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National strategic visions and international environmental goals are driving a revolutionary transition
in the maritime sector toward sustainability. In line with the Sustainable Development Goals (SDGs)
of the UN and Oman Vision 2040 and, this study investigates the incorporation of green hydrogen as
a clean fuel for ships. Green hydrogen, which is created through electrolysis powered by renewable
energy, provides a zero-emission substitute for traditional marine fuels, greatly lowering the carbon
footprint of maritime transportation. By encouraging energy transition and the preservation of marine
ecosystems, the use of hydrogen-powered vessels advances SDGs 7 (Affordable and Clean Energy), 14
(Life Below Water) and 13 (Climate Action). Green hydrogen offers a strategic chance to diversify the
economy, foster technical innovation, and strengthen the Sultanate’s position as a global energy hub
within Oman Vision 2040 framework . The technical, financial, and environmental benefits of green
hydrogen aboard ships are discussed in this study along with policy suggestions to hasten its uptake in
Oman’s maritime industry.
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1. Introduction.

Maritime transportation is the backbone of global transporta-
tion, carrying between 80% and 90% of the world’s total trade
volume. It is also one of the primary causes of global warm-
ing, as it has been reported to contribute 2.8% of greenhouse
gas emissions or roughly 1036 metric tons of carbon dioxide
annually. Therefore, alternative ways to reduce emissions from
maritime transportation must be found, such as substituting ship
fuels, i.e., HFO and MDO with lower-emission fuels like green
hydrogen, and as a result, its carbon emissions during produc-
tion and use are nearly zero.
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Green hydrogen helps in reducing the carbon content of
ship engines, including the main engine.

This could help to minimize the maintenance and extend
engine life, which would lessen the working hours of the en-
gineers, which they must do in normal conditions. We might
be able to produce green hydrogen in ships using electroly-
sis, which uses a sodium hydroxide cell that increases electrical
conductivity. Water is also necessary for the separation of the
hydrogen and oxygen atoms, and the ship’s freshwater genera-
tor (FWG) provides it. Hence, the main engine and other ship
engines will have less carbon due to green hydrogen. Electrol-
ysis, which uses a sodium hydroxide cell that boosts electrical
conductivity, may allow us to manufacture green hydrogen in
ships. By 2030, IMO wants to cut carbon emissions by 40%,
with a 70% reduction goal by 2050. Therefore, the question is
why we employ green hydrogen instead of other types of hy-
drogen, and the answer is that it is environmentally friendly,
unlike grey and blue hydrogen, it emits no carbon dioxide dur-
ing manufacturing or consumption then helping to slow down
global warming. Sustainable, unlike grey hydrogen, which de-
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pends on fossil fuels, it is produced utilizing renewable energy
sources (sun, wind, and water), giving it an endless supply of
energy. Aids in the switch to sustainable energy, it lessens re-
liance on fossil fuels and helps reach carbon neutrality targets.

In industries like industrial and maritime transportation, whe-
re emissions are hard to cut, there is a considerable demand for
it. Since green hydrogen is one way to lower carbon emissions
from fuel-powered engines. Sultanate of Oman has also started
a net-zero effort to cut hazardous emissions by 2040. The Sul-
tanate of Oman is headed to become one of the world’s biggest
exporters of hydrogen by 2030, according to a joint report re-
leased by the International Energy Agency and the Ministry of
Energy and Metals. The goal is to produce over one million
tons of green hydrogen by that year, or about 8 million tons.
Poor-quality fuel with high levels of sulfur, viscosity, and heavy
metals is mostly used in marine engines. Ships emit higher lev-
els of pollutants due to the complicated nature of low-quality
fuel elements. Despite having a scrubber, and exhaust gas pu-
rification equipment, the exhaust gas is not completely purified
by it. Green fuel that is carbon-neutral or carbon-free is highly
anticipated by the maritime sector. One practical strategy to ad-
dress carbon emissions at their core is to use green fuel that is
carbon-free or carbon-neutral. Green hydrogen is one of the
carbon-free green fuels. A more effective, emission-free al-
ternative that presents less of a risk to the environment in the
event of a leak is hydrogen. Using an electrochemical reaction,
electrolytic water-to-hydrogen technologies turn water or steam
into hydrogen.

The green power usage for electrolytic water for making hy-
drogen is a highly auspicious for the production method of the
green hydrogen, and demand in water electrolysis has grown
dramatically with the rise of clean energy. The engineering in-
terest in electrolysing saltwater to produce hydrogen was sparked
by the high-purity water need to be used in the electrolysis and
the seawater abundance. There are drawbacks to direct electrol-
ysis with seawater, including the operations of low-energy den-
sity, the potential for only a small amount of water to electrolyte
when it comes into connection with the electrode, issues with
the production and corrosion and contamination of undesirable
electrochemical products like chlorine. Green hydrogen - gen-
erating technology is rapidly developing. It is anticipated that
green electricity will be commercially used for the green hydro-
gen electrolytic water production. Longer-distance and cleaner
shipping is made possible by internal combustion engines and
hydrogen fuel cells. Its manufacture or ultimate usage may not
hamper the potential use of green hydrogen in ships.

2. Literature Review.

Maritime transportation accounts for 90% of global trade.
Nevertheless, it continues to depend significantly on fossil fuels
for its energy requirements, resulting in greenhouse gas emis-
sions. Thus, the urgency for sustainable and clean fuels is para-
mount. This research explores potential methods for generat-
ing green hydrogen aboard ships, how to store it, and its use
in various marine propulsion systems. The techniques for pro-
ducing hydrogen using solar and wind energy on vessels are

constrained by the limited availability of these resources dur-
ing daylight hours. Findings indicate that energy recovery only
necessitates modifications to the propulsion system to harness
surplus energy and generate green hydrogen. Using ammonia
as a medium for hydrogen storage and solid hydrogen storage
are promising alternatives due to their favourable properties
about hydrogen. Internal combustion engines are commonly
employed in maritime transportation and can effectively utilize
hydrogen. Ultimately, life cycle assessment studies reveal the
positive environmental effects of green hydrogen, despite its as-
sociated costs (Earhole et al. 2023). In their research, an alter-
native fuel which is the green hydrogen to be used for the indus-
try of shipping, increasing pressure is being applied to minimize
the maritime transportation greenhouse gas emissions. One of
the most efficient methods for lowering these emissions is the
transition from traditional fuels (heavy fuel oil) to alternative
options. Green hydrogen appears to be an auspicious substi-
tute for the shipping industry. However, its potential application
will depend on factors beyond its ecological benefits. Techni-
cal, safety and economic considerations must also be consid-
ered. This paper seeks to deliver a thorough evaluation of the
possible use in the shipping industry for the green hydrogen, ex-
amining production methods, technical and economic viability,
storage, and safety aspects.

A comparison is conducted against current ”grey” and ”blue”
production methods for maritime applications. The key indica-
tors of the liquid hydrogen are assessed to estimate the produc-
tion costs and greenhouse gas emissions across various meth-
ods. Additionally, a comparison is drawn regarding the safety
and health implications of hydrogen about conventional and in-
novative marine fuels. The findings suggest that most meth-
ods for producing green hydrogen involve either the splitting of
water molecules (which includes techniques such as water elec-
trolysis, thermolysis, photocatalytic splitting, and the chemical-
thermal decomposition of water) or the dehydrogenation of hy-
drogen-rich compounds. A significant green hydrogen facility
is set to be constructed, with an expected production capability
of 650 tons of hydrogen per day through electrolysis, utilizing
4 gigawatts of renewable energy derived from wind, solar and
storage by the year 2025. (Stark et al, 2022).

The decarbonization of marine transport is arguably the great-
est challenge currently faced by the shipping industry. Within
the timeframe leading to 2050, the International Maritime Or-
ganization (IMO) objectives to cut by 50% the emissions of the
greenhouse gas from shipping compared to the levels of 2008,
with a commitment to eliminating fossil fuels at the end of the
century as an urgency matter. To achieve these targets, immedi-
ate action is necessary to overcome the barriers to adopting the
various clean shipping technologies that are currently at varying
stages of development. Green hydrogen as an alternative fuel
offers a promising solution to meet the future goals set by inter-
national bodies and is a significant player within a future vision
of clean shipping. In the short term, the cost of hydrogen fuel is
higher than that of conventional fuel; thus, Energy-Saving De-
vices (ESDs) for vessels have become more crucial than ever,
as regulatory measures limit the fossil fuels use while encourag-
ing the adoption of zero-emission technologies. Nevertheless,
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existing and emerging ESDs designed for traditional fossil fuel
vessels have not been studied in terms of their compatibility
with hydrogen-powered ships, which pose new challenges and
considerations in their design and operation. Consequently, this
review seeks to address that gap by first identifying the new
challenges introduced by a hydrogen-powered propulsion sys-
tem, then examining both the quantitative energy-saving poten-
tial and the qualitative additional benefits of individual existing
and emerging ESDs in both standalone and combined appli-
cations, offering recommendations for the most suitable ESD
combinations for hydrogen-powered marine transport to opti-
mize energy savings and reduce negative impacts on propul-
sion system components. In conclusion, the compatibility of
ESD combinations for hydrogen will largely depend on factors
such as vessel types, routes, propulsion systems, and opera-
tional conditions. However, addressing load fluctuations fre-
quently encountered during a vessel’s operation has been iden-
tified as a major area of concern since these fluctuations can
adversely affect components of the hydrogen propulsion sys-
tem, thus, as the fuel cell, the ESD combination that maximizes
energy savings while minimizing fluctuating loads would be
seen as the most suitable for hydrogen-powered marine trans-
port. Methodology, A comprehensive review of existing studies
was conducted to perform a meta-analysis on both established
and emerging Energy Saving Devices (ESDs). To analyse and
identify the challenges related to hydrogen fuel cell-powered
propulsion systems, keywords and their variations such as hy-
drogen powertrain, hydrogen, maritime, fuel cells, automotive,
and ships were utilized. The body of literature focusing on the
application of hydrogen fuel cell technology in ships is sparse,
as the technology has not yet been widely implemented in the
industry. Consequently, the literature review was broadened
to include fuel cell technology utilized within the automotive
sector. Combinations of keywords such as energy-saving de-
vice, propulsion efficiency, drag reduction, marine propellers,
and ship performance optimization were employed to identify
both existing and emerging ESDs in the shipping sector.

Findings, Additionally, qualitative benefits were noted, in-
cluding a decrease in underwater radiated noise and cavitation,
which can positively impact the vessel by lowering mainte-
nance costs associated with cavitation and minimizing its ef-
fect on marine wildlife, while also potentially alleviating the
adverse impacts of the propulsion system of the hydrogen fuel
cell-powered.

Overview of the Green Hydrogen Applications in Marine
Power Plants Onboard Ships, the increasing prices of fossil fu-
els have prompted many researchers to focus on bridging the
gap between innovative clean energy technologies and feasi-
ble, cost-effective solutions. This paper seeks to explore one
element of Green Energy: the utilization of Hydrogen as fuel
for marine power plants, aiming to replace all forms of fossil
fuels that are major contributors to harmful emissions. There
are three primary applications for hydrogen within the marine
sector. These include hydrogen gas turbines, fuel cells and hy-
drogen internal combustion engines. The key challenges faced
when using hydrogen in internal combustion engines include
engine knocking, the air-fuel ratio, and intake temperature. Re-

search initiatives aimed at applying hydrogen in gas turbines
are focused on examining the properties of hydrogen combus-
tion within gas turbine combustors. The third application of
hydrogen involves fuel cells, where significant advancements
have taken place in recent years. Nevertheless, in the marine
sector, the naval vessels market has been the only area to adopt
it for auxiliary power generation.

Finding, the combustion of hydrogen in internal combus-
tion engines has been and continues to be a topic of numerous
research initiatives across various countries. Like natural gas,
the primary challenges associated with using hydrogen in inter-
nal combustion engines include engine knocking; the air-fuel
ratio and intake temperature have been identified as the leading
factors causing this issue, making their optimization essential
for achieving a knock-free engine. Some issues are unique to
hydrogen due to its distinct properties; these properties include
high flame speed and low ignition energy, which lead to associ-
ated problems such as a rapid increase in cylinder pressure and
the risk of fuel pre-ignition, potentially resulting in explosions
within the engine systems.

Hydrogen can serve as fuel for marine applications in in-
ternal combustion engines; modifications can be made to ex-
isting diesel engines to accommodate this. The challenge with
hydrogen gas turbines lies in the acceptance of this new fuel
type for marine vessels and the differences in properties com-
pared to other fuels. Fuel cells, an emerging technology in dis-
tributed generation, face obstacles due to their high initial costs.
Nonetheless, it is anticipated that costs will decrease as manu-
facturing capabilities improve and designs and integrations are
optimized (Ammar et al, 2018).

A significant step towards promoting hydrogen use and its
benefits is the establishment of hydrogen supply chains, which
encompass both the necessary infrastructure and end users, the-
reby easing economic challenges and authorization procedures.
This paper focuses on the design, economic viability, and siz-
ing of a sustainable supply chain that features a solar-powered
electrolysis system, generating hydrogen to fuel a fuel-based
propulsion system on a small passenger ferry that operates over
a short distance. The sizing process follows a numerical method
aimed at identifying the optimal configuration of the supply
chain in terms of component sizes, capable of meeting hydro-
gen demand and supplying electrical energy solely through re-
newable sources. The study’s findings indicate that an alkaline
electrolysis unit with a capacity of 1780 kW, complemented by
an 8.15 MWp photovoltaic power plant, produces 128.7 tons of
hydrogen annually. The hydrogen generated meets the specific
needs of the ferry, accommodating a total of 314 round trips
each year. From an economic perspective, leveraging the sur-
plus electricity and the oxygen by-product from the electrolysis
process results in an estimated profitability index of 2.03 and a
discounted payback period of 9 years, investing appealing. The
levelized cost of the green hydrogen produced is calculated to
be 5.61 ?/kg. These outcomes illustrate the techno-economic
viability of the suggested supply chain based on hydrogen tech-
nologies that are already commercially available and can be ef-
fectively utilized to promote the decarbonization of the mar-
itime sector Perna (2023).
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In the study of a prompt decarbonization pathway for ship-
ping, ammonia, green hydrogen, and utilization in marine en-
gines and methanol production, the shipping sector has achieved
a greater understanding of the challenges associated with de-
carbonization. Discussions surrounding carbon-free or carbon-
neutral green fuels, including green ammonia, green hydro-
gen, and green methanol which are prevalent. Nevertheless,
the transition from renewable energy to shipping using green
fuels has not received adequate focus. Consequently, this re-
search aims to evaluate the production techniques for green hy-
drogen, green methanol and green ammonia, while assessing
the viability of these green fuels in the shipping arena. The
analysis indicates that promising production methods for green
ammonia, green hydrogen, and green methanol in the maritime
industry involve deriving hydrogen from seawater electrolysis
powered by renewable energy; creating ammonia from green
hydrogen through the Haber-Bosch process; and synthesizing
methanol from carbon dioxide using renewable energy sources.
Although the outlook for green fuels is optimistic, their costs
are projected to exceed those of traditional fuels soon. Thus,
we recommend enhancing green energy production technolo-
gies to lower production expenses; advancing electrochemical
methods for fuel production to boost the green fuel generation
efficiency; and investigating innovative technologies. It is cru-
cial to promote research and development efforts in green fuel
production technologies and renewable energy while increasing
fuel production capabilities to ensure suitable low- and zero-
emission marine fuels availability, as these factors are essential
for achieving carbon reduction in the shipping industry (Shi et
al. 2023).

Prospects and status in hydrogen-powered ships technical
standards for advancing maritime zero-carbon transformation,
the need to tackle greenhouse gas emissions and environmental
effects becomes increasingly important as the global shipping
sector continues to grow rapidly. Hydrogen has emerged as a
crucial and environmentally friendly energy source, presenting
a viable route towards carbon neutrality and a complete tran-
sition to zero carbon in maritime operations. Nonetheless, the
broad acceptance of hydrogen-powered vessels depends on the
implementation of strong regulations and technical standards.
This paper provides a thorough analysis of hydrogen fuel cell
(FC) technology in maritime applications, examining the role of
international classification societies while investigating current
standards and regulations related to hydrogen energy within
the maritime sector. The research outlines a strategic devel-
opment pathway for a hydrogen energy system in green ship-
ping specifically designed for hydrogen FC-powered vessels in
China. Highlighting the distinctions between hydrogen usage
in fuel cell vehicles and ships, the paper clarifies the techni-
cal challenges that are exclusive to hydrogen FC-powered ves-
sels. Additionally, it suggests an innovative framework for fu-
ture technical standards, advocating for the establishment of a
hydrogen energy standard system for ships, the creation of es-
sential technical standards, and an increased emphasis on safety
regulations. Through detailed analysis and strong arguments
regarding hydrogen fuel cell ship technology and the associ-
ated standards, this paper highlights the critical importance of

technical standards in advancing eco-friendly shipping. Beyond
being an informative resource, the paper aims to offer useful
insights and direction for the forthcoming demonstration, uti-
lization, and advocacy of hydrogen fuel cell ship technology.
Ultimately, it emphasizes the essential role of technical stan-
dards in promoting sustainable maritime transport (Wang et al,
2023).

Stricter emissions regulations have prompted shipping com-
panies and port operators to explore alternative energy sources
that can lower emissions while keeping capital investment min-
imal. It is crucial to determine if there exists an economic in-
vestment gap for these alternative fuels. This study primarily
concentrates on simulating ships powered by ammonia and hy-
drogen fuels arriving at Guangzhou Port to assess the emission
benefits and the cost-effectiveness of ammonia and hydrogen
as alternative fuels. By gathering real data on fuel consump-
tion and emissions from ships docking at Guangzhou Port, this
research evaluated the pollutant emissions and costs associated
with the transition to ammonia and hydrogen fuels. As antici-
pated, it was found that increasing the concentration of NH3 in
the fuel mixture significantly decreases CO and CO2 emissions.
However, in comparison to traditional fuels, the introduction of
NH3 leads to an increase in NOx emissions. Nonetheless, the
cost savings achieved by using ammonia fuel for reducing CO2,
Sox, and PM10 emissions surpass those related to NOx. When
it comes to pollutants, ammonia is more cost-effective than con-
ventional fuels in the context of Guangzhou Port. Nonetheless,
the supply cost of ammonia remains higher than that of tra-
ditional energy sources due to the lack of a fully developed
storage system and fuel supply for ships. Conversely, hydro-
gen is prohibitively expensive to transport and store, resulting
in overall costs that exceed those of ammonia and conventional
fuels, despite producing no emissions. Currently, traditional fu-
els maintain a cost advantage. As ammonia fuel technologies
and applications are advanced, the supply costs are expected to
decrease. Projections indicate that by 2035, ammonia will not
only offer emission reduction advantages but will also present
a lower overall economic cost compared to conventional fuels.
Hydrogen energy will require a longer timeframe for develop-
ment and technological advancements due to storage condition
constraints (Wu et al, 2023).

3. Methodology.

The methodology used for the cost and technical analysis
model. The model framework is based on the process of de-
termining the operating expenses for a hydrogen-powered ship
and explains the conversion of a diesel vessel into one pow-
ered by hydrogen. All equations presented in this section have
been modified to align with the specific approach adopted in
this study, which integrates and adapts existing methods to form
a new model.

The analysis begins by calculating the operational costs of
a conventional diesel ship to establish a baseline. Following
that, the same vessel is retrofitted to operate on hydrogen, and
the revised running costs are determined. Power distribution
and losses in both diesel and hydrogen propulsion systems are
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considered understandable and comparable. Although both sys-
tems operate in similar ways, several key differences are noted—
such as the removal of the traditional engine and the integration
of fuel-cell-based engines during the retrofitting process. While
fuel cell and engine efficiency can vary depending on power
load, diesel engine efficiency is assumed to remain constant.
Additionally, other equipment is also modified. The calcula-
tions account for the effects of equipment mass. These aspects
are discussed in greater detail in the following sections. Each
step in the methodology sequence is described in the upcoming
subsections (Masih Mojarrad, 2024).

3.1. Energy demands.
The power demand found in Equation (1) is for the diesel

ship since it serves as the benchmark. We use the same equa-
tion with some changes and modifications to calculate for the
hydrogen ship. As shown on Fig.1.

Figure 1: An outline of the iterative process used to calculate a
hydrogen vessel’s energy and operational costs.

Source: Authors.

Edemand =

N∑
i=0

Pi ti (1)

where:

• Edemand is the energy demand (kJ);

• Pi is the power demand at level i (kW);

• ti is the duration associated with power demand level i
(s);

• N is the maximum power demand level.

Ships mass and speed have an impact on the power demand
value. The mass of the ship varies because of the use of various
equipment, which affects the power need and, consequently, the
energy demand, even if the hydrogen ship is supposed to run
at the same speed as the diesel ship. The hydrogen ship and
diesel ship are considered to have the same mass as a estimate
on Fig.2. to see the difference with loss of energy demand.

Figure 2: Diagrams of vessel operations: hydrogen vessel at the
bottom, diesel vessel at the top.

Source: Authors.

3.2. Fuel mass requirement.

A considerable percentage of energy is lost in a diesel ship’s
engine and gearbox, meaning that not all the fuel’s energy con-
tent is transformed into the power needed for the propulsion
system. It is believed that the engine and gearbox have respec-
tive efficiency levels of 40% and 97%. The energy content of
the diesel needed to power the engine is thus determined by
equation no. 2:

ECD (kJ) =
ED (kJ)

EG × EE
(2)

where:

• ECD: Energy content of diesel is the required diesel en-
ergy content (kJ);

• ED: Energy demand is the total energy demand (kJ);

• EG: Efficiency of the gearbox is the gearbox efficiency;

• EE: Efficiency of the engine is the engine efficiency.

A diesel ship’s method of determining hydrogen consump-
tion is comparable. There is a significant distinction, though:
the efficiency of the engine and the fuel cells must be consid-
ered rather than just the engine’s efficiency. The engine’s and
fuel cells’ efficiency fluctuates according to their output power,
in contrast to the engine’s efficiency, which is thought to be
mostly constant under different loads. As the power load rises,
both kinds of engines generally become more efficient. On the
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other hand, there is a negative correlation between fuel cell ef-
ficiency and power load. When the power load rises, fuel effi-
ciency falls. Consequently, a hydrogen vessel’s overall perfor-
mance and energy consumption are greatly influenced by the
efficiency of its engines and fuel cells. Optimizing running ex-
penses is greatly impacted by the fuel cell efficiency model.
Since a large amount of energy is lost in the gearbox, motors,
and fuel cells, the efficiency of these components must be con-
sidered to determine the energy content of hydrogen consump-
tion. Stated differently, the total energy released during the use
of hydrogen as fuel is referred to as the energy content of hy-
drogen and is determined using the following formula equation
no. 3:

EH2 =

N∑
i=0

Pi ti
ηgb ηm ηfc,i

(3)

where:

• EH2 is the required hydrogen energy content (kJ);

• Pi is the power demand at operating level i (kW);

• ti is the operating time corresponding to power demand
level i (s);

• ηgb is the gearbox efficiency;

• ηm is the electric motor efficiency;

• ηfc,i is the fuel cell efficiency at operating level i;

• N is the maximum power demand level.

3.3. Hydrogen mass inside the tank.
Although the fuel mass was determined in the previous sec-

tion using the energy demand, more onboard hydrogen storage
is needed. To keep the internal temperature low, about 15%
of the initial hydrogen volume needs to stay in the tank. To
ensure proper cooling, an extra 15% of the hydrogen consump-
tion mass needs to be fed to the tank. When refueling with CH2,
the hydrogen tank needs to have a specific beginning pressure.
When hydrogen is released under reduced pressure, its temper-
ature rises, in contrast to most other gases. The tank wall may
sustain some damage if the hydrogen temperature rises beyond
85◦C. The temperature rise during refueling can be managed by
maintaining a specific initial pressure inside the tank. The mass
flow rate, beginning hydrogen temperature, ambient tempera-
ture, and final tank pressure can all affect a hydrogen tank’s
initial pressure. However, the 350-bar hydrogen tank needs
to be filled with an extra 8% of the original mass of methane
consumption to maintain adequate tank pressure for recharg-
ing. Furthermore, for unanticipated circumstances like extreme
weather, an extra quantity of hydrogen needs to be considered.
In these circumstances, a 30% safety buffer is preserved for
both forms of hydrogen. Consequently, the following formula
is used to determine how much hydrogen is in the tank equation
no. 4:

mH2,tank = 1.3 mH2 (1 + δref) (4)

where:

• mH2,tank is the hydrogen mass stored in the tank (kg);

• mH2 is the required hydrogen consumption (kg);

• δref is the refuelling margin (dimensionless);

• 1.3 is a correction factor accounting for unusable hydro-
gen and operational reserve.

3.4. Hydrogen tank mass.

By multiplying the weight requirements by the mass of hy-
drogen within, one can calculate the mass of a hydrogen tank.
Hydrogen needs to be heated before being used in fuel cells if
it is kept in a refrigerator. As a result, it is necessary to consider
the evaporator, which is considered to be an essential compo-
nent of the hydrogen tank in this study, equation no. 5:

mtank = mH2,tank Gtank (5)

where:

• mtank is the mass of the hydrogen storage tank (kg);

• mH2,tank is the hydrogen mass stored in the tank (kg);

• Gtank is the gravimetric specification of the hydrogen stor-
age tank (kg tank/kg H2).

3.5. Minimum required number of packs of fuel cells.

The fuel cells themselves are among the elements that con-
tribute to the ship’s increased mass. As a result, it’s critical to
understand how many fuel cell packs the ship will need, which
may be determined using the formula, equation no. 6:

NFC =
Pmax

PFC
(6)

where:

• NFC is the required number of fuel cell packs;

• Pmax is the maximum power demand (kW);

• PFC is the maximum output power of a single fuel cell
pack (kW).

The load profile, which reflects the ship’s top speed, pro-
vides the highest power demand. The type of fuel cell chosen
determines the maximum fuel cell output power. Additionally,
the system’s fuel cell count is logically an integer. Therefore,
to get the least number of fuel cell packs needed, mixed-integer
programming must be employed and the amount rounded up if
the result contains decimals.
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3.6. The total mass of the hydrogen ship.

As a benchmark, this analysis assumes that the overall mass
of a diesel ship is known. A hydrogen ship uses different equip-
ment than a diesel ship does. Therefore, some parts must be
taken out and replaced with the proper equipment to refit a hy-
drogen ship. These elements could differ between ships. The
diesel engine, auxiliary engine, exhaust system, and diesel tank,
however, usually need to be disconnected. Other equipment
(like generators) on some diesel ships would need to be con-
sidered. Alternatively, a hydrogen tank, DC distribution board,
fuel cells, inverters, batteries, and drives must be added to trans-
form an existing ship into a hydrogen-powered vessel. As seen,
the equipment may differ based on the diesel ship’s starting
amenities and the intended switch to a hydrogen ship. This
change impact on energy consumption must be considered be-
cause the ship’s mass changes when it is changed to a hydrogen-
powered ship. The energy requirement changes by 1% for ev-
ery 1% change in the vessel mass. Consequently, the following
formula can be used to modify energy demand, equation no. 7:

Pmod = P
mnew

mold
(7)

where:

• Pmod is the modified power demand (kW);

• P is the original power demand (kW);

• mnew is the new ship mass (kg);

• mold is the original (former) ship mass (kg).

Changes in electricity demand necessitate adjustments to
certain equations. This cycle should be repeated until the hy-
drogen ship converges mass to a specific value if the newly ac-
quired mass of the ship differs from the previous mass.

3.7. Minimize the hydrogen ship’s expenses.

Cost optimization depends on fuel cell efficiency. More
specifically, efficiency increases with decreasing power loads.
As a result, adding more fuel cell stacks increases efficiency by
lowering the power load, which eventually results in less hydro-
gen being used. It is crucial to remember that adding additional
fuel cell stacks makes the vessel heavier, which raises the en-
ergy requirement. If fuel cell efficiency remains constant, this
increased energy demand results in higher hydrogen consump-
tion. Consequently, during the optimization process, these two
elements compete (Kenneth Løvold Rødseth, 2024).

4. Case Study.

There are two ships, BAHLA VLCC, it works by diesel
and VIKING LIBRA works by the green hydrogen. They are
sailing from the Saudi Arabia (Dammam) to the china (Zhong-
shan), the journey will take 23 days, and the main engine of
the BAHLA ship consume 36 tons of the diesel in the 24 hours.
We need to find the difference in the energy demand and fuel
content of the diesel and green hydrogen.

The ship built in 2020 and now its completed 5 years of the
sailing, length of the ship is 333 m and the gross tonnage is
156452 and the horsepower of the main engine is 31640 hp, we
convert it to power demand by multiple 0.7457to 31640 equal
to 23595 KW, and the main engine has 7 cylinders, the bore is
0.800 m, the stroke is 3.720 m. In 18/03/2024 the engineers
take the engine performance, and they found the mean power is
14,7 bar equal to 1470 KN/m2, the shaft torque is 2786 KNm
and the RPM is 59. By using the above-mentioned formulas to
calculate all the parameters, the energy demand and the energy
content (KJ), OPEX (Operating Expenses) of the diesel ship
and green hydrogen ship were calculated by using the above-
mentioned formulas and the results are shown in Tables 1, 2
and 3.

Table 1: Lower heating value (LHV) related to the type of fuel.

Source: Authors.

Table 2: The result of c, factor depends on the type of vessel,
according to the type of ship.

Source: Authors.

Table 3: The indication power.

Source: Authors.

Also, Hydrogen mass inside the tank, Minimum required
fuel cells’ number of packs, Hydrogen tank mass. The total
hydrogen ship’s mass of and modified power demand and the
results are shown in Table 4.

While diesel systems weigh less, hydrogen systems are far
cleaner and ever more practicable with advancing technology.
The study confirms that hydrogen propulsion is not only tech-
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nically viable, but also environmentally and operationally supe-
rior to the future of sea transport.

Table 4: Diesel ship vs. Hidrogen ship.

Source: Authors.

5. Findings And Discussion.

Hydrogen has become a viable fuel to replace conventional
marine diesel, as the maritime sector seeks greener energy op-
tions. In this paper, the energy efficiency and fuel mass re-
quirements of two vessels, the hydrogen - powered VIKING
LIBRA and its conventional diesel counterpart, were evaluated
and compared during their 5,894 nautical mile voyage from
Dammam, Saudi Arabia to Zhongshan, China. Based on ther-
modynamic principles, the analysis considers safety margins,
system inefficiencies, and actual engine performance data. This
study seeks to ascertain the feasibility and effectiveness of green
hydrogen as a marine fuel by examining important parameters
such as power demand, horsepower, engine efficiency, fuel en-
ergy input, and overall energy content.

5.1. Power Demand Findings.
We have investigated the Power Demand, the hydrogen ship

requires ∼44% less power than the diesel ship to operate. The
hydrogen ship operates with much less horsepower, with re-
flecting lower power requirements or better efficiency. Hydro-
gen ship consumes ∼44% less energy than the diesel-powered
ship over the same operating period or distance. The hydrogen
engine is slightly more efficient, reducing energy loss in com-
bustion or conversion. Slightly higher Gearbox efficiency for
the hydrogen ship’s transmission system. Indicated Power (IP)
is slightly higher in the hydrogen engine, showing that more
power is developed inside the engine cylinder. The hydrogen
ship delivers slightly more usable Brake Power (BP) to the pro-
peller shaft. Hydrogen has slightly higher Fuel Energy Input
per kilogram, offering better fuel-to-energy conversion poten-
tial. Diesel ship used significantly more total Energy Content
reflecting higher fuel mass/volume burned, shown in Table 5.

5.2. Findings of Hydrogen vs. Diesel Mass for Viking Sealing
Voyage.

The investigation focuses on the mass of fuel needed to
travel 5,894 nautical miles using either diesel or hydrogen from
Dammam, Saudi Arabia, to Zhongshan, China. We compare the
hydrogen-powered Viking Sealing ship to a traditional diesel-
powered ship operating in the same conditions, taking safety
precautions and inefficiencies into account as shown in Table 6
Then by calculating onboard fuel requirements as hydrogen in-
side the tank and diesel inside the tank we got the results which
are shown in Table 7.

Table 5: Findings of Diesel and hydrogen demands with con-
tents.

Source: Authors.

Table 6: Key imputs used.

Source: Authors.

Table 7: Comparison between hydrogen and diesel Ships.

Source: Authors.

The main findings from the above results are:
- Diesel required 1,236,560 kg, or around 3×more by weight,

to supply the vessel’s energy needs than hydrogen fuel, which
requires far less mass—only roughly 440,427 kg.

- The lower necessary mass can be explained by the fact that
hydrogen possesses almost three times the energy per kilogram
compared to diesel (33.3 vs. 11.8 kWh/kg).

- The Viking Sealing is a symbol of clean marine innova-
tion since hydrogen allows zero-emission sailing, unlike diesel,
which emits a lot of pollution and carbon gasses.
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- Despite its benefits, ship design and operations must ac-
count for the complexity of handling and storing hydrogen be-
cause of pressure, temperature, and volume constraints.

- Viking Sealing would need to carry 796,133 kg more gaso-
line if it were diesel-powered under the same safety and effi-
ciency assumptions. This would increase the vehicle’s over-
all weight, emissions, and possibly the need for additional fuel
storage facilities.

5.3. Findings of Hydrogen Tank System vs. Diesel Tank System
on Viking Libra.

The Viking Libra travels 5,894 nautical miles from Dammam
(Ras Tanura) to Zhongshan, China, has its hydrogen and diesel
fuel storage systems compared in terms of mass. Understand-
ing the operational and structural effects of moving to hydrogen
with an emphasis on fuel plus tank mass is the aim which are
shown in Tables 8 and 9.

Table 8: Key imputs.

Source: Authors.

Table 9: Total system mass.

Source: Authors.

5.4. Findings of Fuel-Related OPEX Comparison ? Hydrogen
vs. Diesel for Viking Sealing.

Fuel operating expenses (OPEX) for the Viking Sealing ship
are the main subject of this study. Using actual consumption
statistics and projected market pricing, the economic impact of
switching from marine diesel to hydrogen fuel must be assessed
as shown in Table 10.

Table 10: Inputs and results.

Source: Authors.

5.5. Findings of Minimum required number of packs of fuel
cells.

- The Power demand of hydrogen-powered vessel was esti-
mated to be 23,595 kW.

- For this demand, fuel cell packs were estimated in quantity
by the equation:

Number of Packs = 23,595 kW / 2,000 kW/pack = 11.80→
Rounded up = 12 packs.

- Fuel cell systems are available in various sizes, typically
between 500 kW and over 3,000 kW.

- In this case, a 2,000 kW unit has been selected due to it
being a standard industrial unit and it is compatible with tradi-
tional hydrogen-fuelled ship designs such as the MF Hydra.

- A higher pack size selection (2,000 kW) means fewer
packs must be bought. This has several advantages as lower
system weight, simpler layout and installation, lower mainte-
nance requirements and increased system reliability

- On the other hand, the use of smaller packs (1,000 kW)
will double the number of units to 24, increasing system com-
plexity, space requirements, and installation effort.

- Therefore, putting in 12 packs of 2,000 kW fuel cell not
only meets the energy demand of the vessel, but also is a tech-
nically and operationally efficient solution.

5.6. Findings of the total mass of the hydrogen ship and Modi-
fied power Demand.

- Initial power demand of the ship was 23,595 kW in diesel
configuration.

- After the conversion to hydrogen power, additional fac-
tors such as hydrogen tanks, fuel cells, and support systems
contributed to the overall weight of the ship.

- The weight of the diesel vessel had been estimated from
gross tonnage at 54,300,000 kg.

- With a further weight for hydrogen system at 3,011,600
kg, the new combined weight had been 57,311,600kg.

- The new power demand was calculated by the new to old
mass ratio:

Adjusted Power Demand = 23,595 × (57,311,600 /
54,300,000) = 24,894.43 kW

- The rise in power demand is approximately 5.55%, which
is still acceptable in the selected fuel cell design.

6. Analysys.

6.1. Analysis of Diesel and hydrogen demands with contents.
In this analysis, we assume that two ships will operate dur-

ing a 23-day period, traversing 5894 nautical miles, from Dammam,
Saudi Arabia to Zhongshan, China. Green hydrogen powers
one ship, while diesel fuel powers the other. This analysis’s
goal is to compare the two ships in terms of:

- Energy demand
- Fuel mass requirement
- Hydrogen mass inside the tank
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- Hydrogen tank mass
- Minimum required number of fuel cell packs
- Total mass of the hydrogen-powered ship
The energy consumption and efficiency metrics for the diesel-

powered ship are first determined, and then the green hydrogen-
powered ship is subjected to a similar examination. Thermody-
namic concepts, journey parameters, and engine performance
data serve as the foundation for all calculations. The purpose of
the comparison is to comprehend the energy implications and
technological viability of using green hydrogen as a substitute
marine fuel. The energy demand of the diesel-powered ship
was calculated by converting the main engine’s horsepower to
the power demand and then multiplying the power demand by
the journey’s duration. This allowed us to determine the energy
demand, as shown in Tables 11 and 12.

Table 11: Voyage Specifications.

Source: Authors.

Table 12: Energy Demand and Fuel Requirements.

Source: Authors.

We investigated the engine performance of the diesel-powered
ship and used some information of it, such as the mean power of
the engine, length of the stroke, piston bore, number of power
strokes per second, number of units and shaft torque to de-
termine the engine’s efficiency. This is to determine the en-
gine’s indicated power and fuel energy input. By multiplying
the measured power by the mean power, stroke length, piston
area, power strokes per second and total units to determine the
indicated power. The fuel energy input was computed after de-
termining the suggested power, which is equal to the diesel’s
mass flow rate times the lower heating value.

The engine’s braking power was then determined by multi-
plying the shaft torque by the speed. By dividing the braking
power by the fuel energy input and multiplying the result by
100, the engine efficiency was determined. Then the gearbox’s
efficiency was calculated, assuming it was equal to mechanical
efficiency, by dividing the brake power by the indicated power
and multiplying the result by 100 as shown in Table 13.

Table 13: Engine Efficiency Calculations.

Source: Authors.

Once the gearbox and engine efficiency were determined,
by dividing the energy demand by gearbox efficiency and then
multiplied the result by the engine efficiency to determine the
energy content of the diesel as shown in Table 14.

Table 14: Diesel Energy Content.

Source: Authors.

The green hydrogen vessel is currently being built. Since its
horsepower and gross tonnage are not the same as those of the
diesel ship, we calculated the horsepower using this law based
on the gross tonnage. Ship horsepower is calculated by mul-
tiplying the gross tonnage of the diesel-powered ship by 0.75,
which depends on the type of ship. The green hydrogen ship is a
passenger ship. As with the diesel-powered ship, we converted
the horsepower of the hydrogen ship to the power need. The
energy requirement of the green hydrogen ship was then calcu-
lated by multiplying the power demand by the travel duration
as shown in Table 15.

Table 15: Power Estimation Based on Gross Tonnage.

Source: Authors.

The green hydrogen engine’s suggested power and braking
power must be ascertained. Using the following formula, the
shaft torque was calculated to determine the braking power. The
brake power of the green hydrogen engine was then calculated
by multiplying the shaft torque by the engine speed. We calcu-
lated the green hydrogen engine’s indicated power by subtract-
ing the diesel engine’s indicated power from its brake power
and then adding it to the green hydrogen engine’s brake power.
from the diesel engine’s brake power and combined it with the
green hydrogen engine’s brake power. We divided the brake
power by the specified power and multiplied the result by 100
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to determine the green hydrogen engine’s gearbox efficiency as
shown in Table 16.

Table 16: Engine Power and Gearbox Efficiency.

Source: Authors.

The fuel energy input must be determined to determine the
green hydrogen engine’s efficiency. We must determine the
overall amount of green hydrogen used to determine it. There-
fore, we multiplied the entire diesel consumption by the diesel’s
heat energy (42.7 GJ) to convert the whole diesel consumption
to energy. The output was then split by the green hydrogen’s
heat energy. That provided us with the green hydrogen’s over-
all usage. We determined the green hydrogen’s total consump-
tion in kilograms per hour to determine the mass flow rate of
gas. We multiplied the green hydrogen’s mass flow rate by the
lower heat value to determine the fuel energy input. We cal-
culated the green hydrogen engine’s efficiency by dividing its
brake power by its energy input, then multiplying the result by
100 as shown in Table 17.

Table 17: Fuel Energy Input and Hydrogen Consumption.

Source: Authors.

6.2. Analysis of hydrogen vs. diesel mass inside the tank -
viking sealing.

Calculation Formula (Same for Both Fuels) was used to cal-
culate the Fuel inside tank in kg as follows:

Fuel inside tank (kg)= 1.3×Base f uel consumption× (1 + 0.15)

Where 1.3 is the Inefficiency multiplier (system losses, boil-
off, etc.) and 15% buffer is the safety margin for rerouting,
delays, emergencies. The parameters are shown in Table 18.

Table 18: Input Data.

Source: Authors.

Calculation of the Mass Inside Tank (With Inefficiency +
Buffer) are as follows:

Hydrogen:
Hydrogen inside tank= 1.3 × 294, 600× (1 + 0.15)= 440, 427 kg
Diesel:
Diesel inside tank= 1.3 × 828, 000× (1 + 0.15)= 1, 236, 560 kg

Table 19: Comparison.

Source: Authors.

When system inefficiencies and safety buffers are consid-
ered, diesel fuel requires over 3× more mass than hydrogen to
provide the same voyage energy requirements as shown in Ta-
ble 19.

From the point of view of the operational implications we
can summarize them as follows:

- Benefits of hydrogen (in mass terms) are A lower fuel
mass decreases as the total weight of the vessel, Hydrodynamic
resistance and draft and the Storage space needs related to fuel.

- Diesel’s disadvantages are the increase in heavier fuel mass,
The effects on the environment, space allocation, and structural
stress.

Finally, For the Viking Sealing, switching to hydrogen of-
fers a lighter, cleaner, and more energy-dense alternative to
diesel. Although there are still technical storage issues with hy-
drogen, its improved long-term sustainability for sea transporta-
tion is highlighted by its lower fuel mass and lack of emissions.
For powering long-distance ships like Viking Sealing, hydro-
gen is far more environmentally benign and mass-efficient than
diesel. Diesel would need almost 800,000 kg more fuel mass to
achieve the same travel requirements, underscoring hydrogen’s
potential as a lighter and cleaner substitute for sea transporta-
tion in the future.

For Viking Sealing, the mass of hydrogen fuel inside the
tank is substantially less than that of diesel for the same journey:

- Diesel tank mass: 1,236,560 kg.
- Hydrogen tank mass: 440,427 kg.
Despite present cost issues, this demonstrates the obvious

effectiveness and weight-saving benefit of hydrogen fuel sys-
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tems at the fuel-mass level, bolstering hydrogen’s role in low-
ering emissions and ship mass.

6.3. Analysis of hydrogen tank system vs. diesel tank system ?
viking libra.

The results of the above-mentioned steps are as follows and
as shown in Tables 20, 21, 22 and 23:

- The Hydrogen Tank System is more than twice as heavy
diesel has a mass of 1,656 tons, while the mass of the hydrogen
system is 3,535.2 tons.

- The overall mass of the tank system has increased by about
113%.

- The reason is the penalty for tank weight.
Because hydrogen has certain physical characteristics as low

density, high diffusivity, and flammability, high-pressure rein-
forced composite materials are needed for the hydrogen tanks.
Despite the diesel tanks are straightforward, low-pressure con-
tainers, they require very little extra weight.

Table 20: Fuel Consumption.

Source: Authors.

Table 21: Tank System Assumptions.

Source: Authors.

Table 22: Total System Mass (Fuel + Tank).

Source: Authors.

Table 23: Operational Impacts on Viking Libra.

Source: Authors.

As a result of the above-mentioned details, the required
tank’s infrastructure to store hydrogen fuel safely under high
pressure greatly increases the overall mass of the system, even
though hydrogen fuel is lighter and more energy dense. For the
same journey, the hydrogen system (fuel + tanks) weighs more
than twice as much as the diesel system. Hydrogen is superior
in terms of pollution and fuel economy, but Diesel prevails in
terms of overall system weight and ease of use. This highlights
a significant obstacle to the naval adoption of hydrogen that
making hydrogen competitive in terms of both performance and
structural efficiency will require lowering tank weight through
enhanced materials and storage technologies.

Although hydrogen fuel is lighter and cleaner, it comes with
complicated and massive tanks. Future developments in tank
design and materials are essential to making hydrogen maritime
transport feasible on a large scale, as the whole system mass
with hydrogen is more than 2× heavier than diesel for the same
journey.

The hydrogen tank system is substantially heavier than diesel
because of modern materials and safety regulations, even though
hydrogen fuel is substantially lighter than diesel for the same
energy output. As shown in Table 24, the Hydrogen Tank Sys-
tem is 2.1× Heavier.

Table 24: Final Comparison.

Source: Authors.

A significant design difficulty for hydrogen-powered ves-
sels such as the Viking Libra is the mass penalty associated
with tank infrastructure. Future weight reductions are contin-
gent upon advances in cryogenic storage, tank material science,
or alternate hydrogen carriers (such as LOHCs or ammonia).
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6.4. Fuel OPEX Analysis: Hydrogen vs. Diesel for the Viking
Sealing.

6.4.1. Energy Demand & Fuel Mass.
The journey needs 26.23 million kWh of hydrogen use or

46.89 million kWh diesel-powered. The fuel mass required is
significantly less for hydrogen because of its higher energy den-
sity (33.3 kWh/kg) compared to 11.8 kWh/kg:

- Hydrogen: 440,427 kg
- Diesel: 1,236,560 kg
Hydrogen reduces fuel mass by approximately 64%. The

operational Benefit is that the ship’s draft can be decreased, and
cargo capacity can be increased with less fuel mass.

6.4.2. Fuel Price & OPEX Calculation: $5.00/kg (assumed)
for hydrogen.

- Density-adjusted diesel price: $1.20/kg
- Total cost of fuel is $2,202,135 for the Hydrogen and

$1,483,872 for the Diesel. Hydrogen OPEX is around 48%
greater, even though it requires significantly less fuel. As an
Economic Trade-off, the fuel-mass gain is negated by the present
price of hydrogen, resulting in a $718,263 increase in cost per
journey. Hydrogen costs 50% more per unit of energy than
diesel, based on these prices, As shown in Table 25.

Table 25: Final Comparison.

Source: Authors.

6.4.3. Strategic Implications.
For the short term, Hydrogen supports decarbonization ob-

jectives by lowering fuel weight and providing
environmental advantages. However, it raises operational

costs given the current gasoline prices. But for the long-Term,
Hydrogen OPEX may get better by expanded scale of hydro-
gen production or reduced costs for renewable energy sources.
By the Carbon levies or government subsidies for diesel and
improved infrastructure and technology for tanks.

As a final Takeaway, Hydrogen eliminates pollution and
drastically lowers the mass of fuel needed. However, the cost
of hydrogen fuel is now significantly greater than that of diesel,
which means that the fuel-related OPEX for this trip will in-
crease by about $718,263. This cost difference is anticipated to
close as hydrogen production increases and expenses decrease,
making hydrogen a more practical and affordable clean marine
fuel in the long run. By weight, hydrogen is a cleaner and more
efficient fuel, but it is more costly in the present market. Hydro-
gen fits with long-term sustainability goals for green ships like
the Viking Sealing, but it needs infrastructural support and cost
reductions to be OPEX-competitive with diesel.

6.5. Analysis of Minimum required number of packs of fuel
cells.

The primary outcome is the calculation of the minimum
number of fuel cell packs needed to meet the ship’s total power
demand of 23,595 kW. While the findings agree that 12 packs
of 2,000 kW rating were adequate to meet the demand, the
study addresses the rationale for choosing this specific pack
size among others. Fuel cell modules for marine applications
are commercially available in a range of sizes, from 500 kW to
more than 3,000 kW. Choosing the pack size affects several crit-
ical designs and operational factors, including system complex-
ity, weight distribution, redundancy, spatial layout, and ease of
maintenance.

The lower pack sizes, say 1,000 kW, would double the num-
ber of units required (i.e., from 12 to 24), resulting in higher
mass, more cabling, and space requirements. It would also
make installation and maintenance more difficult. Alternatively,
selecting higher packages (say 3,000 kW) would reduce the
number of units but would have drawbacks with lower market
availability, higher weight concentration, and reduced redun-
dancy.

By selecting 2,000 kW as the base pack size, the design is a
balance between technical achievability and practicability. The
size is compatible with standard marine hydrogen equipment
from major suppliers, and achieves compatibility with ship de-
sign, reduces system complexity, and offers a manageable num-
ber of packs to monitor and maintain. Thus, the 2,000-kW fuel
cell pack size is a well-justified choice that supports a scalable,
reliable, and operationally efficient hydrogen retrofit.

6.6. Analysis of total mass of the hydrogen ship and Modified
power Demand.

The weight gain of vessels following the transition from
diesel to hydrogen propulsion necessitates the adjustment of
power demand. Hydrogen hardware in the form of tanks, fuel
cells, inverters, and cooling system components contribute sig-
nificant weight, which directly affects the demand for propul-
sion power.

In maritime engineering, power demand is well- known to
rise with increasing ship size. The new power demand is hence
determined by replacing the new weight with original fuel-oil
and diesel ship weight of 23,595 kW. The result is a 5.55% rise
from 23,595 kW to 24,894.43 kW is a power required change.

This minor rise is an additional guarantee that hydrogen
retrofit is feasible without a radical alteration of the ship’s power
systems. It also ensures that the previously determined amount
of fuel cell packs (12 units with 2,000 kW each) remains suf-
ficient to address operational demands. The analysis identifies
the fact that while retrofitting contributes to increased system
mass, careful choice of equipment and accurate load modelling
allow for a predictable and controllable relocation of power de-
mand.

Conclusions.

This research initiative aimed to evaluate the viability and
prospects of green hydrogen as an alternative fuel in maritime
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settings, specifically focusing on its potential to replace tradi-
tional diesel engines used in ships. Through comprehensive
technical assessments, comparative studies, and scenario evalu-
ations, the investigation has demonstrated that green hydrogen
is a viable option for reducing carbon emissions in the shipping
sector.

The results show that vessels powered by green hydrogen
utilize considerably less energy and achieve superior engine ef-
ficiency when compared to diesel-powered ships. For example,
the hydrogen-fuelled Viking Sealing vessel was found to use
about 44% less energy for the same travel distance as a con-
ventional diesel vessel. Additionally, hydrogen fuel cells dis-
played engine efficiencies over 99%, exceeding the efficiencies
of diesel engines, which hover around 97%. Although hydro-
gen also proves competitive in gearbox efficiency and indicated
power, the overall ship weight increases due to the heavier hy-
drogen tank system.

From an environmental standpoint, hydrogen provides a no-
table benefit, as it releases only water vapor and eliminates
harmful emissions like CO?, NO?, and SO?. This positions
hydrogen as a crucial factor in achieving the International Mar-
itime Organization’s decarbonization objectives for 2030 and
2050. Operationally, while hydrogen necessitates advanced stor-
age technologies and increases the vessel’s weight, the reduced
fuel mass required, thanks to its greater energy density, com-
pensates for some of the energy penalties associated with the
added mass. From an economic perspective, the research ac-
knowledges that green hydrogen currently incurs a higher cost
per kilogram compared to marine diesel. For instance, the pro-
jected operating fuel costs for a hydrogen-powered journey were
found to be 48% greater than those for diesel, despite the lesser
amount of hydrogen required. However, it’s anticipated that this
cost difference will diminish with advancements in technology,
economies of scale, and increased global investment in renew-
able energy infrastructure. In due course, hydrogen is expected
to emerge as a cost-competitive and cleaner alternative.

Technological hurdles such as the integration of fuel cells,
hydrogen storage management, and the optimization of ship
designs for hydrogen propulsion remain significant challenges.
Nevertheless, the flexibility of hydrogen systems – encompass-
ing fuel cells and hybrid engines – illustrates the potential for
scalable applications. The comparative case study of the Bahla
VLCC and Viking Libra vessels highlights the technical feasi-
bility of retrofitting existing ships to hydrogen-based systems,
especially when outfitted with energy-saving features and en-
hanced performance strategies.

Moreover, the study aligns with broader strategic objec-
tives, including Oman Vision 2040 and the United Nations Sus-
tainable Development Goals (SDGs), particularly in domains
like clean energy, climate action, sustainable communities, and
innovation. This research reinforces the idea that green hydro-
gen is not only essential for environmental sustainability but
also represents an economic and technological opportunity for
nations like Oman, which aspire to establish themselves as fron-
trunners in clean energy generation and export.

To sum up, the future of energy in maritime contexts is
centred around clean, sustainable fuels, with green hydrogen

at the forefront. Although there are hurdles to overcome, the
advantages in terms of environmental sustainability, long-term
financial benefits, and international competitiveness are clear.
This study emphasizes the worldwide appeal for cleaner oceans
and underscores Oman’s preparedness to take a central role in
hydrogen-driven marine advancements.
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