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asic information

Important notes:
1. Hydrogen is a carbon-free fuel,
meaning its use does not result
in carbon-based greenhouse gas
emissions.

2. Hydrogen itself is not a
greenhouse gas, but in the
atmosphere, it can indirectly
contribute to climate warming.

3. Storing hydrogen is highly
challenging, and its use involves
significant fire and explosion
hazards.

4. Hydrogen'’s low energy density
may limit its use primarily to
shorter distances and sea routes.

5. The broader use of hydrogen
requires the creation of entirely
new infrastructure and distribution
chains

Hydrogen

Hydrogen (H) is the simplest
and most common element in
the universe, consisting of a
single proton and electron. At
normal temperature and pres-
sure, hydrogen is a light, col-
orless, and odorless gas. Al-
though hydrogen is extremely
common, it is rarely found as
a free gas due to its reactivity,
which causes it to be bound in
various compounds with other
elements.

Hydrogen currently plays a vital
role across various industries,
including chemical manufactur-
ing, steel production, and other
industrial processes.

In the future, hydrogen produc-
tion and use are expected to
change significantly, as many
new synthetic fuels will require
hydrogen as a raw material.
Hydrogen itself will also most
likely be used more widely as
a fuel, both in combustion en-
gines and fuel cells. The ad-
vantage of using hydrogen as

a fuel is its carbon-free nature,
meaning its combustion or use
produces no carbon dioxide,
and under optimal conditions,
the only byproduct of the com-
bustion reaction is water. Addi-
tionally, hydrogen can be pro-
duced through carbon-neutral
methods, enabling very low
lifecycle emissions. As glob-
al industries aim to achieve
net-zero emissions, hydro-
gen’s potential role in various
sectors, from maritime to heavy
transport, becomes increas-
ingly critical. Furthermore, the
flexibility in production sources
allows hydrogen to integrate
seamlessly into renewable en-
ergy systems, enhancing ener-
gy resilience and sustainability.

Although hydrogen has great
potential as a clean marine
fuel, several factors complicate
its adoption. These factors in-
clude a lack of infrastructure,
fire safety risks, low energy
density, and challenges related
to storage and transportation.

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

by gross tonnage (bottom), July 2023
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Hydrogen can be produced
in many different ways and is
typically classified into differ-
ent color categories based on
the production process and the
raw materials used.

Grey hydrogen

Grey hydrogen is produced by
steam reforming natural gas.
In the steam reforming pro-
cess, natural gas is heated
with steam in the presence of
a catalyst, causing the natural
gas and steam to react. The
result of the reaction is syn-
thetic gas, mainly composed of
carbon monoxide and hydro-
gen. The carbon monoxide is
often further processed using
the water-gas shift reaction,
where carbon monoxide and
steam react to produce carbon
dioxide and more hydrogen.
Hydrogen is separated from
carbon-based gases and oth-
er impurities through pressure
swing adsorption, resulting in
virtually pure hydrogen. B

Grey hydrogen is by far the
most common way to produce
hydrogen, accounting for about
62% of the world’s total hydro-
gen production in 2022. ¥

Black and brown hydrogen

Black and brown hydrogen
typically refer to hydrogen pro-
duced from either coal or lig-
nite. Both types of hydrogen
are obtained through a coal
gasification process. In this pro-
cess, coal or lignite is heated to
high temperatures in the pres-

Production
methods

ence of oxygen, air, or steam.
As a result, the carbon in the
raw material partially oxidizes,
producing synthesis gas. The
produced synthetic gas can be
further refined in the same way
as the synthetic gas in grey hy-
drogen production. P!

Black and brown hydrogen
are the most environmentally
harmful methods of hydrogen
production, as they generate
significant amounts of green-
house gas emissions. [

In 2022, black and brown hy-
drogen accounted for about
21% of the world’s hydrogen
production.

Blue hydrogen
Blue hydrogen
using the same production

is produced

processes as grey, black,
and brown hydrogen, but the
greenhouse gas emissions
generated during the pro-
cess are partially prevented
from entering the atmosphere
through various technological
solutions. Examples include
carbon capture, where the pro-
duced emissions are captured
and stored in geological for-
mations. The captured carbon
dioxide can also be used in
various processes, such as the
production of synthetic fuels. In
2022, about 0,6% of hydrogen
was produced from fossil raw

Figure 2. The main methods for producing hydrogen
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materials using carbon capture
technologies. ®

While blue hydrogen appears
promising in theory, a 2021
study found that blue hydro-
gen’s carbon dioxide equiva-
lent emissions were only about
9-12 % lower compared to
grey hydrogen. This was pri-
marily due to methane leaks,
which were observed in large
quantities during blue hydro-
gen production because nat-
ural gas was often used as
an energy source for carbon
capture processes. This find-
ing raises questions about the
environmental friendliness of
blue hydrogen and its ability to
significantly reduce emissions
compared to other hydrogen
production methods. ©

Green hydrogen

Green hydrogen is typical-
ly produced by splitting water
molecules into their compo-
nents using renewable electric-
ity and electrolysis. The most
common electrolysis technol-
ogies are alkaline, PEM, and
steam electrolysis. 19

Hydrogen produced via elec-
trolysis does not generate
any carbon dioxide emissions,
making it an environmentally
friendly alternative compared
to other production methods.
However, challenges arise
from the large amount of ener-
gy required for the electrolysis
process, of which only part can
be used to produce hydrogen.-

Production
methods

In an electrolysis plant, about
60 % of the electricity can be
converted into the chemical en-
ergy of hydrogen, while 30 %
of the electrical energy is lost
as waste heat. The remaining
electricity is completely wast-
ed. [11]

The overall efficiency of the
process is relatively low unless
the waste heat is utilized. Oth-
er problems for green hydro-
gen may include the availability
of fresh water and electrolyz-
ers. 2 All these challenges
can significantly affect the cost
and growth of green hydrogen,
especially in areas where re-
newable energy resources are

scarce and fresh water is lim-
ited.

In addition to electrolysis, green
hydrogen can be produced by
gasifying biomass or reforming
biogas.

Pink hydrogen

Pink hydrogen can be pro-
duced through electrolysis,
but unlike green hydrogen pro-
duction, the energy source is
electricity generated from nu-
clear power instead of renew-
able electricity. Since electricity
produced from nuclear pow-
er is practically carbon-free,
this also enables low-emis-
sion hydrogen production. 24

Figure 2. The main methods for producing hydrogen
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Turquoise hydrogen

Turquoise hydrogen is pro-
duced similarly to grey hydro-
gen, using natural gas. The
difference between these pro-
duction methods is that in tur-
quoise hydrogen, natural gas is
split into its components using
pyrolysis. In this process, the
end products are hydrogen and
solid carbon, allowing the car-
bon to be easily captured and
stored. This significantly reduc-
es the greenhouse gas emis-
sions of the process compared
to grey hydrogen. However,
turquoise hydrogen is still a rel-
atively new way to produce hy-
drogen, and commercial-scale
demonstration plants are only

Production
methods

now being built. (3

White hydrogen

White hydrogen is not directly
produced from any process but
is naturally occurring hydrogen
stored in underground forma-
tions. However, extracting it is
challenging, and the formations
may also contain other harmful
gases, which could contribute
to climate warming. Currently,
white hydrogen is not utilized
anywhere, but this may change,
as in 2023, a significant hydro-
gen deposit was reported in
France. The deposit’s size was
approximately 46 Mt, or nearly
half of the world’s current an-
nual hydrogen production. The

discovery was made during the
Regalor project, and due to the
deposit’s impact, the project
was continued with the aim of
finding ways to utilize this hy-
drogen. (16!

Other production

A substantial amount of hydro-
gen is also produced as a by-
product in various industries.
Notably large quantities come
from the fuel industry, where it
is often used in the internal op-
erations of refineries, such as
in hydrogen cracking and sulfur
removal processes. In 2022,
byproduct hydrogen made up
approximately 16 % of total hy-
drogen production. 7]

Citations: [14], [15], [16], [17]
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Properties and

safety aspects

Fuel properties

The heating value of liquid hy-
drogen (L H2) is clearly the
highest of all fuels. It is ap-
proximately three times greater
compared to traditional fossil
fuels, such as diesel and heavy
fuel oil, which have an effective
calorific value of around 40 MJ/
kg. However, it is important to
understand that due to the ex-
tremely low density of liquid
hydrogen, its energy content
relative to volume is very low.
Compared to fuel oil, hydrogen
requires about five times the
space for the same amount of
energy. 18

The high autoignition tempera-
ture of hydrogen makes its use
in internal combustion engines
challenging. In practice, this
means that when hydrogen is
used in an internal combus-

tion engine, relatively high
pressures and temperatures
are needed in the combustion
chambers, which can cause
additional stress on the engine
and other components. 29

However, hydrogen has some
positive fuel properties. For
example, it has a wide flam-
mability range, meaning it can
be burned with a wide fuel-air
ratio. This also makes engine
starting easier. Additionally, due
to its high flame front speed
and diffusion capability, hydro-
gen burns more efficiently and

cleaner than many other fuels.
[20]

Safety aspects

Compared to other fuels, one
of hydrogen’s advantages is its
non-toxicity to humans and oth-
er organisms. However, due to
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the extremely low temperature
of liquid hydrogen, frostbite in-
juries can occur. 24

Although hydrogen is relative-
ly non-toxic as a fuel, its use
involves significant fire and
explosion hazards. Due to its
wide flammability range, hydro-
gen can form a flammable gas
mixture with air even in small
quantities. Under optimal con-
ditions, the ignition energy of a
hydrogen-air mixture is about
one-fifteenth of that of gasoline.
221 For this reason, handling
and storing hydrogen requires
special safety measures and
careful monitoring. In maritime
transport, the use of hydrogen
as fuel requires the develop-
ment of new safety protocols
and technologies to reduce
risks and ensure safe opera-
tion.

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
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0,6-75
0,6-75
0,6-75

Citations: [18], [19], [20]; [21], [22], [Table]
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Production Fe@ c®

Global production

According to IEA estimates,
the global annual hydrogen
production was about 90 Mt
in 2020. By 2022, production
had increased to approximate-
ly 95 million tons, indicating an
annual growth of about 3 per-
cent between 2020 and 2022.
A significant majority of this hy-
drogen was produced through
steam reforming of natural gas,
followed by the gasification of
coal as the second most com-
mon production method. Al-
though the share of low-emis-
sion hydrogen production is
currently less than one percent
of total production, its capac-
ity is expected to grow signifi-
cantly by 2030. The production
capacity of publicly announced
low-emission hydrogen pro-
duction projects was estimat-
ed to be about 20 Mt in 2023,
and when including projects in
early stages, this figure rose to
38 million tons. Most of this pro-
duction will occur through elec-
trolysis. 23

Production can also occur out-
side large facilities. In 2023, the
French company Lhyfe demon-
strated that hydrogen can be
generated at sea using a float-
ing production facility that har-
nesses offshore wind energy. In
the future, ships could readily
utilize hydrogen produced in
this way. 24

According to DNV estimates,
global hydrogen demand in
2050 will exceed 300 Mt per
year, while the IEA has project-
ed this demand to be around
400 Mt. 11281 Some estimates

b

suggest that hydrogen demand
in 2050 could be as high as
about 500 Mt. 27

Future outlooks in Finland
and Satakunta

In Finland, approximately 145
000 tons of hydrogen were pro-
duced in 2020, most of which
was generated through steam
reforming. Additionally, hydro-
gen was produced as a byprod-
uct from various industrial pro-
cesses, amounting to about 20
000 tons. The largest consum-
ers of hydrogen were oil refin-
eries and biofuel producers. 28

Hydrogen production in Finland
is expected to increase sig-
nificantly in the coming years.
Several projects in the planning
phase are worth billions of eu-
ros in investments. The larg-
est projects are backed by the
American company Plug Pow-
er, which plans to build three
green hydrogen production
plants in Kokkola, Kristiinan-
kaupunki, and Porvoo. Howev-
er, these projects are still in the
planning phase, and the final in-
vestment decision will be made
only during 2025 and 2026. 9

The largest demonstration pro-
duction facility for turquoise
hydrogen in Europe is also be-
ing planned in Kokkola, which
would have the capacity to pro-
duce approximately 2 000 tons
of hydrogen annually. B%

Furthermore, hydrogen produc-
tion is being investigated in the
Bothnian Sea, where the re-
newable energy generated by
vast offshore wind farms could

be utilized for hydrogen produc-
tion. Bl

Some of these projects focus
on producing clean hydrogen
for use in various processes
and as fuel. In contrast, oth-
er projects will utilize the pro-
duced hydrogen for the manu-
facture of synthetic fuels, such
as methanol, ammonia, and
methane.

Hydrogen production in Sa-
takunta also looks promising,
as P2X Solutions is set to begin
green hydrogen production in
Harjavalta in 2024 at Finland’s
first green hydrogen production
plant. B2 Ren-Gas, on the other
hand, plans to build a green hy-
drogen production facility near
the bioenergy plant in Pori, with
production estimated to start
in 2027. 3 Green North Ener-
gy has also conducted feasi-
bility studies for constructing a
hydrogen production facility in
Pori. B4 Additionally, studies on
the possibilities of a hydrogen
economy have been conducted
in the Rauma area.

Although green hydrogen pro-
duction looks promising, it is im-
portant to note that if the entire
Finnish maritime fleet were to
switch to using green hydrogen
as fuel, producing it through
electrolysis would require about
59 TWh of electricity, taking into
account the losses from elec-
tricity transmission. 12 This cor-
responds to approximately 75
% of the current electricity pro-
duction in Finland. &7

Citations: [23], [24], [25], [26], [27], [28]. [29], [30], [31], [32], [33];[34], [35], [36], [37]
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Infrastructure

In hydrogen infrastructure, the
behavior of hydrogen in rela-
tion to various materials must
always be considered. While
hydrogen is not directly a corro-
sive substance, it can embrittle
various metals and materials.
Hydrogen embrittlement oc-
curs because hydrogen’s small
atomic size allows it to penetrate
deep into the metal’s structure.
The structure of metals primari-
ly consists of small crystals, and
during hydrogen embrittlement,
hydrogen accumulates in the
spaces between these crystals,
reducing the metal’'s elasticity
and tensile strength. This can
ultimately lead to a weaken-
ing of the metal’s strength and
potential structural failure. B8
Without proper design and ma-
terial selection, hydrogen em-
brittlement can cause serious
problems in storage containers,
pipelines, or other components
handling hydrogen. Therefore,
it is crucial to consider the risks
associated with hydrogen em-
brittlement and fire safety and
to apply appropriate safety
standards and practices in the
design and operation of hydro-
gen infrastructure. B9

One of hydrogen’s major weak-
nesses is that it cannot be di-
rectly used in fossil fuel infra-
structure. The broader use of
hydrogen practically requires
the creation of a completely
new infrastructure and distri-

s

Technical aspects

bution chain, complicating and
slowing its adoption in maritime
logistics. 10

Transportations and storage
Pure hydrogen is transported
in both compressed and liquid
forms in various ways. Larger
guantities of compressed hy-
drogen are typically transported
through pipelines, while small-
er needs, such as for refueling
stations, use tank trucks. 4

The advantages of transporting
compressed hydrogen include
the fact that there are current-
ly over one million kilometers
of natural gas pipelines world-
wide. These pipelines can be
modified to suit hydrogen trans-
port as natural gas transmis-
sion and usage decline. Glob-
ally, there are about 5 000 km
of pipelines constructed spe-
cifically for hydrogen. ¥ Liquid
hydrogen, on the other hand, is
transported by ships and tank
trucks, ensuring that the liquid
hydrogen remains below its
boiling point temperature. 3

Additionally, hydrogen can be
transported in various com-
pounds, such as ammonia,
where ammonia effectively
serves as a hydrogen catrrier. In
this transport method, ammo-
nia is first produced using hy-
drogen and nitrogen. It is then
transported to the destination,
where it is cracked back into
hydrogen and nitrogen. The ad-

vantage of this transport meth-
od is that ammonia is signifi-
cantly easier to transport due
to its energy density and higher
boiling point. However, the pro-
duction and cracking of ammo-
nia require energy. 1“4

Storing hydrogen poses chal-
lenges, as it must be stored as a
gas at relatively high pressures
or as a liquid at very low tem-
peratures. Currently, gaseous
hydrogen storage may occur
at pressures up to 700 bar. Lig-
uid storage requires cryogenic
tanks that continuously cool the
hydrogen to prevent the tem-
perature from rising above the
boiling point. ¥ The storage
challenge is further complicat-
ed by hydrogen’s ability to pen-
etrate through the walls of stor-
age tanks, leading to potential
leaks and safety risks. [

Due to hydrogen’s low energy
density, the size of these stor-
age tanks is significantly larger
compared to traditional fossil
fuels if the same amount of en-
ergy is to be stored. 7

Many organizations and ex-
perts believe that ports will play
a key role in the growth of the
hydrogen economy. Ports will
serve as hubs for hydrogen in-
frastructure, enabling the arrival
and departure of hydrogen-car-
rying vessels and the handling
and conversion of liquid hydro-
gen into gaseous form. 1“8l

Citations: [38], [39], [40], [41], [42], [43], [44], [45], [46], [47], [48]~ '
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Use as fuel

Most current vehicles that use
hydrogen as a power source
operate using hydrogen fuel
cells, which convert hydrogen
directly into electricity. Hydro-
gen fuel cells generate also
a significant amount of heat,
which can be effectively utilized
for heating passenger areas on
ships, for example. Often, var-
ious types of battery systems
are used alongside hydrogen
fuel cells.

Hydrogen fuel cell vehicles are
available from various manu-
facturers, including Hyundai
and Toyota. Hyundai has also
demonstrated the functional-
ity of fuel cells in heavy-duty
transport and supplied 10 fuel
cell-powered trucks to Switzer-
land in 2020. 19

Hydrogen has also proven to be
a viable alternative in rail trans-
port. In August 2022, Germany
introduced 14 hydrogen-pow-
ered fuel cell trains. However,
the following year, the Ministry
of Transport announced that
the trains would switch to us-
ing electricity and batteries for
economic reasons. 5% Although
the trains were in use for only
a year, they still demonstrated
that hydrogen could serve as
an energy source for rail trans-
port.

In addition to land and rail trans-

port, hydrogen has begun to be
utilized in maritime transport.

s

Technical aspects

In 2023, SWITCH Maritime be-
gan operating an 80-passenger
ferry powered by hydrogen fuel
cells in the San Francisco Bay
area of the United States. In the
same year, Norway launched
the MF Hydra, a hydrogen fuel
cell-powered vehicle and pas-
senger ferry. MF Hydra oper-
ates on the Hjelmeland-Skipa-
vik-Nesvik route and can carry
approximately 300 passengers
and 80 vehicles. The total pow-
er output of the fuel cells on
the U.S. ferry is about 360 kW,
while MF Hydra’s fuel cell pow-
er output is reported to be 400
kW [51] [52]

Hydrogen is also being used
for freight transport, for exam-
ple, in Western Europe’s inland
waterways. The H2 Barge 1l is a
barge equipped with a 900 kW
hydrogen fuel cell operating be-
tween the ports of Rotterdam in
the Netherlands and Meerhout
in Belgium. The vessel was
originally named FPS Maas
and operated with a conven-
tional combustion engine be-
fore being converted to operate
on hydrogen fuel between 2022
and 2023. 53

More extensive plans for hy-
drogen-powered vessels are
being developed by the Danish
shipping company DFDS. In
2021, they announced inten-
tions to build a hydrogen fuel
cell cruise ship capable of car-
rying approximately two thou-
sand passengers on the Os-

lo-Fredrikshavn-Copenhagen
route. However, a significant
challenge in constructing the
vessel is the required power
of 23 000 kilowatts, as fuel cell
systems of this size are not yet
implemented in any maritime
vessels. B4

In addition to fuel cell solutions,
hydrogen internal combustion
engines are being researched
and developed. For example,
MAN Energy Solutions an-
nounced a hydrogen internal
combustion engine for agri-
cultural machinery at the end
of 2023. B The company also
reported a successful laborato-
ry test in March 2024, in which
they tested their two-stroke hy-
drogen internal combustion en-

gine designed for marine use.
[56]

While hydrogen is not yet wide-
ly used in maritime transport,
advances in other sectors, such
as land and rail transport, could
facilitate its adoption in mari-
time transport as well. More-
over, extensive research is
being conducted on the use of
hydrogen in ships, so it is only
a matter of time before hydro-
gen begins to be utilized more
in maritime transport. However,
it is important to note that due
to hydrogen’s low energy den-
sity, its use is likely to be more
limited to shorter distances and
smaller vessels.

Citations: [49], [50], [51]; [52], [53], [54], [55], [56
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Hydrogen is likely to play a sig-
nificant role in the green transi-
tion of maritime logistics, pro-
viding a sustainable alternative
to traditional fuels. Its use as a
fuel produces significantly fewer
emissions compared to almost
any other fuel. Additionally, hy-
drogen can be produced from
renewable energy sources,
such as solar and wind power,
which reduces dependence on
fossil fuels and lowers maritime
emissions.

However, it is essential to con-
sider hydrogen’s weaknesses
regarding the environmental
aspects of its use and produc-
tion.

Greenhouse gas emissions

The use of hydrogen as a fuel
does not produce any green-
house gases other than water
vapor. The impact of water va-
por on climate warming is com-
plex and different from many
other greenhouse gases. Most
greenhouse gases, such as
carbon dioxide and methane,
remain in the atmosphere in
gaseous form, whereas water
vapor can transition from gas to
liquid and leave the atmosphere
relatively quickly. This means
that the water vapor produced
by humanity does not contribute
significantly to climate warming
compared to carbon dioxide, for

aspects

example. 17

Recent studies have shown
that although hydrogen itself
IS not a greenhouse gas, it can
still affect climate warming. This
is because hydrogen reacts
with hydroxyl radicals (OH) in
the atmosphere, forming vari-
ous compounds. Hydroxyl rad-
icals also play a key role in the
removal of methane from the
atmosphere, and increased hy-
drogen in the atmosphere can
theoretically slow down the re-
moval of methane by consum-
ing hydroxyl radicals through
reactions with hydrogen, thus
making them unavailable for
breaking down methane. There-
fore, it is critical that as little
hydrogen as possible escapes
into the atmosphere during its
production, transportation, stor-
age, and use. This is relatively
challenging since hydrogen is
a very small molecule that can
easily leak through even small
cracks and pores. However, the
effects of hydrogen on climate
warming still require further re-
search to gain a better under-

standing of its actual impacts.
(58]

Additionally, it is worth not-
ing that significant amounts of
greenhouse gas emissions can
arise from hydrogen production
if the hydrogen is produced from

fossil-based raw materials.

Nitrogen oxides emissions
Hydrogen fuel cells do not pro-
duce nitrogen oxides, but, like
other combustion engines, hy-
drogen combustion engines
generate NOx emissions when
atmospheric nitrogen reacts
with oxygen at high tempera-
tures. B9

Sulfur oxides emissions
Hydrogen does not contain sul-
fur, so it does not produce any
sulfur oxides. However, these
emissions may occur if pilot fu-
els are used in the combustion
engine. %

Other emissions

Hydrogen does not produce
other emissions, such as partic-
ulate matter or VOC emissions.
However, any potential pilot fu-
els may produce various emis-
sions depending on the type of
pilot fuel used. 64

Fuel spills

Hydrogen fuel spills do not pose
large environmental problems
since hydrogen is the lightest
of all gases, meaning it rises
quickly to the upper layers of the
atmosphere and disperses. Ad-
ditionally, hydrogen is non-toxic
and does not pose direct risks
to health or vegetation. ©2

Citations: [57], [58], [59], [60], [61], [62]
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Summary

Hydrogen is not yet wide-
ly used in maritime transport
and is viewed, like ammonia,
more as a future fuel due to
the significant challenges still
associated with its use. For
instance, issues related to
the storage and distribution
of hydrogen must be resolved
before it can be more broadly
utilized as a fuel. Safety con-
siderations are also crucial, as
hydrogen is highly flammable
and requires careful monitor-
ing and specific arrangements
to mitigate explosion risks.
The impact of hydrogen on
climate change is not yet ful-
ly understood, necessitating
further research in this area.

Additionally, due to its energy
density, hydrogen is currently
regarded primarily as a fuel
for short distances and inland
waterways, rather than as a
power source for deep-sea

shipping.

Currently, hydrogen produc-
tion also generates significant
greenhouse gas emissions,
although the production of
green hydrogen is becoming
increasingly common. Exist-
ing electrolyzers often require
various rare minerals, which
may have limited availability
and be subject to geopoliti-
cal tensions, as well as fluc-
tuations in market prices. The

supply chain for these min-
erals may also involve other
challenges, such as environ-
mental impacts and social is-
sues. However, electrolyzer
technology is rapidly evolving,
suggesting that more widely
available materials may be
used in the future.

Despite the challenges, hy-
drogen has many advantages,
as it can significantly reduce
emissions in maritime trans-
port. It is clear that hydrogen
will play a significant role in
the future of shipping, either
directly as a fuel or as a raw
material for synthetic fuels.

Weaknesses

+ Hydrogen use in internal combustion en-
gines does not produce any carbon-based
greenhouse gas emissions

+ Hydrogen can be produced using car-
bon-neutral methods

+ It is non-toxic to humans, organisms, or the
environment

+ Natural gas pipelines can be converted to
be suitable for hydrogen as natural gas us-
age decreases

+ Hydrogen does not produce any SOx or
particulate emissions

+ Hydrogen fuel cells do not emit any pollut-
ants

+ In the future, hydrogen may be captured
from geological storage

Hydrogen is not yet in use in shipping, so
the standards and practices related to its
use are still in development

Hydrogen distribution and storage are very
challenging

There are various fire and explosion safety
risks associated with hydrogen use

Increased hydrogen in the atmosphere may
contribute to climate change

Hydrogen has the lowest energy density of
all fuels, meaning its storage requires a lot
of space

Existing fossil fuel infrastructure cannot be
utilized without significant changes

In the electrolysis process, only a portion of
the electrical energy can be converted into
the chemical energy of hydrogen

Most hydrogen is currently produced from
fossil raw materials
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