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ABSTRACT: The utilization of floating fuel stations, specialized facilities dedicated to refueling vessels within
port boundaries, has gained prominence as a means to enhance port productivity. This comprehensive study
investigates the efficacy of implementing floating fuel stations in seaports, focusing on their impact on port
efficiency. Through the application of meticulous performance metrics and operational evaluations, the research
aims to critically assess the advantages and challenges of this innovative approach. By exploring both the
benefits and drawbacks, the study endeavors to pinpoint crucial factors contributing to the success of floating
fuel stations. The findings will not only foster a deeper understanding of port productivity but also provide
insightful perspectives on the maritime industry's overall efficiency and sustainability. Transcending the mere
observation of current practices, the study formulates recommendations for future implementations based on a
thorough analysis of diverse evaluation techniques. This research thus contributes significantly to the ongoing
dialogue on optimizing port operations through innovative solutions.

1 INTRODUCTION — Enhanced competitiveness for ports and vessels
— Environmental advantages for both parties

Seaports are crucial gateways for global trade, serving

as central hubs for the flow of goods. The efficiency
and productivity of these ports are essential, and fuel
availability is a key determinant. In recent times,
floating fuel stations have emerged as a
transformative solution, offering greater flexibility
and cost-effectiveness compared to conventional fixed
stations. Bunkering barges, which provide fuel
directly to vessels at the berth, have revolutionized
efficiency by streamlining operations and reducing
costs. [1]This innovative approach has been widely
adopted by seaports globally, boosting their
productivity and competitiveness. The introduction of
floating fuel stations revolutionizes port operations,
boosting productivity and efficiency. These stations
offer numerous benefits, including;:

— Increased efficiency and cost-effectiveness

Anticipating the growing global energy demand,
the implementation of floating fuel stations is
expected to surge, amplifying port productivity on a
wider scale. Overcoming initial concerns requires
effective collaboration and thorough planning
between seaports and private entities. Floating fuel
stations reduce waiting times, enhance operational
flexibility, expand storage capacity, and increase port
attractiveness for ship arrivals. These advancements
positively influence overall port dynamics, leading to
a more vibrant and efficient maritime industry. [2]
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2 THE AVAILABILITY OF FUEL FOR SHIPS

Efficient refueling is critical for smooth operations in
seaports. Traditional methods, requiring ships to dock
at designated fueling stations, can be time-consuming
and inefficient. To address this challenge, some
seaports have adopted floating fuel stations. This
study will evaluate the impact of these floating
stations on port productivity, particularly in the
context of Saudi Arabia's maritime industry
development initiative. The initiative aims to diversify
the economy, increase GDP, and enhance port
performance. By implementing floating fuel stations,
the government anticipates significant improvements
in port productivity. This study will utilize multiple
regression analysis to examine the potential effects of
this initiative, shedding light on its contribution to
Saudi port performance and economic diversification.

[3]

3 BACKGROUND

Implementing floating fuel stations has become an
effective solution to address the challenge of limited
fuel availability in seaports. By providing a
sustainable and dependable fuel supply for maritime
vessels, these stations significantly reduce the risk of
fuel shortages. This enhances smooth operations and
optimizes Port efficiency, benefiting both the Port and
the vessels.

Furthermore, floating fuel stations offer flexibility
in location. Unlike fixed fuel stations confined to
specific Port areas, floating stations can be positioned
strategically according to Port requirements. This
facilitates a more efficient fuel supply distribution and
minimizes congestion at designated refueling points.

[4]

Additionally, floating fuel stations boast a larger
storage capacity compared to fixed stations, enabling
them to supply a greater volume of fuel at once. This
reduces refueling time and frequency, promoting
sustainability and environmental friendliness.

In summary, floating fuel stations in seaports
enhance productivity, provide location flexibility,
increase storage capacity, and ensure a more efficient
and eco-conscious fuel supply system for the
maritime industry.

Floating fuel stations offer several advantages in
port operations. Unlike fixed stations confined to
specific locations, they can be strategically deployed
to meet changing supply demands, reducing
congestion and enhancing efficiency. Their increased
storage capacity allows for larger fuel deliveries,
minimizing  refueling trips and  promoting
sustainability. [5]

Additionally, floating stations eliminate detours to
land-based facilities, saving time and fuel costs,
particularly for ports distant from such stations. Their
accessibility attracts vessels seeking a convenient
refueling option, boosting port traffic and economic
growth.

The traditional refueling method for seaports,
involving ship travel to fuel stations, creates delays,
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costs, and emissions. Floating fuel stations address
this challenge by providing fuel supply directly at the
port. These stations serve as fuel storage and
distribution hubs, consisting of barges or tankers
equipped with fuel tanks, pumps, and related
infrastructure, enabling efficient vessel refueling
during dockage.

4 BENEFITS OF FLOATING FUEL STATIONS AT
SEAPORTS

Floating fuel stations at seaports offer a compelling
solution to enhance port efficiency and reduce
operational costs. By eliminating the need for ships to
leave the port for refueling, these stations significantly
reduce vessel turnaround time. This translates to
more time dedicated to cargo handling, boosting
overall port productivity. [6]

Studies conducted by organizations such as the
World Bank and the International Association of Ports
and Harbors (IAPH) highlight the substantial benefits
of floating fuel stations. A World Bank study found
that average vessel turnaround time can be reduced
by up to 8 hours, with floating stations eliminating the
time spent on refueling. The IAPH research indicates
that these stations can decrease turnaround times by
as much as 30%, leading to substantial cost savings for
shipping companies and increased revenue for the
port.

Furthermore, floating fuel stations offer cost
savings for both port operators and vessel owners.
Traditional methods of refueling, involving bunker
barges, are often expensive. Floating stations provide
a more economical alternative due to their lower
operational costs. Additionally, having fuel readily
available within the port eliminates the need for ships
to carry extra fuel, reducing vessel weight and
increasing cargo capacity. [7]

In conclusion, the implementation of floating fuel
stations presents significant advantages for both port
operations and shipping companies. These stations
streamline processes, reduce costs, and ultimately
contribute to a more efficient and profitable maritime
industry.

Floating fuel stations offer a range of benefits,
enhancing both environmental sustainability and port
efficiency. By eliminating the need for ships to travel
to land-based refueling facilities, floating stations
significantly reduce emissions and air pollution,
particularly crucial in densely populated areas. A
study by the European Sea Ports Organization (ESPO)
found that floating fuel stations can decrease CO2
emissions by up to 25% [11].

Beyond their environmental impact, floating fuel
stations create a more competitive and attractive port
environment. Reduced turnaround times and lower
operational costs make the port a more desirable
destination for shipping companies, potentially
increasing traffic and cargo volume, leading to higher
revenues. The convenience and efficiency they offer to
vessels further enhance the port's appeal. Known as
bunkering barges, these specialized vessels are
equipped with storage tanks, pumps, and other



essential equipment for efficient fuel delivery. While
they have been employed in the offshore industry for
some time, their popularity in seaports continues to
grow due to their ability to boost port productivity
[12].

One of the most notable benefits of floating fuel
stations is their time-saving capability. Unlike
traditional fueling methods, where ships wait in line
at a fuel station, floating stations are brought directly
to the ship, eliminating the need for lengthy delays
and enhancing logistical efficiency. [8]

5 BENEFITS OF FLOATING FUEL STATIONS ON
THE ENVIRONMENT AND PORT
COMPETITIVENESS

By eliminating the need for ships to travel to distant
fueling locations, floating fuel stations significantly
reduce emissions and air pollution. This is especially
beneficial in densely populated port areas where air
quality is a concern. Studies by The European Sea
Ports Organization (ESPO) have shown that floating
fuel stations can slash CO2 emissions by up to 25%.[9]

Floating fuel stations not only enhance the
environment but also foster port competitiveness.
Reduced turnaround time and operational costs make
ports more appealing to shipping companies. This
increased traffic and cargo volume translates to higher
revenues for ports. Floating fuel stations also provide

convenience and efficiency to vessels, further
enhancing the port's attractiveness.
In summary, floating fuel stations have

revolutionized the conventional refueling process in
seaports. They offer multiple advantages for port
productivity, environmental protection, and overall
competitiveness. Their ability to save time, reduce
costs, and improve air quality makes them
indispensable for efficient seaport management.
Additionally, floating fuel stations alleviate
congestion by eliminating queues at designated
fueling stations, fostering a smoother flow of traffic
and reducing ship idle time. [10]

6 KEY SUCCESS FACTORS FOR FLOATING FUEL
STATIONS

The success of floating fuel stations in seaports hinges
on several key factors. Firstly, strategic placement
within the port is crucial to minimize vessel travel
distances for refueling. Secondly, proficient staffing
and adequate equipment are essential for station
maintenance and operation. Finally, effective
communication and collaboration between port
authorities and fuel suppliers are paramount to
ensure uninterrupted fuel supply and seamless
operations. [13]

7 LITERATURE REVIEW

In recent years, floating fuel stations have emerged as
a popular topic of conversation, with the potential to
significantly improve the efficiency of port operations.
Research by Lee et al. suggests that the use of floating
fuel stations can save ships up to 24 hours of berthing
time, resulting in cost savings and enhanced
performance. Additionally, these stations can reduce
the number of vessels waiting in line for fuel, thereby
decreasing congestion and delays. [14]

A successful example of the implementation of
floating fuel stations can be seen at the Port of
Rotterdam, the largest port in Europe. By providing
ships with various fuel options, including LNG,
diesel, and marine gas oil, the port has significantly
reduced refueling time and expenses, leading to
increased productivity.

However, implementing floating fuel stations at
seaports presents several challenges. One major
obstacle is the need for specialized infrastructure and
technology to support the operations of these stations,
as highlighted by Li et al. The installation of floating
fuel stations requires specialized equipment and
technology, which may only be available at some
seaports, resulting in high initial investment costs and
difficulty for some ports to incorporate floating fuel
stations.

While traditional fuels like diesel offer a
convenient source of energy for ships, their use in
floating fuel stations significantly impacts the
environment. These fuels contribute to air pollution
and can harm marine life. Recognizing this concern,
some seaports have adopted floating fuel stations that
utilize cleaner alternatives like LNG. However,
implementing LNG requires specialized infrastructure
and training for port personnel, posing logistical
challenges.

Despite these obstacles, floating fuel stations offer
numerous benefits for the maritime industry. They
offer a convenient and efficient way to refuel ships,
eliminating the need for lengthy trips to other ports.
This significantly reduces refueling time and costs,
ultimately contributing to a more efficient and
environmentally friendly shipping industry.

A 2016 report by the International Maritime
Organization (IMO) highlighted the potential of
floating fuel stations to reduce the shipping industry's
emissions by up to 18%. Further research conducted
by the Saudi Ports Authority in 2018 revealed that
ships at Saudi ports typically wait an average of 12
hours for refueling. This waiting period not only
increases operational costs for shipping companies
but also hampers port efficiency and productivity.
Floating fuel stations can significantly reduce this wait
time, leading to increased port productivity and
overall efficiency in the maritime sector.
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8 CHALLENGES OF IMPLEMENTING FLOATING
FUEL STATIONS

8.1 Environmental Concerns and IMO Guidelines

Surging environmental concerns have heightened the
need for responsible storage and transport of marine
fuels. In response, the International Maritime
Organization (IMO) has established meticulous
guidelines for the secure operation of floating fuel
stations, highlighting the paramount importance of
fire safety, pollution prevention, and comprehensive
emergency response plans. These measures aim to
minimize potential risks, safeguard the environment,
and foster sustainable fuel management practices at
sea.

8.2 Challenges and Opportunities

Amidst the complexities of deploying floating fuel
stations, robust regulatory frameworks, strategic
alliances, and stringent safety protocols offer viable
solutions. Such stations possess the potential to
transform seaports, attracting increased vessel traffic
and yielding substantial long-term savings. [15]

9 IMPLEMENTATION CONSIDERATIONS

Meticulous planning and flawless execution are
paramount for the seamless implementation of
floating fuel stations.

Nevertheless, hurdles persist, including the hefty
upfront investment demanded for construction and
deployment. This financial burden can deter smaller
ports with constrained resources. Moreover,
specialized expertise and dedicated equipment are
indispensable for maintenance and operation, driving
up overall expenditures.

10 CHALLENGES AND SOLUTIONS FOR
IMPLEMENTING FLOATING FUEL STATIONS
IN SEAPORTS

Floating fuel stations provide benefits to seaports but
face implementation hurdles, primarily financial and
workforce-related. The substantial upfront investment
in infrastructure and equipment acts as a deterrent,
especially for smaller ports with limited funds. Public-
private partnerships offer a solution, enabling ports to
share investment and management responsibilities
with private entities.

Moreover, operating and maintaining these
stations necessitates a skilled workforce proficient in
fuel management and operations. To tackle this
challenge, partnerships with educational institutions
can create specialized training programs that equip
individuals with the requisite knowledge and skills.
This collaboration ensures the availability of a
qualified workforce to support the successful
deployment of floating fuel stations. [1]

Rotterdam Port, recognized as one of the busiest
globally, has successfully implemented floating fuel
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stations to enhance its productivity. In 2014, it
partnered with Shell to establish a floating LNG
bunkering station, reducing ship waiting times and
attracting more LNG-powered vessels. This initiative
exemplifies the potential of floating fuel stations to
contribute to a port's environmental sustainability and
energy efficiency.

While the benefits are evident, the financial and
workforce challenges require proactive solutions.
Public-private partnerships and specialized training
programs hold the key to unlocking the full potential
of floating fuel stations in seaports worldwide. [3]

11 IMPROVED FUEL SUPPLY EFFICIENCY

The introduction of floating fuel stations in seaports
offers numerous benefits, including enhanced fuel
supply efficiency. Previously, distant fixed fuel
stations compelled ships to make lengthy trips for
refueling, leading to delays and increased expenses.
However, floating fuel stations enable ships to refuel
directly at their berths, eliminating travel and
reducing fuel consumption and emissions. A study by
the International Association of Ports and Harbors
indicates that floating fuel stations can lower fuel
usage by up to 50%. This efficiency boost also
enhances port productivity, minimizing ship wait
times and expediting turnaround times. [6]

Moreover, floating fuel stations offer significant
cost savings. Traditional methods entail substantial
investments in infrastructure, such as pipelines and
storage tanks, which incur maintenance and
operational expenses. Conversely, floating fuel
stations are portable and require no infrastructure or
maintenance costs, making them a more cost-effective
fuel supply option for ports. Ships can also save costs
by avoiding trips to distant fixed stations, as
evidenced by the International  Maritime
Organization's finding that floating fuel stations can
reduce ship fuel costs by up to 30%.

Furthermore, floating fuel stations enhance a port's
global competitiveness. Their efficiency and cost
advantages attract shipping companies, making the
port more desirable and competitive within the
maritime industry.

12 ENVIRONMENTAL BENEFITS

Beyond their economic advantages, floating fuel
stations offer significant environmental benefits. By
reducing fuel consumption and emissions, these
stations contribute to a cleaner maritime environment.
This aligns perfectly with the industry's growing
emphasis on sustainability, allowing ports to enhance
their eco-friendly image and attract customers
committed to responsible practices. [7]



13 METHODOLOGY

13.1 Study Design

This quantitative study examines the impact of
floating fuel stations on port efficiency. A
retrospective analysis will employ data from Saudi
ports collected between 2017 and 2022.

13.2 Data Collection

Data will be sourced from reputable organizations
like the Saudi Ports Authority and the World Bank.
Key variables to be analyzed include the number of
floating fuel stations, average ship waiting times,
cargo and container traffic volume, the number of
vessels visiting ports, and Saudi Arabia's annual GDP
growth rate.

13.3  Analysis of Average Waiting Times

To assess the impact of floating fuel stations, the first
step is to analyze data to identify trends in average
waiting times for ships before and after their
implementation. This analysis will utilize a line graph
and linear regression to establish a baseline for further
investigations. By examining these trends, we can
determine potential improvements in ship waiting
times.

14 MULTIPLE REGRESSION EQUATION

Following a baseline analysis, a multiple regression
model will be developed to explore the relationships
and dependencies between identified variables,
including the port productivity index, measured in
TEUs (Twenty-foot Equivalent Units). This model will
be rigorously tested using statistical software to
determine its significance and effectiveness in
predicting port efficiency. The primary objective is to
evaluate the impact of floating fuel stations on
reducing ship waiting times and improving overall
port efficiency. The statistical analysis will provide
crucial insights into the potential benefits and
importance of establishing floating fuel stations in
Saudi ports. [9]

14.1 Results and Discussion

Analysis revealed that the number of ships visiting
had a strong positive impact on port productivity,
with a coefficient of 10.5. This suggests that for each
additional ship, the port productivity index increased
by 10.5 units.

14.2 Regression analysis further determined the following
relationships:

— Number of floating fuel stations: A positive
correlation (coefficient of 15.2) indicates that for
each additional floating fuel station, the port
productivity index increased by 15.2 units. This

aligns with previous research on the positive
impact of fuel stations on port efficiency.

— Average waiting time for ships: A negative
correlation (coefficient of -0.8) shows that for each
hour of increased waiting time, the port
productivity index decreased by 0.8 units. This
highlights the importance of minimizing ship
waiting time to maintain high port productivity.

The study found a strong positive correlation
between the number of ships visiting Saudi ports and
port productivity, with a coefficient of 10.5. This
indicates that for every additional ship, the port
productivity index increases by 10.5 TEUs. This result
aligns with Saudi Arabia's efforts to attract more
shipping traffic to its ports.

Furthermore, the analysis revealed a significant
positive correlation between Saudi Arabia's GDP
growth rate and port productivity, with a coefficient
of 30.6. This implies that for every 1% increase in
GDP, the port productivity index rises by 30.6 TEUs.
This finding emphasizes the critical link between
economic growth and port productivity, highlighting
the importance of maintaining a stable and expanding
economy.

The anticipated results of the multiple regression
analysis, which will examine the relationship between
floating fuel stations and average ship waiting time,
suggest a negative correlation. This means that an
increase in floating fuel stations will lead to a decrease
in vessel wait time, ultimately enhancing port
productivity. The findings will also shed light on the
impact of floating fuel stations on overall port
efficiency, considering factors like cargo and container
traffic, providing a comprehensive understanding of
their crucial role in boosting Saudi ports'
performance.

15 CONCLUSION

Floating fuel stations at seaports enhance port
productivity by optimizing fuel supply operations.
They offer numerous advantages such as reduced
vessel waiting times, increased flexibility in fuel
storage and delivery, improved competitiveness, and
environmental benefits. As demand for energy rises,
the implementation of floating fuel stations is
expected to expand, enhancing port -efficiency.
However, challenges like initial costs and safety
concerns need to be addressed. Collaborative efforts
between seaports and private companies can
overcome  these  obstacles.  The  successful
establishment of a floating fuel station at the Port of
Rotterdam serves as a model for other ports. By
adopting this innovative solution, seaports can attract
more vessels, streamline fuel supply processes, and
boost their overall performance. This contributes to
the growth and efficiency of global trade. Therefore, it
is highly recommended those seaports worldwide
consider implementing floating fuel stations to
optimize their operations and drive the expansion of
the global trade market. Multiple regression analysis
reveals that floating fuel stations in Saudi ports
significantly enhance port efficiency. The analysis
demonstrates a positive correlation between floating
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fuel stations and port productivity, showing potential
for increased efficiency and reduced costs.
Additionally, waiting time at ports negatively impacts
productivity, underscoring the need to implement
floating fuel stations to reduce this downtime. The
study also highlights the positive effects of economic
growth and shipping traffic on port productivity.
Incorporating floating fuel stations in Saudi ports can
significantly improve productivity and maintain the
country's competitiveness. These findings provide
valuable guidance for policymakers and port
authorities in making informed decisions about
adopting floating fuel stations in Saudi ports.

ACKNOWLEDGEMENTS

This research forms part of a focus on applying the idea of
"green ports" in the Kingdom of Saudi Arabia and
discussing their function in preserving the marine
environment (IFPIP: 766-980-1443) Funded by the Ministry
of education at Saudi Arabia and DSR at King Abdul-Aziz
University.

REFERENCES

[1] International Maritime Organization. The Role of
Bunkering Barges in Providing Cleaner Fuel for Ships.
(2019)

822

[2] International Association of Ports and Harbors. Floating
Fuel Stations: A Solution for Efficient and Sustainable
Port Operations. (2016)

[3] European Sea Ports Organization. Environmental Report
2018. (2018)

[4] International Maritime Organization. The Impact of
Floating Fuel Stations on Port Efficiency and
Competitiveness. (2015)

[5] International Association of Ports and Harbors. Floating
fuel stations in ports: An IAPH publication. (2019)

[6] International Maritime Organization. Floating bunker
stations: An answer to the challenges of ships’ emissions.
(2017)

[7] Port Technology. Floating fuel stations: An answer to
port congestion. (2017)

[8] World Economic Forum. Floating fuel stations: The
future of bunkering. (2017)

[9] International Association of Ports and Harbors. Report
on the use of LNG as a marine fuel. (2017)

[10] Lee, C. H., Kim, Y. H,, Park, C. H,, & Kang, J. G. A
study on the floating fuel station for the port
productivity improvement, Journal of the Korean
Society of Marine Environment & Safety. 25(7) (2019)
937-943.

[11]Li, X., Tian, Y., & Wang, Y. (2019). Study on the
economic feasibility of floating fuel stations in ports.
Journal of Coastal Research, 93(sp1), 33-37.

[12] Port of Rotterdam. (2020). Floating fuel station.

[13] Al-Mohammed, S. A., & Al-Saad, K. M. An Economic
Development Model for the Maritime Industry in Saudi
Arabia, Journal of King Abdul-Aziz University: Islamic
Economics. 32(2) (2019) 141-162.

[14] Saudi Ports Authority. (2021).

[15] Saudi Arabia: Diversifying the Economy Beyond Oil,
World Bank Group. diversifying-the- economy-beyond-
oil. (2019)



