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ABSTRACT

Hydrogen transcends its traditional perception as a standalone green energy source,
assuming a pivotal role in elevating the efficiency of green energy production. Rather
than serving as a primary means of energy generation, hydrogen emerges as a powerful
agent for optimizing the energy production process. Its synergistic integration with fuel
cell technology presents a compelling avenue for capturing and storing surplus energy,
effectively tapping into otherwise unrealized potential energy resources. This paradigm
shift from energy generation to energy optimization underscores the transformative
impact of hydrogen in advancing the frontiers of sustainable energy research and
development. The present article delves into the profound implications of harnessing
hydrogen for the dual purpose of energy storage and production, elucidating its
transformative potential in mitigating carbon emissions linked to both onshore and
offshore operations. By embracing hydrogen as a dynamic element within the energy
landscape, novel pathways emerge to revolutionize the reduction of carbon footprints,
pushing the boundaries of sustainable practices and redefining the frontiers of energy
efficiency in onshore and offshore domains.

Keywords: fuel cells, polymer membrane (proton-exchange membrane), energy storage,
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INTRODUCTION

The electrical system plays a vital role in powering our modern world. It encompasses
the generation, transmission, and consumption of electricity. Power plants, both
conventional and renewable, generate electricity to meet the growing demand of
consumers. However, an inherent challenge lies in efficiently managing excess power
that is not immediately utilized.

In recent months, Europe witnessed a peculiar phenomenon of negative electricity prices,
wherein consumers were paid to consume excess electricity, a phenomenon linked to
green passes. This abnormality is on the rise in Germany with an increasing number of
renewable sources feeding into the grid. Negative power prices arise when there is more
supply than demand for electricity. This can happen when there is too much wind or solar
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power on the grid and not enough demand for it. When this happens, the price of
electricity can go negative, meaning that producers are paying consumers to take their
electricity. [1] This surplus power, if not stored effectively, goes to waste, highlighting
the need for efficient energy storage solutions. Therefore, we can separate the subject
matter into two different categories:

1. The main problem we have with excess energy and why it happens;

2. The solution we are presenting to this very problem.

1. Electric System Overview and the Problem of Excess Power

The electric system operates by generating power from various sources such as fossil
fuels, nuclear energy, and renewable resources like solar and wind. This generated power
is then transmitted through a grid infrastructure to consumers, including residential,
commercial, and industrial sectors. However, the demand for electricity fluctuates
throughout the day, resulting in instances of excess power production. For the sake of
ensuring a good, constant flow of electricity to all consumers, the producers must always
generate more energy than is actively consumed for a simple reason. If a set amount of
kWh is being consumed at a given moment, the grid must be able to support a higher load,
like, for example, 2000 people start charging their phones or 3 production facilities start
operating at the same time. Negative electricity prices, observed in Europe recently, are
a consequence of surplus energy that needs to be stored efficiently, and of green passes.
The actual reason why the price was negative was thanks to the fact that those producers
earned green passes from the EU for selling green energy, which had an intrinsic value
higher than the money that got paid out to those consumers. Therefore, they made more
money this way.

2. Hydrogen Production as an Efficient Energy Storage Method

When it comes to storing excess energy, hydrogen production via electrolysis offers a
promising solution. [2] Unlike traditional battery-based storage systems, hydrogen has
significant advantages.

Firstly, hydrogen has a higher energy density compared to conventional batteries. This
means that a smaller volume of hydrogen can store a larger amount of energy, enabling
more efficient storage capabilities. Additionally, hydrogen systems have a longer lifespan
and can withstand a greater number of charge-discharge cycles compared to lithium-ion
batteries.

Furthermore, hydrogen systems have a lower weight-to-energy ratio, making them more
suitable for applications where weight is a concern. For instance, hydrogen can be utilized
in transportation systems, such as fuel cell vehicles, where minimizing weight is crucial
for efficiency. In contrast, the weight of large-scale battery storage systems can pose
logistical challenges.

Therefore, here lies the entire key idea behind hydrogen: Hydrogen is not an energy
resource that we should produce with power that can directly be used by any consumer,
rather it is a resource obtained with excess energy, that would otherwise be wasted, or
stored inside batteries. This conclusion is logical once we analyse the principle of
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produced and consumed power. At national level, electric energy producers can operate
if and only if they are allowed by the national energy operator to do so.

Considering the new laws and regulation in force, nuclear energy always has priority,
second to it being all green energy producers. In third place we have all the convenient,
CO2 producing methods. If all the energy that is required to power the entire nation is
generable using nuclear and green energy sources, then no fossil fuel, coal or gas-based
energy producers will be used. Now, in any national power grid system, the produced
electric power must be equal to the consumed electric power, or so it should be ideally.
Variations always happen, but incorporating the technology that makes the object of this
paper would help stabilise those imbalances. If excess energy is being produced and
delivered to all consumers, then the consumed power will increase above the nominal
value of certain electronic devices. If this delta of value is too big, then the system might
find itself with high excess amounts of current passing through certain conductors that
are protected with overcurrent protection fuses.

To illustrate the magnitude of such a problem, let’s consider that during a certain day, the
wind is blowing far above what is a high value. In such a case, generating significant
amounts of energy using wind turbines makes sense, even at the national level. The
problem can arrive when a significant amount of power consumed on national level is
being generated by wind energy. If the excess power gets above acceptable limits, the
fuses will block the flow of current, generating a mass electric blackout. Logically,
another problematic scenario can appear when energy production is far lower than what
is demanded by the consumers. If high amounts of energy are required in a short amount
of time, hydrogen-based fuel cells can offer the necessary energy in that time once the
request has been received. Therefore, we have established why it would be more efficient
to produce excess energy from potential energy, but what we must still cover is a
comparison between batteries and hydrogen efficiency in terms of storing energy and
generating electric power. The comparison between these two is explicitly analysed in
chapter 4, but before we get there we should present two more things:

e How do we produce the hydrogen that we need. (Covered in chapter 2)
e The structure and working principle of a Fuel Cell. (Covered in chapter 3)

3. Methods of producing the hydrogen required for the operation of fuel cells

Currently, the fossil fuel required to power diesel engine-based generators is transported
over long distances from refineries to offshore platforms through various means,
including maritime transport, subsea pipelines, or supply vessels. Traditional methods of
delivering fuel to offshore platforms have certain aspects that can be considered
environmentally and health hazardous (risk of marine environment contamination,
greenhouse gas emissions, transportation-associated risks, etc.).

A unique benefit brought by the technology we propose is the ability to produce the
necessary fuel through a series of methods that have so far seemed scientifically feasible.
By doing so, we can effectively reduce the risks of marine environment contamination
and greenhouse gas emissions to zero.
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OUR ZERO-WASTE SOLUTION: UTILIZING PROCESS WATER FROM OIL
REFINING

In general, it is estimated that for every barrel (approximately 159 litters) of processed
oil, about 3-4 barrels (approximately 477-636 litters) of wastewater are generated in the
refining process. This can include water used in various stages of the refining process,
such as separation, desulfurization, cracking, hydro processing, and others.

To provide a general estimate, large refineries can process an average of 100,000 to
500,000 barrels of oil per day. Some giant refineries, such as those in Saudi Arabia, can
even reach capacities of over 1 million barrels per day.

Smaller refineries can have processing capacities ranging from approximately 1,000 to
50,000 barrels per day.

The wastewater from refineries goes to an oil product separator that removes sludge, and
then it is engaged in a floating-capacity separator, culminating in the separation of water
from the petroleum product and the evaporation of volatile organic compounds through
the smokestacks. The remaining water is sent to treatment plants, where it undergoes a
mechanical step that separates suspended matter. Subsequently, hydrocarbons enter the
secondary step, and after separating the sludge from the water, we are left with process
water. Some of this water is discharged into the outfall. The European Union recommends
avoiding the discharge of large quantities of water into the outfall because, being warm
waters, they cause eutrophication processes in the outfall.

Eutrophication refers to the excessive growth of nutrients in an aquatic environment, such
as an outfall from a refinery. This can occur when nutrients, such as nitrogen and
phosphorus, enter the water in large quantities, usually from sources such as wastewater,
agricultural runoff, or industrial emissions. [3]

The excessive growth of nutrients leads to an excessive proliferation of algae and other
aquatic organisms, especially those that feed on these algae. During this process, algae
consume oxygen from the water, leading to imbalanced population growth and decreased
dissolved oxygen concentration, which can negatively affect aquatic fauna and flora.

Eutrophication of the water in a refinery's outfall can result from the discharge of treated
wastewater or the leakage of chemicals and nutrients from refining processes. To prevent
eutrophication, it is important for refineries to adopt appropriate wastewater treatment
practices and chemical management technologies to minimize the impact on the aquatic
environment. One such method could be the use of process water in green hydrogen
production.

Mathematical analysis

Generally, it is estimated that for each barrel (approximately 159 litters) of processed oil
in both offshore and onshore operations, approximately 3-4 barrels (approximately 477-
636 litters) of wastewater are generated during the refining process. This wastewater
includes water used in various stages of refining, such as separation, desulfurization,
cracking, hydro treating, and others.

When considering the scale of oil production, large refineries in both offshore and
onshore operations can process an average of 100,000 to 500,000 barrels of oil per day.
Some examples of giant refineries include the Ras Tanura Refinery in Saudi Arabia,
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which can process over 1 million barrels per day, and the Jamnagar Refinery in India,
with a capacity of approximately 1.24 million barrels per day. On the other hand, small-
capacity refineries involved in offshore and onshore operations typically have a
processing capacity of approximately 1,000 to 50,000 barrels per day. For instance, the
ExxonMobil Baytown Refinery in the USA has a refining capacity of around 560,000
barrels per day.

Assuming an average of 3.5 barrels of wastewater generated per barrel of processed oil,
let's consider a medium-scale production of 50,000 barrels per day. This would result in
a surplus of at least 175,000 barrels of wastewater for both offshore and onshore
operations.

To estimate the quantity of hydrogen that can be obtained from this wastewater, we can
use the following formula:

Quantity of hydrogen (in grams) = Quantity of water (in litters) x 1000 (to convert litters
to grams) x (2/18) (to account for the hydrogen ratio in water)

For our case, let's assume a quantity of water equal to 27,825,000 litters. Applying the
formula, we get:

Quantity of hydrogen = 27,825,000 x 1000 x (2/18) = 3,091,250 grams (or 3,091.25 kg)

Therefore, from 27,825,000 litters of water generated during offshore and onshore
operations, approximately 3,091.25 kg of hydrogen can be obtained.

Considering that the energy content of hydrogen is approximately 33.6 kWh/kg, we can
estimate the amount of electrical energy that can be produced. To do this, we'll use the
following formula:

Electric energy (in kWh) = Quantity of hydrogen (in kg) x Energy content of hydrogen
(in kWh/kg) x Fuel cell efficiency

Assuming a fuel cell efficiency of 50%, the electric energy generated can be
approximated as:

Electric energy ~ 3,091.25 kg x 33.6 kWh/kg % 0.5 = approximately 51,943 kWh

Hence, approximately 3,091.25 kg of hydrogen obtained from 27,825,000 litters of water
generated during offshore and onshore operations could produce approximately 51,943
kWh of electrical energy using a fuel cell efficiency of 50%.

The electricity consumption of both offshore and onshore oil operations can vary
depending on the size and specific activities of the facilities. A large oil platform, for
instance, can consume an average of 1 to 5 megawatts of electrical energy. Some
examples include the Troll A Platform in the North Sea, which has an installed power
capacity of approximately 100 MW (100,000 kW), and the Thunder Horse Oil Platform
in the Gulf of Mexico, with an electrical power demand ranging from 20 to 25 MW
(20,000 to 25,000 kW).

Considering a 24-hour day, the electricity consumption of oil platforms can range from
approximately 24 to 120 megawatts per day, which is equivalent to approximately 24,000
to 120,000 kilowatt-hours (kwWh) per day.
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With a fuel cell efficiency of 50% and utilizing the wastewater generated from a medium-
scale refined oil production of 50,000 barrels per day, an estimated 51,943 kWh of
environmentally benign electrical energy can be derived.

4. Structure and working principle of a Hydrogen-Based Fuel Cell

The main constituents of a fuel cell are illustrated in Figure 1. As far as its working
principle is concerned, that can be separated into the next steps [4], which are best
observed in Figure 2:

1) Hydrogen is supplied to the anode.

2) Oxygen is supplied to the cathode.

3) Hydrogen is dissociated into hydrogen ions (H+) and electrons (e-).

4) The ions are transported to the cathode through the electrolyte, creating an ionic
electric current.

5) Oxygen molecules are dissociated into oxygen ions (O2-) when they come into
contact with free electrons.

6) Hydrogen ions are transported through the electrolyte (central membrane) and
combine with oxygen ions to generate water (H20).
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Figure 1. Detailed structure of a hydrogen-based fuel cell, where the oxidant is oxygen.
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Figure 2. Simplified structure of a hydrogen-based fuel cell.

Additionally, to operate a fuel cell at its maximum capacity and efficiency, a continuous
supply system for air and H2 is required. During operation, the fuel cell stack generates
heat that needs to be dissipated. Figure 3 illustrates the circuit commonly encountered
when it comes to the fuel cell stack’s supply and cooling system. However, at a petroleum
station, it is possible for the excess heat to be collected for various purposes in other
locations. Therefore, the following components are needed:

- Compressor or fan to supply air to the cathode;

- Cooling circuit;

- Separator for removing water from the exhaust gases;
- Control system;

- Fuel supply system.
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Figure 3. The entire supply and cooling circuit of a fuel cell stack.
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5. Comparison of technical data between a hydrogen-based power supply system
and a purely electric system.

In this section we will present a brief technical analysis between a power supply system
derived from the use of fuel cells (FCs) and another system exclusively derived from
photovoltaic parks/marine wind parks.

It is irrelevant to perform a technical analysis between a power supply system based on
diesel-powered engines, as this system is far behind the subject of the present discussion.
We aim to present feasible methods of implementation for Off-Shore platforms as well
as On-Shore drilling sites that are sustainable, efficient, and environmentally friendly.

The analysis between the two can be approached as follows: If | want to power an Off-
Shore oil platform/On-Shore refinery/On-Shore extraction site with a certain amount X
of energy, how much space will it occupy and how heavy will all the components be?

The calculations we are about to present are based on the following assumption:

e The wind blows on average for around 10-12 hours per day, considering an annual
average.

Based on this assumption, it means that the energy that a wind park should produce in
one hour increases by 200% - 240% compared to what is consumed in the same hour by
the platform. Obviously, the platform uses 100% of this energy, leaving a surplus of 100%
- 140% of energy that needs to be stored in a battery rack, which will be subsequently
used to power the station during periods when there is no wind.

For the sake of calculation simplicity, let's consider that the unit we want to power uses
approximately 5 MWh.

To estimate the weight and volume required for generating 5 MWh of power using the
two methods we mentioned, we need to make several assumptions about the specific
characteristics of the battery and hydrogen fuel cell systems.

For the battery storage method, assuming a battery system with a specific energy of 200
Wh/kg and a specific power of 200 W/kg, the weight and volume required would be:

Weight of battery required = Total energy required / Specific energy
Weight of battery required = 5,000,000 Wh / 200 Wh/kg

Weight of battery required = 25,000 kg

Volume of battery required = Weight of battery required / Specific volume
Assuming a specific volume of 1 L per kg of battery, we get:

Volume of battery required = 25,000 kg / 1 L/kg

Volume of battery required = 25,000 L

For the hydrogen fuel cell method, assuming a hydrogen fuel cell system with a specific
energy of 1.5 kWh/kg and a specific power of 1.5 kW/kg, the weight and volume required
would be:

Weight of fuel cell system required = Total energy required / Specific energy
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Weight of fuel cell system required = 5,000,000 Wh / 1.5 kWh/kg
Weight of fuel cell system required = 3,333 kg

Volume of fuel cell system required = Weight of fuel cell system required / Specific
volume

Assuming a specific volume of 1.5 L per kg of fuel cell system, we get:
Volume of fuel cell system required = 3,333 kg / 1.5 L/kg
Volume of fuel cell system required = 2,222 L

Therefore, for generating 5 MWh of power, the battery storage method would require a
weight of approximately 25,000 kg and a volume of approximately 25,000 L, while the
hydrogen fuel cell method would require a weight of approximately 3,333 kg and a
volume of approximately 2,222 L. Again, it should be noted that these estimates are based
on several assumptions and may vary depending on the specific characteristics of the
battery and fuel cell systems used.

Moreover, the ability to continuously produce hydrogen during periods of excess energy
sets it apart from battery systems. Batteries have a limited capacity, and once fully
charged, they cannot store any additional energy. In contrast, hydrogen production can be
sustained if there is excess power available. This flexibility allows for effective utilization
of surplus energy and the creation of a sustainable energy ecosystem.

Regarding the prospects of lithium availability and prices, it is important to note that the
lithium-ion battery market has witnessed substantial growth in recent years. However, the
availability and pricing of lithium can be influenced by various factors, including mining
operations, geopolitical considerations, and technological advancements. Continuous
research and development in battery technology will be crucial in optimizing their cost
and availability.

6. Practical applications of our idea in the present
This chapter will focus on three main subject matters:
e Onshore oil operations
o Offshore oil operations

¢ Oil refining operations

6.1. Onshore Oil Operations

The energy landscape is undergoing a transformative shift, driven by the urgent need for
sustainable solutions to address the challenges of climate change and environmental
degradation. Within the domain of onshore oil operations, the conventional methods of
energy generation face limitations in terms of environmental impact, reliability, and
operational efficiency. This necessitates the exploration of alternative energy sources,
such as hydrogen fuel cells, which hold tremendous potential to revolutionize the way
energy is generated and utilized in onshore oil operations.
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This comprehensive list aims to critically examine and compare the existing energy-
generating methods employed in onshore oil operations, highlighting their drawbacks and
limitations. In parallel, it explores how these challenges can be overcome by harnessing
the immense advantages offered by hydrogen fuel cells as a sustainable energy solution.

a) Grid Connection: Onshore oil operations often rely on the existing electrical grid
infrastructure provided by local utility companies. They connect to the grid and receive
electricity from power plants or distribution networks.

Disadvantage: Onshore oil operations that rely on grid connections are vulnerable to grid
failures, which can result in power outages and disruptions to critical operations. The
existing electrical grid infrastructure may experience faults, voltage fluctuations, or
blackouts due to factors such as natural disasters, equipment failures, or grid congestion.

Hydrogen Fuel Cell Solution: Hydrogen fuel cells can serve as an alternative or backup
energy source, providing a reliable and independent power supply for onshore oil
operations. Fuel cells can be integrated into the facility's electrical system, ensuring
continuous power even during grid outages. Their high energy density and fast response
times make them suitable for meeting the dynamic power demands of oil operations.
Additionally, hydrogen can be stored in tanks on-site, providing a long-duration backup
power solution. Moreover, onshore drilling sites are often situated in remote areas with
limited access to electrical infrastructure. Hydrogen fuel cells can provide clean and
reliable power for drilling equipment, lighting, communication systems, and other
essential operations without the need for extensive grid connections.

b) Onsite Power Generation: Onshore facilities may have their own power generation
systems to ensure a reliable electricity supply. These can include diesel generators, natural
gas turbines, or even renewable energy sources like solar panels or wind turbines.

Disadvantage: Traditional onsite power generation methods, such as diesel generators,
have several drawbacks. They rely on fossil fuels, contributing to greenhouse gas
emissions, air pollution, and climate change. Moreover, they require regular fuel
deliveries and maintenance, increasing operational costs and logistical challenges.

Hydrogen Fuel Cell Solution: Hydrogen fuel cells offer a sustainable alternative to onsite
power generation in onshore oil operations. As electrochemical devices, fuel cells convert
the chemical energy of hydrogen into electricity, with only water vapor and heat as by-
products. This enables a significant reduction in greenhouse gas emissions and air
pollutants. Additionally, hydrogen can be produced from renewable energy sources,
ensuring a clean energy cycle. By transitioning to hydrogen fuel cells, onshore oil
operations can improve their environmental performance and reduce dependence on fossil
fuels.

c) Co-generation: Some onshore oil operations use co-generation, also known as
combined heat and power (CHP), where electricity is generated on-site along with the
production of heat or steam. This process utilizes waste heat that is a by-product of power
generation, increasing overall energy efficiency.

Disadvantage: While co-generation systems increase overall energy efficiency by
utilizing waste heat, they often rely on fossil fuels such as natural gas or coal, contributing
to greenhouse gas emissions and air pollution.
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Improvement with Hydrogen Fuel Cells: Hydrogen fuel cells can serve as an alternative
to fossil fuel-based co-generation systems. By replacing the combustion of fossil fuels
with hydrogen, fuel cells can generate electricity with zero emissions and negligible air
pollutants. The waste heat produced by hydrogen fuel cells can still be utilized for heat
or steam generation, improving overall energy efficiency without the environmental
drawbacks associated with fossil fuel-based co-generation.

d) Battery Storage: Onshore facilities may employ battery storage systems to store
excess electricity during low demand periods or when renewable energy sources are
generating more power than required. These batteries can be discharged when electricity
demand increases or during power outages.

Disadvantage: Battery storage systems used in onshore facilities have limitations in terms
of energy capacity and duration. They may not be able to store large amounts of excess
electricity for extended periods, limiting their effectiveness as backup power sources.

Improvement with Hydrogen Fuel Cells: Hydrogen fuel cells can offer a solution to
overcome the limitations of battery storage. Hydrogen fuel cell systems can store larger
amounts of energy compared to batteries, allowing for long-duration backup power
supply. Hydrogen can be stored in tanks and readily converted into electricity as needed,
providing a reliable and extended backup energy source for onshore facilities. This
ensures a continuous power supply during prolonged outages or periods of high demand.

6.2. Offshore Oil Operations

Offshore oil operations face unique challenges in terms of energy generation, storage, and
reliability. Conventional methods, such as gas turbines, diesel generators, and energy
storage systems, have inherent limitations that hinder sustainability and operational
efficiency. This comprehensive list aims to shed light on the disadvantages of existing
energy-generating methods employed in offshore oil operations and explores how
hydrogen fuel cells can overcome these limitations, offering a paradigm shift in offshore
energy solutions.

a) Floating Production Systems: In offshore operations, floating production systems
such as floating production, storage, and offloading (FPSO) vessels are commonly used.
These vessels have their own power generation facilities, typically consisting of gas
turbines or diesel generators, to meet their electricity requirements.

Disadvantage: Floating production systems, such as FPSOs, commonly rely on
conventional power generation technologies like gas turbines or diesel generators. These
systems emit greenhouse gases, contribute to air pollution, and are subject to fuel supply
and storage challenges.

Hydrogen Fuel Cell Solution: Integrating hydrogen fuel cell systems into floating
production systems offers numerous advantages. Hydrogen fuel cells can replace or
supplement conventional power sources, providing clean and efficient electricity
generation. The use of hydrogen fuel cells eliminates greenhouse gas emissions and
reduces air pollutants, making offshore operations more environmentally friendly.
Hydrogen can be stored on the FPSO, ensuring a reliable and continuous power supply,
even in remote or offshore locations. Moreover, the compact and lightweight nature of
fuel cell systems makes them suitable for installation on floating platforms.
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b) Subsea Cables: Offshore facilities may be connected to the mainland or nearby power
sources through subsea cables. These cables transmit electricity from the onshore power
grid to the offshore platforms or vessels.

Disadvantage: Subsea cables are susceptible to damage from various factors, including
natural disasters, anchor dragging, fishing activities, or other marine operations. Such
incidents can lead to cable faults, resulting in power interruptions and downtime for
offshore facilities.

Hydrogen Fuel Cell Solution: Offshore facilities can incorporate hydrogen fuel cell
systems as backup power sources to mitigate the risks associated with subsea cable
failures. Fuel cell systems can be deployed on the offshore platform or vessel, providing
an independent and reliable power supply during cable outages or repairs. Hydrogen fuel
cells offer quick start-up times, high energy efficiency, and long-duration operation,
ensuring uninterrupted operations and minimizing the financial and operational impacts
of subsea cable disruptions.

c) Offshore Power Generation: In some cases, offshore operations have dedicated
power generation systems installed on fixed platforms or offshore wind farms. These
systems can include gas turbines, wind turbines, or solar panels to generate electricity for
the facility.

Disadvantage: Traditional offshore power generation systems, such as gas turbines or
wind turbines, have limitations. Gas turbines emit greenhouse gases, contributing to
climate change and air pollution. Wind turbines depend on wind availability and can be
subject to intermittency, affecting their power output reliability.

Hydrogen Fuel Cell Solution: Hydrogen fuel cells offer a viable solution for offshore
power generation in oil operations. Hydrogen fuel cells can be integrated into offshore
platforms or deployed in the form of floating or fixed offshore hydrogen fuel cell power
plants. By utilizing hydrogen as a fuel source, fuel cells produce electricity through an
electrochemical process without any greenhouse gas emissions or air pollutants. This
enables offshore operations to significantly reduce their carbon footprint and
environmental impact.

Hydrogen fuel cells provide a steady and reliable power supply, addressing the
intermittency issues associated with renewable energy sources like wind turbines. Unlike
wind-dependent power generation, fuel cells can operate consistently regardless of
weather conditions, ensuring a stable electricity supply for critical offshore operations.
Furthermore, the compact and lightweight nature of hydrogen fuel cell systems makes
them suitable for offshore applications.

Fuel cell systems can be designed to withstand harsh offshore environments, including
saltwater corrosion and vibrations. They can be easily installed on offshore platforms or
vessels, providing a decentralized and independent power generation solution. To
enhance the overall energy resilience, hydrogen fuel cells can be combined with energy
storage technologies such as hydrogen tanks or batteries. Excess electricity generated by
fuel cells can be stored in hydrogen form or batteries during periods of low demand. This
stored energy can then be utilized during peak demand periods or when fuel cell operation
is temporarily interrupted, ensuring a continuous and uninterrupted power supply.
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¢) Energy Storage:

Disadvantage: Offshore facilities often rely on energy storage systems, such as batteries
or flywheels, to store excess electricity for times when demand exceeds supply or during
power interruptions. However, these systems have limitations in terms of energy capacity,
duration, and scalability in offshore environments. Batteries may have limited storage
capacity and may not be able to store large amounts of excess electricity for extended
periods, while flywheels are generally more suitable for short-term energy storage due to
their high rotational speeds and limited capacity.

Hydrogen Fuel Cells as an Improvement: Hydrogen fuel cells can address the limitations
of traditional energy storage systems in offshore facilities. The fundamental problem with
hydrogen storage is that hydrogen, although lighter than diesel fuel when comparing the
same amount of energy output, is challenging to store. Liquid hydrogen storage requires
extremely low temperatures, making it economically unviable. The viable option is to
store hydrogen in gas form. However, hydrogen gas has a low density compared to diesel,
resulting in the need for immense storage volume to power an entire offshore oil rig using
today's technology.

To overcome this challenge, a solution is to integrate hydrogen fuel cells with batteries
as a more efficient method. In this approach, the batteries serve as the main power source,
and a portion of the required power can be stored in the form of hydrogen. This hybrid
method is suitable for scenarios where the wind blows for longer than the battery capacity
allows. For example, if the average wind blowing time is 10 to 12 hours and wind blows
for 14 hours, an additional set of batteries can be designed to support the weight and
volume needed to store the excess energy in the remaining 4 hours.

Simply increasing the number of batteries to cover occasional excess energy is not
efficient or economically sustainable. Instead, for rarer occasions of excess energy
production, electrolysis stations can be placed on the rig or in its vicinity to produce
hydrogen. Although the efficiency of hydrogen production through electrolysis may be
lower than direct battery storage, the higher energy density of hydrogen allows for the
storage of more potential energy within the rig's weight limitations.

The stored hydrogen can be utilized in two scenarios: when there is no more electric
energy stored inside the batteries or when a set number of batteries fail, increasing the
load on the remaining batteries. In the latter case, fuel cell systems can be turned on in
parallel with the uninterruptible power supply (UPS) system to prevent battery overload.
This approach provides a solution to partial failure or maintenance checks of the UPS
station while also being eco-friendly. It is important to note that the hydrogen used by the
fuel cells can be obtained through the electrolysis of excess water generated during the
process of refining petrol.

By utilizing hydrogen fuel cells as an alternative and backup energy source, offshore
facilities can overcome the disadvantages associated with traditional energy storage
systems. Hydrogen fuel cells provide a scalable, high-capacity energy storage solution
that is well-suited to the demanding and remote offshore environments. The ability to
store and convert hydrogen into electricity as needed ensures a reliable and continuous
power supply for offshore operations, enhancing their energy resilience and reducing
reliance on limited or intermittent energy storage technologies.
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6.3. Hydrogen-Based Fuel Cells in Oil and Gas Refineries

Oil and gas refineries play a critical role in processing crude oil into valuable products,
but they also face unique challenges related to energy generation, storage, and reliability.
Conventional methods employed in refineries, such as gas turbines, diesel generators, and
energy storage systems, come with inherent limitations that hinder sustainability and
operational efficiency. This comprehensive analysis aims to explore the advantages of
integrating hydrogen fuel cell technology in refineries and how it can overcome these
limitations, offering a transformative solution for the energy needs of the industry.

a) Power Generation and Backup: Continuous and reliable power supply is essential
for the complex operations of oil and gas refineries. The integration of hydrogen-based
fuel cell technology offers a viable solution for on-site power generation, reducing
dependency on grid electricity. Fuel cells operate through an electrochemical reaction
between hydrogen and oxygen, resulting in the production of electricity, with water as
the only by-product. By incorporating fuel cells as a primary or backup power source,
refineries can ensure uninterrupted operations, even during grid outages or disruptions.
This capability increases reliability, mitigates the risk of production losses, and enhances
the overall resiliency of the refinery.

b) Emissions Reduction: Hydrogen fuel cells have a significant advantage over
conventional power generation methods in terms of environmental impact. The
electrochemical reaction within fuel cells produces electricity without combustion,
leading to minimal greenhouse gas emissions. In contrast, traditional power generation
methods, such as the combustion of fossil fuels, release substantial amounts of carbon
dioxide and other pollutants. Through the integration of hydrogen fuel cell technology,
refineries can achieve substantial reductions in greenhouse gas emissions, aligning with
global emission reduction goals and environmental sustainability initiatives. The adoption
of fuel cells allows refineries to demonstrate their commitment to mitigating climate
change and reducing their carbon footprint.

¢) Grid Stabilization: Refineries, being large industrial consumers of electricity, can
significantly impact grid stability. However, fuel cells offer a unique advantage by acting
as distributed energy resources and providing reactive power support.

Reactive power is crucial for maintaining voltage stability and improving the overall
stability of the electrical grid. By integrating fuel cells into their power infrastructure,
refineries can dynamically adjust power output, inject reactive power, and support voltage
regulation. This capability enhances the stability and reliability of the grid, benefiting not
only the refinery itself but also the surrounding electrical infrastructure and the broader
grid system.

d) Waste Heat Utilization: Fuel cells produce waste heat as a by-product of their
electrochemical reaction. Refineries can harness this waste heat and utilize it for various
heating and process applications within their operations. This waste heat recovery
presents a valuable opportunity to improve energy efficiency and reduce overall energy
consumption.

The captured waste heat can be employed for purposes such as preheating feedstocks,
generating steam for process requirements, or supporting heating needs in other refinery
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units. By effectively utilizing waste heat, refineries can optimize energy usage, reduce
reliance on conventional heating methods, achieve cost savings, and simultaneously
reduce their environmental footprint.

CONCLUSIONS

1. Innovatively utilizing hydrogen as an efficient energy storage method holds the
key to effectively managing excess power in the electric system. With its higher
energy density, longer lifespan, and favorable weight-to-energy ratio compared to
batteries, hydrogen offers a transformative solution. By integrating hydrogen
technology into national power grids, we can stabilize imbalances, prevent overloads,
and meet sudden high energy demands, revolutionizing energy storage and
generation. This approach unlocks opportunities for maximizing energy efficiency
and driving a sustainable energy future.

2. The incorporation of hydrogen fuel cells in onshore and offshore oil operations,
along with oil refining processes, presents a multitude of advantages, encompassing
dependable and autonomous power provision, diminished greenhouse gas emissions,
fortified energy resilience, and optimized energy utilization. These merits hold the
capacity to revolutionize the oil industry, steering it towards a more sustainable and
environmentally conscious trajectory.

3. The utilization of process water from oil refining operations offers a promising
zero-waste solution. Adopting proper wastewater treatment practices and chemical
management technologies is crucial to minimize the negative impact on the aquatic
environment, specifically eutrophication. By utilizing process water for green
hydrogen production, substantial quantities of hydrogen can be obtained, enabling
the generation of environmentally friendly electrical energy. The analysis highlights
the potential of obtaining approximately 3,091.25 kg of hydrogen from a medium-
scale production of 50,000 barrels per day, resulting in approximately 51,943 kWh
of electrical energy with a 50% fuel cell efficiency. This integration of hydrogen
production from process water in onshore and offshore oil operations promotes
sustainable practices within the industry.
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