Business Plan (A 2.3.2) / Sustainable
Energy Supply & innovative Solutions for
Emission Reduction "Green bunkering of
cruise vessels with sustainable fuel
options

COWI A/S and Kosan Krisplant A/S

GREEN CRUISE PORT is an INTERREG V B project, part-financed by the
European Union (European Regional Development Fund and European
Neighbourhood and Partnership Instrument).

Business Plan (A 2.3.2) / Sustainable Energy Supply & innovative Solutions for Emission Reduction "Green bunkering of
cruise vessels with sustainable fuel options

Contents
Executive summary .............................................................................................................................4
1

2

3

4

5

6

Introduction ................................................................................................................................9
1.1

Background .........................................................................................................................9

1.2

Methodology .......................................................................................................................9

LNG supply chains ..................................................................................................................... 11
2.1

Introduction ...................................................................................................................... 11

2.2

Supply from existing LNG export terminal .......................................................................... 11

2.3

Import & Export terminals ................................................................................................. 13

2.4

Local production supply chains .......................................................................................... 14

Terminal infrastructure (bunkering) alternatives ....................................................................... 17
3.1

Comparison of the different bunkering models .................................................................. 17

3.2

Summarising the main characteristics ................................................................................ 23

LNG and safety requirements .................................................................................................... 25
4.1

Regulations........................................................................................................................ 25

4.2

Risk assessment of a medium sized facility ........................................................................ 28

LNG Prices and costs ................................................................................................................. 30
5.1

Gas price ........................................................................................................................... 30

5.2

LNG margins ...................................................................................................................... 31

5.3

Logistics costs .................................................................................................................... 31

5.4

LNG terminal fees .............................................................................................................. 32

5.5

Satellite terminal/bunker fees ........................................................................................... 34

5.6

Costs of supplying LNG from local Liquefaction Plant ......................................................... 34

Market expectations and market potential for LNG ................................................................... 38
6.1

Global development, trends and drivers ............................................................................ 38

6.2

Cruise ship market for LNG ................................................................................................ 39

6.3

Other market areas ........................................................................................................... 40

6.4

What do the market actors say? ........................................................................................ 42

Page 2/70

Business Plan (A 2.3.2) / Sustainable Energy Supply & innovative Solutions for Emission Reduction "Green bunkering of
cruise vessels with sustainable fuel options

7

8

9

6.5

Potential – the maritime traffic.......................................................................................... 42

6.6

Summary of the market analysis ........................................................................................ 46

Business case ............................................................................................................................ 48
7.1

The costs of LNG supply ..................................................................................................... 48

7.2

What is a competitive price on LNG? ................................................................................. 50

7.3

What sales volumes are required for an economically feasible LNG solutions .................... 51

7.4

Comparison with market potential .................................................................................... 53

Conclusions and key issues for a LNG port business plan ........................................................... 55
8.1

Some overall conclusions and considerations .................................................................... 55

8.2

Key issues for a business plan ............................................................................................ 57

Bibliography .............................................................................................................................. 58

Annex I Overview bunkering models ................................................................................................. 59
Annex II Current or planned LNG terminals in the Baltic Sea Region. Source: GIE, December 2017 .... 69

Page 3/70

Business Plan (A 2.3.2) / Sustainable Energy Supply & innovative Solutions for Emission Reduction "Green bunkering of
cruise vessels with sustainable fuel options

Executive summary
The Baltic Sea region are being regulated more and more strictly with respect to the emissions from
maritime activities. This puts pressure on vessels with respect to the fuels that can be used by vessels
operating in this region. There are different solutions that can be applied to accommodate the
regulations put in place or expected to be implemented in the years to come. One of these solutions
is LNG.
This report considers LNG as an alternative fuel for maritime vessels. The report outlines generally
the technology involved in bunkering of vessels with a discussion of the different alternatives
available. The Port of Esbjerg is used as a reference case for the discussions, but many of the results
and discussions in the report are applicable also for other ports in the Baltic Sea.
The report further considers the following elements as being inputs to a discussion of and LNG
business case:






Supply chains. Depending on the selected bunkering solution, there are different alternatives to
deliver LNG to the terminal site, including local production.
Bunkering options. This includes an outline of the different technical setups to supply LNG to
ships in ports
Regulatory requirements. This part is considering the different safety regulations related to the
different bunkering options. These are relevant to consider because it may influence how the
available land is allocated.
Market demand and potential. This involves analysing the potential in the cruise market, other
market areas such as off-shore supply, ferries, line ships. The general expectations among the
different stakeholders and clients are analysed.

When considering the business case for LNG it is important to consider the size of the LNG bunkering
facility and how LNG is being supplied to this facility (supply chains). Three main ways of supplying
the local facility are trucks, iso-containers and barges. The advantages and disadvantages of these
are summarised below. Currently there are very few LNG facilities, where LNG can be supplied from.
Tank truck
Advantages

ISO Container

Carrier

Flexibility in supply

Possible to bundle ISO
containers in shipment

Large quantities

Low investment costs
in port infrastructure

Low logistic cost over
large distribution areas

Low logistic cost over
large distribution areas

Low investment costs
in port infrastructure
Disadvantages
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Small quantity

Dependent on shipping
routes

Small volumes not
acceptable

High logistic costs over
large distribution areas

Risk of slow delivery

High investment costs
in port infrastructure
Risk of slow delivery
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The costs of the different supply chains are rather similar. Comparing the truck and container
solutions boil down to a consideration of how large amounts are demanded, and which alternative is
more expensive depend on the specific amount, and to the distances that must be covered from e.g.
Rotterdam. The trucking costs are typically more dependent on the distances covered compared to
the containers, which are moved by container vessels. A barge or carrier solution require larger
amounts of LNG to be demanded before it becomes a competitive alternative. The costs are rather
uncertain – especially for the barge alternative.
The local bunkering facilities range from simple and very flexible truck based solutions to large
permanent facilities and with the option of local production (a liquefaction facility) as an additional
possibility. The differences between the different alternatives and the choice of which solutions is
most relevant, depend on the demand, and the need for bunkering speed. The number of ports
offering LNG (with a permanent facility) is low.
A truck based solution is basically one (or more) trucks, which can be used to supply small amounts
of LNG directly to the ship without permanently installed equipment. It can be combined with more
trucks supplying LNG at the same time. This will require a small installation locally. The truck based
solutions are relatively cheap and easy to apply. More permanent solutions are using stationary
tanks, which can be used to bunker at higher speeds and volumes.
The comparison of the different bunkering models considered are outlined in the table below.
Solution

Flexibility

1. Truck

High

2. Y-Piece
3. Bunker manifold

Safety
Low

Automati
sation
Low

LNG
Volumen
Low

Flowspeed
Low

High

Medium

Low

Medium

Medium

High

Medium

Low

High

4. Pump unit

Medium

High

High

5. Dual truck to
ship
6. Multiple truck to
ship (MTTS)
7. Movable MTTS

Medium

High

Medium

Require
EIA
No

Investme
nt
Low

Operatio
nal cost
Low

No

Low

Low

High

No

Low

Medium

Low

Medium

No

Low

Low

High

Low

Medium

No

Low

Low

High

High

Medium

No

Medium

Low

High

High

Medium

Medium/
High
High

High

No

Medium

Medium

8. Stationary tank

Low

High

High

High

Yes

Medium

Low

9. Stationary tank
with multiple
trailers
10. Multi fuel
station
11. Small Terminal

Medium

High

High

High

Medium/
High
Medium/
High

No/Yes

Medium

Low

Low

High

High

High

High

High

Medium

Medium/
High
High

No/Yes

Low

Medium/
High
High

Yes

High

High

12. Pontoon

Medium

High

Medium

High

High

No

High

High

The costs of permanent solutions are significantly higher than the simple truck based solutions, the
operating costs will be higher, and safety regulations are tighter from these installations. Hence,
before choosing the permanent solutions, demand should be rather high.
The relevant parameter in the end, when it comes to understanding the market for LNG is the price.
The price towards the end client of the LNG can be identified as the sum of:
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gas price + traders margin + terminal fee + logistic + bunker fee.
The first three can vary depending of the quantity of LNG and the day price. In general these costs
are not under control of the port or the organisation delivering the gas to the ships. Thus the
interesting part are the logistics costs and the bunker fee.
The logistics cost depends on type of transport, distance, equipment required and personal required.
The bunker fee is the profit. The size will depend on the price of alternative solutions – both other
LNG supplies and other fuels.
We have compared the three different supply chain alternatives, when the local bunkering facility
and demand for LNG is at the optimal level related to the supply chain. This is shown in the figure
below.
As outlined above, although the costs related to truck transport is higher, this may be the cheapest
alternative when demand is low. The analysis cannot show at what level the shift may occur.

Figure 1

Supply chain costs: Gate of Rotterdam to Port of Esbjerg. Assuming ‘optimal’ quantity of LNG. Source: own
elaboration

The outstanding issue is then how demand for LNG can be expected to develop. The market has been
investigated through considering the number of new LNG vessels ordered, traffic of different types of
vessels in and out of the Baltic Sea region, and especially through interviews with key market players.
The current market demand is low. Cruise ships seem to be the largest LNG market in the near
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future, but other types of vessels have also ordered new vessels. However, in the short term these
are to a large extent niche areas.
For the Port of Esbjerg the most interesting types of markets are off shore supply vessels, line vessels
and RORO vessels. The interviews with market players operating within these markets have indicated
that demand for LNG in the Port of Esbjerg will continue to be limited. Ferry and RORO operators are
considering other alternatives as well as LNG. For example electric ferries, which can operate the
shorter distances. Some line vessels are considering both LNG, but are also looking into e.g. hybrid
vessels and hydrogen fuelled vessels.
Comparing the different market areas, the table below summarised the expectations within each
market. Red indicates a low demand can be expected, whereas dark blue is indicating a relatively
higher demand.
Table 1

Assessment of market potential for LNG to ships.

Market segments

Esbjerg

Esbjerg

The Baltic Sea

The Baltic Sea

Actual

10 years

Actual

10 years

Cruise ships, passenger ships
RoRo and RoPax ships
General cargo ships
Containerships (feeder ships)
Tankers (oil, gas and chemicals)
Bulk carriers
Others (supply ships etc.)

The actual demand of LNG cannot be estimated, as there is no evidence to support the number of
vessels operating on lNG. The qualitative assessment outlined in the table is however, compared to a
calculation indicating the amount of LNG required to make each of the twelve bunkering alternatives
a viable alternative. This is summarised in the table below.
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Table 2 Illustration of the LNG demand necessary to cover CAPEX for the different bunkering models. Source: Own
calculations.
Model

Total
CAPEX

Annual
CAPEX

Quantity
supplied
per vessel

OPEX

Logistic costs
(excl. Local
handling costs)

Amount of LNG
required to cover
CAPEX if LNG sold
at MGO price

Corresponding
no. bunkering
vessels

EUR

EUR

mWh

EUR/mWh

EUR/mWh

mWh

1

-

-

592

0,40

34

-

-

2

30,000

1,835

592

0.30

34

961

2

3

100,000

6,116

1,185

0.36

34

3,100

4

4

2,400,000

146,776

1,777

0.39

34

73,089

68

5

1,000,000

61,157

296

0.02

34

37,507

129

6

1,300,000

79,504

592

0.01

34

49,004

84

7

2,000,000

122,313

1,185

0.01

34

75,155

64

8

2,500,000

152,892

2,962

0.05

34

92,006

33

9

4,000,000

244,627

2,369

0.06

34

146,166

66

10

8,000,000

489,254

2,369

0.06

34

292,331

133

11

10,000,000

611,567

2,369

0.11

34

355,687

171

12

10,000,000

611,567

2,369

0.16

34

344,880

177

In this calculation a typical sized vessel is used, and it is assumed that the LNG is sold locally at the
same price as MGO. Hence, the calculations assumes that ship-owners can recover their investments
in the vessels without any discounts on the fuel. This is obviously not the case, but we have chosen
this simplistic approach to highlight the differences between the bunkering technical solutions. As
can be seen the simple truck based alternatives (model 1-3) do not have very high costs, and may
therefore soon be viable even if some discount on the LNG over MGO is required to make LNG an
economically feasible alternative for the vessels. The more permanent facilities will however, require
substantial demand.
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1 Introduction
The Port of Esbjerg have commissioned COWI to elaborate a report on the potential business plans
for LNG supply in the port. The work has been part of the Green Cruise Port Intereg project. COWI
have included Kosan Crisplant A/S as an advisor on the technical solutions and their properties in
elaboration of the report.
The project departs in the potential to bunker cruise ships using LNG, but the analysis has been
extended to consider other markets as well.
The work has been undertaken in the period from November 2017 until May 2018.

1.1 Background
The Baltic Sea Region (BSR) has a list of land- and seascapes as well as cultural landmarks, which are
under pressure from the increasing maritime activities in these regions. The growing cruise ship
traffic, which in many cases will come very close to these fragile locations increases this pressure.
International regulation have acknowledged this pressure and have decided to introduce SECA areas
where e.g. heavy fuel oil use is prohibited. These areas will expand to cover the entire BSR. Hence,
ships must be adapted to meet these requirements. Different solutions are possible, and LNG is one
of these solutions.
A shift to LNG may lead to an increased demand for bunker facilities in the ports. While at the sea
side mainly private operators (shipping lines) and international bodies (e. g. IMO) are the main
actors, on landside national port administrations and operators must plan and implement, which
means to build up an efficient and sustainable cruise port infrastructure and superstructure (e.g.
terminals) to facilitate access to LNG.

1.2 Methodology
The purpose of this study is to assess what are the opportunities and limitations for changing cruise
vessels to LNG and the supply options in ports in the North Sea and Baltic Sea region, and based on
this propose further steps, for the GCP for the work on LNG for cruise ships. In addition other
possible users of LNG will be included in the assessment.
The focus in the current study is on the supply of LNG. What are the possible solutions, what are the
costs related to this and how does this compare to alternatives.
The demand side is assessed as part of the study with reference to the costs of changing the fleet to
LNG. However, this aspect is not analysed to the same level of detail as the supply side, i.e. costs
related to upgrading vessels to LNG are taken as given, and any cost differences between
conventional heavy fuel oil fuelled vessels and LNG fuelled vessels are not analysed.
The analytical approach in this study includes simplified business cases for the supply of LNG to
vessels in ports. The inputs used for the business cases are prepared generally such that the different
elements can be applied to other specific cases not included in the present report.
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The business cases use the Port of Esbjerg as the illustrative case, but the different elements are to a
very large extent independent of this specific port.
The business case includes the following elements:






Supply chains. Depending on the selected bunkering solution, there are different alternatives to
deliver LNG to the terminal site, including local production.
Bunkering options. This includes an outline of the different technical setups to supply LNG to
ships in ports
Regulatory requirements. This part is considering the different safety regulations related to the
different bunkering options. These are relevant to consider because it may influence how the
available land is allocated.
Market demand and potential. This involves analysing the potential in the cruise market, other
market areas such as off-shore supply, ferries, line ships. The general expectations among the
different stakeholders and clients are analysed.

Each of these elements are analysed and described in the report in separate chapters. The
components are then combined in the assessment of the business case for the port of Esbjerg.
The results, conclusions and recommendations are summed up in the final chapter.
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2 LNG supply chains
2.1 Introduction
The different bunkering options are closely linked to the supply of LNG. In principle five different
supply chains can be considered. Three alternatives for supply from existing LNG export terminal
(Chapter 2.2) and two for local production supply (chapter 2.3)

2.2 Supply from existing LNG export terminal
The three main types of supply chains involve transporting the LNG from a liquefaction point (LNG
export terminal) to the port, where the LNG is bunkered. Three alternatives are possible, each with
specific advantages.

Supply chain alternative 1: LNG Truck distristribution

Supply chain alternative 2: LNG ISO container distribution

Supply chain alternative 3: LNG ship/carrier distribution

To explore the different supply chain alternatives from external LNG eksport terminals we have made
the analysis based on:






Location and distance to the terminal
Delivery time
Volume per load
Distrubution barriers
Flexibility in supply

2.2.1 Tank distribution
The Logistic costs of distributing LNG is highly depended on the specific supply chain. Each
distribution scenario represent advantages and disadvantages highly depended on the exact
bunkering case.
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LNG tank truck distribution is a very flexible form of distribution, enabling fast delivery within one to
two days. Truck distributions allows for none or low investments in port infrastructure depending on
preferred flow-speed and delivered volume. The start-up investment is approximately 200,000 € per
LNG tank trailer. Today many tank trailer manufactures have trailers on stock enabling a quick start
up. Even do this supply form is very effective it has its limitations when it comes to bunkering
volumes and distance of delivery. Logistic cost is highly depended on the distance between terminal
and end-customer.

2.2.2 ISO containers
Delivery of LNG with ISO containers from a ship will make it possible to supply high volumes of LNG
over a geographical large area without paying the same high logistic cost as road transport. The port
infrastructure to handle bunkering from ISO containers will largely be transparent to tank trucks.
Naturally, distribution in ISO containers from ship is only possible if there are, shipping routes
present enabling container supply. Effectiveness of this type of Supply Chain will depend on sailing
schedules and volumes.

2.2.3 Ship delivery
Ship delivery is a highly efficient supply chain provided a sufficient size satellite terminal has been
established at the receiving port. The deliveries from a LNG carrier require transfer of larger volumes,
deliveries below 500 m3 LNG is often considered too insignificant. Designing and building the correct
size satellite terminal can be very time consuming and at the end be extremely costly.

2.2.4 Comparing the different supply chains
In Table 3 the highlights of the different advantages and disadvantages from each of the three
supply chain scenarios are summarised.
Table 3 Advantages and disadvantages of supply chain solutions

Tank truck
Advantages

ISO Container

Carrier

Flexibility in supply

Possible to bundle ISO
containers in shipment

Large quantities

Low investment costs
in port infrastructure

Low logistic cost over
large distribution areas

Low logistic cost over
large distribution areas

Low investment costs
in port infrastructure
Disadvantages

Source: Own elaboration
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Small quantity

Dependent on shipping
routes

Small volumes not
acceptable

High logistic costs over
large distribution areas

Risk of slow delivery

High investment costs
in port infrastructure
Risk of slow delivery
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2.3 Import & Export terminals
Today it is possible to source LNG at a number of terminals in Europe. Most of the existing terminals
in Europe were developed to regasify imported LNG and thereby injecting the gas into the
transmission and distribution grid. As a consequence of the increasing focus on environmental
concerns and in general oversupply and low margins, many of these terminals implemented services
enabling new market possibilities. Today many of these terminals now offer the possibility to:
1.
2.
3.
4.
5.

reload(break-bulk) LNG from terminal into vessels,
transhipment in which LNG is transferred from one vessel to the next,
bunkering of bunker barges or LNG-fuelled ships,
truck loading where LNG is loaded in smaller quantities,
Rail loading where the LNG is loaded onto railcars.1

This analysis will focus on the terminals located within the project area of the GREEN CRUISE PORT.
An overview is provided in Annex II.
Currently nine terminals are in operation with the objective to import LNG. Further three are under
construction and additional nine are planned or under study. Within the area, a total number of six
terminals are constructed to export or liquefy gas and further four is planned or under study.
In Table 4 the Import and Export terminals by country and for the specific status of the project.
Table 4 Current and planned LNG terminals by country. Source: GIE, December 2017
LNG Import terminal
LNG Export terminal/Liquefaction plant
Operational Under construction Planned Operational Under construction Planned
Denmark
1
Sweden
2
2
Norway
2
5
Germany
2
Belgium
1
Netherlands
1
Poland
1
1
Lithuania
1
Latvia
1
Estonia
2
Russia
1
1
3
Finland
1
3
Map Total
9
3
9
6
4

As mentioned above many of these terminals has started looking into supplying LNG to new
customers. In practical, this means that many of the Import terminals on the map in some degree
also offers export services. This includes the Import terminal in Rotterdam, Zeebrugge and Klaipeda.

1

King & Spalding – LNG in Europe 2016/2017: An overview of LNG Import Terminals in Europe. Jan. 2017. As
this solution has not yet been implemented anywhere, and the market actors are not presently considering
this. We will not analyse it further in this report.
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Of these three alternatives, Rotterdam and Zeebrugge are the closest to serve ports in the western
part of the Baltic region, and Klaipeda is logistically closer to many of the eastern ports of the region.

2.4

Local production supply chains

Further it will be possible to establish own production of LNG or even CO2 neutral LBG (Liquefied
biogas) from a local Liquefaction plant. From the liquefaction plant, in addition 2 supply chain
alternatives can be established:
Supply chain alternative 4: LNG ex-pipe delivery

Supply chain alternative 5: LNG truck distribution

The benefit from a local liquefacition plant is the limited need for establising large storage tanks with
a rapid boling rate. Instead it is possible to utilize the gas grid and produce LNG when the demand is
present. Further a local liquefaction plant allows for the possiblity to peak shave and produce LNG
during periods of low gas/electricity prices. To analyse LNG/LBG delivery from a local liquefaction
plant electicity and gas prices are extremly important to take into consideration as they constitute a
major share of the total cost of each produced MWh of LNG.
Compared to other supply chains a local liquefaction plant benefits from a number of factors. Below
is listed a number of benefits:
Start-stop time: A quick stop-start time is essential to meet unplanned demand in an increasingly
dynamic market and for balancing the gas and electricity grid during periods of low gas (electricity)
demand. Moreover, it helps balance the various system services and therefore run the
transformation process when gas and electricity prices are lower, and stop the process when prices
are higher.
Scalability: An easily scalable liquefaction technology requires smaller initial investment while
retaining the option to invest in increments as demand increases. Therefore, it avoids the risk of
over-investing in a market that is not sufficiently mature to support the investment. It is important to
make installations, which can be adapted in size so that it is possible to adjust the levels of
production depending on market demand.
Automation: In some cases, it is possible to have a fully automatic liquefaction plant. Greater degree
of automation reduces the cost of operating the plant by reducing the production-related labour cost
and human errors.
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Possibility to produce LNG as well as LBG: Placing a liquefaction plant in Denmark allows the
liquefaction plant to produce LNG as well as LBG. The possibility to produce LBG helps reduce
emissions of harmful particles and the CO2 content in the liquefied gas.
Adaptability: Today liquefaction plant’s offers possibility to adopt to changes in surrounding
synergies such as excess heat, seawater or wind power. Especially the excess heat from the
liquefaction can be used as heat source for district heating.

On the other hand demand have to be rather large in order to recapture the investment in the
liquefaciton facility, because the costs are significantly higher than establishing only the bunkering
facility. The demand for LNG in most ports will not be sufficient. Hence, an export option must also
be established in connection with the plant.
Therefore, when discussing the locaiton of such a plant, it must take into consideration how total
demand can be maximised, which also includes minimising the distances to the different ports that
may demand LNG. The logistic costs related to the supply chains are important aspects of the
business case. When LNG has to be transported over long distances, the price of LNG for the vessels
at the bunker port will be less competitive compared to the MGO and scrubber alternatives.
A liquefaction facility involves some additional safety regulations, which require more space. This can
therefore also be a factor that ports with limited possibilities to expand their port activities, will have
to consider carefully.
LNG is currently primarily used as fuel for vessels, which is also the objective of this report. However,
gas is also being used for fuelling in road transport. There are furthermore a development, which
may lead to demand from trucks. Trucks will have to fuel more often than marine vessels. Therefore
local supply will be more relevant for this sector in order to be competitive. The transport costs of
LNG will be relatively higher for each truck to be fuelled.
A local liquefaction facility will be able to also supply truck LNG fuel stations at lower costs. Although
demand from the road transport sector and from marine demand is not yet high enough to make a
liquefaction facility economically viable, there may be a local (political) pressure on the possiblity to
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Business Plan (A 2.3.2) / Sustainable Energy Supply & innovative Solutions for Emission Reduction "Green bunkering of
cruise vessels with sustainable fuel options

have a more green alternative to diesel. Locally there are interests in being able to brand a city, a
port or a company as a green alternative. For this local LNG produciton may be seen as contributing
to this brand.
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3 Terminal infrastructure (bunkering) alternatives
For each of the 5 supply chain alternatives different infrastructure (bunkering) solutions can be
established. Overall the following types of supply chains are typically used.
a. Delivery of LNG from external terminal in Europe.
i. Truck
 Truck-to-Ship
 Multiple truck-to-ship
 Truck-to-tank
 Truck-to-pontoon
ii. ISO container
 Container-to-Ship
 Multiple container-to-ship
 Container-to-tank
 Container-to-pontoon
iii. Ship
 Ship-to-Tank
 Ship-to-pontoon
b. Supply of LNG/LBG from local Liquefaction plant
i. Ex-pipe delivery Port of Esbjerg
ii. Truck
 Truck-to-Ship
 Multiple truck-to-ship
 Truck-to-tank
 Truck-to-pontoon
For many of these supply chain alternatives, there are different technical alternatives. Moreover,
there are also many similarities between some of the models. In the following subsections, we
consider a range of different technical solutions.

3.1 Comparison of the different bunkering models
For this project twelve different bunkering models are considered. The models are shortly described
in the subsequent sections. The breakdown in this section does not fully follow the breakdown in the
previous section, as emphasis is placed on the actual bunker process. In addition, it reflects that
several of the bunkering models can be combined. E.g. can several models be supplied both by truck
and from container.

3.1.1 Models 1, 2 and 3 - Truck, y-piece and bunker manifold
The models 1-3 are all bunkering by trucks. One truck, two truck or four trucks at the time. So the
main difference is the speed of bunkering.
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1

Truck

Simple truck-to-ship bunkering solution. Allows for bunkering of
smaller quantities with flow speeds depending on on-board trailer
pump. Typically, these pumps are able to deliver 400-800-liter pr.
minutes. New trailer pumps are however able to deliver up to 1000
liter-pr. minutes. Typical trailer size 40-60 m3.
Volume: 40-60 m3
Flow-speed: 24-60 m3/h

2

Y-piece

The Y-piece enables bunkering from two semi-trailers at a time,
resulting in the double flow speed compared to a normal truck-to-ship
bunkering. Further it is possible to interchange the trailers during
bunkering.
Volume: 40-120 m3 (possible to exchange trailers)
Flow-speed: 48-120 m3/h

3

Bunker manifold

Using a bunker manifold will make it possible to bunker through four
semi-trailers using the on-board trailer pumps. It will be possible to
exchange the trailers during the bunkering.
Volume: 40-240 m3 (possible to exchange trailers)
Flow-speed: 96-240 m3/h

Characteristics:
These three alternatives are generally similar with the only difference being the size and speed. The
main characteristics of this alternative are therefore similar for all three:







Minimum of investment
Minimum of space on port required – a responsible person + room for equipment.
Bunkering to be arranged ahead of vessel arriving to port.
Gas coming to ship – no permanent installation required
Bunkering speed slow to medium
Bunkering volume low to medium

Typical application: Suitable for smaller vessels and requires no permanent installation.

3.1.2 Model 4 – Pump unit
Bunkering by up to six trucks. The pumps are on the movable container unit.
4

Movable MTTS

The Movable MTTS is a completely movable bunkering installation
able to ensure bunkering at different locations. The unit consist of a
40-foot pump unit equipped with 3 pumps connected to 6 semitrailers. This will allow for continuing bunkering without having to stop
the operation at any time.
Volume: 40-360 m3 (possible to exchange trailers)
Flow-speed: 40-240 m3/h
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Characteristics:







Minimum of investment
Minimum of space on port required – a responsible person + room for equipment.
Bunkering to be arranged ahead of vessel arriving to port.
Gas coming to ship – electric power installation (or form a generator) required
Bunkering speed high
Bunkering volume medium to high

Typical application: Suitable for all vessels, permanent installation and thus less flexible with
requirements of fast bunkering.

3.1.3 Model 5-6 – Dual and multiple truck to ship
Bunkering from trailer – one or two. Pump unit on land.
Pump unit

5

Bunkering directly from a semi-trailer parked and connected to a pump
unit. The bunkering will be fully automatic and require no on-site staff.
The tank trailer will not have any on-board pump, instead an external
pump inside a 20-foot container will be used with a flow-speed from
800-1300-liter pr. minutes. This type of facility will be emission free
and therefore no purging is required.
Volume: 40-60 m3
Flow-speed: 24-80 m3/h

Dual truck to ship

6

Solution similar to the pump unit. Only differentiation is the possibility
to park two tank trailers instead of only one. Additional custody
transfer system can be installed.
Volume: 40-120 m3
Flow-speed: 24-80 m3/h

Characteristics:







Medium investment
Minimum of space on port required
Ready for bunkering when required
Ship coming to gas – limited installation required
Bunkering speed slow
Bunkering volume low

Typical application: Suitable for ferries and other fixed-line vessels.
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3.1.4 Model 7 – Movable multiple truck to ship
Similar to model 4, only the unit is stationary.
Multiple truck to ship (MTTS)

7

A pump unit consisting of two pumps inside a 40-foot container. 1-4
trailers will be connected to the pump unit. The unit is ideal to achieve
high flexibility and avoid investing in a fixed tank.
Volume: 40-240 m3
Flow-speed: 48-160 m3/h

Characteristics:







Medium of investment
Minimum of space on port required
Bunkering to be arranged ahead of vessel arriving to port.
Ship coming to gas
Bunkering speed medium
Bunkering volume medium

Typical application: Suitable for ferries and other fixed-line vessels with requirement of fast
bunkering.

3.1.5 Model 8 – Stationary tank
Based on buffer tanks. Can be supplied by trucks or ships. Require EIA.
Stationary tank

8

Bunkering installation with 2 x 300 m3 stationary tanks. This solution is
very fitting for ships sailing on fixed routes. The bunkering will be done
through a bunker assisted crane. Further the installation allows for
quantitative flow measurements. LNG will be supplied by truck or ship.
Volume: 300-600 m3
Flow-speed: 24-160 m3/h

Characteristics:







High investment in tanks and bunker crane.
Permanent space on port required – a responsible person.
Ready for bunkering when required
Ship coming to gas
Bunkering speed medium to fast
Bunkering volume high

Typical application: Suitable for ferries and other fixed-line vessels with requirement of fast and
regular bunkering.
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3.1.6 Model 9 – Stationary tank with multiple trailers
Flexible solution that combines buffer tanks and trailers. Can be used for LNG from ship to truck and
vice versa.
Stationary tank with multiple trailers

9

A stationary storage tank connected with multiple trailers allow setting
up a bunkering installation without having to complete a full EIA. The
solution makes it possible to bunker either directly form a trailer or
from the stationary tank. It will be possible to deliver LNG from the
trailer to the stationary tank or from ship to the stationary tank. It will
further be possible to deliver LNG from ship to trailer.
Volume: 40-450 m3
Flow-speed: 24-160 m3/h

Characteristics:









Medium investment in tanks and bunker crane.
Permanent space on port required – a responsible person.
Ready for bunkering when required
Ship coming to gas or gas coming to ship
Bunkering speed fast
Bunkering volume high
Phase divided project
Possible to avoid IEA

Typical application: Suitable for scenarios with many vessels with varying demands.

3.1.7 Model 10 – Multifuel station
Flexible solution that combines buffer tanks and trailers. Can be used for LNG from ship to truck and
vice versa.
Multi fuel station

10

The Multi fuel station enables the possibility to service various types of
customers from the maritime industry through land transportation. It
will be possible to bunker ships with the stationary tank or a connected
semi-trailer. Land transportation for LNG and CNG will be filled through
the LCNG filling station.
Volume: 40-200 m3
Flow-speed: 24-160 m3/h (Bunkering)

Characteristics:







High investment in tanks and bunker stations.
Permanent space on port required – operational crew.
Ready for bunkering when required
Possible to supply LNG and CNG
Ship coming to gas or gas coming to ship
Bunkering speed fast
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Bunkering volume high

Typical application: Suitable for scenarios with many vessels and other customers with varying
demands.

3.1.8 Model 11 – Small terminal
Requires supply from ships.
Small terminal

11

Small scale terminal for bunkering and regasification of LNG. The plant
consists of 5 x 700 m3 LNG tanks. LNG will be delivered with ship[1].
From the terminal it will be possible to fuel semi-trailers or bunker
ships with LNG. In addition, regasification of the LNG will enable
delivery of gas to a local gas grid or industrial consumers.
Volume: 700-3500 m3
Flow-speed: 24-240 m3/h

Characteristics:







High investment in tanks and bunker stations.
Permanent space on port required – operational crew.
Ready for bunkering when required
Ship coming to gas or gas coming to ship
Bunkering speed fast
Bunkering volume high

Typical application: Suitable for scenarios with many vessels with varying demands.

3.1.9 Model 12 - Pontoon
Flexible solution that allows bunkering from seaside. Requires land-based installation as model 9.
Pontoon

12

A bunker pontoon will create a flexible bunker solution inside the port
or a restricted area. The Pontoon will consist of 2-4 tanks in the size of
700 m3 each. It will from the pontoon be possible to bunker ships from
the water side securing simultaneous operations. The solutions will
make it possible to bunker larger volumes with a high flow rate without
occupying any terminal space on land.
Volume: 700-2800 m3
Flow-speed: 24-300 m3/h

Characteristics:







High investment.
Permanent berth space is required
Ready for bunkering when required
Gas coming to ship
Bunkering speed fast
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Bunkering volume high

Typical application: Bunkering possible from sea side with simultaneous operations on shore side.

3.2 Summarising the main characteristics
In Table 6 the twelve different solutions are compared with respect to a set of characteristics. The
main issues that are related each of these characteristics are described in Table 5.
Table 5 Evaluation characteristics of bunkering alternatives

Flexibility

Flexibility defines the solutions ability to change location within a short amount of time. A
bunkering solution with a high flexibility will be able to change location from bunkering to
bunkering.

Safety

A solution with a higher level of safety will have gas detectors, fire detectors and
temperature sensors installed in order to minimise the risk of hazards.

Automation

A fully automated facility will require no permanent staff and will be able to handle precooling of pumps as well as controlling pressure in the lines and tanks in order to prevent
any emission to the atmosphere.

LNG Volume

The amount of available LNG to be transferred during a bunkering is characterized as LNG
volume. A higher available volume of LNG makes it possible to bunker a different
variation of ships.

Flow-speed

The flow-speed illustrates how quick a certain amount of LNG can be delivered to the
customer. This is illustrated as m3/hour. In some cases time is a critical factor and
consequently the ship is requiring a higher flow-speed.

Require EIA

Facilities with a storage larger than 200 tons falls under the Seveso III Directive, upper
tier. In these cases, an Environmental Impact Assessment will be required, which often
takes up to a year to be completed.

Investment

The investment will highly depend on the specific solution. Finding the right balance
when investing is very important as it can be crucial not to over-investment in a
premature market.

Operational
Costs

The price for operating the system will depend on the number of staff members required
to operate the system. Further electrical cost will depend on the power to run the pump,
boil-off gas management, pressure build up system, office builds etc.

An overview of their impact in relation to the different aspects of the twelve solutions are shown in
Table 6.
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Table 6 Assessment of the bunkering models. Source: own evaluations
Solution

Flexibility

1. Truck

High

2. Y-Piece
3. Bunker manifold

Low

Automati
sation
Low

LNG
Volumen
Low

Investme
nt
Low

Operatio
nal cost
Low

High

Medium

Low

Medium

Medium

No

Low

Low

High

Medium

Low

High

High

No

Low

Medium

4. Pump unit

Medium

High

High

Low

Medium

No

Low

Low

5. Dual truck to
ship
6. Multiple truck to
ship (MTTS)
7. Movable MTTS

Medium

High

High

Low

Medium

No

Low

Low

Medium

High

High

Medium

No

Medium

Low

High

High

Medium

Medium/
High
High

High

No

Medium

Medium

8. Stationary tank

Low

High

High

High

Yes

Medium

Low

9. Stationary tank
with multiple
trailers
10. Multi fuel
station
11. Small Terminal

Medium

High

High

High

Medium/
High
Medium/
High

No/Yes

Medium

Low

Low

High

High

High

High

High

Medium

Medium/
High
High

No/Yes

Low

Medium/
High
High

Yes

High

High

12. Pontoon

Medium

High

Medium

High

High

No

High

High
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4 LNG and safety requirements
Regulations

4.1

It is very important to have a clear understanding of the rules and regulations that apply when
entering into LNG, no matter if it is for bunkering of ships, local storage or distribution with trucks. In
this section, the regulations will be examined based on the twelve bunkering models. Further, it is
possible to divide the modules into four groups:





Movable onshore (model 1 to 4)
Stationary onshore (model 8 to 11)
Semi movable onshore (model 5 to 7)
Movable offshore (model 12)

4.1.1 Movable onshore
The storage will in this situation be able to be moved quickly as a truck at all times will be connect to
the tank. In case of a hazard situation should accrue nearby the operation, a truck can quickly move
the tank storage to a new location. This means that the individual storage when connected to the
bunkering unit is covered by the ADR agreement2 "European Agreement concerning the International
Carriage of Dangerous Goods by Road". These rules apply just like unloading other kinds of fuel, as
long as the truck driver is available on the site.

4.1.2 Stationary on land
There are two EU Directives that govern and affect the permit process at the national level for
stationary solutions where a fixed storage is installed.
The Seveso III Directive3 "on the control of major-accident hazards involving dangerous substances ".
This Directive defines minimum requirements for operators to prevent accidents and includes control
measurements aimed at limiting the impact of potential accidents. The Seveso Directive identifies
two tiers of permit process for LNG facilities:




Lower tier, facilities with storage capacities over 50 tonnes of LNG annually
o Major-Accident Prevention Policy (MAPP)
o Management System (MS)
Upper tier, facilities with storage capacities over 200 tonnes of LNG annually.
o Major-Accident Prevention Policy (MAPP)
o Safety Management System (SMS)
o Safety report

2

UN, »European Agreement concerning the International Carriage of Dangerous Goods by Road - ADR,«
ECE/TRANS/257, 2017.
3

T. E. Commission, “Major accident hazards,” 2012/18/ EU, 2012.
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Event Tree Analysis (ETA)
Fault Tree Analysis (FTA)
Hazard identification (HAZID)
 Failure Mode Effects Analysis (FMEA)
Quantitative Risk Assessment (QRA)
 Consequence analysis
 Locations specific individual risk (LSIR)
 Societal risk

The EIA Directive4 "on the assessment of the effects of certain public and private projects on the
environment", gives national authorities grant exemption to completely or in part, make the
operators provide Environmental Impact Assessment pursuant according to article 4.2. If the project
only includes LNG facilities, the national authorities may consider that the facilities does not create a
local twist. Some countries implement the safety report for an upper tier facility (>200ton) as part of
an EIA investigation.
Table 7 Overview of safety norms and regulations according to size of storage facility

Storage capacity
<10t
Norms
Seveso III Directive
Responsible Local fire department
authorities
National Fire and Rescuea
Working Environment
Local planning department
Local construction department
Local environment department

<50t

EN 21009-2
EN 13645

X

X
X
X

>50t

>200t

EN 13645

EN 1473

Lower tier
X
X
X
X
X
X

Upper tier
X
X
X
X
X
X

a Indicates conditions for local Fire department
EN-norms – see bibliography list

4.1.3 Safety distances
According to norm ISO 21009-2 Table A.1,5 the minimum safety distances regarding storage smaller
than 50 tons are normal perimeters of 5 meters to all types of exposures. Overhead electrical power
cables must be 10 meters to comply with the safety distances. In some cases, there may be
applicable local regulations which demand larger distances due to the general rules concerning
flammable gases / liquids or pressurized tanks, e.g. distances to neighbouring property boundaries
(Denmark 10m).

4

T. E. Commission, “Environmental Impact Assessment - EIA,” 2011/92/EU, 2011.

5

I. O. f. Standardization, “Cryogenic vessels – Static vacuum insulated vessels – Part 2: Operational
requirements,” ISO 21009-2, 16 12 2015.
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For storage larger than 50 tons, safety distances are determined by a specific hazard study. The
longest consequence distance will generally be approximately one kilometre, from where no third
party institution can be located. The domino effect to other risk companies will typically be
considered to be within a distance of 200 meters from the facility. As a rule there should be none
existing or planned sensitive land use in the form of homes, offices, shops, institutions, hotels with
overnight accommodation or places where people are regularly staying (e.g. railway stations, major
parking facilities and sports facilities) in this distance from the facility. The distance is typically
determined by population density.

4.1.4 Semi movable onshore
This type of solutions are located in a grey zone between a movable and a stationary storage, due to
the fact that on one side it is an ADR vehicle and on the other side a parked tank in a closed nonpublic place and monitored. This could raise some doubts about the definition from the local fire
authorities.
The port should in these cases conduct a HAZID rapport and a security plan for the specific case, and
together with the local fire authorities define a level of documentation that satisfies both parties.

4.1.5 Movable offshore
Pontoons can be divided into two groups; inland and seagoing. If the vessel is use in both conditions,
it must reflect both groups.
Pontoons in Inland waterways have the following regulation:


The ADN agreement " European Agreement Concerning the International Carriage of
Dangerous Goods by Inland Waterways"6

Pontoons in seaway waterways have the following regulation:



IMO IGC code "International code for the construction and equipment of ships carrying
liquefied gases in bulk"7 and
IMO IGF code"International code of safety for ships using gases or other low-flashpoint
fuels"8

6

UN, “European Agreement Concerning the International Carriage of Dangerous Goods by Inland Waterways ADN,” ECE/TRANS/258, 2017.
7

IMO, “International code for the construction and equipment of ships carrying liquefied gases in bulk - IGC,”
IMO IGC code, 2016
8

IMO, »International code of safety for ships using gases or other low-flashpoint fuels - IGF,« IMO IGF code,
2016.
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The norm ISO 20519 "Ships and marine technology -Specification for bunkering of liquefied natural
gas fuelled vessels"9 describe the regulations aspects related to bunkering of vessels in a good and
short terminology.

4.2 Risk assessment of a medium sized facility
As outlined above there are several technical solutions for LNG bunkering facilities. The choice of
facility depend on the amount of LNG to be delivered through the facility. A typical sized facility for a
port with some demand is the Model 7 Movable MTTS, which is large enough such that more than on
cruise vessel per day can be supplied.
An analysis of the risk of this type of facility has been conducted in order to determine the associated
risk level. However, it is important to mention that the risk and safety analysis is always case specific
and calculated based on the port where the bunkering will take place. The risk analysis for the
bunkering solution is based on a conservative approach, emphasised in the total number of yearly
bunkering performances (1/day). Even do the foreseen number of bunkering performances with the
Movable MTTS will be considerable less frequent, the number of bunkering actions has been
corrected with a high operation rate in order to guaranty that the calculated risk is valid over the
lifetime of the solution.

Figure 2 A Movable MTTS bunkering facility illustration

9

t. I. O. f. Standardization, “Ships and marine technology -Specification for bunkering of liquefied natural gas
fuelled vessels,” ISO 20519, 2017.
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The analysis found that the highest risk is primarily located around the hosed connection to the
trailer and the Movable MTTS, and connection between the Movable MTTS and the ship. The
operation of the solution cannot be performed within a distance of 220 meters of vulnerable objects
such as residential areas, hospitals and large concentrations of workers. Further large industrial
populations and presence of ignition sources in close locality should be avoided. It is suggested that
during LNG bunkering all unprotected people (ship passengers) are excluded within the nearby area
of 220 meters. In order to reduce the risk associated, it is recommended to use automatic activation
of ESD.
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5 LNG Prices and costs
The relevant parameter in the end, when it comes to understanding the market for LNG is the price.
The price towards the end client of the LNG can be identified as the sum of:
gas price + traders margin + terminal fee + logistic + bunker fee.
The first three can vary depending of the quantity of LNG and the day price. In general these costs
are not under control of the port or the organisation delivering the gas to the ships. Thus the
interesting part are the logistics costs and the bunker fee.
The logistics cost depends on type of transport, distance, equipment required and personal required.
The bunker fee is the profit. The size will depend on the price of alternative solutions – both other
LNG supplies and other fuels.
In general all solutions based on trucks will have the same cost for transportation per m³ LNG, which
leaves the choice of model to variables such as bunkering speed, bunkering volume, frequency of
bunkering.
Solutions based on supply by gas carriers will have lower cost per m³ LNG, but requires large tank
solutions and a large bunker volume per year.
LNG is sold all over Europe based on different price mechanisms. Some are traded based on oil based
indexes like Brent others are sold based on one of the European natural gas trading markets such as
the Dutch TTF (Titel Transfer Facility). LNG prices are not always estimated the same way and
dividing into the same Supply Chain cost drivers. These can vary depending on the specific supplier of
the LNG.
Hence, the relevant five cost drivers will be outlined below:






Gas price
LNG margin
LNG Terminal fees
Logistic costs
Satellite terminal/Bunker fees

5.1 Gas price
The LNG sold on a small scale basic originates from one of the European import/export or
liquefaction plants. The supply from these terminals are often indexed based on available gas trading
points. The Dutch trading index TTF (Title Transfer Facility) is the biggest on the mainland Europe 10.

10

https://www.gasunietransportservices.nl/en/shippers/products-and-services/ttf
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Other indexes such as the English NBP (National Balancing Point)11, the Belgian ZTP (Zeebrugge
trading point)12 are also frequently used.
Below figure, show the fluctuation in the TTF price during the last 12 months from February 2017 to
February 2018.
Figure 3 TTF price January 2017-January 2018.

Source: www.theice.com Dutch TTF Gas Futures Feb 2017- Feb 2018.

5.2 LNG margins
The LNG margins is an expression of the sellers perceived risk and the costs associated with the sales.
Sellers margins in Small Scale LNG has the last years been experiencing dramatic reductions going
from 10 €/MWh to current levels around 3-4€/MWh. Margins in small scale LNG is still considerable
higher than conventional gas pipe trading where margins is around 0.25-0.5 €/MWh for the industrial
market.
In this analysis the LNG margin is derived at the terminal in Rotterdam, which we therefore assume
as external to the business case analysis here. I.e. this cost is a fixed costs taken as given.

5.3 Logistics costs
The costs of supplying the LNG from the site of production (or redistribution location) depend on the
supply chain alternative outlined above. The truck alternative depend on the distance from the
terminal, which is currently the terminal in Rotterdam, to where the LNG is supplied to the ships. This
price is based on the logistics costs of driving one truck this distance. Hence, small demands of LNG
(less than truckload) will lead to higher costs per MWH.
The logistic costs for the trucking involve:


LNG truck OPEX (Transport km, loading time, discharge time)

11

https://www.theice.com/products/910/UK-Natural-Gas-Futures

12

http://www.fluxys.com/belgium/en/Services/Transmission/TradingServices/TradingServices
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LNG trailer CAPEX (investment value, yearly interest, number of total payments, number of
payment per year)

These costs are born by the haulier, who will invest in the equipment and undertake the transport.
The costs do vary as mentioned above depending on the volume and the specific truck used etc. For
the calculations here, we assume an average cost to transport the LNG by truck of 0.125
EUR/MWH/KM. This corresponds to a total cost of 10 EUR/MWH from Rotterdam to the port of
Esbjerg. Moving LNG by truck is the smallest unit of transportation that we can find. Hence, the costs
are assumed to increase continuously only depending on the amount of LNG.
ISO containers are as mentioned above, used for larger volumes of demand of LNG. The costs of
moving a container from the port of Rotterdam to the local terminal for LNG is lower than for the
truck transport given that the volume is large enough. The factors influencing the costs are:



Shipment OPEX (Transport miles, loading time, discharge time)
ISO container CAPEX (investment value, yearly interest, number of total payments, number of
payment per year)

To calculate the actual costs the OPEX and CAPEX costs are born by the transport operator, who will
transform this into a costs per container. The typical costs of a standard transport of a container
from Rotterdam to the Baltic Region 450-850 EUR13. These hold up to approximately 13 tonnes, of
LNG corresponding to approximately 175-200 MWH. Hence, the cost correspond to approximately 55.5 EUR/MWH.
A barge solution typically require an even larger quantity to be relevant, as outlined above. The cost
leading involved for the operator include:



Shipment OPEX (Transport miles, loading time, discharge time)
Barge investment (investment value, yearly interest, number of total payments, number of
payment per year)

The prices for the barge solution is rather uncertain, and it is difficult to find relevant price quotes.
We have estimated that the costs can be set in the range of 4-6 EUR/MWH

5.4 LNG terminal fees
The cost for utilising terminal services highly depend on the specific type of Supply chain. Prices
fluctuate from terminal to terminal. Not all terminals have complete transparency in their price
policies. Privately owned terminals tend to be more negotiable, whereas Public owned terminals
such as the FLUXYS terminal in Zeebrugge has predetermined tariffs.
The handling of the LNG at the terminals involve different operations, which we have summarised in
Table 8.

13

Using different cost calculators provided on the internet
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As example, a vessel with a 5,800 m3 tank capacity will carry approximately 37,000 MWh, based on a
max filling level of 95% and Higher Heating value of 6.7 MWh/m 3, which is equivalent to a terminal
fee of 2.21 €/MWh. Additional costs can be charged for services.

Table 8 Ship loading services‘ costs. Source: Tariffs for the usage of the LNG terminal of Zeebrugge and for services of
Fluxys LNG S.A14

Service delivered

Tariff or fee

Ship Approval Service

7,364 €/demand

Additional Berthing Right

75,000 €/berthing

"Ship Loading" Service

0.18 €/MWh loaded

"Gassing Up" Service (optional)

544 €/hour

"Cool Down" Service (optional)

544 €/hour

The costs related to the trucking operations are summarised in Table 9.
Table 9 Truck loading service costs. Source: Kosan Crisplant and COWI own experience and calculations.

Truck loading service

Fee

LNG Truck Approval service

3,264 €/demand

LNG truck loading service

489.20 €/loading

Truck cool down service

2,176 €/demand

As example an LNG tank truck with a 56 m3 tank capacity will carry approximately 340 MWh, based
on a max filling level of 90% and higher heating value of 6.7 MWh/m3, which equals a terminal fees
of 1.44 €/MWh. Additional costs can be charged for services.
Before ship loading will be competitive with truck loading, bunker volumes need to exceed 9,400 m3,
resulting in a LNG terminal fee of 1.43 €/MWh.

14

http://www.fluxys.com/belgium/en/Services/LNGTerminalling/TruckLoading/~/media/Files/Services/LNG%20T
erminalling/ConditionsAndTariffs/LNGTariffList_02.10.2014.ashx
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5.5 Satellite terminal/bunker fees
The size of a satellite terminal can vary depending on the specific purpose of the terminal. In some
cases, the terminal service as a means to receive gas to the local distribution grid. In other cases the
terminals works as a break bulk hub from where smaller quantities of LNG can be distributed with
vessels or trucks. A satellite terminal could also consist of a smaller storage fitting for bunkering of
ships and inland transport.
Subsequently the investment (CAPEX) will reflect the purpose and size of the terminal. The
depreciation of these types of terminals will be completed over numerous years and often up to 1520 years. It is very important to calculate the correct length of the amortization as a too aggressive
schedule will result in uncompetitive prices. Besides the capital investment other cost drivers as the
operational expenditure (OPEX) has a huge impact on the profitability of the terminal and the sales
price of the LNG to the vessels.
5.6

Costs of supplying LNG from local Liquefaction Plant

In some cases, sourcing LNG from existing terminals in Europe can be almost impossible due to the
high logistic costs. Further in some countries the natural gas grid is well developed, making it almost
incomprehensible to transport the LNG over long distances to supply LNG to either a ship, truck or a
factory. Compared to other supply chains, a local liquefaction plant offers a number of possibilities.
By producing LNG locally, the production price of the LNG is often lower than that of the current
landed price from one of the export terminal. Furthermore, local production will secure the supply at
a shorter delivery time regardless of road conditions, traffic and terminal occupancy. The latter
entails full control of the supply irrespective of present or future occupancy of third party terminals.
In some areas were supply of LNG is not already established a liquefaction plant offers the possibility
of developing a base load upon which an LNG provider would be able to establish a first-mover
position.
Further, in some countries biogas is being upgraded to methane quality, whereupon it is injected into
the gas grid. From thereon it will be possible to purchase the biogas on certificated, enabling the
sales of LBG (Liquefied Biogas).
In general, production cost of LNG from a liquefaction plant can be divided into six cost drivers:







Gas Price TTF (Titel transfer facility) is the dutch trading market index for natural gas.
Gas trader margins, which is the trading fee the natural gas distributor applies for the
transaction.
Natural gas transmission and distribution costs. The transmission and distribution cost consists
of; NG energy saving charges, which is a Danish tax for the transfer to renewables, NG
distribution is the transport fee in the secondary NG grid (40 bar pipe network), NG transmission
is the transport fee in the primary NG grid (80 bar pipe network).
Investment cost (CAPEX) consist of production plant, pre-treatment, storage, buildings,
installation and design.
Operational cost (OPEX). Includes; energy costs which is the price for energy in Denmark, service
cost for service of the plant and installation, and facility management cost of daily operation of
the facility.
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LNG transfer fee, which is the fee for the liquefaction plant operator to deliver the LNG to a ship
or truck. Othen this will require an additional invest in bunkering infrastructure. These can be of
the same type as the options described in Chapter 3.

The cost of establishing the liquefaction plant is approximately 35 million Euro. 15
Two critical factors when producing local LNG is the price for natural gas and the price for electricity.
In Denmark, natural gas prices excluding taxes for industrial consumers are some of the lowest in
Europe. LNG as a bunker fuel for the maritime industry is not imposed by taxes as it is categorized as
a bunker fuel for export purposes.
The prices listed in Figure 4 are in Euro per Kilowatt-hour.
Figure 4 Natural gas prices for industrial consumers in EU. Eur/kWh

Source: Eurostat, Natural gas prices for industrial consumers - 10 may 201716

The most expensive operational cost when producing LNG from a local liquefaction plant is the cost
for electricity. For this reason, it is extremely important to locate the plant in a country with
inexpensive electricity. As seen below electricity prices in Denmark are among the cheapest in
Europe.
The prices listed below are in Euro per Kilowatt-hour.

15

Estimated based on interviews with different stakeholders.

16

http://ec.europa.eu/eurostat/statisticsexplained/index.php?title=File:Natural_gas_prices_for_industrial_consumers,_2016s2_(EUR_kWh).p
ng&oldid=336222
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Figure 5 Electricity prices in EU. Eur/kWh

Source: Eurostat, Electricity prices for industrial consumers - July 201617

Finding the right combination of inexpensive and available gas and electricity is crucial in order to
make a profitable business case on local production of LNG.
In Figure 6 an example is shown. This example assumes that the production is based on a 160 ton per
day liquefaction plant, with a depreciation over 20 years with 5 percent interest rate. The plant will
run for 330 days, 24 hours per day. This will give a yearly production of 52,800 tons equal to 778,976
MWh.

17

http://ec.europa.eu/eurostat/statisticsexplained/index.php/File:Electricity_prices_for_industrial_consumers,_second_half_2015_(%C2%B9)
_(EUR_per_kWh)_YB16.png
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Figure 6 Liquefaction costs. EUR/kWh. Source: Own elaboration

With an optimal use of the liquifaction plant, it is possible to significantly reduce the cost of the LNG
supply.
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6 Market expectations and market potential for LNG
This chapter analyses market demand for LNG in the Port of Esbjerg and in the Baltic Sea Region.
The market analysis consists of three sections:


A status of the actual and near future LNG market, based on the actual and expected number
of ships with LNG technology



An assessment of the long term future market



Mapping of possibilities and barriers for expanding the market for LNG

6.1 Global development, trends and drivers
At the beginning of 2018, 99 LNG powered ships (not tankers)18 are in operation on a worldwide
basis. Another 78 ships are expected to be delivered before end of 2019 and 91 ships are expected to
be delivered at the end of 2021.
For many years, Norway has been considered to be the primary market for LNG-fuelled ships and
more than 50 % of the LNG ships in operation are operating from Norway. But the majority of ships
in order are from other countries, primarily Europe, North America and Norway and Asian countries
on the third and fourth place19.
It is considered that there is a regulatory pressure on the shipping industry, which drives the
development towards more environmentally friendly maritime transport. Under the auspices of the
IMO MARPOL Protocol, it is decided to reduce emissions of NOX and SOX etc. According to the
protocol, specific areas (SECA: Sulphur Emission Control Areas) are appointed as areas with
restrictions from 2015. The areas with the tightest restrictions are the Baltic Sea, the North Sea and
waters around all North America (USA and Canada). The rest of Europe is also covered by
restrictions, but not with so harsh constraints. In 2020 all international waters will be covered by
restrictions on sulphur emissions.

6.1.1 Competing marine propulsion technologies
The IMO MARPOL Protocol sets new standards for emissions for the shipping industry and has
pushed to the development of new propulsion technologies. The restrictions can be met by different
methods: Scrubbers, which cleans the exhaust by "washing out" sulphur oxides and particles or
converting to use a cleaner fuel, i.e. low sulphur fuel.
When considering reducing emissions, LNG is one of more options to achieve a reduction. The
general view is, that LNG can be a relevant option for ships that are sailing on relatively fixed routes,

18

As gas tankers for natural reasons have been using LNG as marine fuel for many years, they are not
considered to be a relevant market in this analysis.
19

Removing Barriers to the Use of Natural Gas as Maritime Transportation Fuel, UNECE, December 2017.

Page 38/70

Business Plan (A 2.3.2) / Sustainable Energy Supply & innovative Solutions for Emission Reduction "Green bunkering of
cruise vessels with sustainable fuel options

(i.e. they are calling ports with an LNG supply), and which are operating in a market where a green
profile is important.
Especially for ships calling ports near a city centre, i.e. cruise terminals, ferry terminals etc., there will
often be a strong focus on reducing NOX and SOX emissions. In these cases, LNG can be an option.
However, there are some limitations regarding the use of LNG. For smaller ships/boats, the LNGtanks on board the vessel can be too heavy in relation to the boat's size and in cases where high
speed is an important factor, it will have an importance that engines running on gas will have a
reduced efficiency. Finally, it is a limiting factor that LNG is not available in all ports thus reducing
flexibility.

6.2 Cruise ship market for LNG
The cruise ship market in general in the Nordic countries is growing these years. Especially the Baltic
Sea undergoes a promising development. The area is interesting for cruises because of a high level of
security (compared to parts of Mediterranean Sea) and because the Baltic Sea is very suitable for
shorter trips for 7 – 10 days. Moreover, the Baltic Sea can offer suitable airports for passenger turn
arounds, which is an absolute key issue for cruise shipping.
The cruise ship market is expected to be a very interesting market for LNG the coming years. As
mentioned above, the regulations in SECA are very strict in the Baltic Sea, the North Sea and North
America. For cruise ships in regular service in delimited waters as the Baltic Sea or parts of the
Mediterranean Sea, LNG is very suitable, because the ships will call ports on a regular basis, which
makes fuel supply relatively simple to arrange.
There are different views on the future LNG market, but a significant share of the cruise ships in
order will be equipped with LNG technology. A cruise line executive has stated that it is very likely
that up to 80 per cent of the cruise ships on a global scale will be powered by LNG by 2025 20. Other
sources state, that ca. 25 per cent of all cruise tonnage in order will be LNG powered21.
This fairly rapid development in the market for LNG to cruise ships means that LNG powered cruise
ships will be widespread in very few years. It is expected that the first cruise ships in the Baltic area in
regular operation will be active from 2018 22.
Whereas the number of cruise calls in Esbjerg is limited, it is growing in Norway and in the Baltic Sea
in general. The general increase in the number of LNG powered cruise ships means that the demand
for LNG in the Baltic Sea may be expected to grow over the next few years. More specifically, the
demand for LNG will especially come in ports with passenger turn arounds, i.e. Copenhagen,
Stockholm, Helsinki etc.

20

http://www.lngworldshipping.com/news/view,80-per-cent-of-cruise-ships-lngpowered-by-2025_43129.htm

21

https://www.maritime-executive.com/article/lng-powered-cruise-ships-lead-the-way#gs.hsj4zsg

22

Blue Water Shipping, Hans Braas, manager for cruise agency. Interview, February 2018.
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Cruise ships are often able to operate up to a few weeks before they need to bunk fuel. The fuel
capacity on cruise ships will vary, depending on the size of the ships. In a Baltic Sea perspective, this
means that cruise ships in most cases can cover their need for bunkering when they have passenger
turn around, i.e. every 8 or every 10 days. In reality this also means, that the cruise ships only need
access to LNG in very few ports in the Baltic Sea.

6.3 Other market areas
There are other potential market areas for LNG, which has been investigated in this analysis.

6.3.1 Supply vessels
Supply ships (offshore supply vessels, platform supply vessels, anchor handling vessels, crew boats
etc.) is also considered to be a potential market for LNG power. The reason for this development is
that vessels operating for the energy sector are met with the expectation that they can operate
environmentally friendly.
Currently, it is primarily Norwegian shipping companies, which operates LNG powered supply vessels.
It is considered that Norway is leading the development regarding introduction of LNG to supply
vessels. The mains reasons are, that LNG in general is widely spread in Norway and that there are
financial regimes which are influencing the market. The Norwegian government has an 'Anti-NOX' subsidy scheme, which supports investments in technologies that can reduce NOX emissions,
including introduction of LNG.
In other Northern European countries, LNG has apparently not had a break through on the market
for supply vessels. The main reasons are estimated to be, that environment goals can be met to a
satisfactory level, by using low sulphur fuel, catalyst or supplement with batteries in specific
situations.
However, it cannot be excluded that the lack of LNG infrastructure in the Port of Esbjerg and other
ports with frequent calls from supply vessels can be a reason why LNG has not had a breakthrough in
this market.
For smaller supply vessels, i.e. crew boats for offshore windfarms etc., LNG is not considered as a
relevant solution. These vessels are often small lightweight ships, with focus on high speed
transportation. A statement from a Danish shipping company points out, that the weight of on-board
installations related to the LNG operations does not stand in an appropriate relation to the achieved
benefits, with regards to emissions. If the shipping company will be met with stricter regulations,
catalysts or even cleaner diesel will be considered initially.

6.3.2 Ferries
Ferries and RoRo ships is also considered a potential market for LNG operation, mainly because the
vessels operates in regular service, which makes fuel supply relatively simple.
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For smaller ferries, the technological development has apparently meant that batteries and electric
power will be a relevant solution in very short time23 and LNG will only play a minor role here.
On longer distances, LNG can still be a relevant solution, but no Danish ferry-operators has until now
chosen LNG as a fuel. However, Norwegian shipping companies operates LNG ferries and at least one
Norwegian shipping company calls the Port of Hirtshals in Northern Jutland with ferries, which is
powered with LNG.
On some ferry crossings, there is a strong price competition between competing shipping companies
or between ferries and fixed links. In these situations, the shipping companies is hesitating to invest
in new technology which will mean a more expensive operation. In these situations, LNG might be a
solution in the long run, but other technologies (like fuel cells etc.) will also be considered.

6.3.3 Line vessels
Line vessels can cover a very large group of ships. It is widely considered, that LNG will not be a
relevant option for ships in tramp service, since the infrastructure is not developed on a global level,
and the LNG supply therefore is too uncertain.
There are only few examples of larger line vessels operating on LNG. The French shipping company
CMA CGM has announced an order of nine large container ships to be delivered from 202024 and this
example is the first major order of line vessels powered by LNG.
In the Nordic countries, two tanker shipping companies have all together ordered 10 chemical
tankers, operating on LNG. The vessels will be dual fuel ships, which makes them flexible to different
bunker options.
A more obvious market segment for LNG is short sea shipping. Vessels in short sea shipping often
operates on fixed routes in an operating pattern almost like RoRo vessels. Apparently, shipping
companies operating in Esbjerg and other Northern European ports have already considered LNG,
but until now, they have chosen not to acquire new LNG powered ships or to convert existing vessels
to LNG25.
The major reasons to reject LNG in the moment are that they do not see a positive business case for
LNG. Fuels prices have gone down in general and the shipping companies still see some relatively
high costs, both related to investments and operation with LNG. Moreover, the shipping companies
note, that the infrastructure for LNG is not in place at the moment.

23

This has been confirmed in interviews with both large and smaller shipping companies operating in the North
Sea and Baltic Sea, and the first ferries with electric propulsion is already put in operation, e.g. between
Elsinore (DK) and Helsingborg (SE).
24

CMA CGM, press release. 15 December 2017.

25

Interview, DFDS, Poul Wodall. February 2018. See also the article:
https://www.soefart.dk/article/view/553548/danske_short_searederier_afviser_lng#
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All together this means, that for short sea shipping there is no actual market for LNG at the moment,
but changes in either fuel prices or in the spread of infrastructure can mean a change in the situation.

6.4 What do the market actors say?
The interviews conducted in this analysis indicate the following factors regarding the introduction of
LNG as fuel.
The increasing focus on environmental issues and reducing emissions from ships has risen the
awareness of alternatives to traditional heavy oil based fuels.
Several shipping companies have considered LNG as a solution over the recent years and it turns out
that several factors have affected the decision. From an economic perspective the decline in oil
prices from 2014 has affected the business case regarding converting to LNG as a fuel. Lower oil
prices has meant that some shipping companies, which were considering converting to LNG, decided
to stay on oil operation, in combination with scrubbers and/or catalyst.
A contributing cause is, that installations related to LNG can be complicated and on smaller ships
they can cause a weight problem, because of the gas tanks.
In the same period of time, there has been a significant development in battery technology for ship
propulsion. Especially for ferries and RoRo ships in regular service on shorter distances (i.e. in inner
Danish waters or coastal routes etc.), battery powered ships seems to be the preferred alternative in
very few years. More ferry companies and RoRo operators have indicated that they expect to
introduce batteries on their vessels in very few years – sometimes in a hybrid solution with oil.
However, LNG seems to stand in front of a breakthrough on the cruise market. A large proportion of
new built cruise ships will be LNG powered in few years. This means that LNG powered cruise ships
will be introduced to the Baltic area in the near future – perhaps in 2018.
From agencies representing the cruise shipping companies it is stated, that the shipping companies
makes agreements with bunker companies regarding supply of LNG for a specific timeframe (e.g. a
summer season), for a certain number of cruise ships and for bunkering in appointed ports. This
means that the bunkering company is responsible for delivering LNG, in principal independent of
local infrastructure. Whether this is just a temporary solution of the supply logistics is yet to be seen.
However, a change to the supply situation may be on its way in a European context, driven by the socalled 'Alternative Fuels Infrastructure Directive' (AFI) by which ports of the TEN-T core network are
obliged to put LNG at the disposal to ships by 2025. This provided that a market demand has been
identified.

6.5 Potential – the maritime traffic
Ships rarely call a port only to do bunkering. Instead they do it in combination with loading/unloading
of passengers and/or freight. As a consequence, the maximum market potential for maritime LNG in
the port of Esbjerg is considered to basically be equivalent to the number and types of ships calling
the port in the future. Yet, there will be some scenarios, in which this relationship does not apply, as
for instance, if a liquefaction plant was constructed in Esbjerg. In that case supply ships could actually
distribute from this facility to other ports in the region, or act as basis for LNG supply ships, and in
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this way extent the market significantly (similar to supply chain examples 3, 4 and 5 described in
Section 2).

6.5.1 Ships in and out of the port of Esbjerg – 'Local' demand
In the situation, where no liquefaction plant is constructed in the port of Esbjerg the overall market
share measured as the number of ships calling the port of Esbjerg was in 2017 in total 21,463. The
frequency of different types of commercial ships that call the port of Esbjerg today (in 2017) is
illustrated in the table below as well as the share of total calls26.
Table 10 Number of calls in the port of Esbjerg, 2017.

Vessel type

No of
port
calls
15,597

72.7%

Crew Transport vessel

1,561

7.3%

Offshore supply vessel

859

4.0%

RoRo vessel

534

2.5%

181
112
67
58
44
37
37
18
4
3
21,463

0.8%
0.5%
0.3%
0.3%
0.2%
0.2%
0.2%
0.1%
0.0%
0.0%
100%

Fanøoverfarten (local ferry)

Tanker
Offshore standby vessel
Offshore construction vessel
Vehicles carrier
Barge
Container vessel
Bulkcarrier
Passenger vessel
Reefer vessel
Passenger (cruise)
Total

Pct.

Source: The Port of Esbjerg.

Measured by number of calls yearly the local ferries represent the majority of calls (15,597) in the
port of Esbjerg, as shown in the table above. These ferries are quite small and cover only very short
travelling distances. Another large group of ships are the crew transport- and offshore supply vessels
(in total 2,532 calls). The third largest category is RoRo (534 calls) mainly consisting of ships sailing
regularly on fixed route between Esbjerg and Immingham in UK. In 2017, three cruise ships called the
port of Esbjerg.
Based on above discussions of likely possibilities of transferring to LNG in the maritime sub-sectors
and on conducted interviews with shipping companies operating from the port of Esbjerg, it is
estimated that the 'local' demand for LNG is very limited, at least on the short to medium term. The

26

Note that the table does not include the following ships: fishing, special cargo and non-cargo, tugs, well
stimulation, construction, sailing, special state owned vessels and drilling rigs. Together these vessels represent
around 10 percent of all ships calling the port of Esbjerg.
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segment which seems to be the most promising in respect to transferring to LNG is the Cruise ferries.
But as the statistical data shows, this market consist of only very few ships on a yearly basis (around
3 in total). It is also argued that any significant development of this market is not to be expected in a
foreseeable future.

6.5.2 The traffic in and out of the Baltic – 'Wider' demand
In the scenario where a liquefaction plant is established in Esbjerg it is possible that the market
potential will increase. In order to assess such 'wider' market potential in the maritime sector for LNG
served from the port of Esbjerg, data on the shipping traffic in 2017 has been collected. Registration
of ships passing two cross-sections on each side of Skagen, north of Jutland in Denmark, as illustrated
below, has been collected based the AIS27.
Figure 7: Cross-sections where ships have been registered. East (1): between Skagen (Denmark) and Gothenburg
(Sweden). West (2): west of Skagen.

The ships passing the two cross-sections are registered by type and by length. The diagrams below
show the shipping traffic in both directions (north- and south bound) and distributed on types of
ships (Bulk, Container, General cargo, Passenger, RoRo, Tanker oil, Tanker gas, Other ships and
Undefined). Some ships are not registered by the one or the other parameter (type, length) and are
hence categorised as 'undefined'.

27

Automatic Identification System.
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Figure 8: Distribution of ships passing east of Skagen - total north- and southbound, 2017
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Figure 9: Distribution of ships passing west of Skagen - total north- and southbound, 2017
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In the eastern cross-section (1) approx. 55,000 ships were passing during 2017, whereas around
63,800 ships passed the western (2) cross-section. It is certain that a large number of ships have been
sailing around Skagen and thereby crossing both cross-sections, but it is unknown exactly how many.
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In comparison around 30,000 ships in total passed the Nord-Ostsee-Kanal in 201728, the alternative
transit corridor between the North Sea and the Baltic Sea.
In below table below figures from the AIS-registrations have been compared with the number of calls
in the port of Esbjerg. The categories are not fully identical and consequently some have been
merged. The table shows that it is particularly within the segments 'RoRo' and 'other' (which mainly
consists of local ferry calls) that the port of Esbjerg has a relatively large share of shipping traffic
today. In other segments the share is relatively low.
Table 11: Number of ships by types passing east and west of Skagen in 2017 and the number of calls in the port of Esbjerg
Crosssection
East (1)
West (2)

Bulk

Cont.

3,244
6%
3,184
5%

3,680
1%
4,271
7%

37

37

Port of
Esbjerg

General
cargo
16,321
30%
13,380
2%
*
85

Pass.

RoRo

1,141
2%
4,866
8%

3,520
1%
4,303
7%

**

21

534

Tanker
Oil
8,942
16%
9,633
15%

Tanker
Gas
639
1%
843
1%

***

181

Other

Undef.

14,173
3,376
26%
6%
9,293
5,520
15%
1%
20,568

Total
55,036
100%
63,848
100%
21,463

0.2%
0.2%
0.4% 0.1%
2.5%
0.8%
95.8%
100%
Source: AIS-data. (*Incl. Reefer, bulkcarrier, barges; **Incl. cruise; ***Total tankers; ****Local ferry, crew- and off shore
supply ships).

The wider potential of the port of Esbjerg is largely assumed to be found in the sub-sectors consisting
of RoRo, passenger- (including cruise) and perhaps container ships.

6.6 Summary of the market analysis
The market analysis of potentials for LNG, can be summed up as follows in the tables below. The
estimation presented in the table is a rough indication of the market potential for LNG in different
market areas (vessel types) at present and in ten years’ time. The estimation in ten years’ time is of
course relatively uncertain. The estimation is explained quite briefly under the tables.
Table 12: Legend - market potential for LNG to ships.
1: No potential
2: Very little potential
3: Medium potential
4: High potential

28

Source: https://de.statista.com.
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Table 13: Assessment of market potential for LNG to ships.
Market segments

Esbjerg

Esbjerg

The Baltic Sea

The Baltic Sea

Actual

10 years

Actual

10 years

Cruise ships, passenger ships
RoRo and RoPax ships
General cargo ships
Containerships (feeder ships)
Tankers (oil, gas and chemicals)
Bulk carriers
Others (supply ships etc.)
















In general, the market potential for LNG to ships is assessed to be limited, with cruise ships
as an exception. However, most market segments contain niches for LNG, e.g. shipping
companies with a green profile, which chooses LNG.
Cruise ships and passenger ships: A relatively large part of new cruise ships in order is
equipped with LNG technology and the estimation in the long run is relatively certain.
RoRo and RoPax ships: RoRo and RoPax ships is in principal an obvious market for LNG
because of the regular operation, but a relative a large proportion of the market is expected
to be dominated by battery powered ferries etc. For some larger ferries on longer distances,
LNG can be a potential market.
General cargo ships: There is no sign that general cargo ships will be a significant market for
LNG in a foreseeable future. A large part of the general cargo ships are operating in tramp
service which is not suitable for LNG operation.
Containerships (feeder ships): There are some initiatives outside the Baltic area regarding
introducing LNG to containerships, but statements from Danish shipping companies indicates
that LNG is not an obvious option in this market. They rely on scrubbers or cleaner oil types.
Tankers (oil, gas and chemicals): There are a few shipping companies which has ordered new
tankers operating on LNG. In most cases LNG will not be a relevant fuel option for tank ships,
since tankers are often operating in tramp service, which is not suitable for LNG operation.
Bulk carriers: There are no indications that LNG will be a relevant fuel option for bulk carriers
in Danish or Baltic waters. Bulk carriers are often operating in tramp service, which is not
suitable for LNG operation.
Others (supply ships etc.): A limited demand for LNG is observed from supply ships, offshore
supply vessels etc. It is uncertain if this market will develop further the coming years.
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7 Business case
The previous chapters have described the different elements needed to evaluate the business case
potential for different LNG solutions. For the business case, we will use the Port of Esbjerg as an
illustrative case. Most of the elements outlined above and in the specific case, are relevant for other
ports as well. Although the market potential have indicated limited demand for Esbjerg, we will
outline the calculations without this reservation.
We will outline the business case from different angles building on the costs analysis already outlined
in Chapter 2 and 3. Hence, first we will outline what the cost per unit of energy is for each of the
different supply chains and bunkering solutions. Secondly, we will illustrate how the bunkering costs
for each solution will be influenced by the demanded quantity of LNG. We then proceed to analyse
to which extent a reduction in the logistic costs is applicable through an analysis off a local
liquefaction plant.
Following the discussion of the different cost elements, we will investigate the market potential
building on the interviews and other elements outlined in Chapter 5. These market expectations will
be reviewed in the light and context of fuel costs per energy unit and the market size.
We have made the business case analysis with the Port of Esbjerg as the base. However, as already
indicated in the market potential analysis, the port I not facing significant demand for LNG bunkering.
Hence, we have also tried to view the potential business case in a broader context without specific
reference to Esbjerg. However, we have not made calculations for other ports. Moreover, we have
not made cash flow analysis or calculated the specific payback period of investments. Instead we
have illustrated the potential through a required annual demand for LNG.

7.1 The costs of LNG supply
The different cost element related to the supply of LNG were described and discussed in Chapter 5.
We consider three different alternatives:
1. Trucking the LNG from a liquefaction point (using the terminal in Rotterdam as the supplying
terminal)
2. Shipping the LNG in a container from liquefaction point (or redistribution terminal - in this
case from the port of Rotterdam)
3. Using a barge to move LNG from the liquefaction point (again Rotterdam is the point of
supply)
Hence, the scenario analysis consider these three different logistic supply chains with LNG delivered
from GATE terminal in Rotterdam to Port of Esbjerg. The analysis was conducted in Q1 2018.
As the analysis shows, the different supply chain costs is depending on the logistics scenario, due to
the distance between the export terminal and the Port of Esbjerg. Further, the price of the satellite
terminal and the bunker fees differ depending on the size of the installation required to maintain the
delivered LNG and the subsequently bunkering of the ship. It also shows that the gas price, gas trader
margins and terminal fee is more or less the same price. As shown in section “terminal fee”, the price
for a 56 m3 truck loading is 0.77 €/MWh less when comparing with a 5,800 m3 barge.
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Figure 10

Supply chain costs: Gate of Rotterdam to Port of Esbjerg. Assuming ‘optimal’ quantity of LNG. Source: own
elaboration

In the truck scenario an LNG tank truck is used for transportation. As a result of the long distance
between GATE terminal in Rotterdam and Port of Esbjerg the logistic cost is by far the most
expensive out of the three alternatives. Scenario 2 and 3 with respectively receiving LNG in ISO
containers from a ship or from a barge enables a more cost efficient logistics. However, the delivery
from ISO containers is only relevant if a shipping route enables deliveries of containers. Delivery from
a barge is in most cases only conceivable if the receiving amount of LNG exceeds 500 m3. The logistic
price from a barge will depend on the total amount of LNG delivered.
The analysis shown in this approach assumes that the quantity supplies correspond to potential of
each of these supply units. The container and the truck are comparable in supplied quantities
(between 30 and 50 m³ LNG per unit), whereas the barge require a much larger quantity to end with
the costs shown in the figure.
To illustrate this, we have compared how the total costs depend on the volume (kWh) of LNG
delivered. This is shown in the figure below. This shows that the costs of using truck or container are
rather comparable, where it is the specific amount of LNG that determines, which of the two have
the lowest costs. The same calculation can also be made per kWh supplied. The costs per kWh for the
truck and container solution will rather quickly converge to the costs above, whereas the barge cost
per kWh for e.g. 5000 kWh is still approximately 270 Euro, and thus not relevant. The barge is only
relevant if volumes are exceeding 1.3 million kWh, which will require a very large demand.
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Figure 11

Illustration of the total costs (EUR) to deliver a certain quantity (kWh) of LNG to the port of Esbjerg
from Rotterdam. Source: own elaboration

The most flexible supply chain is the use of tank trucks. From a ship indicates it is willing to receive
LNG in Port of Esbjerg it will be possible to delivery LNG within two days’ notice. Further the satellite
terminal and bunker fee will depend on the bunker installation. In some cases Truck-to-ship will be
sufficient and thereby removing the additional cost for satellite terminal and bunker fees.

7.2 What is a competitive price on LNG?
Currently the main energy supply in vessels is covered by on-board diesel engines. The regulations in
the Baltic Sea Region are now such the only fuel that can be used is marine gasoil (MGO). MGO is the
lowest emitting marine fuel, with a concentration of sulphur and particulates limited to less than
0.10 percent m/m.
Vessels may as an alternative choose to install scrubbers on board, which will enable them to use the
less expensive, but more polluting traditional fuel oils. The choice between these two alternatives is
an independent study, which is not discussed in the current report. Some details outlining the
options, possibilities and costs of these different approaches can be found in e.g. Jiang et al (2014)29.
In this report we compare the LNG alternative with the MGO alternative, which is giving the most
relevant alternative.

7.2.1 Marine gasoil prices
The MGO price has been increasing for the past half a year. In the end of February 2018, the price
were listed at 580 USD/MT, which is 100 USD higher than in August 2017. The development of

29

L Jiang, J Kronbak, LP Christensen (2014) The costs and benefits of sulphur reduction measures: Sulphur
scrubbers versus marine gas oil. Transportation Research Part D: Transport and Environment. Vol 28
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marine gas oil prices over a 10 year period is shown in the figure below. After a peak in 2012-2013
the prices have now stabilised more on a lower level.

Figure 12

Price development oil and gas 1992 to 2017. Source: Illustration copied from DNV GL (2017), source
referred to in original report is DNV GL

According to EIA in the USA, the price of crude oil is expected to stay at around 10 USD/mmBTU over
the calculation period. Assuming that the premium of MGO above Brent remains stable the MGO
price can also be expected to stay around 500 USD/mt, although current regional costs are as high as
600-630 USD.
When this is converted to Euro per mWh, the current TTF (Rotterdam) price of MGO corresponds to
approximately 40 Euro before adjusting for fuel efficiency on the vessels, delivery of the MGO to the
port of Esbjerg, handling fees etc. When consulting e.g. www.bunkerindex.com, we find that the
price of MGO is between 30 and 50 USD higher in regional ports. This correspond to an additional 2
euro per mWh. Hence, the price of MGO in the Baltic Sea region can be assumed to be around 40
EUR/mWh, when the price variation over the past year is taken into account.

7.3 What sales volumes are required for an economically feasible LNG
solutions
7.3.1 Satellite terminal costs
To illustrate how the twelve different bunkering solutions influence the costs. To show this, we have
considered the costs related to each of the models described earlier. The results are shown in Table
14.
The calculations are using the following assumptions:


Annual CAPEX are found assuming a cost recovery (or financing) period of 20 years with an
annual interest rate of 2 percent

Page 51/70

Business Plan (A 2.3.2) / Sustainable Energy Supply & innovative Solutions for Emission Reduction "Green bunkering of
cruise vessels with sustainable fuel options



The quantity supplied per vessel is assuming that each vessel is bunkered with the quantity also
outlined for each of the models (see the Annex).
The revenue is calculated assuming that the LNG can be sold at the same price as MGO. I.e.
assuming that there are no additional investment cost required for the vessels using LNG30
An average MGO price of 580 USD/MT, and a LNG price as described in Section 5.1.
Transport of LNG from Rotterdam to Esbjerg is made by truck (for all alternatives). As noted in
Chapter 5, when volumes are high, a barge may be used to supply LNG to satellite terminals at a
lower costs.





Table 14 Illustration of the LNG demand necessary to cover CAPEX for the different bunkering models. Source: Own
calculations.
Model

Total
CAPEX

Annual
CAPEX

Quantity
supplied
per vessel

OPEX

Logistic costs
(excl. Local
handling costs)

Amount of LNG
required to cover
CAPEX if LNG sold
at MGO price

Corresponding
no. bunkering
vessels

EUR

EUR

mWh

EUR/mWh

EUR/mWh

mWh

1

-

-

592

0.40

34

-

-

2

30,000

1,835

592

0.30

34

961

2

3

100,000

6,116

1,185

0.36

34

3,100

4

4

2,400,000

146,776

1,777

0.39

34

73,089

68

5

1,000,000

61,157

296

0.02

34

37,507

129

6

1,300,000

79,504

592

0.01

34

49,004

84

7

2,000,000

122,313

1,185

0.01

34

75,155

64

8

2,500,000

152,892

2,962

0.05

34

92,006

33

9

4,000,000

244,627

2,369

0.06

34

146,166

66

10

8,000,000

489,254

2,369

0.06

34

292,331

133

11

10,000,000

611,567

2,369

0.11

34

355,687

171

12

10,000,000

611,567

2,369

0.16

34

344,880

177

The calculations clearly shows that a significant amount of demand is required to make permanent
installations profitable. The calculated numbers show the minimum number, because we have not
included e.g. the refurbishment costs of the vessels, or any additional costs of using LNG (both CAPEX
and OPEX). However, there are examples in the literature indicating relatively short payback times
for LNG fuelled vessels. Hence, it is very difficult to know exactly how the price difference between
MGO and LNG will be split between vessels and bunkering infrastructure.

30

This assumption is obviously unrealistic. The purpose is to illustrate the magnitudes of LNG demand required
to cover costs
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7.3.1.1 Locally supplied LNG
In Section 5.6 we further analysed how the supply chain costs would be if the LNG were produced
locally. This cost is significantly lower than the supply chain costs outlined in the above. This is
obviously related to the large difference in logistics costs, which are assumed to be zero from the
liquefaction plant to the place of use. Hence, the costs will increase the further away from the point
of bunkering, this production site is located.
However, the calculation of the costs of local production is based on a demand meeting the
production capacity of this liquefaction plant, which was very high. Hence, if demand is less, then the
cost per mWh will rapidly increase beyond those of the above mentioned supply chains.
The cost of transporting the LNG from Rotterdam to Esbjerg were found to be from 7 to 10
EUR/mWh for LNG in ISO container and by trucks respectively. With a liquefaction plant the
investment costs are 35 million Euro, as mentioned in Section 5.6. This corresponds to an annual cost
of 2.1 million EUR. The maximum capacity of the plant is 160 ton LNG per day. Hence, the investment
cost per mWh supplied can be as low as 2.8 EUR. However, if demand is lower the cost increase
rapidly as shown in Figure 13. The figure shows the total costs of supplying LNG from the plant to the
ships. This includes the six cost categories described in Section 5.6. Comparing with the two
alternatives discussed earlier, the demand from such a plant must exceed 250,000 mWh per year to
give a competitive LNG price at the port of Esbjerg.
Figure 13

Cost per mWh supplied from a 160 ton per day liquefaction plant depending on annual demand.
Source: own elaboration

7.4 Comparison with market potential
The calculations in the previous sections have shown that it will require rather significant quantities
of LNG demanded before more permanent installations may become relevant.
The market analyses in Chapter 6, have shown that the main demand for LNG in both short and
longer term will come from cruise ships. For Esbjerg the demand is moderate, however, and there
are no indications from the market actors that demand in Esbjerg will exceed the minimum threshold
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for a permanent installation to make sense. Hence, the flexible truck to ship based solutions will be
sufficient.
For ports with a larger number of cruise ship calls, there may be a potential for permanent
installations. The specific solution for the ports will in most cases be a truck or container based
solution (Y-piece or multiple truck to ship solutions), which only require a limited amount of LNG to
be bunkered to provide a more attractive alternative.
Generally, the analysis in the previous sections have assumed that the price difference between
MGO and LNG can be reaped by the LNG supplier in the port. However, the ship owners will also
have their eyes on this difference, and they also have additional costs when adjustments to LNG or
purchase of new LNG fuelled ships are made. Moreover, the differences in operation costs will also
be different between MGO fuelled and LNG fuelled ships. Hence, this will put pressure on how the
LNG must be priced in the bunkering port. Hence, this will increase the quantities that must be
supplied at the LNG terminals before the permanent installations become economically viable.
The analysis have not considered the timing or the development in the different markets over time.
However, as indicated above, the expectations to the MGO price is that it will remain rather stable.
The same expectations are also found for the price of gas, which historically have followed the oil
price. However, if the number of liquefaction facilities increase, this may reduce the other costs of
producing and delivering LNG to the market. Moreover, if electricity prices reduce, this will also make
LNG a more interesting alternative to MGO, and may therefore lead to an increase in demand.
Since, the analysis undertaken have revealed that the more complex permanent installations are
probably not to be seen, we have not shown any cash flow analysis or considered the payback time
for the different solutions as part of the business case analyses.
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8 Conclusions and key issues for a LNG port business plan
In this report the possible LNG bunkering solutions in Baltic Sea ports are discussed and analysed.
The work has used the port of Esbjerg as an illustrative example to highlight the potentials and
possible solutions. The analysis and the discussions have, however, also considered a more general
use and possible applications.

8.1 Some overall conclusions and considerations
Some of the main conclusions from the work are:



The supply chain of LNG and LNG bunkering model are closely connected and further connected
to the demand of the costumer (e.g. quantity, bunkering speed, availability).
The LNG supply chain can be divided into two main groups:
 Supply from remote terminal:



 LNG Truck distristribution
 LNG ISO container distribution
 LNG ship/carrier distribution
Supply from local terminal








LNG ex-pipe delivery
LNG truck distribution

A permanent bunkering supply from a local terminal is a huge investment that requires a large
volume and a strategic planning.
Twelve different bunkering models have been described.
They have been compared, and in Table 14 an overview calculation indicating the required
minimum amount for each of the models is shown.
Apart from this, issues like bunkering volume, bunkering speed, availability and the question:
ship to LNG or LNG to ship are central.

Considering the specific economic business case analysis, the calculations and discussion in this
report have indicated some business case potentials for LNG. The less complex technical bunkering
solutions (truck to ship solutions) are designed such that they at a very low cost can supply LNG to
the vessel calling at the port. The cheapest and most flexible solution is the truck(s) to ship
alternative, which only requires that the vessel announces its demand two days in advance of calling
the port. This solution does not require any additional investment to be made by the port, the
regulation restrictions are minimal and the LNG quantity can rather easily be adapted to the need. As
outlined this solution is very suitable for ports, which only have few calls from LNG fuelled cruise
ships such as in the port of Esbjerg.
The cost calculations shown in Chapter 7 have shown that a significant quantity of LNG must be
demanded in a port before permanent installations are relevant.
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A market review and potential have investigated the potential demand for LNG in Esbjerg and
broadly for the entire Baltic Sea region in short and longer term. Key stakeholders have been
interviewed to learn of the views on LNG as a future fuel and how they see the market develop.
Several stakeholders, shipping companies etc. have indicated that LNG has been under consideration
when searching for cleaner propulsion technology for cruise ships, ferries, RoRo and RoPax ships,
supply vessels etc.
However, it turns out that the reduction in oil prices since 2014 and the emergence of battery
technology has meant a change in the demand situation for LNG. Lower oil prices has made the
change to LNG less attractive for the shipping companies and instead they often rely on scrubbers.
For a part of the ferry market, it has turned out that electric power is a relevant solution for many
shipping companies.
The technological development of batteries is moving so fast, that a large proportion of small and
medium sized ferries can be powered by batteries. When the shipping companies consider new
vessels in the future, they will often choose battery technology for propulsion in these situations.
Regarding cruise ships, it seems that LNG will be a relevant solution and a very large proportion of
planned new buildings of cruise ships are equipped with LNG technology. LNG powered cruise ships
are expected to call ports in the Baltic area already in 2018 or 2019. The port of Esbjerg is a very little
market for cruise ships and the vessels are not expected to bunker in Esbjerg.
The market analysis of potentials for LNG, can be summed up as follows in the bullets below.
Cruise ships and passenger ships: A relatively large part of new cruise ships in order is equipped with
LNG technology and market for LNG has a relatively high potential in the future.












RoRo and RoPax ships: RoRo and RoPax ships is in principal an obvious market for LNG
because of the regular operation, but a relative a large proportion of the market is expected
to be dominated by battery powered ferries etc. For some larger ferries on longer distances,
LNG can be a potential market.
General cargo ships: There is no sign that general cargo ships will be a significant market for
LNG in a foreseeable future. A large part of the general cargo ships are operating in tramp
service which is not suitable for LNG operation.
Containerships (feeder ships): There are some initiatives outside the Baltic area regarding
introducing LNG to containerships, but statements from Danish shipping companies indicates
that LNG is not an obvious option in this market. They rely on scrubbers or cleaner oil types.
Tankers (oil and gas): There are no indications that LNG will be a relevant fuel option for tank
ships in Danish or Baltic waters. Tankers are often operating in tramp service, which is not
suitable for LNG operation.
Bulk carriers: There are no indications that LNG will be a relevant fuel option for bulk carriers
in Danish or Baltic waters. Bulk carriers are often operating in tramp service, which is not
suitable for LNG operation.
Others (supply ships etc.): A limited demand for LNG is observed from supply ships, offshore
supply vessels etc. It is uncertain if this market will develop further the coming years.
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8.2 Key issues for a business plan
There are a some essential aspects that must be considered before undertaking any significant
investments in LNG bunkering facilities in ports. We have highlighted those in the list below.










The technical bunkering solution must match the demand. Investments can be significant for
permanent installations. It requires a large amount of LNG vessel calls for this investment to be
recovered. There are different cheaper and more flexible technical solutions with lower capacity.
Such solutions should be introduced if demand is low.
The role of ports is often limited to providing land if permanent installations are required; this
may be rented out to LNG suppliers. Ship owners make their arrangements about LNG bunkering
directly with LNG suppliers and not with ports. The suppliers are then organising the technical
solutions necessary.
Due to the large investments, certainty of demand is re pre-requisite for a viable economic
solution. The price difference between LNG and MGO must be split between LNG facility owners
and operators, and the ship owners. Both must benefit from the solutions before the market can
develop. Therefore care must be taken to determine the right balance such that investments on
both sides can be recaptured.
Significant economic advantages must be presented to the ship-owners in most market
segments, because they are now also considering alternatives such as electric propulsion, hybrids
and hydrogen.
The logistic costs of providing LNG in a port can be significant. Currently LNG liquefaction is only
made in a few places in Europe. Therefore costs of transport from the liquefaction point to the
ports can be significant and make the solution un-viable. New liquefaction solutions closer to the
market, but this will nevertheless require a significant certain demand from more than one port
to be viable. In the future demand may be expanded when or if road transport using LNG is
growing.
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Annex I Overview bunkering models

GREEN CRUISE PORT is an INTERREG V B project, part-financed by the
European Union (European Regional Development Fund and European
Neighbourhood and Partnership Instrument).
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No.

Bunkering models

Description

CAPEX
Description

Invest
ment
(turnke
y)

Manning

OPEX
Description

1

Truck

Simple truck-to-ship
bunkering solution. Allows
for bunkering of smaller
quantities with flow
speeds depending on onboard trailer pump.
Typically, these pumps are
able to deliver 400-800liter pr. minutes. New
trailer pumps are however
able to deliver up to 1000
liter-pr. minutes. Typical
trailer size 40-60 m3.

It is assumed
that the
required
trucks are
available.

0€

Pumps on
truck
serviced by
driver. For
each loading:
One persons
for 1 hour
bunkering ½F2:F24 hour
for
preparation
and 1 hour
for
demounting.

Same as no. 1
+ minor
equipment for
connection of
trailers

20,000
–
30,000
€

Pumps on
truck
serviced by
the driver.
For each
loading: Two
persons for 1
hour
bunkering - ½
hour for

LNG-price

Comments

Conclusion

Requires no
extra
manning or
electrical
power.

Loading size
100 m³ or 2
trucks per
loading.
On demand
Gas to ship
Supply by
truck

Suitable for Ad
Hoc or ships
bunkering close
to a large export
terminal

Manpower
+ electrical
power

Loading size
100 m³ or 2
trucks per
loading.
On demand
Gas to ship
Supply by
truck

Suitable for Ad
Hoc or ships
bunkering in
different
locations

Volume: 40-60 m3
Flow-speed: 24-60 m3/h
2

Y-piece
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The Y-piece enables
bunkering from two semitrailers at a time, resulting
in the double flow speed
compared to a normal
truck-to-ship bunkering.
Further it is possible to
interchange the trailers
during bunkering.
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No.

Bunkering models

Description

CAPEX
Description

Invest
ment
(turnke
y)

Manning

OPEX
Description

LNG-price

Comments

Conclusion

Loading size
200 m³ or 4
trucks per
loading.
On demand
Gas to ship
Supply by
truck

Suitable for Ad
Hoc or ships
bunkering in
different
locations

preparation
and 1 hour
for
demounting.
Volume: 40-120 m3
(possible to exchange
trailers)
Flow-speed: 48-120 m3/h
3

Bunker manifold

Using a bunker manifold
will make it possible to
bunker through four semitrailers using the on-board
trailer pumps. It will be
possible to exchange the
trailers during the
bunkering.

Volume: 40-240 m3
(possible to exchange
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Same as no. 1
+ manifold
equipment,
installed
inside a 20
feet container

100,00
0€

Pumps on
truck
serviced by
the driver.
For each
loading: Five
persons for 1
hour
bunkering one person
for 1 hour
preparation
and 1 hour
for
demounting.

Manpower
+ electrical
power
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No.

Bunkering models

Description

CAPEX
Description

Invest
ment
(turnke
y)

Manning

OPEX
Description

Variation of
the bunker
manifold

2,400,0
00 €

Pumping
from the
pump unit.
For each
loading: Six
persons for 1
hour 30
minutes
bunkering Two persons
for 1 hour for
preparation Two Persons
for 1 hour
demounting

Manpower
+ electrical
power

LNG-price

Comments

Conclusion

Loading 300
m³.
On demand
Gas to ship
Supply by
truck

Suitable for Ad
Hoc or ships
bunkering in
different
locations

trailers)
Flow-speed: 96-240 m3/h
4

Movable MTTS

The Movable MTTS is a
completely movable
bunkering installation able
to ensure bunkering at
different locations. The
unit consist of a 40-foot
pump unit equipped with 3
pumps connected to 6
semi-trailers. This will
allow for continuing
bunkering without having
to stop the operation at
any time.

Volume: 40-360 m3
(possible to exchange
trailers)
Flow-speed: 40-240 m3/h
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No.

Bunkering models

Description

CAPEX
Description

Invest
ment
(turnke
y)

Manning

OPEX
Description

5

Pump unit

Bunkering directly from a
semi-trailer parked and
connected to a pump unit.
The bunkering will be fully
automatic and require no
on-site staff. The tank
trailer will not have any
on-board pump, instead an
external pump inside a 20foot container will be used
with a flow-speed from
800-1300-liter pr. minutes.
This type of facility will be
emission free and
therefore no purging is
required.

Pump
container
consisting of
Pump and
instrumentati
on, PLC
system and
discharge line
to vessel

1,000,0
00 €

Pumping
from the
pump unit.
Can be
serviced by
marine
personal.

Permanent
installation.

1,300,0
00 €

Pumping
from the
pump unit.
Can be
serviced by
marine
personal

LNG-price

Comments

Conclusion

Electrical
power

Loading 50
m³.
Permanently
ready
Ship to gas
Supply by
truck

Ferries and
smaller vessels
traveling on fixed
routes

Electrical
power

Loading 100
m³.
Permanently
ready
Ship to gas
Supply by
truck

Ferries and
smaller vessels
traveling on fixed
routes or Ad Hoc

Volume: 40-60 m3
Flow-speed: 24-80 m3/h
6

Dual truck to ship
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Solution similar to the
pump unit. Only
differentiation is the
possibility to park two tank
trailers instead of only
one. Additional custody
transfer system can be
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No.

Bunkering models

Description

CAPEX
Description

Invest
ment
(turnke
y)

Manning

OPEX
Description

Permanent
installation.

2,000,0
00 €

Pumping
from the
pump unit.
Can be
serviced by
marine
personal

Permanent
installation.

2,500,0
00 €

Pumping
from the
pump unit.
For each
loading: One
Person for 1
hour 30
minutes

LNG-price

Comments

Conclusion

Electrical
power

Loading 200
m³.
Permanently
ready
Ship to gas
Supply by
truck

Ferries and
vessels traveling
on fixed routes
or Ad Hoc

Manpower
+ electrical
power

Loading 500
m³.
Permanently
ready
Ship to gas
Supply by
truck or ship

All types of
vessels. However
a fixed offtake
need to be
guaranteed

installed.
Volume: 40-120 m3
Flow-speed: 24-80 m3/h

7

Multiple truck to ship (MTTS)

A pump unit consisting of
two pumps inside a 40foot container. 1-4 trailers
will be connected to the
pump unit. The unit is ideal
to achieve high flexibility
and avoid investing in a
fixed tank.
Volume: 40-240 m3
Flow-speed: 48-160 m3/h

8

Stationary tank
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Bunkering installation with
2 x 300 m3 stationary
tanks. This solution is very
fitting for ships sailing on
fixed routes. The
bunkering will be done
through a bunker assisted
crane. Further the
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No.

Bunkering models

Description

CAPEX
Description

Invest
ment
(turnke
y)

installation allows for
quantitative flow
measurements. LNG will
be supplied by truck or
ship.

Manning

OPEX
Description

LNG-price

Comments

Conclusion

Loading 400
m³.
Permanently
ready
Gas to ship or
ship to truck
Supply by
truck or ship

All types of
vessels. However
a fixed offtake
need to be
guaranteed
when the fixed
tank is in place

bunkering.

Volume: 300-600 m3
Flow-speed: 24-160 m3/h
9

Stationary tank with multiple trailers

Page 65/70

A stationary storage tank
connected with multiple
trailers allow setting up a
bunkering installation
without having to
complete a full EIA. The
solution makes it possible
to bunker either directly
form a trailer or from the
stationary tank. It will be
possible to deliver LNG
from the trailer to the
stationary tank or from
ship to the stationary tank.
It will further be possible
to deliver LNG from ship to
trailer.

Mixed
stationary and
mobile
solution with
a variety of
possible
combinations
Could be
combined
with the
pontoon
solution.

4,000,0
00 €

Pumping
from the
pump unit
requires one
man 1 hour
for
preparation full time
during
bunkering
and 1 hour
demounting

Manpower
+ electrical
power
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No.

Bunkering models

Description

CAPEX
Description

Invest
ment
(turnke
y)

Manning

OPEX
Description

Similar
possibilities as
no. 9 but
more
permanent
installation.
Offers the
possibility to
fuel trucks
with LNG and
CNG.

8,000,0
00 €

Pumping
from the
multi fuel
station
requires one
person
present at all
times.

Bunkering &
Industrial
solution

10,000,
000 €

Pumping
from the
terminal. For
each loading:
One person
for two hours

LNG-price

Comments

Conclusion

Manpower
+ electrical
power

Loading 400
m³.
Permanently
ready
Gas to ship or
ship to truck
Supply by
truck or ship

All types of
vessels & Trucks.
However a fixed
offtake need to
be guaranteed

Manpower
+ electrical
power

Loading 400
m³.
Permanently
ready
Gas to ship
Supply by

All types of
vessels. However
a fixed offtake
need to be
guaranteed

Volume: 40-450 m3
Flow-speed: 24-160 m3/h
10

Multi fuel station

The Multi fuel station
enables the possibility to
service various types of
customers from the
maritime industry through
land transportation. It will
be possible to bunker ships
with the stationary tank or
a connected semi-trailer.
Land transportation for
LNG and CNG will be filled
through the LCNG filling
station.
Volume: 40-200 m3
Flow-speed: 24-160 m3/h
(Bunkering)

11

Small terminal
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Small scale terminal for
bunkering and
regasification of LNG.
The plant consists of 5 x
700 m3 LNG tanks. LNG
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No.

Bunkering models

Description

CAPEX
Description

Invest
ment
(turnke
y)

Manning

OPEX
Description

bunkering

will be delivered with
ship[1]. From the
terminal it will be
possible to fuel semitrailers or bunker ships
with LNG. In addition,
regasification of the
LNG will enable delivery
of gas to a local gas grid
or industrial consumers.

LNG-price

Comments

Conclusion

truck or ship

Volume: 700-3500 m3
Flow-speed: 24-240 m3/h
12

Pontoon
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A bunker pontoon will
create a flexible bunker
solution inside the port or
a restricted area. The
Pontoon will consist of 2-4
tanks in the size of 700 m3
each. It will from the
pontoon be possible to
bunker ships from the
water side securing
simultaneous operations.
The solutions will make it

Flexible
bunkering
solution.
Requires a
specific port
location.

10,000,
000 €

Pumping
from the
pontoon. For
each loading:
Two persons
for 1 hour 30
minutes
bunkering Two persons
for 1 hour for
preparation Two Persons

Manpower
+ electrical
power

Loading 400
m³.
Permanently
ready
Gas to ship
Supply by
truck or ship

All types of
vessels. However
a fixed offtake
need to be
guaranteed
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No.

Bunkering models

Description

possible to bunker larger
volumes with a high flow
rate without occupying
any terminal space on
land.
Volume: 700-2800 m3
Flow-speed: 24-300 m3/h
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CAPEX
Description

Invest
ment
(turnke
y)

Manning

for 1 hour
demounting

OPEX
Description

LNG-price

Comments

Conclusion
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Annex II Current or planned LNG terminals in the Baltic Sea Region.
Source: GIE, December 2017
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