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Summary
The interest for LNG both on a small and a large scale is increasing worldwide. The experiences and knowledge on LNG is limited in Denmark. The
Danish gas companies’ Technical Management Group (TCG) has asked for
a status report including a technology description and an evaluation of the
potential in Denmark. A survey of primarily small-scale LNG technology is
done in the report. The focus is motivated by the new areas of gas utilisation
that become possible with small-scale LNG. Small-scale LNG in this study
is defined as LNG stored and used at the application or in an isolated gas
grid. The small-scale use of LNG has today an almost negligible share of
the total LNG trade but offers interesting new applications for gas utilisation.
LNG on a small scale can be used primarily as:


Ship fuel



Truck fuel (heavy duty long distance)



Individual users not connected to the natural gas grid



Backup for upgraded biogas to individual users and vehicle fleets



Security of supply or supply enhancement of heavily loaded parts of
the gas grid



Small-scale storage and/or peak shaving

All but the first topics are natural uses for the current Danish gas distributors. LNG as ship fuel may engage other specialized LNG companies. The
report contains a technical description of the parts in primarily small-scale
LNG handling and operation. Liquefaction, transport, storage, engine technologies, gas quality and safety aspects related to LNG are covered.
There seem to be two more or less separate paths for LNG in Denmark, onshore and off-shore use. These are not, apparently, sharing their experiences
and knowledge. Rules and regulations are also different which may create
some problems in the interface, for example ship bunkering.
Further studies are suggested in the area of gas quality and engine technologies and adaptation of foreign guidelines for small-scale installations to
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Danish conditions. These guidelines ought to be based on international
standards and similar standards in Norway and Sweden.
The study was requested by TCG. The report was written by Mikael
Näslund and quality assurance at DGC was made by Henrik Iskov.
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1

Introduction

This report intends to give a picture of the status of LNG on a smaller scale,
suitable for Denmark. It includes both maritime use and land-based use. The
production, distribution and special aspects on utilisation are described.
Small-scale LNG is in this study defined as LNG stored and used at the application or in an isolated gas grid. The applications may be ships, trucks
and industries. The small-scale use of LNG is today a very small part of the
global LNG trade, but has an increasing interest due to for example attractive new applications for gas.
The picture regarding LNG introduction in Denmark shows two paths, one
maritime and one for on-shore use. The maritime path currently appears to
be the most active path based on reports, news etc. It is the sector where
future environmental legislation is very beneficial for the potential of LNG
use.
1.1

LNG properties

LNG is a colourless, non-toxic and odourless liquid in the same manner as
natural gas. The temperature and liquid phase give some difference in heat
capacity, density etc. A main difference is the energy density when stored.
The volume is reduced by a factor 600 for LNG compared to natural gas at
normal conditions. Table 1 shows the approximate volume demand for
equal amount of energy.
Table 1

Approximate volume demand

Fuel
Diesel/Petrol
LNG
CNG
LPG

Volume demand
1
1.8
5
1.4

In Table 2 some of the properties for methane in gaseous and liquid phase
are shown [1]. Composition and other properties are also discussed in the
gas quality section on page 37. LNG has a low content of CO2 and N2. CO2
is not soluble in the liquid LNG and N2 is still in gaseous phase at low temperature. The CO2 limit is often set to 50 ppm and the N2 limit is approximately 1 %.
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Table 2

LNG, gaseous methane and air properties

Density

Speed of sound
3

CH4 (LNG), kg/m
3
CH4 (20ºC,1013 mbar), kg/m
ρLNG/ρ0ºC,1013mbar (-)
H2O (20ºC), kg/m

422.63

CH4 (gas), m/s

450

0.717

CH4 (LNG), m/s

1337

H2O, m/s

1483

589
3

ρLNG/ρH2O (-)

998.3

Air, m/s

343

0.423

Heat of evaporation

Heat capacity

CH4 (LNG), kJ/kg
H2O (20ºC), kJ/kg

510.2
2454.3

CH4 (LNG), kJ/kgK
CH4 (0ºC), kJ/kgK

3.481
2.187

H2O (100ºC ), kJ/kg

2256.9

H2O (20C), kJ/kgK

4.18

Air (0C), kJ/kgK

1.00

Heat conduction
CH4 (0C, 1013 mbar),W/mK
CH4 (LNG), W/mK
H2O (0C, 1013 mbar),W/mK
Air (W/mK)

Viscosity
0.0308
0.183

-3

2

0.117

-3

2

1.00

CH4 (LNG), 10 Ns/m
H2O (20C) 10 Ns/m

0.60
0.024

LNG is often measured in weight and volume. Table 3 shows the energy
content for mass and volume. Data for LPG is given as comparison.

Table 3

LNG energy content in liquid LNG and LPG

Measure

Energy content

1 ton LNG

Approx. 15 MWh

3

1 m liquid LNG

Approx. 6.9 MWh

1 ton LNG

1350 m natural gas

1 ton LPG

Approx. 13 MWh

3

1 m liquid LPG

3

Approx. 6.5 MWh

It is the high energy density that makes LNG an interesting option for storage and non-stationary applications. It also puts special demands on the
safety measures.
Liquefying biogas requires an upgraded biogas with much lower CO2 content than obtained from conventional upgrading processes. The nitrogen
content is limited due to its lower liquefaction temperature and carbon diox-
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ide is not soluble in LNG at low temperature. The limits are often set to 1 %
nitrogen and 50 ppm carbon dioxide.
1.2 North European current infrastructure and Scandinavian
LNG sources
The use of LNG in north European/Scandinavian countries is currently focused on small-scale distribution and operation. No large-scale import into
the natural gas grid is done. However, several large terminals have been
proposed in Sweden. The earliest was in 1976 and the latest was in the beginning of the 2000s. The focus today is on smaller LNG terminals and receiving terminals. New large import terminals are being built in northern
Europe. The most recent is Gate in Rotterdam. New terminals of different
sizes are planned in Poland and other places around the Baltic Sea.
Figure 1 shows present and proposed LNG infrastructure in the Scandinavian and north European area. An infrastructure for small-scale LNG has been
established in Norway since 2000.

Figure 1 LNG infrastructure in northern Europe 2011
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Russia and the former Soviet Union have a long tradition of using LNG on a
small scale. In southern Europe LNG is used on a small-scale basis in for
example Spain and Turkey. LNG is transported on trucks to consumers not
connected to the natural gas grid. The technology for small-scale use of
LNG is not new and unproven, only limited.
The only large LNG plant is situated in Norway. However, the first Scandinavian liquefaction plant was built in Finland. In Sweden a few plants for
the liquefaction of biogas are currently being built.

Table 4 shows existing and proposed Scandinavian liquefaction plants for
LNG. Observe that all liquefaction plants for biogas are delayed. Some proposed plants around the Baltic Sea are seen in Figure 1.

Table 4

Scandinavian LNG liquefaction plants

Name/Location

Capacity

Use

(1000 ton LNG/year)
Existing
Melkyøa, Norway

4,000

Large-scale export to continental
Europe.

Tjeldbergodden, Norway

19.5

Karmøy, Norway

19.5

Used in the Norwegian smallscale LNG system.
Used in the Norwegian small-

Kollsnes, Norway

40 + 80

Risavika, Norway

300

Sköldvik/Kilpilahti, Finland

0.8/20

scale LNG system.
Used in the Norwegian smallscale LNG system. Truck delivery.
For small-scale use in Norway
and Sweden.
For small-scale use. New plant
with increased capacity in 2010.
Truck delivery.

Planned or under construction
Sundsvall, Sweden

Lidköping, Sweden

0.3–0.6

4.5

Biogas from sewage water. Liquefaction technology from Gas
Treatment Service in the Netherlands. Unclear status, delayed.
Liquefaction of biogas from anaerobic digestion. Truck transport
to Gothenburg. Liquefaction technology from Air Liquide. Unclear
status, delayed.
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Name/Location

Capacity
(1000 ton LNG/year)

Loudden, Stockholm, Sweden

0.6

Use
Biogas from sewage water. Liquefaction technology from Gas
Treatment Service in the Netherlands. Unclear status, delayed.

Helsingborg, Sweden

10

Malmö/Landskrona

25?

Liquefaction of landfill gas.
“CO2Wash” technology from Acrion in USA licensed to Volvo subsidiary Terracastus1. Planned
2012/2013.
Proposal from E.on to include
liquefaction in biomass gasification plant Bio2G [2].

1.3

Current European development

Beside large-scale import of LNG to supply the European gas grid there is
an increasing number of small-scale installations for LNG. Table 5 shows
some terminals and customers, mostly in Sweden, since the introduction of
LNG, i.e. the conversion of gasified city gas to LNG based city gas in
Stockholm in early 2011.
Table 5

Selected new Scandinavian LNG customers from circa 2011

Company

Use

LNG supplier

B&W MAN, Copenhagen
AGA, Nynäshamn

LNG to engine tests.
Import of LNG, sales to
Stockholm Gas and indi-

Gasnor
Skangass

Siemens, Finspång
Studsvik, Nyköping
Stockholm Gas

vidual customers
LNG for gas turbine tests
at the Siemens factory
LNG to a steam boiler.
Delivery from Nynäshamn
LNG to the city gas grid in

Gasnor
AGA
AGA

Nordic Paper

Stockholm
LNG for industrial use.
Start in the beginning of

Skangass

Uddeholm, Hagfors

2012. Truck delivery.
Steel works. Replaces oil
from summer 2012. 12,000

Skangass

t annual LNG consumption. Truck delivery.

1

Acrion – www.acrion.com, Terracastus – www.terracastus.se
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Company

Use

LNG supplier

Arctic Paper, Munkedal

Paper mill. Replacing

Skangass

5,000 ton oil annually.
Start at end of 2012. Truck
delivery.
Preemraff, Lysekil

Import of LNG for refinery
use, 30,000 m3 tank. Redistribution by truck and as

Skangass

ship fuel. In operation late
2013. Environmental court
acceptance in December
2011. Ship delivery by
15,000 m3 tanker Coral
Brunsbüttel, Germany

Energy.
LNG bunkering in a north
German harbour.

Gasnor. Beginning November 2011 with truck
delivery. Continuous expansion of fixed storage
facility.

The Netherlands

1.4

LNG as fuel in canal barges

First barges for LNG are
currently being built2.

International organisations

Several international organisations are involved in promoting and improving
the LNG handling and operation. Some of them are shortly described below.


International Gas Union (IGU) has a programme committee on LNG
(PGC D, Liquefied Natural Gas LNG). Danish representative in
PGC D is Michael Ertmann, DONG Energy. A report is presented at
each World Gas Conference.



Gas Infrastructure Europe (GIE)…”is a representative organization
towards the European Institutions (European Commission, European
Parliament, Council of the European Union) as well as the European
bodies of regulators (ACER, CEER) and other stakeholders. The
members are companies operating the European gas infrastructure”3.
GIE has an LNG part, Gas LNG Europe (GLE), which published a
position paper on small-scale LNG in 2011 [3]. GLE has no Danish
representation.



2
3

SIGTTO (Society of International Gas Tanker & Terminal Operators) is a world-wide organization. “The purpose of the Society is to

Interstream Barging, www.interstreambarging.com
Gas Infrastructure Europe (GIE), www.gie.eu

DGC report

11

promote shipping and terminal operations for liquefied gases which
are safe, environmentally responsible and reliable.”4 Members are
owners or operators of LNG and LPG tankers and export and import
terminals for liquid gases. SIGTTO has the status of a NonGovernmental Organization (NGO) at International Maritime Organization (IMO). SIGTTO produces documents describing the best
practice in the operation of liquid gas tankers and terminals. AP
Møller/Maersk and the Gate terminal in Rotterdam with DONG Energy as part owner are Danish members of SIGTTO.


GIIGNL (The International Group of Liquefied Natural Gas Importers) …”is a non-profit organisation that studies and promotes the development of activities related to LNG, in particular purchasing,
processing, importing, transporting, regasification and various uses
of LNG”5. GIIGNL has published a large number of documents.
Some of these are free to download at the web site. No Danish
members.



GERG (European Gas Research Group). DGC is Danish member in
GERG. A group for LNG has recently been formed.

These organisations are focused on the large-scale international LNG operation and handling. Guidelines and other documents are not always applicable on the smaller scale LNG operation that is focused on in this report.
It can also be noted that the Swedish Gas Association (Energigas Sverige)
has a specific LNG section since 2011.
1.5

European projects on LNG small-scale infrastructure

Table 6 shows a number of selected European projects dealing with different aspects of LNG infrastructure with focus on small-scale use.

4
5

SIGTTO, www.sigtto.org
GNIIGNL, www.giignl.org
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Table 6
Project name

List of selected European projects focused on LNG

Web site

LNG production and quality
Metrology for
www.lngmetrology.info
LNG

Purpose

Danish project
partner

The overall objective of the project is to contribute to a signifi-

Force Technology

cant reduction of uncertainty in
the determination of transferred
energy in LNG custody transfer
processes. The project is supporting traditional and innovative
measurement methods by
providing a metrological framework consisting of test & calibration standards together with the
written standards and guidelines.
Transport
The LNG infrastructure project

www.dma.dk

[4]

The aim of the project is to set
up recommendations on the

Danish Maritime
Authority

establishment of a marine LNG
infrastructure encompassing a
“hard one” on filling stations and
a “soft one” on regulation and
industry standards, etc.
The recommendations must be
relevant for central stakeholders
as ship owners, ports, LNG
providers, industry organizations, countries, EU and IMO,
etc.
The geographical scope is the
Baltic Sea, the North Sea and
the English Channel.

Utilisation
Sea
Magalog and

www.eu-magalog.eu

The project MAGALOG is a

Port of Kalundborg

Clean Baltic
Sea Shipping

www.clean-baltic-seashipping.eu

contribution to addressing port
emission problems in Europe,
with a special focus on the Baltic

(Clean Baltic Sea
Shipping)

Sea, through the establishment
of an alternative fuel (LNG or
Liquefied Natural Gas) supply
chain. The project will contain
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Web site

Purpose

Danish project
partner

both a market study and a technical feasibility study.
The overall goals of the Clean
Baltic Sea Shipping project are
to reduce ship borne air pollution
in the Baltic Sea in general and
in ports and port cities of the
Baltic Sea Region in particular.
The project will result in solutions which will be possible to
apply directly in order to obtain
less polluting shipping in the
vulnerable, and today so exposed, Baltic Sea.
LNG in Baltic
Sea Ports
(EU TEN-T)

www.bpoports.com

The aim of the Global Project is

Baltic Ports Organi-

to promote LNG as a competitive option to Heavy Fuel Oil
(HFO), Marine Diesel Oil/Marine

zation –
Copenhagen/Malmö
port, Port of Aarhus

Gas Oil (MDO/MGO). By developing a coordinated approach of
pre-investment studies and sub-

(Project approval
Jan 2012?)

sequent investments in LNG
bunker filling infrastructure in the
Baltic Sea region, the aim is, by
knowledge sharing between the
ports and their associated
stakeholders, to harmonise the
process of how to plan and construct the relevant infrastructure
to supply the shipping industry
with LNG.
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Project name

Web site

Purpose

Danish project
partner

Land
BiME, Sweden

www.bimetrucks.se

BiMe Trucks - is a collaborative
project that demonstrates and

No Danish project
partner. One of the

offers a strong commercially
viable alternative to dieselpowered heavy vehicles. This is

project partners is
FordonsGas, which
is partly owned by

made possible through the combination of technology for me-

DONG Energy.

thane in diesel engines and the
construction of an infrastructure
for liquid methane.
The goal is to introduce 100
heavy trucks and 4 LNG filling
stations in Sweden.
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2

LNG Safety and risks

Some risks are associated with LNG transport, storage and handling since it
is a high concentration of a flammable fluid. The specific hazards and incidents that may occur during LNG handling are shortly described in the following sections.
2.1

Accident history

The LNG industry is characterised by a very low accident record. The most
severe and dramatic accident occurred in 1944 when a leakage in a storage
tank caused an explosion and 130 casualties. It happened in Cleveland, Ohio
and was probably caused by the use of a steel quality not suitable for cryogenic use. No later incident or accident has by far caused similar damages in
lives. Other severe accidents in LNG plants have not directly been caused
by the handling of LNG. An explosion and fire at the liquefaction plant in
Skikda, Algeria, in 2004 which caused the death of 27 people was initiated
by a leakage in a gas pipeline. The gas entered the air system to a steam
boiler and ignited. A chain reaction caused severe damage to three liquefaction trains.
The most common incident on ships is spill of LNG due to malfunctions in
valves etc. This kind of incident is rather rare. The consequence is often
damages on material not designed for the low cryogenic temperatures.
2.2

Possible accidents

Some inherent characteristics of LNG may also cause hazards during storage or in case of leakages or spills. These hazards are shortly described below.
2.2.1

Leakage and evaporation

A leakage caused by a major LNG spill or leakage quickly evaporates when
it is in contact with a heat source such as water or the ground. Figure 2
shows evaporation of LNG spilled on the ground [5].
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Figure 2 Evaporation of LNG spill on the ground
LNG tanks are surrounded by walls or other means of collecting LNG spills
and limit the area covered by an LNG spill.
2.2.2

Rollover

Rollover can occur in large storage tanks and is caused by stratification of
LNG. An LNG layer with lower density above a layer with higher density
will gradually get an increased density due to boil-off of methane. Methane
has a lower boiling point than the heavier hydrocarbons. The density of the
lower layer decreases due to heat influx from the walls but no boil-off is
possible. At a certain point the densities of the two layers will be equal, the
layers mix and larger volumes of methane from the lower layer can evaporate and increase the pressure. The risk for rollover decreases when the methane content is high, and can also be minimised through stirring and mixing
of the LNG in the storage tank. The rollover mechanism is illustrated in Figure 3.
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Figure 3 The mechanism behind rollover in an LNG tank
2.2.3

Rapid Phase Transition

Rapid Phase Transition (RPT) is a phenomenon that only occurs for natural
gas in its liquid cryogenic form. It is very rapid evaporation, almost explosion-like, caused by the contact and heat transfer between LNG and a
warmer material with high heat capacity. The warm material temperature,
then, is not significantly reduced. The process does not include any combustion or other chemical reactions. Rapid Phase Transition may lead to increased pressure.
Rapid Phase Transition is most likely to occur in larger leakages from LNG
tankers where LNG spills on sea water. It is therefore of less importance for
this report. Figure 4 shows four pictures illustrating Rapid Phase Transition
[6].

Figure 4 Rapid Phase Transition
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2.3

Ignition and fire

Ignition of the gas or liquid requires
an external source. The ignition may
occur immediately, which causes a
pool fire, or may be delayed and
ignite a vapour cloud if the gas concentration in air is between the lower and higher flammability limits.
The probability for an ignition is
assumed to be higher for a large
spill than for a small one. Figure 5
shows an LNG pool fire [7].
2.4

Figure 5 LNG pool fire

Modelling tools

In risk assessments for LNG installations dispersion and fire calculations are
a vital part. Table 7 describes a few examples of accidents in the risk assessment of the Øra LNG terminal in Norway [8].
Table 7

Examples of assumed LNG leakages in risk analysis

Accident

Flow and volume

Spill on water and in collecting basin

Pump flow rate 1000 m /h = 125.6 kg/s

at unloading LNG from ship to storage
tank.

Duration: 2 minutes

Leakage and ignition of LNG from a

Pump flow rate 60 m /h = 7.6 kg/s

fully broken filling hose between an
LNG storage tank and a truck.

Duration: 2 minutes

3

3

Small-scale LNG operation is supposed to have more leakages, spills and
incidents than the large-scale operation with large tankers supplying natural
gas grids. However, these more frequent incidents are also supposed to be
less severe regarding the spill volume and possible consequences.
There are a number of simulation models for use in LNG risk analysis. The
dispersion of LNG vapour and heat influence of an LNG fire are mostly
modelled and calculated phenomena. Early simplified tools often used are
Degadis for the dispersion of evaporated LNG and LNGFire for the combustion and heat radiation. The Norwegian CFD code FLACS is an example
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of a more recent calculation tool. The accuracy and interpretation of the
results may differ slightly depending on the tool used.
Dispersion calculations are used to predict the areas where an air-gas mixture is within the flammability limits. The Degadis model uses input such as
leakage rate, air temperature, wind speed and ground roughness.
Figure 6 shows calculated gas concentration around storage tanks as an example. The leakage is assumed to be caused by a total pipe collapse and a
flow rate of 160 kg/s during 3 minutes.

Figure 6 Calculations of LNG vapour cloud distribution in Øra terminal
using a CFD code
The heat radiation from combustion is modelled as a part of the fuel input.
In the Øra risk assessment the following input was used: 30 % of the flame
energy is transferred as heat radiation, evaporation rate for LNG is
0.1 kgs-1m-2 on land and 0.25 kgs-1m-2 on water and the wind speed is set to
5 m/s. The risk analysis calculations show the radiation heat flux at different
distances from the flame. Table 8 shows the influence on humans and construction material at different radiation heat fluxes.
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Table 8

Limits of radiation flux and influence on humans and construction
material [8]
2

Radiation flux (kW/m )

Personal injuries

Material damages

<1.6

No injuries after long

─

exposure
1.6 – 4.0

Pain and first degree
burn in less than 20 se-

─

conds
4.0 – 6.3

Proper clothing needed
for exposure exceeding

─

one minute
6.3 – 12.5

Limited damage on unprotected equipment/instruments
Extensive/widespread
damages on unprotected
process equipment

Accepted radiation flux levels are set in standards, for example in EN 1473
[9]. Table 9 shows one example of maximum allowed radiation heat flux in
case of an accident and a fire. The heat flux shall be calculated using an appropriate and validated model.

Table 9

Maximum allowed heat radiation flux on parts inside the LNG
plant boundaries, fence or similar. Fire following an accident [9].

Equipment inside boundary

Max. radiation heat flux
2

(kW/m )
Concrete outer surface of storage tank

32

Outer metal surface of storage tanks

15

Outer surface of pressure equipment

15

Control rooms, workshops, laboratories etc.

8

Administrative buildings

5

Figure 7 shows calculated radiation heat fluxes from a fire from a spill
caused by a leakage at the regasification part. The leakage rate is 5.6 kg/s
during 3 minutes. The distance from the centre to the 2.5 kW/m2 flux is 50 –
60 m.
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Figure 7 Radiation heat flux in a simulated fire in risk analysis
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3

Standards and regulations

The LNG industry is governed by a number of regulations and standards. In
this chapter they are listed together with some applicable national standards
and recommendation documents.
The following sections will describe and comment international standards
and national Scandinavian rules and guidelines.
3.1

International standards and guidelines for LNG handling

The international standards for LNG handling and operation can be divided
into maritime and land-based installations. The governmental body or authority often differs depending on the LNG installation or operation being
onshore or offshore. For the scope of this study the following standards and
guidelines are examples of important documents concerning LNG infrastructure and handling:
Maritime:


ISO28460:2010, Petroleum and natural gas industries — Installation
and equipment for liquefied natural gas — Ship-to-shore interface
and port operations [10]



SIGTTO Ship to ship guidelines [11]



IMO IGC (International code for the construction and equipment of
ships carrying liquefied gases in bulk) Code (LNG tankers) [12]



IMO MSC.285(86) Interim guidelines on safety for natural gas gasfuelled engine installations in ships (LNG fuelled ships, ferries etc.)
[13]

Land-based:


EN 1160, Installations and equipment for liquefied natural gas –
General characteristics of liquefied natural gas [14]



EN 1473, Installations and equipment for liquefied natural gas – Design of onshore installations [9]



EN 13645, Installations and equipment for liquefied natural gas –
Design of onshore installations with a storage capacity between 5 t
and 200 t [15]
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Areas that seem to lack applicable LNG standards may to some extent be
covered by international or national fuel gas standards and codes. No detailed examination of this has been done. There are also several standards
covering for example LNG storage in vehicles and filling. These standards
are not further described in this report.
3.2

National standards

The European countries (EU) have many standards and regulations in common. Some differences are visible. Common standards are the standards
mentioned in the previous section and the Seveso directive.
3.2.1

Denmark

There are currently no national Danish codes or standards for the handling
and use of LNG. The Danish fuel gas code (Gasreglementet, part B-5) [16]
treats LPG as follows.

Figure 8 Interfaces for Danish regulations regarding LPG
The approval of LNG installations seems to be based on the general Danish
environmental legislation.
3.2.2

Sweden

At the Swedish Civil Contingencies Agency (MSB, Myndigheten för Samhällsskydd och Beredskap) it is the opinion that rules and guidelines are
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appropriate despite the fact that LNG use is fairly new in Sweden6. The
rules regarding LPG can be used to some extent and the general standard
EN 1473 is suitable for on-shore installations.
The Swedish Gas Association (Energigas Sverige) has also published guidelines for LNG storage and regasification plants [17]. The guidelines are valid for a storage capacity of 5 – 200 ton and are implementation of the requirements in EN 13645. It is not valid for LNG vehicle filling stations. If it
is guaranteed that the LNG installation is built according to the guidelines
the requirements in EN 13645 are interpreted as being fulfilled. A set of
guidelines for filling stations are under development in Sweden7.
The Swedish guidelines contain practical advice on safety distances around
the storage tank or tanks, distances to roads and electric power lines and
sizing of the containment area in case of an LNG leakage or spill. Further,
basic instructions for risk assessment and operation and maintenance are
given.
It is recommended that the Swedish guidelines for installations not exceeding 200 ton storage capacity shall be evaluated for use in Denmark.
3.2.3

Norway

Norway has the most widespread use of LNG in Scandinavia and has guidelines with requirements specified for LNG published by the Norwegian Directorate for Civil Protection and Emergency Planning (Direktoratet for
samfunnssikkerhet og beredskab, DSB) [18] [19]. In general, the guidelines
are similar to the Swedish guidelines described above. Differences are due
to some national differences such as the voltage in the electricity grid etc.

6
7

Lars Synnerholm, MSB, communication, December 2011
Mattias Hansson, Swedish Gas Association, communication, November 2011
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4

Small-scale LNG infrastructure

This chapter focuses on the technical description of parts used in LNG handling for small-scale use, i.e. not used as a major supply to large national
gas grids. Firstly, the supply options in Table 10 are thought to be possible
for LNG use in Denmark.

Table 10 Options for LNG supply in Denmark
Source

Distributor

Import of LNG

Current gas distributors or new specialised LNG companies.

Liquefaction of grid gas
Liquefied biogas

Current gas distributors.
Produced by, or sold to current gas
distributors.

DONG Energy owns a part of the Gate LNG terminal in Rotterdam. Redistribution of LNG from the Gate terminal is one example of a current Danish
gas distributor including LNG as supply to the gas grid or directly to the
customers. The LNG terminal in Zeebrugge also seems to be prepared for
redistribution of LNG on smaller ships. Filling of trucks for local distribution of LNG is advertised on the web site8. An example of a specialized
LNG distributor is for example the Norwegian companies Gasnor and
Skangass which have the entire supply chain from liquefaction to delivery
by ship or truck. Ship delivery of LNG to a terminal and cooperation with
the local gas distributor is one possible way of introducing LNG. Liquefaction of natural gas in the grid is another option used elsewhere for storage or
redistribution to other parts of the grid for peak shaving. The last example in
Table 10 is liquefaction of biogas and distribution or regasification and injection in the gas grid, or for use in ships or vehicles.
A wider use of LNG as ship fuel may introduce intermediate sized LNG
terminals as hubs for ship bunkering and further redistribution. Several ports
have announced that they have plans for LNG hubs. Among these are Hirtshals, Gothenburg and Helsingborg.

8

Fluxus LNG terminal Zeebrugge,
http://www.fluxys.com/en/services/lngterminalling/lngterminalling.aspx
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4.1

Liquefaction plants

The liquefaction plants used for small-scale LNG have different design and
process than the large-scale plants. The energy consumption for the liquefaction is also higher. A typical design for a plant in this category uses the
Brayton cycle with nitrogen as working media. A gas engine is used for the
compressor. Figure 9 shows a picture of Snurrevarden LNG plant in Norway. The annual capacity is 20,000 ton LNG. Gas is entering in a highpressure pipeline. LNG is delivered to customers by truck only.

Figure 9 Gasnor LNG production facility Snurrevarden, 20,000 ton LNG
per year
Liquefaction plants combined with medium-sized storage tanks are used in
USA. These plants are used for storage and peak shaving. Trucks can deliver smaller volumes of LNG to satellite stations downstream the gas grid.
Most of these LNG plants exist in the USA. In Europe there are only a few
plants. RWE operates a plant in Nievenheim in Germany. The plant was
built in the 1970s and upgraded in 2003 – 2007. The liquefaction capacity is
2400 Nm3/h and the regasification capacity is 100,000 Nm3/h. Grid gas is
used. LNG is stored in a 21,500 m3 storage tank, i.e. the same size as the
LNG tank in Nynäshamn import terminal.
Integrated biogas upgrading and liquefaction plant are being built in at least
two locations in Sweden, see Table 4.
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4.2

LNG storage on ships

LNG is stored differently on a ship if it is transported to a terminal or if it is
used as fuel only. LNG is stored either in thin-walled membrane tanks in
stainless steel or in spherical thick-walled aluminium tanks in LNG carriers.
Membrane tanks are integrated and supported by the hull while the spherical
tanks are self-supporting and using the hull volume less efficiently. Today,
most of new LNG tankers use the membrane tanks. LNG is stored at atmospheric pressure.
Two ships are used for LNG transport in Norway and to Sweden. It is Pioneer Knutsen, which is the smallest LNG carrier in the world, and Coral
Methane. They have a capacity of 1,100 m3 and 7,500 m3 LNG, respectively. Small LNG carriers are also used in Japan.
LNG used as ship engine fuel is normally stored in cylindrical pressurised
tanks. The LNG tanks are vacuum insulated. The size is up to 200 m3.
Membrane tanks for LNG as fuel is also considered in larger ships, for example by Kawasaki Heavy Industries9.
4.3

Land-based storage tanks

Large LNG tanks used in import terminals are either buried or have the tank
floor on ground level. The volume can be up to 100,000 – 200,000 m3, equal
to an entire shipload. LNG is stored at atmospheric pressure in large tanks.
They are categorised according to the design of the LNG containment or
barriers separating LNG from the outside air. A single containment tank has
a container for LNG surrounded by insulation. An outer shell in steel supports the insulation but cannot stop any leakage. Instead, LNG spill is collected in ditches close to the tank. A double containment LNG tank has a
thick wall some distance outside the inner tank preventing leakage to reach
the outside. An insulated ceiling hangs under the roof and is connected to
the outer wall in both the single and double containment designs. A full containment tank has an inner tank. An outer concrete wall and the concrete
roof are constructed as a unit. This makes the design less sensitive to exter-

9

http://www.gassmagasinet.no/article/20120119/NYHETER/120119990/1011&ExpNodes=
1003, January 19, 2012
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nal damage and leakage; even evaporated LNG is collected more efficiently
and prevented to be spread into the atmosphere.
The tank used in the Nynäshamn terminal south of Stockholm is a full containment tank. The volume is 20,000 m3. The concrete wall is 0.8 m thick
and has 1.2 m perlite insulation.

Figure 10 The 20,000 m3 LNG storage tank in Nynäshamn, Sweden
(Photo: Jan de Wit, DGC)
Small LNG tanks with volumes up to approximately 500 m3 are tubular
shaped double bottles with vacuum insulation. The largest storage tank of
this kind has a volume of 1,000 m3. LNG is stored under pressure and the
temperature can be slightly higher than in the large LNG tanks. The inner
tank is made of stainless steel while the outer tank is made in carbon steel
and delivered to the site, as opposed to the large LNG concrete storage tanks
that are constructed on-site. Several small tanks can be connected to create a
larger overall storage capacity as seen in Figure 11. Small LNG tanks can be
either horizontally or vertically oriented.
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Figure 11 Small steel storage tanks for LNG
(Source: Jan de Wit and Gasnor)
4.4

Design of a small import terminal

A small import terminal is designed in the same manner as the large import
terminals used for supply of gas into a larger gas grid. The small LNG terminal is also used for redistribution of LNG still in liquid form on trucks, by
railway etc. This redistribution may often be the main use of the terminal
delivery operation.
The tanks may have the same design as the tanks in large import terminals
or be cylindrical steel tanks similar to the tanks used in small receiving terminals. The proposed terminal in Hirtshals will probably have a storage capacity of 7000 m3 split in several cylindrical tanks.
All stationary LNG tanks have arrangements for collecting leakages. These
may be either within the tank design as in full containment tanks or being
walls, canals or other measures to limit the spread of liquid LNG and collect
the LNG around the tank or direct it to a well-defined area.
4.5

Design of a small receiving terminal

A small receiving LNG terminal consists of one or several storage tanks, a
loading and/or unloading part, and sometimes also a regasification part if
the terminal is connected to a gas grid or to industrial processes. The regasification part is not necessary if the terminal is used for either ship bunkering
or vehicle filling only. The receiving terminal is often unmanned.
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4.5.1

Example: Högdalen receiving terminal, Stockholm

Stockholm Gas has a gas grid that is not connected to the Swedish natural
gas grid. Until the end of 2010 gas was supplied from a petroleum/naphtha
gasification plant. LNG is today transported to Högdalen receiving terminal
in southern Stockholm [1]. An air-gas mixture is distributed in the old city
gas grid. This gas is similar to the old city gas regarding the Wobbe number.
A new methane pipeline is used for distribution of natural gas quality gas.
LNG and upgraded biogas are the sources.
The terminal is designed to receive and regasify LNG. It also includes a
mixing station to produce an air-gas mixture for the old city gas grid. The
storage capacity is 199 tons, which makes it slightly smaller than the limit in
the Seveso II directive [20], 200 tons. LNG is stored in two double-walled
steel tanks. The height is 28 m and the diameter is 4 m. The storage pressure
is 8 bar.
LNG is heated and regasified in a water-heated heat exchanger. Heat is supplied from the district heating grid. There are also four air-heated heat exchangers as backup. The gas pressure is regulated after the regasification
unit. Outlet pressure is 5 bar. The gas is odorized (THT) after the pressure
regulation and then transferred to the mixing station for the production of
city gas and to the methane pipeline. The output capacity is 45 MW. A picture of Högdalen receiving terminal is seen in Figure 12, showing the two
LNG tanks. The heat exchangers are located behind the LNG tanks. The
LNG trucks stops in front of the LNG tanks for unloading. Any LNG spill is
collected in a concrete ditch in front of the tanks and collected in the gravel
area to the left. Please note the protecting fence preventing vehicles to crash
into the terminal. The trucks are only driving in one direction around the
terminal.
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Figure 12 Högdalen receiving LNG terminal, in Stockholm
(Source: Stockholm Gas)
The capacity of an LNG terminal can be estimated as follows. A terminal
with 100 m3 LNG storage (42 ton LNG) and a daily consumption of 6 ton
(3 MW average) which is refilled once a week will have an annual capacity
of 2.5 million m3 natural gas.
4.6

Road and rail transport

LNG on land is transported on trucks or by railway. The tanks are either
double bottles with vacuum insulation or single bottle with foam insulation.
The volume is approximately 50 m3 (22 ton) LNG. Some countries have
national rules allowing longer trucks and thus larger tank volumes. For example, trucks transporting LNG from Nynäshamn to Stockholm have two
tanks with a total volume of approximately 80 m3.
LNG distribution may have some restrictions since it is classified as dangerous goods and regulated in ADR (European Agreement concerning the International Carriage of Dangerous Goods by Road) [21]. Trucks distributing
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LNG shall be marked 1972 in black text on an orange sign similar to other
dangerous goods. The tank is filled to 90 – 95 % to allow expansion due to
temperature rise. A safety valve opens at the pressure limit and the gas is
vented through a horizontal pipe ending at the back of the truck.
The only prohibited transport route regarding road transport in or to/from
Denmark seems to be the Øresund bridge and tunnel where LNG cannot be
transported at any time. This means that LNG truck and trailer distribution
between Denmark and Sweden is possible by ferry only.
Safety regulations for ferries when dangerous goods are transported are described in Solas (International Convention for the Safety of Life at Sea). It
says that LNG can be transported on a ferry only when the number of passengers is 1 passenger per metre ship length or less. A new regulation in
Norway [22] even states 1 passenger per 3 metre ship length. The issue has
been observed and discussed in Norway [23]. The consequence is that LNG
trucks can only be shipped at evenings and nights when few passengers are
travelling. Restrictions may also apply concerning the exact parking of the
truck on deck regarding safety distances to emergency exits etc.
It is important to observe possible limitations for road transport of LNG
between different parts of Denmark. It may affect the infrastructure layout.
4.7

Ship bunkering

The largest volumes for LNG in Denmark will probably be for ship propulsion. Bunkering LNG can be done in at least three different ways, each suitable for the size of the ship and the character of the shipping. The three possible ways are illustrated in Figure 13 [4].
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Figure 13 Ship bunkering methods (Source: DMA Infrastructure)


Bunkering from a barge or for example a small LNG ship, ship to
ship (STS). It is a flexible solution. The barge or LNG vessel is filled
with LNG at a hub and bunkering is performed in the harbour or
even at sea. The method is suitable for bunkering of larger ships.



Bunkering from a fixed installation on land, land to ship via a pipeline (TPS). It is considered an inflexible solution suitable for harbours with ferry and cargo routes with regular traffic. An issue is
long LNG pipes from storage to ship, and the safety distances to vehicles and passengers.



Bunkering from a truck on land, truck-to-ship (TTS). It is considered
a flexible solution for smaller volumes. A truck has a capacity of approximately 50 m3 and the total tank volume in the ship shall not exceed 100 – 200 m3. It is widely used in Norway.
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Figure 14 LNG bunkering from a truck in Norway
Another possible solution is containers with the LNG tank located on deck
and changed during the bunkering operation. It is considered a solution suitable only for a few ships.
4.7.1

Bunkering procedure

Two examples are given to illustrate the steps in a bunkering operation and
the time necessary. The first example illustrated in Table 11 shows the procedure used for bunkering of the ferry MF Fanafjord in Norway and the
second example is a suggested bunkering procedure for the larger ship Viking Grace which will begin to operate in 2013 between Stockholm and
Turku/Åbo in Finland.
Table 11 shows the steps and duration of the bunkering of the ferry MF
Fanafjord. The ferry is 122 m long and has a capacity of 589 passengers and
212 passenger cars. The route is between Halhjelm and Sandvikvåg south of
Bergen and takes 40 minutes. The ferry has two LNG tanks, each 125 m3.
LNG is bunkered each 3 – 4 days during nights when the ferry is not in traffic. The LNG flow is 90 m3/h. Bunkering is not allowed in Norway when
passengers are on-board the ferry. The rules are not clear if the ship is bunkered from sea. Bunkering from shore is regulated by the Norwegian Directorate for Civil Protection and Emergency Planning (Direktoratet for sam-
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funnssikkerhet of beredskap, DSB10) while bunkering from sea is regulated
by the Norwegian Maritime Authority (Sjøfartsdirektoratet11). No firm rules
exist for bunkering from sea, and each case is evaluated in a risk assessment12.
Table 11 Bunkering procedure for LNG bunkering from a truck to a ferry
in Norway
Step
Preparation

Time (minutes)
Parking and preparation.
Ship to dedicated bunker-

10 – 15

ing quay.
Bunkering
Finishing

60+
Stop pump. LNG hose
into ship. Purging with N2.

30+

Table 12 shows a suggested bunkering procedure for Viking Grace that will
operate between Sweden and Finland [24]. The ship is 214 meter long and
will have a capacity of 2,800 passengers and 500 meter cars and 1275 meter
trucks. The route between Stockholm and Turku/Åbo takes 11.5 hours. The
ship will have two LNG tanks with an overall volume of 400 m3. The estimated filling flow is higher than in the case with a ferry above,
190 – 340 m3/h (80 – 144 ton/h)13.
Table 12 Suggested bunkering procedure from a barge to a larger ship
(Viking Grace)
Step
Preparation

Time (minutes)
Tank system check.

15

Mooring. Connection of
hoses.
Bunkering

Bunkering

25 – 45

Finishing

Purging of lines

10

LNG is suggested to be bunkered from a barge or a small bunker vessel outside the ferry. The barge is filled from a truck.

10

DSB, www.dsb.no
Sjøfartsdirektoratet, www.sjofartsdir.no
12
Dag Stenersen, Marintek, communication, January 2012
13
Jonas Åkermark, AGA, communication, February 2012
11

DGC report

36

4.8

LNG filling stations

An LNG filling station for vehicles is quite similar to a small receiving terminal. The regasification heat exchanger is omitted in a filling station for
LNG only. LNG can also be regasified and pressurised to offer CNG as well
at the filling station. In the latter case, the filling station is called LCNG.
The basic designs of LNG and LCNG filling stations are shown in Figure
20.

Figure 15 LNG filling station principle layout (Source: Chart Industries)

Figure 16 LNG fuelling stations in UK and Gothenburg, Sweden
(Sources: Chive Fuels and Fordonsgas)
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4.9

LNG use in shipping and heavy duty vehicles

4.9.1

Shipping

Norway is the pioneering country and currently leading nation in LNG
fuelled ships. The first ship was the ferry Glutra in 2000. Gas has been used
as ship fuel before this, but stored as CNG. Examples are canal boats in
Amsterdam and ferries in the Vancouver harbour area. LNG fuelled ships
are now ordered for operation in Scandinavia and the Baltic Sea, but also in
USA and Japan. Table 13 shows built and ordered LNG fuelled ships in
Norway14.
Table 13 Norwegian LNG fuelled ships
Use, comment

Number

Until the end of 2011, 28 ships
Ferries

16

Off shore

6

LNG tankers

3

Coast guard ships

3

Ordered 2012 – 2014, 28 ships
Ferries

4

Offshore

8

LNG tankers

1

Coast guard

1

RoRo

4

Ropax

3

Fishing boat

3

Fish fodder

1

Tug boats

2

The Norwegian LNG ships have been supported by the NOx fund. The ships
in Table 13 have a moderate size. Only recently has the interest for larger
ships become clear. Passenger and cargo ships larger than in Norway are
planned or being built. Viking Line will put a new passenger ship into operation between Sweden and Finland in 2013 as mentioned before.
The additional cost for LNG fuelled engines in Norwegian ships can be
covered up to 80 % from the NOx fund [25]. The NOx fee or tax is
14

Dag Stenersen, Marintek, Norway, communication, February 2012
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NOK 15/kg. The NOx fund receives 4 NOK/kg. Table 14 shows a few examples of NOx reductions, the additional cost and the support from the NOx
fund.
Table 14 Examples of support to LNG fuelled ships in Norway [26]
Ship

Engine

NOx red

Additional

(ton)

cost/support

Remarks

(million NOK)
Bit Viking, cargo

2 Wärtsilä

479

61/48.8

ship
Nord Norsk Ship-

6L50DF
Rolls Royce

90

28.7/22.9

cargo
Normand Arctic

Wärtsilä dual

142

42.4

Boknafjord, ferry

fuel
Lean burn

213

29.5

Viking Prince

gas engines
Wärtsilä dual

161 for

36.8 for each

Viking Princess

fuel

each

Fjordline

MAN
2-stroke dual

322 for
each

First converted cargo ship

ping,
a

a

a

a

80.3 for each

Ropax for the routes HirtshalsBergen/Stavanger/Sandefjord

fuel
a) No decision as of February 2012

There is no official classifying scheme for LNG fuelled ships. However,
DNV has developed guidelines [13] which are generally accepted. The
guidelines contain instructions for gas piping, ventilation of engine rooms,
tank location in the hull etc. This means that a ship seldom can be converted
to LNG. The cargo ship Bit Viking is an exception and has the LNG tanks
on deck. Mols Linien has also presented ideas of converted ferries and LNG
tanks are located on deck also in this case. As a starting point for the estimation of the potential only newly built ships are supposed to be LNG fuelled.
“Færgen” has presented new ship designs where a conversion to LNG is
prepared for [27].
4.9.2

Heavy-duty vehicles

LNG makes it possible to store fuel enough for the heavy-duty road
transport range requirements. It is also this sector that is focused for LNG
fuelled road vehicles. Normally, CNG storage is considered sufficient for
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city buses and other heavy vehicles operating in a restricted area. 1 litre of
diesel fuel is equivalent to 1.8 l LNG and 5 l CNG.
LNG is stored in pressurised double-walled and vacuum-insulated stainless
steel cylinders as seen in Figure 17. Below the two images are the size ranges for the five different LNG tanks offered by Chart/NexGen. The LNG tank
is automatically filled from the dispenser with a flow rate of approximately
100 l/min. The engine cooling water is used to heat and evaporate the LNG
upstream the engine.

Diameter (mm)
Length (mm)

508 – 660
1805 – 2285

Net capacity (l)
Weight empty (kg)
Weight full (kg)

177 – 511
110 – 280
185 – 483

Figure 17 LNG tank for use in vehicles (Source: NexGen/Chart)

Figure 18 LNG tank on a truck (Source: Volvo)
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4.9.3

Engine technology

Engines where LNG is a possible and attractive fuel are subject to operate in
the diesel process. It gives a better fuel economy than the Otto process used
in cars and city buses. CO2 emissions are reduced by 20 – 25 % if natural
gas is fully replacing diesel or petrol at an unchanged efficiency. Even further reductions are possible if upgraded biogas is used. Basically the same
engine technology can be used in ships, ferries and heavy road transport.
However, emission limits, necessary exhaust after treatment and operational
cycles differ considerably.
The engine technology is moving towards using the diesel process. This has
been used earlier in stationary applications, for example power generation.
Gas engines for ship propulsion have so far suffered from a significant methane slip. This methane slip occurs because methane near cylinder walls
and in crevices around the pistons does not combust. Other factors increasing the methane slip are the operating cycle and more part-load operation
than in stationary engines for cogeneration.
Gas and air can be injected in the engine cylinder basically in two different
ways. When the diesel process is used, either a gas-air mixture is injected at
low pressure as in an SI engine (Spark Ignited) or gas is injected into the
cylinder at high pressure as in the standard diesel process. Diesel fuel is injected into the cylinder and acts as ignition source, a “liquid spark plug”. In
the first case the flame propagates through the cylinder, and in the latter case
the combustion is similar to a diesel engine with liquid fuel. The two types
have different names. The first type is often called dual fuel, for example by
IANGV15, but dual fuel is also an overall name for large stationary engines.
In this report the following names will be used:
Dual fuel with port injection – Premixed gas and air mixture entering the cylinder at low a pressure. Mixing is obtained upstream the
intake valve.
Dual fuel with direct injection – Gas is injected into the cylinder at
the end of the compression and combustion takes place in a diffusion
flame.

15

International Association for Natural Gas Vehicles IANGV, www.iangv.org
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The number of LNG fuelled heavy-duty trucks and buses are limited. It is
reported [28] that 4,000 heavy-duty vehicles are operating on LNG in North
America and 4,000 in China. In Europe only 200 vehicles are using LNG as
fuel. Both Volvo and Scania have development regarding heavy-duty trucks
running on LNG and their own engine development. The Canadian company Westport develops fuel systems for engines from other manufacturers.
Westport has recently acquired Alternative Fuel Vehicle AB in Sweden. The
British haulage company Hardstaff has developed a fuel system together
with British universities and uses this in LNG fuelled trucks. Other European truck manufacturers with LNG activities are Iveco and Mercedes.
Volvo uses the name Methane diesel for their dual-fuel solution. It offers the
opportunity to use diesel only, if LNG is not available, which adds flexibility for the owner.
Scania keeps the SI engine in their demonstration program on LNG fuelled
trucks. The company states that the engine performance is close to the diesel
engine performance. Field tests are conducted in the Netherlands.
4.10

Gas quality

Even though LNG is liquefied natural gas there are some gas quality issues
to be addressed. These are:
 Low content of inert gases
 Changed composition during storage due to ageing or weathering
 Changed composition if grid gas is used as feedstock for LNG
 Methane number and dual-fuel engines
Figure 19 shows that LNG has a Wobbe number that closely follows a
straight line as a function of the heating value due to the composition of
almost entirely hydrocarbons [1]. The green lines show the EASEE-gas limits. The Danish lower and upper limits are at the right part of the straight
line, also shown in Table 15.
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Figure 19 LNG Wobbe number distribution
Table 15 shows the limits set for the Danish gas quality. The Wobbe number values in the table are presented with both 25/0C and 15/15C as reference states. Gasreglementet uses 25/0C as gas reference state and 15/15C
is used in Figure 19. The values for 15/15C are calculated using a factor of
0.9487 for the Wobbe number16.
Table 15 Danish gas quality ranges and limits [16]
Parameter

Range/limit
3

Wobbe number W (MJ/m )

51.9 – 55.8 (25/0C), 49.2 – 52.9 (15/15C)

Relative density, d (-)

<0.7

4.10.1

Gas composition change due to liquefaction

Table 16 shows the change in composition if grid gas is used for LNG production and reinjected into the gas grid at a later stage. The nitrogen content
is set to 1 mole percent in the regasified LNG and the carbon dioxide content is set to zero. The nitrogen content is limited due to its lower liquefaction temperature and carbon dioxide is not soluble in LNG at the low temperature. The limits are often set to 1 % nitrogen and 50 ppm carbon dioxide. The gases in Table 16 are the average gas in the Danish gas grid during
2010 and three gas qualities mentioned by energinet.dk, Gases A, B and C
[29]. LNG low and LNG high represent LNG qualities with low and high
methane content. Finally, two Norwegian LNG qualities are shown in the
table. LNG from northern Norway (Snøhvit), which is exported to continental Europe, and the LNG used in Stockholm, which is produced in Risavika
16

ISO 6976
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near Stavanger. It is also assumed that N2 and CO2 separated in the liquefaction process are not reinjected in the gas grid.
Table 16 Gas compositions and properties for vaporised LNG and LNG
made from grid gas
DK Avg.
2010

Avg./LNG

Gas A

A/LNG

Gas B

B/LNG

Gas C

LNG
Snøhvit

C/LNG

LNG low LNG high Stockholm LNG

Composition
Methane, CH4
Ethane, C2H6
propan
i-butane, C4H10

89,95
5,71
2,19
0,37

90,54
5,75
2,20
0,37

89,85
5,01
1,01
0,10

92,50
5,15
1,04
0,10

90,08
3,43
0,71
0,07

94,45
3,60
0,74
0,08

98,19
0,68
0,21
0,04

98,22
0,68
0,21
0,04

91,40
5,60
1,80
0,20

86,7
9,4
2,3
0,6

99,7
0,1
0
0

93,00
7,00
0,00
0,00

n-butane, C4H10

0,54

0,54

0,12

0,12

0,09

0,10

0,03

0,03

0,00

0

0

0,00

i-pentane, C5H12

0,13

0,13

0,02

0,02

0,02

0,02

0,00

0,01

0,00

0

0

0,00

n-pentane, C5H12

0,08

0,08

0,02

0,02

0,01

0,01

0,00

0,00

0,00

0

0

0,00

hexan+, C6H14+

0,06

0,06

0,02

0,02

0,01

0,01

0,00

0,00

0,00

0

0

0,00

Nitrogen, N2

0,31

0,31

2,53

1,03

4,76

1,00

0,82

0,82

1,00

0,7

0,2

0,00

Carbon dioxide, CO2

0,66

0

1,33

0

0,81

0

0,034

0

0,005

0

0

0

Hs (kWh/m3)

12,12

12,20

11,30

11,63

10,91

11,44

11,08

11,08

11,78

12,33

11,05

11,65

Hs (MJ/m3)

43,64

43,92

40,68

41,87

39,26

41,17

39,89

39,90

42,41

44,38

39,78

41,94

Ws (kWh/m3)

15,26

15,43

14,39

15,03

13,97

14,92

14,74

14,75

15,14

15,46

14,82

15,18

Ws (MJ/m3)
Relative density (-)

54,94
0,63

55,56
0,62

51,79
0,62

54,10
0,60

50,30
0,61

53,72
0,59

53,06
0,57

53,09
0,56

54,52
0,61

55,64
0,64

53,34
0,56

54,66
0,59

Density (kg/m3)
Methane number (-)

0,82
72,70

0,81
72,00

0,80
82,40

0,77
80,60

0,79
86,90

0,76
84,90

0,73
96,00

0,73
96,00

0,79
79,10

0,82
71,1

0,72
-

0,76
83,50

Difference
Hs (%)

0,00

0,65

-6,78

-4,05

-10,03

-5,66

-8,59

-8,57

-2,81

1,70

-8,84

-3,89

Ws (%)
Within GR limits (Y/N)

0,00
Y

1,13
Y

-5,71
N

-1,53
Y

-8,46
N

-2,22
Y

-3,41
Y

-3,37
Y

-0,76
Y

1,27
Y

-2,91
Y

-0,51
Y

Properties

The table shows that LNG qualities fit into the Danish gas quality limits.
Liquefying and regasifying German gas will make the gas quality closer to
the current Danish gas quality. The heating value and the Wobbe number
increase because the hydrocarbon content increases.
4.10.2

Gas composition change due to boil-off

Ageing in LNG tanks is a process where methane and nitrogen is evaporated
due to the heat leakage into the tank. Heavier hydrocarbons are still in liquid
form. This means that the composition is slowly changing. Heavier hydrocarbons with a higher condensation temperature will increase their share of
the composition. LNG with a high amount of methane will not change the
composition as much as LNG with a larger amount of heavier hydrocarbons.
Investigations and predictions of the ageing process have been done.
MOLAS (Models Of LNG Ageing During Ship Transportation) is a GERG
project aiming at developing a software for the ageing process in large LNG
tanks. Two separate models have been developed [30], one based on thermodynamics and one on Artificial Neural Networks (ANN) where historical
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data for the composition change in a certain storage tank is necessary. The
software will be available during 2012 on a commercial basis17. According
to the project manager the models should be applicable to small storage
tanks as well, but the models are not validated for these tanks. SINTEF in
Norway [31] has developed a model including gas quality changes in the
entire small-scale LNG chain. In addition to the ageing process, filling of
the tank with LNG of a different composition adds complexity to the problem.
Early experiences from the LNG terminal in Nynäshamn have shown stratification and ageing as a problem. The ageing occurs during the long periods
between the fillings (one each month) of the storage tank when the customers are few at the start of the terminal operation. Variations in composition
and quality are not a problem in Stockholm due to the design and operation
of the gas grid. LNG injected into the methane part of the grid is mixed with
a few percent of air, and variations in the LNG composition are easily compensated for18. The town gas (Bygas2) part of the grid is fed with a natural
gas-air mixture adjusted in a similar way. No information is available
whether the gas composition has any influence on the operation of the refinery using gas from the LNG terminal in Nynäshamn. Ageing is not primarily a technical problem, rather a billing problem since the detailed LNG
composition is unknown.
A related issue is the measurement and analysis of LNG. There appears to
be no international standard for this. The sampling problem has been addressed in a Spanish paper at the World Gas Conference in 2009 [32]. The
EU project LNG Metrology19 is aiming at improving the analysis and measurement of LNG.
4.10.3

LNG quality and gas engines

The ageing process has mainly been an issue for gas engines. The ageing
process reduces the methane number and the knocking resistance in gas engines. A number of US studies addressed this problem in the 1990s.

17

Ángel María Benito Hernáez, Enagas, communication, December 2011
Håkan Schyl, Stockholm Gas, communication, January 2012
19
LNG Metrology, www.lngmetrology.info
18
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There is a concern for LNG quality especially in dual-fuel engines with port
injection. This topic is reviewed in for example [33]. A methane number of
approximately 80 or higher is recommended by several dual-fuel engine
manufacturers. Most of the LNG qualities have a lower methane number
due to the content of heavier hydrocarbons. Biogas is in this respect a superior fuel since it contains no heavier hydrocarbons. Upgraded biogas (97 %
methane and 3 % carbon dioxide) has a methane number of 103. In the USA
is fuel-grade or vehicle-grade LNG distributed by specialized gas companies. Two examples are Applied Natural Gas Fuels20 and Clean Energy
Fuels21. Vehicle-grade LNG has a methane content >97 %, <2 % ethane and
<1 % nitrogen and other inert gases. A SAE fuel standard was published in
2011.
The development of dual-fuel engine technology and knock resistance has to
be observed if LNG should be used widely as a fuel in applications of fuel
economy such as trucks.

20
21

Applied Natural Gas Fuels, www.altlng.com
Clean Energy Fuels, www.cleanenergyfuels.com
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5

Environmental aspects

The environmental aspects of LNG use include the energy consumption and
emissions for liquefaction, transportation and use. It is important to study
the possible future applications of natural gas and the fuels which are replaced. This fuel replacement may also result in a more environmentally
friendly combustion.
5.1

LNG production

The main environmental issue regarding LNG production, beside land use
and safety aspects, is the energy required for liquefaction of the gas. The
energy requirement for LNG production ranges from approximately 5 % to
15 % of the gas energy content. The lower values apply to the large export
terminals while values in the high end are valid for small liquefaction plants
such as in the Norwegian small-scale infrastructure. It is difficult to obtain
precise data for the energy consumption. The energy requirement for plants
liquefying biogas (LBG) is unknown.
An indication of increased CO2 emissions due to the use of LNG is reported
in [34]. It is a life cycle assessment where the base scenario is the European
gas supply in 2004 and the best available technology on the utilisation side.
The emissions increase by approximately 25 % in a life cycle perspective if
LNG is replacing pipeline gas from Europe. Using efficient liquefaction
technology is a way of reducing the CO2 emissions. The new Snøhvit plant
in Norway is taken as an example of such efficient plant. This can be compared to an increase of about 20 % in CO2 emissions if the gas is transported
in the long (5,000 km) gas pipelines from Siberia, i.e. equal to the emissions
due to liquefaction.
Venting of natural gas due to overpressure in LNG tanks may be a problem,
but the environmental concern regarding methane as a strong greenhouse
gas ought to lead to a technology where venting of methane only occurs in
emergency situations.
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5.2

Engine emissions

It is often stated in Norway that the emissions from LNG fuelled ships are
significantly reduced compared to ships with conventional fuel. NOx emissions are reduced by 80 – 90 %, CO2 is reduced by 20 – 25 % and sulphur
and particulate matter (PM) are negligible. The possibilities of significant
emission reductions with fairly simple measures and the efficient storage are
two main drivers for the interest in LNG as a ship fuel.
5.2.1

Tighter emission requirements

International Maritime Organization (IMO, a United Nations organization)
has decided on ship pollution rules in the International Convention on the
Prevention of Pollution from Ships, MARPOL. Annex VI from 1997 contains regulations for air pollution. It went into force in 2005 and was at that
time valid for new engines larger than 130 kW and built after January 1,
2000. Additional requirements for NOx emissions (Tier I – III) and fuel
quality requirements have been in force since 2010. Annex VI includes
global requirements and lower limits for specific geographical areas, an
emission control area (ECA). An emission control area can be specified for
NOx, SOx and particulate matter. The emission control area in the Baltic Sea
and the North Sea is seen as the blue area in Figure 20.

Figure 20 ECA and SECA areas in northern Europe
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The sulphur content in the ship fuel is shown in Figure 21. It clearly shows
the more stringent requirements from 2015 and is a major driver for LNG as
ship fuel.

Figure 21 Limits for sulphur content in ship fuel
The SOx requirements in an ECA are met either by using a low-sulphur fuel
or using scrubber technology. Low-sulphur fuels are natural gas/LNG or
Marine Diesel Oil (MDO) or Marine Fuel Oil (MFO).
NOx emissions are regulated as well and the emission limits valid from 2015
are shown in Figure 22. It is clear that the emission levels are a function of
the engine speed.

Figure 22 Tier NOx limits
The Tier I – II limits are expected to be met by engine adjustments. Tier III
is supposed to be met only with more specific NOx reduction methods such
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as Exhaust Gas Recirculation (EGR), Selective Catalytic Reduction (SCR)
or water injection.
5.2.2

Methane emissions

Figure 21 and Figure 22 only show the regulated emissions. The environmental impact relies on other emissions as well. Methane emissions have
been discussed since they may destroy the climate advantage of natural gas
compared to traditional ship fuel. Measurements on Norwegian LNG fuelled
ships [35] showed the results in Table 17.
Table 17 Methane emissions from early Norwegian LNG fuelled ships
Methane emission
kg CH4/ton LNG
g CH4/kWh
44
8.5
80
15.6
44
8.5

Ship category
Ferry (lean burn)
Offshore supply (dual fuel)
Coast guard (lean burn)

Rolls Royce and Wärtsilä state significantly lower emissions for their latest
engine models, see Table 18. The emissions in g/kWh are manufacturer data. The data in the two columns to the right is recalculated assuming 43 %
engine efficiency. The methane emissions in the table are based on a cycle
with 25, 50, 75 and 100 % load. The dominant load in the test cycle is 75 %.

Table 18 Manufacturer data on methane emissions from new gas engine
designs
Manufacturer

Emission CH4
(g/kWh)

Share of energy
(net %)

4

5.6

Share of input circa
(net %)
2.5

6

8.3

3.5

Rolls Royce (Series B,
C)
Wärtsilä

Methane emissions from a MFO fuelled engine were also measured in [35]
and found to be zero. The methane emissions in Table 17 and Table 18 can
be compared to the stationary cogeneration engines used in Denmark22. At
100 % constant load the values in Table 19 were obtained. The average engine efficiency was 39.6 %.

22

Per G. Kristensen, DGC, May 2011
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Table 19 Average measured methane emissions from stationary cogeneration engines in Denmark
CH4

NMVOC

UHC (C)

g/GJinput

481

92

435

g/kWhshaft

4.37

0.84

3.95

In conclusion it can be stated that LNG is a fuel that currently gives substantial emission advantages in shipping. When the limits in the emission control areas (ECA) are reduced these advantages will not be as obvious. The
advantage may be a simpler engine installation with less scrubber equipment.
5.2.3

Engines for road transport

The emission limits for gas engines are also significantly lowered step by
step. Table 20 shows the evolution of the emission limits for new engines.
Euro V is valid for new gas engines after October 1, 2009. Please also note
that the sulphur content in diesel fuel for road vehicles is 0.01 %, much
lower than the future limit for ship fuel in the SECA area.

Table 20 Emission limits for new gas engines in heavy duty trucks etc
Emission
standard

CO
(g/kWh)

NMHC
(g/kWh)

CH4
(g/kWh)

NOx
(g/kWh)

NH3
(ppm)

PM
(g/kWh)

Euro III

5.45

0.78

1.6

5.0

-

0.16

Euro IV

4.0

0.55

1.1

3.5

-

0.03

Euro V

4.0

0.55

1.1

2.0

-

0.03

Euro VI

4.0

0.16

0.5

0.46

10

0.01

It is possible to retrofit a diesel engine for dual-fuel operation. Retrofit kits
include gas injectors, control system, knock sensor and a methane oxidising
catalyst. The diesel fuel is not entirely replaced. See the following test results for the amount of diesel replaced with retrofit systems.
Retrofit kits from Hardstaff and NGV Motori were tested on three vehicles
from Volvo for dual-fuel operation [36]. A transient test driving cycle was
used. The emission and fuel consumption results are shown in Table 21 and
Table 22. The gas quality was similar to upgraded biogas, i.e. approximately
97 % methane and 3 % carbon dioxide. This gives a methane number of
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103. The lower heating value used in the calculations was 45.48 MJ/kg. It
corresponds to a fuel composition with 96.5 % methane and introduces a
small uncertainty in the efficiency calculations.
Table 21 Test results for diesel engine retrofitted for dual-fuel operation
[26]
Retrofit
equip.
Hardstaff

NGV
Motori

Fuel

CO
(g/kWh)
0.06

HC
(g/kWh)
0

CH4
(g/kWh)
0

NOx
(g/kWh)
6.89

CO2
(g/kWh)
727

PM
(g/kWh)
0.03

0.03

5.39

5.39

6.53

738

0.09

0.07

0

0

1.88

718

0.02

0.34

0.30

0.45

2.37

652

0.03

Diesel

0.12

0

0

7.34

796

0.005

Dual
fuel

0.08

9.28

11.18

5.71

759

0.004

Diesel
Dual
fuel
Diesel
Dual
fuel

The emission test results show that the emissions from retrofitted truck engines do not significantly differ from the original design. The methane slip
is considerable. No emission data for Volvos methane diesel engine has
been found.
Table 22 Fuel consumption diesel engine retrofitted for dual-fuel operation
[26]
Retrofit
equip.

Fuel

Hardstaff

Diesel
Dual
fuel
Dual
fuel

Diesel consumption
(g/kWh)
246

Gas consumption
(g/kWh)
0

Diesel
Replacement
(%)
0

Change of
efficiency
(%)
0

146

135

-41.5

-12.7

149

123

-40.7

-10.8

There is a potential of drastically reduced CO2 emissions in case the fuel is
Liquefied BioGas (LBG)
No direct information on gas quality and engine performance and emissions
has been found. As described previously there is a concern for the gas quality and the knocking resistance in gas engines. Dual-fuel engines with port
injection seem to be the most sensitive. Volvo states that the methane diesel
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dual-fuel engines operate best when the methane number exceeds 9023. The
engine can be optimised for a methane number down to 85. At low methane
numbers the engine control system will increase the share of diesel fuel.
Otto (SI) engines are often adjusted to manage lower methane numbers.
Gas-diesel engines where the gas is injected at the end of the compression
phase do not suffer from potential knocking problems.
Dual-fuel engines with direct fuel injection at the end of the compression
phase are not sensitive. SI engines may be adjusted for a lower methane
number resulting in some performance degradation. Figure 23 shows the
correlation between the higher heating value and the methane number. The
average natural gas from the Danish gas fields in the North Sea has a methane number of 72. Upgraded biogas has a methane number around 100.

Figure 23 Correlation between heating value and methane number [26]
Another possible environmental issue is methane release from the vehicle
fuel tank. It is caused by overpressure and a relief valve reduces the tank
pressure to an acceptable level. The overpressure is created by heat influx
which causes evaporation and pressure increase. Factors influencing the
pressure increase are overfilling, standby with no LNG consumption and
malfunctioning or “bad” insulation. Overfilling and malfunctioning insula23

Lennart Pilskog, Volvo, communication, March 2012
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tion are regarded as abnormal conditions and not further discussed. Chart
Industries24 states that their vehicle tanks can be in standby for one week
before there is a risk of pressure increase and venting release to the atmosphere. An inner vessel is used to prevent overfilling and excessive pressure
release during standby time.
The pressure increase is normally less than 1 bar/24 h and tank pressure is
approximately 5 bar. Other possible measures are to compress vented methane and store it in a separate CNG tank or use reliquefication. These
measures may sometimes be suitable for large installations only.
Volvo states that methane release from a heavy-duty LNG fuelled truck is
no real problem25. A catalyst is located directly at the exhaust outlet and
reduces the methane emissions down to, or below, the levels from an Otto
(SI) engine according to Euro V. The SCR catalyst is located after the methane catalyst. Methane release from the tank is not a problem, either, if the
truck is used and fuelled with 1-2 days interval. The pressure increase will
then be modest. If the truck is to be parked for a long period the gas must be
emptied through driving and diesel should be used for the last part of the
driving. An authorised workshop shall empty the LNG tank if the truck
needs maintenance, repair or other unplanned long standby period.
It cannot be concluded if methane release from vehicle tanks is still a potential problem. Equipment seems to exist that prevents methane release for at
least one week. Another way of reducing the problem is to use LNG only in
vehicles with short standby periods. This limits the potential of LNG use in
the sector.
5.3

Concluding remarks on LNG’s environmental impact

The main advantage from an environmental point of view is the potential of
reduced CO2 emissions if LNG is used as replacement for other fossil fuels,
especially if liquefied biogas, LBG, can be used. The reduction is 20 – 25 %
if the LNG is produced from natural gas and the efficiency is the same. The
CO2 reduction is less than the reduction based on the fuel composition alone
due to the energy needed for liquefaction. Large liquefaction plants need
24
25

Chart Industries, www.ch-iv.com
Lennart Pilskog, Volvo, communication, March 2012
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considerably less energy than small plants. From an overall CO2 perspective
it be better to use LNG redistributed from large LNG import terminals such
as Gate in Rotterdam or Zeebrugge in Belgium,
The negligible sulphur content is currently a clear advantage in shipping.
The future emission limits in the Baltic Sea and the North Sea reduce this
advantage to a simpler technology without exhaust treatment and scrubber
technology. The sulphur advantage when diesel is replaced in vehicles is
small.
Care should be taken if LNG is used as road vehicle fuel. Methane slip from
the engine and release from the fuel tank are two potentially severe environmental problems. Engine emission legislation and a proper fuel tank design minimise these risks.
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6

LNG use and potential in Denmark

In this chapter the possible use of LNG in Denmark and an indication of the
potential gas LNG volumes will be presented.
6.1

Shipping

The potential and market for LNG in shipping in Denmark have been reported by a study initiated by the Danish Ministry of the Environment [37].
There are many ferry routes in Denmark and these are shown in Figure 24.
Nearly 10 million passengers travel on domestic ferry routes. Four scenarios
were suggested and the potential LNG consumption was calculated. The
scenarios are shown in Table 23.

Figure 24 Danish ferry lines (Source: www.faerge.dk)
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Table 23 LNG potential in domestic Danish ferries
Scenario

Harbours

Ships

LNG (ton/year)

Remarks

1. Maximum

55

143

436,000

All ferry ports

2. Many ferries – few
cargo ports and ships

45

85

394,000

Ferry ports with fuel consumption <20,000 ton per
year and 4 short sea cargo
ports.

3. Few ferries – many

23

105

403,000

cargo ports and ships

4. Reduced scenario

Ferry ports with fuel consumption <20,000 ton per
year and all short sea cargo

13

47

361,000

ports.
9 ferry ports with fuel consumption <20,000 ton per
year and 4 short sea cargo
ports

The scenarios indicate an LNG demand in a span between 361,000 and
436,000 tons per year. It corresponds to approximately 500 – 600 million m3
natural gas or 7 – 10 % of the current Danish natural gas consumption. A
larger LNG demand in shipping is possible but it is not sure that the additional demand will be delivered in Denmark.
LNG as ship fuel is a realistic option in new ships only. In some cases it is
possible with a conversion from liquid fuel, but these are exceptions. The
real potential for LNG is therefore dependent on the current ship population
and the speed of replacement. However, only a few large ferries give a substantial LNG consumption.
A Danish infrastructure for maritime LNG use will consist of hubs, small
terminals and bunkering direct from a truck.
6.2

Road transport

Figure 25 shows a map from the Danish Road Transport Authority. It can be
used as a starting point for an assessment of the potential gas consumption
in long distance trucking in Denmark.
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Figure 25 Danish roads for evaluation of heavy load traffic intensity
(Source: Vejdirektoratet)26
Table 24 shows the major heavy vehicles flows, and where the potential for
LNG fuelled vehicles can be considered highest. However, it cannot be excluded that individual haulage contractors on less busy/frequent routes also
would be of interest for LNG. The vehicle length coincides well with the
trucks that today are used for LNG demonstration.
Table 24 Traffic intensity at selected Danish roads in 2010 (Source:
Vejdirektoratet)
Location
A – Øresund bridge
B – Copenhagen, E20 Brøndby Strand
C – Rødby Havn, E47
C – Store Bælt
D – Fyn, East of Odense, E20
E – Fredericia/Vejle/Kolding, E20/E45
F – Hirtshals
G – German border

Vehicles per day,
>5.8 m length (approx.)
1400
5900
1500
3100
6600 – 7800
3800 – 9800
1000
7700

The total transportation work in Denmark on long distance routes is shown
in Figure 26. The data source is Statistics Denmark. Only transportation by
haulage companies is included. The vehicle length exceeds 5.8 m. The data

26

http://www.vejdirektoratet.dk/dokument.asp?page=document&objno=298989
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is further split into different distances considered suitable for LNG fuelled
vehicles.
2500

Haulage companies 200-249 km
Haulage companies 250-299 km
Haulage companies >300 km

Transport work (million ton km)

2000

Companies 200-249 km
Companies 250-299 km
Companies >300 km

1500

1000

500

0
1999

2000

2001

2002

2003

2004

2005

2006

2007

2008

2009

2010

Year

Figure 26 Annual domestic road transportation work in Denmark
(Source: Statistics Denmark)
Based on the data in Figure 26 the potential for LNG in long distance
transport can be estimated as follows. Assume that 5 % of the transport
work exceeding 300 km for haulage companies can be done with LNG
fuelled trucks. The diesel replacement is assumed to be 75 %. The specific
fuel consumption is 0.03 l/tonkm. The annually replaced diesel volume then
becomes 45,000 m3. It is equivalent to approximately 45 million m3 natural
gas or 30,000 ton LNG.
Existing infrastructure for LNG filling stations in Europe is rare. Chive
Fuels operates 8 filling stations in the UK. These filling stations are located
along two main motorways. As many as approximately 200 heavy-duty
trucks may be driving in LNG in the UK.
Four LNG stations are planned in Sweden. Two of these are already in operation. The filling stations are a part of the BiMe truck project27. The goal is
to demonstrate an LNG filling station infrastructure and 100 LNG fuelled
trucks. The first filling station is located in Gothenburg and supplied with
LNG by truck from Norway. In the future liquid biogas (LBG) will be
available at the filling station. The second filling station is located in Stock27

www.bimetrucks.se
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holm. The last two filling stations are planned in Malmö and Jönköping.
The filling stations form a grid connecting the three largest cities in Sweden
with a maximum distance of approximately 300 km between two filling
stations. This example shows that it is possible to create a substantial infrastructure for long-distance trucks with a few carefully selected locations for
the filling stations.
An initial Danish infrastructure could consist of for example 3 filling stations. One can be located south of Copenhagen, one in the area around
Frederica and the last in northern Jutland, for example in Hirtshals.
The socio-economy of alternative vehicle fuels in Denmark until 2030 was
recently shown in a report [38]. LNG was not one of the fuel options, but
the truck option in the report is more suitable for LNG than CNG as 500 –
800 km daily driving distance is assumed in the report. The study does not
include LNG as a long-distance gas option despite demonstration projects in
Sweden and the Netherlands and a limited commercial operation in Great
Britain and the Netherlands.
6.3

Isolated gas users and grid strengthening

Figure 27 shows the Danish natural gas grid. The gas grid is well spread and
most potential customers can be connected to it as opposed to the gas grids
in Sweden and Norway. Only the southern islands and Bornholm lack a gas
grid.
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Figure 27 The Danish high pressure natural gas grid in 2007
Possible individual users are industries, district heating plants and ferries in
the parts of Denmark that have no gas grid. It is not likely that there will be
new isolated gas grids supplied with LNG. The potential for this kind of
LNG use is not evaluated.
Connecting LNG terminals to the existing gas grid can be a measure to
strengthen the security of supply in parts of the gas grid. It has some similarities to the system of satellite and peak shaving LNG plants in the US.
Northern Jutland and northern Zealand are possible locations if LNG supplies shall be located far from the entry points of the Danish natural gas
grid.
6.4

LNG as a part of the natural gas grid

There are at least three options for using LNG directly or indirectly in the
regular natural gas grid: LNG as an additional gas supply, production and
storage of LNG using grid gas, and liquefying biogas for injection to the gas
grid. The last option can be used where a part of the biogas is liquefied and
used for example as vehicle fuel and the rest is upgraded and injected into
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the natural gas grid. Alternatively, all the biogas is liquefied and used as
vehicle fuel.
A few liquefactions plants exist for the liquefaction of biogas. At the Albury
Landfill in UK 2,000 – 3,000 tons of LBG has been produced annually since
2008 and used as vehicle fuel. Landfill gas from the Altamont landfill in
California is also liquefied and used as vehicle fuel which also will be the
case at the liquefaction plant currently being built in Helsingborg.
6.5

A Danish LNG infrastructure

An infrastructure for LNG will most likely be built around one or several
hubs where LNG is received, stored and redistributed directly to the user or
in smaller volumes either by ship or on the road or railway. A few cities
have already stated that they are striving to be a hub for LNG operation. In
Denmark Hirtshals is probably best known, but competing cities may also
be found in neighbour countries. For example Risavika is suitable with its
liquefaction plant, but also Gothenburg28 and Helsingborg have shown a
clear interest in creating LNG hubs. It seems that road transport of LNG
should not exceed approximately 300 km due to financial reasons. This approximate limit is often mentioned without further detail. The hub size is
also important as are the “load” already in the start and possible expansion
possibilities.
A number of factors are influencing the location of an LNG hub.

6.6



The possibilities of road transport in Denmark may have some limitations, for example ferry access, that have to be further studied.
Liquefied biogas should be used, if possible, as engine fuel due to
the superior knocking resistance.



Redistribution from a large-scale LNG terminal



LNG from a specialised LNG supplier
Summary of the Danish LNG potential

LNG can be used in basically three major areas, as ship fuel, as truck fuel
and finally as natural gas supply to the gas grid and isolated users. A Danish
study from 2010 estimated the potential to be 500 – 600 million m3
28

LNG GOT, www.lnggot.com
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(361,000 – 463,000 ton LNG) annually in domestic shipping. This study
shows a potential of 45 million m3 (30,000 ton LNG) annually if a 5 %
share of long-distance heavy truck transport uses LNG as fuel.
The potential for LNG to the gas grid and to individual customers outside
the current gas grid has not been assessed in this study.
6.7

Shortly on economy

The economy of small-scale LNG is dependent on the prices for competing
fuels in road traffic and shipping. Public support for small-scale LNG cannot be expected. The Norwegian NOx fund described on page 38 is, however, a clear example of financial support for emission reduction that has been
essential for the development of LNG fuelled ships. Public financial support
for liquefied biogas is not unlikely, but difficult to evaluate.
6.7.1

Terminal and storage cost

An indication of investment costs for LNG infrastructure is given by the
data in Table 25. Most of the data is collected from a Swedish LNG report
on infrastructure from 2011 [26].

Table 25 Costs for small-scale LNG infrastructure
Part

Cost

Liquefaction plant, 50,000

130 – 170

ton/year

MDKK

Import terminal
3
Nynäshamn, 20,000 m

550 MSEK

Remarks

Source
DGC

29

[26]

storage
Import terminal, Lysekil,
Sweden

Est. 700
MSEK

Includes import terminal,
truck redistribution and ship

www.skangass.com

fuelling.
Terminal, 3,500 – 5,000
m

3

82 – 100

[26]

MDKK

Receiving and regasification terminal, 2×250 m
storage tank

3

45 MSEK

Excluding ground works
and foundation. Including
gas-air mixing plant

29
30

Henrik Iskov, DGC, February 2011
Håkan Schyl, Stockholm Gas, communication, January 2012

30

Stockholm Gas
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Part

Cost

Receiving terminal at an

7 MSEK

Remarks

Source
[26]

3

industry, 127 m storage
tank
Filling station:
3
LNG only, 60 – 70 m
CNG only
LCNG

[26]
4.5 MSEK
6 MSEK
9 MSEK

Truck trailer, 23 m

3

Truck trailer, 70 m

3

LNG container, 40 m

3

3.75 MSEK

[26]

6.1 MSEK

[26]

2 MSEK

[26]

In [39] it is stressed that the overall economics for LNG infrastructure is
heavily dependent on the utilisation rate.
6.7.2

Fuel prices

In this section some projections are shown, which have been used in recent
LNG studies and presentations. It is expected that the oil and natural gas
prices will be decoupled in the future. The recent boom for shale gas in
USA is expected to keep LNG prices low.
Fuel prices for road transport use is shown in Figure 28 [39]. The figure
shows the gas price at pipeline hubs in Europe (UK National Balancing
Point NBP) and USA (US Henry Hub). The price spread between gas and
diesel is not expected to decrease in this projection. The price spread
between gas and oil is expected to show the same future behaviour.
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Figure 28 Assumed gas and diesel price forecast for road transport
The conclusion from the LNG supplier AGA is that the price scenarios
shown in [39] offer good conditions for the introduction of small-scale LNG
in northern Europe. The LNG price from small-scale production plants will
be considerably higher than the pipeline hub prices.
In the LNG infrastructure project the fuel prices in Figure 29 for ships were
used for the economic analysis [40]. The absolute fuel prices are not the
most important, rather the price relation between competing fuels. This
study used an LNG fuel price that is fairly low compared to the other bunker
fuels. This price difference shall compensate for the additional cost of LNG
equipment in the ship.
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Figure 29 Fuel price scenarios used in for economic analysis of LNG as
ship fuel. HFO = Heavy Fuel Oil, MGO = Marine Gas Oil
The study on LNG in domestic Danish shipping [41] use a fuel price spread
of 30 % as suggested by the International Energy Agency. The results are
considered sensitive to the assumptions made. Often the economic calculations show that the conventional bunker fuels are the most profitable. However, it is also stressed that if the environmental regulations lead to a high
price spread it is beneficial for LNG.
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7

Conclusions

LNG has been used for decades both as supply to gas grids and directly to
individual users. The technology is not new, but small-scale use has gained
significant interest in new application areas. Significantly reduced emission
limits of sulphur and NOx in shipping in the North Sea and the Baltic Sea
are strong drivers. Diesel replacement in heavy-duty trucks has also gained
an increased interest.
There are today no specific Danish rules, regulations or guidelines beside
the international standards and the general national environmental requirements. Norway and Sweden have guidelines for small LNG installations. It
is recommended that these are studied for a possible adaption to Denmark.
The LNG potential in Denmark is primarily in shipping and in heavy-duty
trucks operating over long distances. A previous Danish study showed a
long-term potential of 361,000 – 436,000 ton/year in domestic shipping. In
this study the potential for long-distance truck transportation is estimated to
45,000 ton/year if 5 % of the transports used LNG fuelled trucks. This corresponds totally to 8 – 10 % of the current natural gas consumption in Denmark. It has not been estimated what the potential would be if LNG is used
as supply to the gas grid.
The composition and quality of LNG is not considered to cause any problems, with one exception. Engines operating in a dual-fuel mode in trucks
seem to need a fuel with a methane number exceeding 80 - 85. Many LNG
qualities have a lower methane number and the Danish natural gas has a
methane number slightly above 70. It is not clear if the same requirement
exist for SI engines in the same application. Scania, for example, has an SI
engine for LNG in heavy duty trucks. It should be further investigated
which engine technologies suitable for the LNG qualities that will be available and if the engine technologies require a special LNG supply. Upgraded
and liquefied biogas is in this respect an ideal engine fuel.
A conversion to natural gas will almost always reduce the emissions of sulphur, NOx and CO2. However, the methane slip that may occur from engines
and storage facilities also needs to be considered in an overall evaluation.

DGC report

67

The overall energy requirement for the liquefaction has to be observed and
evaluated.
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