,0003(N)/h.

Small Scaleship loading: The terminal is looking to offer this service to ships below 15,008

The two parties, Elengy and Fosmahave started works on adapting the Fos Cavaou LNG terminal
for LNG bunkering service. The service will enable the terminal to accommodate smaller vessels
with capacity below 20,000m3which, after loading their LNG tanks at Fos Cavaou, will be able to
supply ships in the port of Marseilld-os and other sites in the Mediterranean Sea.

This new service primarily calls for work to modify the wharf at the Fos Cavaou LNG terminal, which
will be completed in June 2019. It enriches the offer of the Fesr-Mer LNG terminals, which
already accommodate the unloading of LNG carriers ranging from 15,0000 265,000m3(Q-Max
type extra large LNG tankers).

Truck loading With the decision to build a loading station for LNG tankers at the Fos Cavaou
terminal, the two companies are once again illustrating their desire to offer a real LNG hub in Fos,
the privileged entry gate for LNG in the great European gas market.

The main constraint currently for LNG bunkering here is that the LNG development is dependent upon
clarifications in French legislation. If LNG used for fuel bunkering continues to be treated as a hazardous
good, it will not be possible to install any LNG bunkeg infrastructure (barge or truck) in the Eastern harbour

of the port because it is located too close to the city centre. However, the two LNG terminalg inthe
Western harbour, and it could be possibleerform bunkeringthere.

WP4.IMPACT ON EUROPEAN LNG BUNKERING MARKETS 9
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2.2.3 ltalian Ports

Port of Genoa

The Port of Genoa is a major Italian seaport and it's in competition with the ports of Marseille and Barcelona
to be the biggest of the Mediterranean Sea. With a trade volume of 47 millitons in 2016, it is one of the
busiest ports of Italy. The harbour has an area of 5,588,308with 24 km of total dock length and 3 container
terminals with 1,609,355 rof handling area. Cargoes handled in the Port of Genoa include containers,
general cargo,liquid and solid bulk, metals, forestry products, perishable goods, petroleum products, and
passengers. Several companies in the Port of Genoa also provide maritime services like vessel repair and
environmental management.

It is expected to build the reqired infrastructure for a permanent bunkering operation by 2022.
Port of Civitavecchia

The port of Civitavecchia is the seaport of Civitavecchia, serving the Metropolitan City of Rome, Italy and is
an important hub for the maritime transport in Italy forgoods but especially passengegserving 36 million
passengers in 2016, the most in Italy. The Port of Civitavecchia contains 28 berths which total 5,600 meters
in length. Port properties include five warehouses containing 36,000°for handling and stoing cargo and

an intermodal terminal with 7,000m? of storage space and 12,500 for loading/unloading rail cars and
parking. In 2016, the port handled.Z milliontons of cargo.

On May 2014 Port of Civitavecchia became the first port to perform TruckSbip bunkering of LNG to a
seagoing vessel, bunkered by LNGEurope, within an Italian coastal port or any port in Italy and this part of
the Mediterranean.This operation proved that the port had all permits in place to execute an LNG Bunkering
operation.

In the port of Civitavecchiaa pilot project for a 100ms3 (45 tons) LNG Storage terminas been developed
But, as long as Panigagli@rminal (the closest) does not count with a truck filling station,ite LNGwould
have to be procured fromthe terminals of Marseille or Barcelonalhe FSRUocated in Tirrenian segs only
to supply the national gasgrid.

WP4.IMPACT ON EUROPEAN LNG BUNKERING MARKETS 10
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2.2.3.1 Panigaglia LNG Terminal

Panigaglia LNG Terminal

PANIGAGLIA
Company GNL ITALIA
PORT LA SPEZI/
LNG Terminal YES
Number of tanks 2
Storage capacity 100,000m3LNG
Emission capacity 427,000m3(n)/h
Number of jetties 1
Small scale NO

* Reloading not available

Future implementations planned:

LNG Terminal Reloading is not available, howeverhe pertinent viability studyto introduce this
servicehas been completed. The final investment decision is expected by the end of 2018.

Small Scaleship loading: Likewise,the viability study has been completed. The final investment
decision is expected by the end of 2018.

Truckloading: There isn’t any truck loading station in the termindilevertheless, it is expected by
the end of 2018.

WP4.IMPACT ON EUROPEAN LNG BUNKERING MARKETS 11
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2.2.4  Summary of nonpeninsular import terminals

FRANCE ITALY
Terminal Fox Tonkin Fox Cavaou Panigaglia
Number of tanks 1 3 2
Storage Capacity 80,000 330,000 100,000
Jetties 2 1 1
Emission Capacity 620,000 1,160,000 427,000
ZT ;IILZZ?:‘Z ready for Available Available Not Available

2-5. Summary NoReninsular import terminals

2.2.5 Distance toLNG Terminal

The market for LNG Bunkering will depend significantly on hdar the LNG is to the port. Therefore, the
distance to the nearest LNG import terminal will be especially relevant and have a large impact on the
feasibility and availability.

Trucks loading service

This service is the loading of LNG from terminal tanks into mobile/truck tanks, to be further transported
to satellite plants or direct bunkering (to supply isolated networks or to final customers). There are some
terminals which offer the truck loading service only in an unbundled way, while others do it in both a
bundled and unbundled way.

Offer this service in an unbundled way widens the possibility to use these facilities, as there is no need to
unload an LNG ship into the termad to access the service. Users can directly buy gas at the LNG terminal,
swap or liquefy natural gas from the transmission grid, and then load it in trucks by contracting this
unbundled service.

Consideringthe ports and the import terminals in their viciity, the following table shows the distance to
the LNG Import via road and via sea. Also, the table gives the capacities of the truck stations in each LNG
Terminal.

WP4.IMPACT ON EUROPEAN LNG BUNKERING MARKETS 12
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Port

Barcelona

Civitavecchia

Genoa

Marseilles

Valencia

Country

Spain

Italy

Italy

France

Spain

Road distance to Terminal Truck
Nearest LNG .
Terminal Name Nearest LNG Plant Loading
(km) Capacity(m?/h)
Barcelona 0 3 baysx 91m¥h
Pani i
|gag!|a LNG 344
Terminal
Pamgag”a LNG 120 0
Terminal
Fos Cavou 50 0
Fos Tonkin 55 1 bayx 100m¥h
Sagunto 34 2 baysx 70m3h

2-6. Distance from LNG terminal. Source: GIE

WP4.IMPACT ON EUROPEAN LNG BUNKERING MARKETS 13
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2.2.6  Current tariffs and fees

Current tariffs and fees for the different LNG Terminals of the Mediterranedarket are as follows:

SHIP LOADING SERVICE TRUCK LOADING
Size >9,000m3 <9,000m3 any
Term Fix Variable Fix Variable Fix Variable
H AHTE7 H AHTE7TE AHTETETAA AHTETE
Barcelona 176,841 0.1563 87,978 0.0521 2.88 0.0171
Sagunto 176,841 0.1563 87,978 0.0521 2.88 0.0171
2-7. Spain. Ship reloading and truck loading f&murce: Orden IET/2446/2013
TRUCK
SHIP LOADING SERVICE LOADING
LARGE SCALE SMALL SCALE
Fix Term  Commodity Fix Fix rate Variable Fix
TNA TOR Reload , rate Comments Reload
- N N H
HYAAO HIY-7E 'H HT - 71 H
XPhPPPHTI D
F 1 .32 12 . A
ox Cavaou 00,000 0.3 0,000 50,000 0.5 S8X HT- 7 596.43
. Not
Fos Tonkin 75,000 0.32 40,000 50,000 0.5 .
available

2-8. France. Ship reloading and truck loading f&murce: Elengy and Fosmax tariffs

THERES NOINFORMATIOMVALAIBLEABOUT FEEOSTS FOR PANIGAGLIA LNG TERMINAL

WP4.IMPACT ON EUROPEAN LNG BUNKERING MARKETS 14
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Ship reloading tariffs

A comparison between the tariffs for the ship reloading service has been made for ships size of 3/080
7,500m3and 30,000m3.

In WP2 the Spanish demand in the coming years was studied. According to those results, new tariffs have
been estimated to renain competitive and are the ones that should beonsideredin his report.

A comparison between the official tariffs and the wp2 estimated tariffs is shown in the table below:

Spain fees(Today) Spain fees(WP2 France fees France fees

Barcelond Sagunto Barcelona/Sagunto Fox Tonkin Fox Cavaou
Vessel H HY - 7E H HY - 7E H HY- 7E ¢ €Ka?
3,000m3 99,049 4.66 19,874 0.94 60,625 2.85 50,000 2.35
7,500m3 115,655 2.18 57,186 1.08 76,561 1.44 79,684 1.50
30,000m3 508.963 2.4 238,743 1.12 182,997 1.72 287,997 1.36

2-10. Ship reloading tariffs comparison

Truck Loading tariffs

Similarly, the comparison was made with the price for the truck loading service estimated in wp1.

TRUCK LOADING SERVICE

BarcelonaSagunto (WP1) 1.13 HT - x
Fos Cavaou 596.43 HTT BDAC
Fox Tonkin Not available
Panigaglia Not available

2-11. Truck loading tariffs comparison
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2.3 COMPARATIVE ANALYSIS

A qualitative comparative analysis between the different ports included in the Mediterranediarket has
beendone

Project estimated Spanish port’s feefrom WP2have been considered for both loading service, ship and
truck.

The categories analysednd scores alues to every situation are showed in Annex A.

Marseille Genoa Civitavecchia

Fee for Ship loading service l’ l’
Fee for Truck loading service " l’ l’
Smallscale vesselservice ', "
Truck loading service " "

Distance to terminal l’ "
Conventional bunkeringsituation .‘ l’

GNL Potential

Weighted Number 46/55 21/55 15/55
Score with HIVBENP2fees: Barcelona Score (47/55)  Valencia Score (34/55)
Score with ACTUAL fees: Barcelona Score (45/55)  Valencia Score (32/55)

2-12. Qualitative analysi$ Mediterranean ports

2.3.1 Port of Barcelonavs Port of MarseilleFos, Genoa and Civitavecchia

Regarding current fuel bukering, the Port of Barcelona, the Port of Genoa have similar t/yedrile and the
Port of Marseilleoperates higher volumesalthough no data is availablein the Port Annual Reportthe fact
that 5 barges are used today indicates higher volumes than Barcelona.

LNG mtential considers the passengers volume as a measure of the possibility of LNG bunkeffins
indicator valueis similar inall three ports.

Even thoughltaly is plaming d to build a truck station in Panigaglia Terminal (the FID for its construction is
expected by 2018), currently it does not exist. In addition, the distance from Panigaglia to Port of Genoa and
Port of Civitavecchia is long due to the fact the terminal is notciated in any of the ports.
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However, Port of Barcelona has an LNG Terminal in its location and Port of Marsede has two LNG
Terminals. Thus, LNG Bunkering infrastructure will be more readily feasible and available in Barcelona and
MarseilleFos than inGenoa and Civitavecchia.

Port of MarseilleFos and Port of Barcelona will be real competitors. The advantages of Port of Barcelona are
that the LNG Terminal is nearest the Port than in Port of Marseffles counts with a dedicated small scale
vessels teminal andthe fee for truck load service is lower than in Port of Marseifeos

At Port of Marseile, LNG Terminals araufther away, and, only truck loading servicis availablen Fos Tonkin

2.3.2 Port of Valenciavs Port of MarseilleFos, Genoa and Civitawehia

Current fuel bunkering of the Port of Valencia is lower than in the Port of Marsefes and in the Port of
Genoa. This value is only higher than the Port of Civitavecchia.

On one hand, currently, the LNG bunkering could be mocempetitive in the Fort of Valencia than the

)y OAT EAT 80 01 OOOh 14 @dticdd imileSXE idnbyEdad) Gwal itom Bagunto tetmihal, and

the truck loading service is available. Italian’s ports are not currently offering the truck loading service
required for the LNG Bunkering) O EO EIi bi OOAT &6 O EECEI ECEO OEA EECE
the administration interests on future development of LNG Infrastructure in each case, although today falling

way behind Marseilled-os and Valencia.

On the other hand, Port of Marseillé-os has two LNG Terminals in its location, although only Fos Tonkin is
currently offering truck loading service, the LNG infrastructure for LNG Bunkering is similar than the one in
the Port of ValenciaFees in Francera lower for ship loading but not for truck loading.
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CC_IRE LNGas
hive

3 ATLANTIMARKET

The Atlantic SeaMarket is home tosome of the most important ports in Europe such as Port of Rotterdam,
Port of Antwerp, andthe Port of Le Havre Thismarket is part of the Motorway of the SeaWest Europe, and
the countries that share traffic with Spain are The Netherlands, Belgium, France and United Kingdom.

3.1 SELECTION OF PORTS

To select the main ports that could be competitors of the Spanish ports, the following criteria has been
analysed:

The geographical location of the scenario.
Freight volume handled

Passenger vlume inregular lines
Passenger volume in cruise and regular Isme
Bunkering volume

The peninsular ports that have been studied based on the above criteria:@on, Bilbaq Ferrd, and Sines.
The nonpeninsular portsconsidered the most importantare in the French, English, Belgiarand Dutch
Atlantic markets and include the ports of Amsterdam, Rotterdam, Antwerp, Zeebrugge, Le Havre, Nantes,
Southampton, and Portsmouth.

The nonpeninsular ports have been selectebased on those th& have shared traffic with the peninsular
ports and therefore,would compete in the LNG Bunkering market in the future.

Therefore, the main ports that have been considered in the Atlanti¢arket are:

Peninsular Ports:
o Port of Sines (Portugal)
o Port of Ferrol
o Port of Gijén
o Port of Bilbao

No-Peninsular Ports:

Port of Amsterdam (TheNetherlands)
Port of Rotterdam (The Netherlands)
Port of Zeebrugge (Belgium)

Port of Antwerp (Belgium)

Port of Le Havre (France)

Port of Nantes (France)

Port of Southampton (UK)

Port of Portsmouth (UK)

O O O 0O 0o o o o

The locations of these ports around the Atlantimarket are shown in the next figure:
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3-1 Ports of AtlantidMarket, Source: ICC Ingenieros

3.1.1 State of play and planned development at the ports

A brief overview of the main characteristics of the ports included in thisarket are described in this
section. The information is based on the 2016 Annual Reports of each Port, as well as on the statistics
database for Europe oEurostat
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General Cargo and passengers

The following table provides a summary of the matharacteristics of the ports (data base year 2016):

Volume Volume Pax Volume Pax
Port/Country freight inregular lines  (regular lines and cruses) Port calls

millions tons (1,000) (1,000)
Amsterdam (NL) 97 467 769 4,748
Antwerp (BE) 214 - - 14,473
Bilbao (ES) 32 104 190 2,815
Ferrol (ES) 12 - 30 1,054
Gijon (ES) 18 - 35 1,15€
Le Havres (FR) 66 158 333 -
Nantes (FR) 25 - 11 2,402
Portsmouth (UK) 4 1,986 4,985 -
Rotterdam (NL) 461 1,299 29,022
Sines (PL) 51 - - 2,422
Southampton (UK) 36 2 - 10,016
Zeebrugge (BE) 38 330 1,073 1,335

3-2. Characteristics of the Ports of Mediterranédarket. Source: Eurostar and Annual Reports
Bunkering
TheConventional bunkeringnarket of fuel gives an idea of the potential LNG bunkering market.

The table below presents the current amount of bunkering volume of fuel, the LNG Infrastructure in place,
and the plans for future development in each port.
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. Plans for future
Bunkering .
Port/Country . LNG Infrastructure in place development of LNG
(t/year of QOil)
Infrastructure
Rotterdam (NL) 8,624,418 Import terminal in location.
The infrastructure needed for
Antwerp (BE) 6,500,000 Truck to ship from Zeebrugge barges andseagoing ships o fill

Southampton (UK) Unkonwn

Amsterdam (NL)

Civitavechia (IT)

Bilbao (ES)

Sines(PL)

Nantes(FR)

Zeebrugge(BE)

Gijon (ES)

Ferrol (ES)

Le HavreqFR)

Portsmouth (UK)

4,000,000

114,986

61,90

373,255

*260,000

*350,000

47,135

3,914

900

Unkonwn

None
None

No currently, but truck-to-ship
bunkering could be available

Import terminal in location.

Import terminal in location.

Import terminal in location.

Import terminal in location.

Import terminal in location.

None

None

up with LNG at permanent
facility will be built.

Plans in place for 10003 storage
terminal planned

Import terminal in location built
but no operated yet.

3-3. Volume of Bunkering of the Ports of Atlatiarket Source: Annual Reports
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3.2 PORT DECRIPTIONS

3.2.1  Spanish Ports

The Spanish portsand Portuguese portwithin this study, Sines, Ferrol, Bilbao, and Gijén, agll as the
associated LNG Terminals are described and defined in Wp1.

The following table shows a summary of the import terminals.

Import Terminal Sines Mugardos BBG El Musel
Number of tanks 3 2 3 2
Storage Capacity 390,000 300,000 450,000 300,000
Emission Capacityri3(n)/h) 1,350,000 800,000 800,000 800,000
Small scale ship loading . Sonered Available Available _ Sonsidered

3-1 Summary import terminals

3.2.2 Dutch Ports

Port of Amsterdam

The Port of Amsterdanis the fourth largest port in Europe by cargo tonnage and the second largest port in
the Netherlands after Rotterdam. It consists of the ports of Amsterdam, Zaanstad, Beverwijk, and
Velsen/ljmuiden. In 2016 it handled 97 millitons of cargo, with the maprity handled at Amsterdam and
ljmuiden; 79.2 million and 16.8 million respectively. There are 31 quays in the Amsterdam Harbour that total
over 25 kilometres in length and have depths varying from 4 to 15 meters. The 5 quays at the Port of
Amsterdam's Beerwijk harbour total almost 2,400 meters and have depths from 7 to 11 meters. The nine
Zaandam harbour quays in the Port of Amsterdam contain a total of over 2,600 meters of quays with depths
from 2.5 to 10 meters. The North Sea Canal facilities at I|jmuaidentain a total 7,200 meters of quays and
depths from 6.5 to 16.5 meters.

Although, the nearest LNG Terminal is Gate Terminal in Rotterdiard0 nm away 140km by road the port
T £ I OOAOAAI EAO AARAOGECT AA OEA &' Oiodnhble sdieinkedingfromOA AT 1 OA
a tanker truck into an inland navigation vessel or small ocegoing vessel.

Moreover, Port of Amsterdam and Titan LNG have signed a léddh Oi AT T OOAAO &£ O OEA OET I
AEOAT 30 AOT EAOET ¢ DI Thid pontbog wilbte fe fRst ok igs &ifihin EArép praviting

easy, affordable, and safe LNG bunkering services of this cleaner marine fuel. It is expected to start LNG

bunkering in 2019.

The nearest LNG Terminal is Gate terminal LNG Terminal.
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Port of Rotterdam

The Port of Rotterdam is the largest port in Europe and, as of 2017, is the eleventh busiest container port in
the world with a container throughput of 13,734,334 TEU and the sixth largest port by cargo tonnage at 467.4
million tons of cargo handed. The total area of the port covers 12,713 hectares along 42 kilometres including
5,100 hectares of industrial sites and 5,500 hectares of infrastructure and water surface. Moreover, there are
123 jetties for sea and inland shipping and 77 kilometresjofy walls. The Port of Rotterdam also contains
tank storage for 30 milliorm3of liquids, including refinery storage for crude oil (12 million?), refinery storage

for mineral oil products (6.7 millionm?), independent storage for mineral oil products (5 million m3),
independent storage for chemical products (2.3 milliom3), independent storage for vegetable oils and fats
(2.1 milliorm3), and independent storage for crude oil (800 thousanih?3).

The Gate Terminal LNG Terminal is located in the port, meaning LNG is easily accessible for bunkering
operations. The port has been a firgnover in LNG bunkering initiatives and many smatlale LNG
developments are underway that will build upon the infstructure already in place. Because of this, Port of
Rotterdam is the leader in Europe for the introduction of LNG as a fuel. The port takes a leading role in
adapting the regulations and creating the necessary infrastructure and in doing so also servemasxample

for other ports. Since 2014, the Port Management Byaws of the port of Rotterdam have changed, making
Rotterdam the first port where shipto-ship LNG bunkering of seagoing vessels is officially allowed. Trck

ship bunkering of inland vesselwas already possible before that.

LNG bunkering increased from 1@0ns in 2016 to 1,50@ns in 2017, and in the first quarter of 2018, 7@&s
LNG were bunkered. There is currently a 6,5a®% bunker-supply ship, the Cardissa from Shell, that
uses theGate breakbulk jetty as its home berth, and a 3,000° bunker barge that will be used to
bunker gaspowered, inland waterway vessels is expected toperate by 2019. Routine bunkering
operations are expected in the port by 2020.

Port of Rotterdam has got ints location the Rotterdam Gate Terminal LNG Terminal.

3.2.2.1 Rotterdam Gate Terminal

Rotterdam Gate TerminaNG
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ROTTERDAM GATE TERMINAL

Company GATE TERMINAI
PORT Rotterdam
LNG Terminal YES

Number of tanks 3

Storage capacity 540,000m3LNG

Emission capacity 1,650,000m3(n)/h

Number of jetties 3
Small scale

Minimum ship size 500 m?3

Future implementations planned:

LNG TerminalDue to market request and demand, the terminal is expected to increase the number of tanks
to 4, the storage capacity to 720,00n3, and the emission capacity to 2,200,083(n)/h, when required.

3.2.3 BelgianPorts

Port of Antwerp

The Port of Antwerp has been an indispensable link in world trade since the Middle Ages. It is the biggest
port area in the world with 12,068 hectares. The Port infrastructure and location, close to the centre of
Europe, make transport to consumer easiemore sustainable, more efficient and therefore cheaper.

During the year 2016, the port of Antwerp not only did it manage to handle a freight volume of more than 214
million tons for the first time, but it also passed the 10 million TEU, 117,909,66% of containers being
handled. Furthermore, the main sources of growth in the port were container freight and liquid bulk,
69,242,4170ns.

Fluxys has taken over the concession in the port of Antwerp at quay to make liquefied natural gas
(LNG) available as an alternative fuel for ships and barges, in one of the Port Authority's key initiatives to
make the port's activities more sustainable. Truek-ship bunkering is now possible in the port of Antwerp,
and the port authority wishes to further agment the availability of LNG by setting up a permanent station
to complement the existing mobile (truckto-ship) bunkering service. It therefore requested the market for
proposals to build and operate an LNG bunkering & filling facility. The aim is toéhthe facility up and running

by 2019.

The nearest LNG Terminal is Isle of Zeebrugge LNG Terminal.
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Port of Zeebrugge

The Port of BrugesZeebrugge is a large container, bulk cargo, new vehicles and passenger ferry terminal port
in the municipality of Brugs, Flanders, Belgium. It is a major European port, as it is the leading European
RoRo port, contains one of the largest LNG terminals in Europe, and is situated in an advantageous, central
position on the coast of the North Sea. In 2016, its cargo toneagqualled 37,813,06fbns and it had a
container throughput of 1,399,309 TEU. The port is divided into three major areas: the outer port, the inner
port, and the Baudouin Canal. The outer port contains most of the terminals that handle hegeed traffic.
Behind the locks in the inner port are distribution centres and the terminals for new cars, heéftycargo,

and conventional loads. At the Baudouin Canal there are terminals for building materials and agribulk. There
are three deepsea container terminés in the outer port, over a space of more than 100 hectares with
thousands of meters of quays and the capacity to handle several million TEUs a year.

The Port of Zeebrugge has had infrastructure for the storage and transfer of LNG since 1987, and iei®bn
the main access points for LNG supplies in Noittlestern Europe. The Zeebrugge LNG terminal (Fluxys) was
built for loading and unloading LNG to and from ships. LNG is distributed via the distribution network, and
loaded into LNG ships or LNG trucks

Hve LNGpowered inland navigation vessels are currently supplied via tanker trucks that take on LNG at the
LNG terminal in Zeebrugge (tructo-ship bunkering). It is expected that tanker trucks from Zeebrugge will,
in the near future, bunker a total of 1Bland navigation vessels.

The second jetty at the LNG terminal in Zeebrugge was commissioned in 2016 and has been specially designed
to accommodate LNG bunkering vessels, small LNG ships that load LNG and supply it tqpbiN&ed ships
(ship-to-ship bunkeing) or deliver it to small LNG bunker terminals in other ports.

The port of Zeebrugge locatesn LNG Terminal in its location.

3.2.3.1 Zeebrugge Terminal

Zeebruggd.NG Terminal
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ZEEBRUGGE TERMINAL
Company FLUXYS
PORT Zeebrugge
LNG Terminal YES
Number of tanks 4
Storage capacity 386,000m3LNG
Emission capacity 1,700,000m3(n)/h
Number of jetties 2
Small scale YES
Minimum ship size 2,000m?3

Future implementations planned:

LNG Terminallt is planned that by2019 the terminal will have 5 tanks, increasing the storage capacity to
566,000m3. It is also planned the construction of a thirdock in the terminal.

3.2.4 French Ports

Port of Le Havre

Strategically located at the entrance to the Englis€hannel/North Sea route, Por of Le Havre is a major
seaport in NorthhWestern Europe. The Port of Le Havre is the secdadgest commercial port in France in
terms of overall tonnage, and the largest container port, with three sets of terminals, dedicatezldontainer,

bulk, breakbulk, oil/liquid, and cruise traffic. The Port of Le Havre covers an area that extends 27 kilometers
from east to west and, at its widest, 5 kilometers from north to south. The Port of Le Havre covers more than
10,000 hectares andncludes zones dedicated to sea traffic and to industrglated port activities. There is
storage area available for millions of tons of cargo, and access to the rest of France through rail and
intermodal connections. In 208 the Port of Le Havre handle@6 million tons in total.

On May 2016 a cruise ship was supplied for the first time to be operated with LNG in the Port of Le Havres. It
took place there because the port of Le Havre was able to get the best conditions and to proceed with LNG
truck supply.

No infrastructure currently in place. It is part of the Drageges Ports and the SamueLNG Consortium, as other
ports included in this report, a dredger vessel is being retrofitted with two 153 LNG tanks for bunkering
purposes, expected to be completed byhe beginning of 2019.

The nearest LNG Terminal is Dunkerque LNG Terminal.
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3.2.4.1 Dunkerque Terminal

DunkerqueLNG Terminal

DUNKERQUE TERMINAL

Company DUNKERQUE LNG/FLUXYS/TO"
PORT Dunkerque
LNG Terminal YES
Number of tanks 3
Storage capacity 600,000 m3 LNG
Emission capacity 1,900,000m?3(n)/h
Number of jetties 1
Small scale YES
Minimum ship size 5,000 m3

Future implementations planned:

Small Scaleship loading: By 2019 the capacity of the small scale loading will be increased to 9,000
m3h.

Truck loading station It is expected to be built the first truck loading station 1 x90 at the end of 2018.
Likewise, two more truck loading station ,2x100, are under study
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Port of Nantes

The Port of NantesSaint Nazaire is a large port on the western coast of France that ranks fourth
among Metropolitan France's major seaport authorities and is the leading port on France's Atlantic
Seaboard. The port facilities are locatednathe 65 km long Loire Estuary, between Nantes and Saint
Nazaire. Up to 2,600 calls, 1,200 merchant trains, and about 240 transfers by river barges are made
each year at the Nanteg Saint Nazaire Port Authority's facilities. 7 terminals are available with
variety of uses and more than 10 berths between them. In BQfie port handledmore than 25 million

of tons of cargo.

Apart from truck-to ship bunkering being feasible, Elengyis also studying the possibilities for
supplying bunker barges which could then carry out ship-ship bunkering. The objective of these
two services is to set up the necessary logistics chain to supply feeder ships, road carriers and ferries,
as well asservice vessels. Nantes Saiazaire Port and Elengy's Montoir terminal are working
together It is also part of the Drageges Ports and the SamueLNG Consortium.

Montoir of Bretagne LNG terminal is located in the Port of Nantes Salwézaire.

3.2.4.2 Montoir de Bretagne Terminal

Montoir de Bretagné.NG Terminal
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MONTOIR DE BRETAGNE TERMINAL
Company ELENGY
PORT Montoir
LNG Terminal YES
Number of tanks 3
Storage capacity 360,000m3LNG
Emission capacity 1,600,000m3(n)/h
Number of jetties 2
Small scale NO

Future implementations planned:

LNG Terminal By 2023, according to the terminal plan the dssion capacity will be2,000,000
m3(n)/h.

Small Scaleship loading: The availability of this service for ship sizes up to 5,088is under study.

Truck loading statiort It is expected to be built the first truck loading station 1 x100 at the end of
2018.Likewise, two more truck loading station are under study

3.2.5 UK's Ports

Port of Southampton

The Port of Southampton is the second largest container port in the United Kingdaand is the busiest
export port in the country. In 2086, the port handled % million tons of cargo. The Port of Southampton
covers almost 294 hectares across three main areas. The Eastern Docks occupy almost 69 hectares and
the Western Docks occupy 237 heres. It also has a reserve of almost 324 hectares at Dibden that has
been set aside for future port expansion. The Eastern Docks have total quay length of 882 meters along
6 berths, the Ocean Dock has a total quay length of 1150 meters in 5 berthskEthpress Dock has a total
quay length of 988 meters across 9 berths, and the Itchen Quays have a total quay length of 743 meters
in 6 berths.

No bunkering operations currently planned; port is expected to wait for newly built LNG cruise ships
before developing infrastructure (between 20262025). It is considered that LNG developments will be
market led.

The nearest LNG Terminal is Isle of Grain LNG Terminal.
Port of Portsmouth

The Port of Portsmouth is a port and ferry terminal located in the city of Portsmthh on the South Coast

of England. The majority of the ports business derives from its range of local ferry services and cruise
facilities, but it handles commercial traffic as well in its commercial poithe port covers about 17.6
hectares.

A major bunkering spill in 2017 put bunkering at anchor on hold until a full investigation has been
completed and recommendations made.
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The nearest LNG Terminal is Isle of Grain LNG Terminal.

3.2.5.1 Isle of Grain Terminal

Isle of GrailNGTerminal

ISLE OF GRAINRERMINAL

Company NATIONALGRILC
PORT Isle of Grain
LNG Terminal YES
Number of tanks 8
Storage capacity 1,000,000 m3 LNC
Emission capacity 2,650,000 m3(n)/h
Number of jetties 2
Small scale NO

Future implementations planned:

LNG TerminalAccording to the terminal aim to be the foremost LNG Import Terminal of the world,
they will increase the storage capacity t%,200,000m3and 9 tanks.

Small Scaleship loading: The terminal is looking to offer this service.
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3.2.6  Summary of nopeninsular import terminals

FRANCE BELGIUM NETHERLANDS UK
. Montoir . .
Terminal Dunkerque Zeebrugge Gate Terminal Isle of Grain
(Nantes)
Number of tanks 3 3 4 3 8
Storage Capacity 360,000 600,000 386,000 540,000 1,000,000
Jetties 2 1 2 3 2
Emission Capacity 1,600,000 1,900,000 1,700,000 1,650,000 2,650,000
Small scale ready for Considered Considered
. . available in Available Available Available available in the
ship loading
the future future

35. Summary NoeReninsular import terminals

3.2.7 Distance to LNG Terminal

The LNGbunkering will depend significantly on the distance to the nearest LNG import terminal will be
especially relevant and it will also impact on the feasibility aagtailability.
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Port
Amsterdam
Antwerp
Bilbao (ES)
Ferrol (ES)
Gijon (ES)
Le Havre

Nantes

Portsmouth
Rotterdam
Sines (PL)

Southampton

Zeebrugge

Country

Netherlands

Belgium

Spain

Spain

Spain

France

France

United Kingdom

Netherlands

Portugal

United Kingdom

Belgium

Nearest LNG Terminal

Gate Terminal

GateTerminal
Zeebrugge LNG

Bilbao
Mugardos

El Musel

Dunkirk LNG Terminal

Montoir-de-Bretagne

Grain LNG Terminal

Gate Terminal

Sines LNG Terminal

Grain LNG Terminal

Zeebrugge LNG Terminal

Road distance Terminal Truck Loading

Plant (km)
125

144
95

0

315

185

200

Capacityfn3h)
3 bays x100

3 bays x100
2bay x100

2 bays x27
3 bays x75

3 bays x91

1 bay x100

2 bays x80

3 bays x100

3 baysx 65

2 bays x80
2 bay x100

3-6. Distance from LNG terminal. Source: GIE
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Comments

(1 x90 at the endbf 2018)
(3 x100 under study)

(3 bays x100 under study)

Sea distance
(nmiles)

40

90
60

0

146

172

185
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3.2.1 Current tariffs and fees

Current tariffs and fees for the different LNG Terminals of the Atlanfitarket are as follows:

SHIP LOADING SERVICE TRUCK LOADING
Size >9,000 m3 <9,000 m3 any
Term Fix Variable Fix Variable Fix Variable
H CHT E7 H AHTE7 AHYTETETAA AHTE7
Bilbao 176,841 0.001563 87,978 0.0521 2.88 0.0171
Mugardos 176,841 0.1563 87,978 0.0521 2.88 0.0171
Sines Not avalaible yet TQThYT 0
3-7. Spain. Ship reloading and truck loading f&eirce: Orden IET/2446/2013
SHIP LOADING SERVICE TRUCK LOADING
LARGE SCALE SMALL SCALE any
Variable Fix Truck
Fix Term Variable Approval Fi C t
¢ i pprov ¢ HT - 7 H approval omments
Under study
Zeebrugge 81,449.74 0.2 7,997.28 28,177 1.10* 596.43 3,264 reduction to
Y>ohX!

* Proposed tariffs for April 2018 and more than 25,561 MWh are loaded

39. Belgium. Ship reloading and truck loading fe&&surce: Zeebrugge tariffs

SHIP LOADING SERVICE TRUCK
LOADING
LARGE SCALE SMALL SCALE
Fix Term Commodity Fix Fix rate Variable FixReload
TNA TOR Reload ] rate Comments "
HYAAO HT-7E H HT - 7
M .
ontoirde g5 600 0.32 60,000  Notavailable 596.43
Bretagne
Dunkerque NO TPA

3-10Q France. Ship reloading and truck loading f&esirce: Elengy and Dunkerque tariffs
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THERE IS NOT INFORMATION AVALAIBLE FOR GATE AND (GREINAERMINAL FEES

Ship reloading tariffs

A comparison between the tariffs for the ship reloading service has been made for ships size of 3/080
7,500m3and 30,000m3.

As seen before, LNG Import Terminal such as Gate Terminal, Isle of GrairDanéterque are exempted of
publishing their fees, thus, tariffs are based on commercial negotiations.

In wp2 has been studied the Spanish demand in the coming years. According to those results, new tariffs
have been estimated as the ones that should be takénto account to be competitive.

Hence, a comparison between the official tariffs and the wp2 estimated tariffs is shown in the table:

Spain fees Spain fees wp2 France fees Belgium fees
Bilbao/Mugardos Bilbao/Mugardo Montoir de Bretagne Zeebrugge
Vessel H HT - 7 H HT - 7 H HT - 7 € ekKkaz K
3,000m? 99,049 466 19,874  0.94 not ot 51492 242

available available

not not
7,500m3 115,655 2.18 57,186 1.08 . . 86,552 1.63
available available

30,000m3 508.963 2.4 238,743 1.12 217,997 2.05 131,945 0.62

3-12 Ship reloading tariffs comparison

Truck Loading tariffs

Same as before, the comparison has been made with the price for the truck loading service estimated in wp1.

TRUCK LOADING SERVICE

Bilbao-Mugardos wp1l 1.13 'H7Wh
Montoir de Bretagne 596.43 HTT DAC
Zeebrugge 531.27 HTT DAC

3-13 Truck loading tariffs comparison
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3.3 COMPARATIVE ANALYSIS

A Qualitative comparative analysis between the different ports included in the Mediterranekfarket have
been done. Data of the different variable have been analysed with a numeric number in order to give a
weighted ranking.

Estimated Spanish port’s feeof in WP2 have been considered for both loading service, ship and truck.

The categories analysed and scores values to every situation are showed in Annex A.
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AMSTERDAM  ROTTERDAM ZEEBRUGGE ANTWERP LE HAVRE NANTES SOUTHAMPTON PORTSMOUTH

Fee for Ship loading service ', "

Fee for Truck loading service .’ l, "
Small Scale service " ', .’

Truck loading service l,

Distance to terminal .’ " " l’ l,

Conventionalbunkering

situation

LNG mtential

Weighted Number 36 45 41 34 24 26 7 25
Maximum score available 45 45 55 a7 37 42 28 36
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