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asic information

LNG and methane

LNG, or liquefied natural gas,
primarily consists of meth-
ane (approximately 85-95 %).
Methane (CH,) is a hydrocar-
bon compound made up of one
carbon atom and four hydro-
gen atoms.

In recent years, the use of LNG
has increased significantly, par-
ticularly in the maritime sector.
This growth is reflected in the
order book, as DNV’s 2023 re-
port indicates that up to 60% of
all vessels ordered, which use
alternative fuels, are LNG-pow-
ered.

The rise of liquefied natural
gas can be attributed in part
to its environmentally friend-
ly characteristics compared to
traditional fossil fuels, such as
heavy fuel oil and diesel. When
burned, LNG produces signifi-
cantly lower emissions of NOX,
SOx, and particulate matter,
thereby helping to reduce air
pollution caused by shipping. @

Important notes:
1. LNG is the fastest-growing
alternative fuel

2. The use of conventional LNG
generates the same or even
higher greenhouse gas emissions
compared to other fossil fuels

by gross tonnage (bottom), July 2023
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-gz'.' Methanol
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3. LNG produces minimal SOx
and particulate matter emissions,
and its NOx emissions are
approximately 90 % lower than
those from traditional marine fuels J1 079 LNG

2002 Total

4. Bio-LNG and e-LNG can be
utilized as drop-in fuels in existing

LNG vessels Gross tonnage

Ships in operation
5. There is already a significant
amount of infrastructure built for
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natural gas, facilitating the broader

adoption of conventional LNG, ,~5,96% LNG
as well as bio-LNG and e-LNG in
maritime applications A

800 Battery/Hybrid

0,26% Battery/Hybrid

The potential of traditional LNG
to reduce greenhouse gas
emissions in maritime logistics
has also been widely reported.
However, recent studies have
shown that its use may actu-
ally worsen climate change.
The main reasons for this are
the fugitive methane emissions
that occur during the produc-
tion and use of LNG, as well as
unburned methane released
from ship engines into the at-
mosphere. Bl Fugitive emis-
sions refer to emissions that
arise from uncontrolled sourc-
es, such as pipeline leaks and
other similar situations.

Shipping companies that use
liquefied natural gas in their
vessels can partially avoid the
methane emissions generated
during fuel production by using
bio- or synthetic LNG, which
have significantly lower lifecy-
cle emissions than traditional
LNG produced from natural
gas. @

Figure 1. Adoption of alternative fuels in the global fleet by the number of vessels (top) and

Ships in order

5 Hydrogen
Eye LPG
151 Methanol
295 Battery/Hybrid
_/BE? LNG

1376 Total

Ships in order

0,80% Battery/Hybrid
2,24% LPG

8,01% Methanol
40,3% LNG

51,3% Total

Citations: [1], [2], [3], [4]; [Figure 1] ’
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Typically, LNG is classified as
a fossil fuel because it is pro-
duced from natural gas. This
fossil LNG is referred to as ei-
ther gray LNG or blue LNG if
the greenhouse gas emissions
generated during the production
process have been prevented
from entering the atmosphere.
However, there are more sus-
tainable alternatives to gray
and blue LNG, such as bio-LNG
and synthetic LNG (e-LNG).
These sustainable alternatives
are collectively known as green
LNG and produce significantly
fewer emissions over their life-
cycle compared to LNG derived
from fossil sources. !

Gray LNG

Gray LNG is produced by drill-
ing natural gas from under-
ground natural gas deposits.

Production
methods

Natural gas can also be found
in association with oil deposits.
Depending on the deposit, var-
ious drilling methods are used,
such as conventional drilling
or hydraulic fracturing. In con-
ventional drilling, drill bits pen-
etrate the layers of soil, while in
hydraulic fracturing, water and
chemicals are injected under
pressure into the ground, frac-
turing the rock formation and re-
leasing natural gas. The choice
of drilling method depends on
factors such as the depth and
composition of the natural gas
deposit. After the drilling phase,
natural gas is extracted from
the deposit and is usually trans-
ported via pipelines to produc-
tion or processing facilities,
where it is purified and separat-
ed from other substances. The
purified natural gas can then

Figure 2. The main methods for producing LNG and other methane-based fuels

be liquefied, making it easier to
transport and store. [©

The production of gray LNG
generates significant green-
house gas emissions, as gas-
eous natural gas can easily
escape into the atmosphere
during the drilling and trans-
portation phases. ! In addition,
production facilities emit many
other pollutants that are harm-
ful to the local environment and
the communities and people liv-
ing in the area. ©

Blue LNG

Blue LNG is produced in the
same way as gray LNG, but
the greenhouse gas emissions
generated during the production
process are partially prevented
from entering the atmosphere
through various technological
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solutions. Examples of these
include carbon capture, where
the generated emissions are
captured and stored in geolog-
ical repositories. The captured
carbon dioxide can also be
utilized in various processes,
such as the production of syn-
thetic fuels.

The problem with blue LNG is
that a significant portion of the
captured carbon dioxide is cur-
rently used for enhanced oil re-
covery (EOR) methods. In this
process, the captured carbon
dioxide is injected into oil de-
posits to increase oil production
from that well. This issue affects
all “blue” new fuels, but it is par-
ticularly significant in the case
of blue LNG because natural
gas may be produced from the
same wells as oil. This means

Production
methods

that while the use of blue LNG
can significantly reduce green-
house gas emissions com-
pared to conventional fuels, its
environmental benefits can be
guestioned because carbon di-
oxide is returned to the atmo-
sphere as a result of enhanced
oil production.

Green LNG

Green LNG can be broadly cat-
egorized into two different cat-
egories: bio-LNG and synthetic
or e-LNG. The abbreviations
LBM (Liquified Biomethane)
and LSM (Liquified Synthetic
Methane) are also used. Green
LNG can be used in the same
way as traditional fossil-based
LNG, thereby reducing the use
of fossil fuels and the green-
house gas emissions they pro-
duce. 9

Figure 2. The main methods for producing LNG and other methane-based fuels

Bio-LNG is produced in sever-
al different ways, but the most
common method is from biogas.
The raw materials for biogas in-
clude various biomass sources
such as agricultural residues,
organic waste, wastewater, and
energy crops. The production
of biogas begins with the shred-
ding of bio-waste, which is then
mixed with water. After mixing,
the bio-waste is transferred to
silos, where it undergoes an an-
aerobic fermentation process,
meaning it decomposes in an
oxygen-free environment due
to the action of microbes and
heat. The fermentation process
produces biogas, which main-
ly consists of methane, carbon
dioxide, and small amounts of
other gases. In addition to bio-
gas, the digestion process pro-
duces digestate, which can be
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used, for example, in fertiliz-
er production. The methane
content of biogas is typically
around 45-75 %, so other gas-
es and impurities are separated
from it, resulting in biomethane,
which is compositionally nearly
identical to fossil natural gas.
The finished biomethane can
be used as is or liquefied to
produce bio-LNG. Landfills also
produce biogas when municipal
waste decomposes, and this
can be captured using landfill
gas collection systems. 1

Another method for producing
biomethane is biomass gasifi-
cation. In biomass gasification,
for example, wood-based bio-
mass is heated in a low-oxygen
and high-pressure environment
to produce syngas, which main-
ly consists of carbon monoxide

Production
methods

and hydrogen. This produced
syngas is purified and pro-
cessed, after which it is trans-
ferred to a methanation reactor.
In the reactor, the carbon mon-
oxide and hydrogen from the
syngas react with each other,
resulting in biomethane. 2

About 90 % of the produced
biomethane is made from bio-
gas. ®% |t is worth noting that
depending on the source, meth-
ane produced from biomass
gasification is sometimes clas-
sified as synthetic methane.

The production methods for
synthetic methane differ quite
a bit from those for biometh-
ane. Typically, the production
of synthetic methane is based
on the combination of hydro-
gen and carbon dioxide using

Figure 2. The main methods for producing LNG and other methane-based fuels

a catalyst. This type of meth-
ane can have very low life cycle
emissions if the hydrogen used
in its production is generated
sustainably, such as through
renewable energy sources and
electrolysis. Carbon dioxide, on
the other hand, does not need
to be produced directly; it can
be captured, for example, from
the flue gases produced by lo-
cal industries. 14

The catalyst for the methana-
tion process of synthetic meth-
ane can be a traditional metal
catalyst, but the process can
also be based on biological ca-
talysis, where microorganisms
produce methane from carbon
dioxide and hydrogen. In this
case, it is called biocatalytic
methanation. 1%
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Properties and M@

safety aspects

Fuel properties

The heating value of lique-
fied natural gas is the second
highest among all traditional
and alternative maritime fuels,
right after hydrogen. However,
due to its low density, its volu-
metric energy density is lower
than that of other fossil fuels.
As a result, LNG requires about
double the space compared to
heavy fuel oil. (¢!

Before LNG can be effective-
ly utilized in a ship’s internal
combustion engine, it must first
undergo a process where it is
vaporized back into a gaseous
form and then pressurized to
the appropriate level to ensure
optimal performance for the en-
gine. &7

Safety aspects

Liquefied natural gas does not
burn in its liquid form as it must
first be vaporized and mixed
with air in order to ignite. How-
ever, in its gaseous form, it
spreads quickly into the envi-
ronment, making it difficult to
manage situations in the event
of a leak or fire. 128

In its gaseous state, LNG is
not toxic to humans, but in en-
closed spaces, it can displace
oxygen like other gases, thus
posing a suffocation hazard. To
minimize this risk, it is important
to ensure adequate ventilation
and to use appropriate gas de-
tectors that can detect oxygen
deficiency in time. These mea-
sures can also reduce the risks
associated with the fire safety
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of gas-diluted LNG. 9

LNG use involves other haz-
ards as well. In particular, the
extremely low temperature of
LNG can cause frostbite and
other cold injuries to individu-
als handling it. Various materi-
al damages are also possible
during leaks. Major accidents
can be avoided by training per-
sonnel and using materials in
critical areas that can withstand
the effects of LNG’s low tem-
perature. Additionally, various
contingency measures may be
necessary, for example during
bunkering, to ensure that LNG
does not cause additional dam-
age to the ship’s hull or oth-
er parts and that the safety of
the bunkering personnel is not

threatened. 29

Flammability

Autoignition Flashpoint

temperature
inair
[°Cl

Flammability
limits in air
[°C] [%]
0,6-75
0,6-75
5,0- 15,0
6,7-36,0
3,3-19,0
15,0- 28,0
4,0-75,0
0,6-75
0,6-7,5
0,6-75

Citations: [16], [17], [18]; [49], [20], [Table]
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Production Fe@ @

Global production

Global LNG trade has in-
creased significantly in recent
years, with nearly 400 million
tons traded in 2022, represent-
ing an increase of about 7 %
compared to the previous year.
In 2022, Australia, Qatar, and
the United States accounted
for a total of 60 % of the world’s
LNG exports. 21 The growth in
LNG trade is also reflected in
the liquefaction capacity of nat-
ural gas, which has increased
by about 40 % between 2010
and 2022. [22

The primary reason for the
growth of LNG has been its
expanded use in various appli-
cations, but the war between
Russia and Ukraine has also
impacted Europe’s LNG trade.
The conflict has created uncer-
tainty regarding Russian natu-
ral gas supplies and increased
Europe’s interest in LNG as
an alternative energy source.
This is particularly evident in
the growth of LNG imports, with
less than 80 million tons import-
ed to Europe in 2021, while the
figure rose to 121 million tons
the following year.

The use of LNG is expected to
continue to grow, with Shell es-
timating that by 2040, the glob-
al demand for LNG will reach
around 625-685 million tons. 24

b

Although the production of
bio- and e-methane is expect-
ed to grow rapidly in the com-
ing years, their use in maritime
applications is still limited by
factors such as the availabili-
ty of raw materials, production
costs, production capacity, and
competition from other sec-
tors. Approximately 7,4 billion
cubic meters of biogas were
produced in 2022, with Europe
accounting for about 4 billion
cubic meters. 2% According to
estimates from the European
Biogas Association, biogas pro-
duction in Europe could reach
up to 35 billion cubic meters by
2030, but this amount will not
be sufficient, as Europe used
around 340 billion cubic meters
of natural gas in 2022. 26127

The production of e-LNG was
practically zero globally in 2020,
but new facilities and projects
are planned and under con-
struction around the world, in-
dicating that e-LNG production
is expected to grow significantly
in the coming years. 28

Future outlooks in Finland
and Satakunta

In 2020, energy consumption in
Finnish waterborne traffic was
approximately 1,75 TWh, while
energy consumption in foreign
traffic in Finnish economic wa-
ters was 6,7 TWh. 29 If these
energy needs were to be met

with biogas, Finland’'s biogas
production would need to multi-
ply significantly, as the amount
of biogas produced in Finland
in 2022 was about 0,21 TWh.
However, biogas production is
expected to rise rapidly, with
over 40 biogas and biomethane
production facilities planned
and under construction in Fin-
land between 2024 and 2027.
The total production capaci-
ty of these new facilities is 1,2
terawatt-hours, with over 90 %
being biomethane. A significant
portion of the biomethane pro-
duced at these facilities is in-
tended to be liquefied and sub-
sequently used in heavy and
maritime transport. &%

The future of bio- and synthet-
ic methane in Satakunta looks
promising. For example, BioEn-
ergo Oy is planning a biocon-
version facility in Meri-Pori that
would produce both bioethanol
and biomethane. B

On the other hand, synthetic
methane is set to be produced
by Q Power in Harjavalta start-
ing in 2024. This operation will
take place at P2X Solutions’
green hydrogen production fa-
cility, and the carbon dioxide
required for the methanation
process will be sourced from
nearby companies and indus-
tries. B2

Citations: [21], [22], [23], [24], [25], [26], [27], [28], [29], [30], [31]7[32]
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Infrastructure, transporation
and storage

Methane-based fuels offer sev-
eral advantages from an in-
frastructure perspective com-
pared to other new fuels. For
example, in Finland, there is al-
ready considerable knowledge
and experience regarding LNG
bunkering, making the process
reliable and efficient. Gasum,
in particular, has a long history
in LNG bunkering, having con-
ducted the first LNG bunkering
in the entire Baltic Sea region in
2012. &

Additionally, all methane-based
fuels can be transported in gas-
eous form through the existing
gas pipeline network. Finland’s
natural gas transmission net-
work spans approximately 1
200 kilometers, primarily run-
ning through various regions of
Southern Finland, although part
of the pipeline is also located in
Pirkanmaa. The transmission
network connects to the Baltic
countries via the Balticconnec-
tor gas pipeline, which runs
beneath the Gulf of Finland
between Inkoo and Estonia’s
Paldiski. Finland’s natural gas
transmission network is also
connected to Russia’s trans-
mission network in Imatra. B4
There are about one million ki-

s

Technical aspects

lometers of natural gas trans-
mission networks in use world-
wide. 8%

Methane-based fuels can also
be transported in liquid form, al-
lowing their use in areas where
gas pipelines are unavailable.
Larger quantities of liquid meth-
ane or natural gas are typically
transported by sea using LNG
carrier vessels. These vessels
have varying capacities, with
larger carriers able to transport
about 120 000 to 260 000 cu-
bic meters of LNG. B¢ However,
these vessels require a spe-
cialized LNG terminal where
the cargo can be unloaded.
LNG terminals can be found in
Finland, including in Hamina,
Tornio, and Pori. There is also
an LNG terminal ship in Inkoo,
where LNG can be stored and
re-vaporized back into gas.
Among these terminals, Ham-
ina and Inkoo are connected
to the natural gas transmis-
sion network. B LNG terminals
can also be used for bunkering
fuel for vessels that use lique-
fied natural gas as their power
source.

For shorter distances and small-
er quantities, liquid methane
and natural gas can be trans-
ported using tank trucks. [8

Storing LNG is relatively chal-
lenging, as it requires a storage
temperature of about -163 °C
to maintain its liquid density.
Therefore, it must be stored in
insulated cryogenic tanks that
continuously cool the LNG and
keep its temperature below the
boiling point. During storage,
some of the liquefied natural gas
may vaporize, which can lead
to fugitive emissions. These
emissions can enter the atmo-
sphere through various means,
including valves or junctions
in pipelines. Vaporization may
occur due to temperature rises
in the tank, which can happen
due to insulation failure, cooling
system malfunctions, or varia-
tions in external temperatures.
Additionally, various pumps
may raise the temperature of
the pumped LNG, leading to
vaporization. B9

Fugitive emissions also occur
when LNG carrier vessels un-
load their cargo into terminal
tanks, which can result in sig-
nificant methane emissions into
the atmosphere, and this is an
important consideration when
assessing LNG’s environmen-
tal impacts. 0

Citations: [33], [34], [35], [36], [37], [38], [39], [40
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Use as fuel

The importance of LNG in mari-
time transport began to grow in
the 2010s, and in recent years,
its role in the global merchant
fleet has further developed. An
increasing number of shipping
companies have started to in-
vest in LNG-powered vessels
or to convert existing ships to
be compatible with LNG. Con-
sequently, LNG technology has
advanced significantly, and
the practices and regulations
surrounding it have developed
substantially. “4

This growth has led to LNG
becoming the most popular al-
ternative fuel in maritime trans-
port, with its popularity expect-
ed to continue as a growing
trend. This is clearly reflected
in the order books of shipyards.
In July 2023, there were 5,252
vessels on order, of which 1,376

Technical aspects

were ships using alternative fu-
els, and among these, 829 were
LNG vessels. Currently, about
1% of existing vessels use LNG
as their power source. “2

The growth of LNG over the
past decade is also evident in
the increase in the number of
LNG bunkering vessels, which
numbered fewer than five glob-
ally in 2013, while in 2023, this
number had risen to 35. 3

The rapid growth in maritime
transport can be explained by
the fact that many emissions
can be significantly reduced
with LNG compared to tradition-
al fuels. In particular, emissions
of NOx, SOx, and particulate
matter are considerably lower
than those from traditional fos-
sil fuels. Furthermore, natural
gas production has nearly dou-
bled in the past 25 years, which

also explains its broader use in
various applications. #4

Due to the high technological
maturity of LNG, practically all
major marine engine manu-
facturers offer LNG engines.
However, the Finnish company
Wartsila has been at the fore-
front of LNG engine develop-
ment. A particularly significant
project in this regard was the
conversion of the Bit Viking
tanker to LNG power in 2011.
This was the first time that
heavy fuel oil was replaced with
LNG in a maritime vessel. 143

It is also worth noting that LNG
can be used in fuel cells, but this
technology still requires further
development and investment
before it can become a more
widely used alternative.

Citations: [41], [42], [43], [44], [45]
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The use of LNG in maritime
transport offers some environ-
mental benefits compared to
traditional fuels. For example,
LNG produces about 90 % few-
er NOx emissions than conven-
tional fuels. LNG also produces
almost no SOx or particulate
matter emissions. ¢ However,
it is important to note that there
is a significant difference in
greenhouse gas emissions de-
pending on whether ships use
LNG or greener alternatives
such as bio-LNG or e-LNG.
This is because natural gas pro-
duction generates significant
greenhouse gas emissions.
Additionally, the production
process may cause numerous
other environmental problems,
depending on the drilling meth-
ods, production processes, and
emission management. (7]

Greenhouse gas emissions

There is much conflicting in-
formation regarding the green-
house gas emissions caused
by LNG. Many companies, for
example, advertise that using
LNG produces fewer carbon di-
oxide emissions than tradition-
al fuels, which is true, but it is
essential to consider the total
emissions and their impact on
the climate. Methane emissions
related to the production, trans-
port, and use of LNG reduce
the environmental friendliness
of this fuel, as methane is a
potent greenhouse gas. Com-
pared to carbon dioxide, meth-
ane is about 80 times more po-

s

aspects

tent as a greenhouse gas over
a 20-year period and about 30
times more potent over a 100-
year period. 18

Methane emissions occur at
various stages of natural gas
production, and their moni-
toring typically falls under the
responsibility of natural gas
producers. This means that
not all leaks may be reported
immediately or at all, as these
companies may have financial
incentives to minimize report-
ed emissions. For example, in
2023, U.S. natural gas produc-
er Phillips 66 did not report a
gas leak, which only became
more widely known when exter-
nal researchers published im-
ages taken using measurement
instruments from the Interna-
tional Space Station. 149

In addition to fugitive emissions,
one of the common issues with
LNG use on ships is the release
of unburned fuel into the atmo-
sphere along with exhaust gas-
es. This phenomenon is com-
monly known as methane slip.
The IMO and the EU have set
the default values for unburned
methane in LNG vessels at 3,5
% and 3,1 %, but a recent study
by the ICCT, which measured
methane levels in ship exhaust
gases, found that the actual
average was over 6 %. 5% The
European organization Trans-
port & Environment estimated
in 2016 that LNG vessels with
a methane slip of 3,5 % would

produce about 0,3-9,0 % more
lifecycle emissions than ships
using MGO or heavy fuel oil. BY
The ICCT study recommended
that policymakers raise the de-
fault values to reflect real-world
figures so that LNG can be
more accurately assessed as

an alternative fuel for the future.
[52]

The ICCT also published a
study in 2020, concluding that
LNG use in ships does not con-
tribute to combating climate
change, primarily due to fugitive
emissions and the methane slip
phenomenon. The study em-
phasized that LNG usage does
not support the IMO’s goals for
reducing greenhouse gas emis-
sions, and in the short term,
LNG use may actually worsen
climate change compared to
traditional fossil fuels. 53!

In contrast, the use of bio- and
e-LNG can help reduce green-
house gas emissions compared
to traditional fuels because
their  production generates
significantly fewer emissions.
Additionally, using manure in
the production of bio-LNG can
reduce emissions that would
otherwise occur if the manure
decomposed naturally. These
types of alternatives provide
more sustainable solutions
that can help mitigate the en-
vironmental impact of maritime
transport in the long term. 54

Citations: [46], [47], [48], [49], [50], [51], [52], [53], [54]
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Summary

LNG is currently the most
widely used alternative fuel
in maritime transport. Most of
the LNG used is fossil-based,
and its production and use
generate significant green-
house gas emissions. The
magnitude of the lifecycle
emissions caused by LNG is
particularly influenced by fu-
gitive emissions that occur
during the production, trans-
portation, storage, and bun-
kering of LNG. Another signif-
icant source of emissions is
the release of unburned meth-
ane from ship engines into the
atmosphere. Efforts are ongo-
ing to reduce these emissions
in order to minimize the envi-
ronmental impact of LNG use.

+ LNG is already widely used in maritime
transport, improving bunkering opportuni-
ties and ensuring that established safety
protocols are in place for its secure use

small carbon footprint

other new fuels

in LNG-powered vessels

+ Bio- and e-LNG can be produced with a very

+ Energy density is higher than that of many

+ Bio- and e-LNG can be directly fed into the
natural gas transmission network and used

Fugitive emissions are being
addressed by upgrading or
repairing leaking natural gas
pipelines and improving leak
detection systems. The for-
mation of unburned methane,
on the other hand, is being
reduced through research
and development focused on
optimizing ship engines and
exhaust gas treatment tech-
nologies.

The main development areas
include improving combustion
processes, optimizing com-
bustion chambers, and re-
fining exhaust gas treatment
systems.

If fugitive emissions and the

sil-based

tures

fuels

release of unburned methane
can be significantly reduced,
the future of LNG in green-
er maritime transport looks
promising, as LNG offers
several advantages over tra-
ditional fuels. LNG produces
significantly fewer SOx, NOX,
and particulate matter emis-
sions than conventional fossil
fuels. Moreover, the produc-
tion and use of bio- and e-LNG
are increasing, offering even
more sustainable alternatives
to meet the energy needs of
maritime transport. An added
benefit of bio- and e-LNG is
that the existing natural gas
pipeline network can also be
utilized for the transmission of
these green fuels.

Weaknesses

- LNG generates significant methane emis-
sions over its lifecycle due to fugitive emis-
sions and unburnt fuel

- It is a carbon-based fuel, meaning its use
results in CO2 emissions
- The majority of currently used LNG is fos-

- It must be stored at extremely low tempera-

- Its energy density is lower than that of fossil

+ Natural gas already has a lot of built infra-
structure

+ It does not pose a poisoning risk to humans

+ The environmental impact of leaks on near-
by ecosystems is relatively small compared
to some other fuels

- The production of blue LNG may increase
oil production

- The availability of bio- and e-LNG could be
affected by demand from other sectors
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