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Hydrogen fuel refers to the use of hydrogen
gas (H2) as a clean and renewable energy
source for various applications, including

transportation, electricity generation, and
industrial processes. Hydrogen fuel is
obtained through processes like electrolysis,
which splits water molecules into hydrogen
and oxygen using electricity generated from
renewable sources such as solar or wind
power.
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Hydrogen fuel is important for several reasons:

Clean Energy: When hydrogen is used as a fuel, the only
byproduct produced is water vapor, making it a clean and
environmentally friendly energy source. Hydrogen fuel
does not emit greenhouse gases or pollutants during
combustion, contributing to efforts to combat climate
change and reduce air pollution.

Energy Storage: Hydrogen has the potential to store large
amounts of energy efficiently. It can be produced during
periods of excess renewable energy generation and stored
for later use when demand is high or when renewable
energy sources are unavailable, providing grid stability and
balancing intermittent renewable energy sources like solar
and wind power.




Versatility: Hydrogen can be used in various applications,
including fuel cells for transportation (e.g., hydrogen-
powered vehicles), stationary power generation, heating,
and industrial processes. Its versatility makes it a valuable
energy carrier that can help decarbonize multiple sectors
of the economy.

Energy Independence: Hydrogen can be produced from a
variety of domestic resources, including water and
renewable energy sources like solar and wind power. By
investing in hydrogen fuel technologies, countries can
reduce their dependence on imported fossil fuels and
enhance energy security.

Economic Opportunities: The growing hydrogen economy
presents significant economic opportunities, including job
creation, technological innovation, and export potential for
hydrogen and related technologies. Investments in
hydrogen fuel infrastructure and technology can stimulate
economic growth and support the transition to a
sustainable energy future.




Hydrogen fuel has the potential to play a
crucial role in decarbonizing the global
energy system, reducing greenhouse gas
emissions, and promoting sustainable
development. As efforts to address
climate change intensify, hydrogen fuel is
increasingly recognized as a key
component of the transition to a low-
carbon and resilient energy future.
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There is a significant price gap between the production of
grey and green hydrogen primarily due to the different
methods used to produce each type of hydrogen and their
associated environmental impacts.

: Carbon Intensity Cost of
Production .
Method (Amount of CO2 production
per MJ) $/Kg H2

Green Hydrogen 0gC02eq/MJ
(Electrolysis)

Grey Hydrogen from +12 KgCO2/KgH2 $2-56 (cost of natural gas)
NatGas

Brown Hydrogen from +20 KgCO2/KgH2 $2-53
Gasification of Coal
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Production Method:

Grey Hydrogen: Grey hydrogen is produced from natural gas
through a process called steam methane reforming (SMR) or
coal gasification. These processes release carbon dioxide (CO2)
as a byproduct, resulting in emissions of greenhouse gases.
Green Hydrogen: Green hydrogen is produced through the
electrolysis of water using renewable energy sources, such as
solar or wind power. Electrolysis splits water molecules into
hydrogen and oxygen without generating any greenhouse gas
emissions.

Environmental Impact:

Grey Hydrogen: The production of grey hydrogen is associated
with significant greenhouse gas emissions, primarily due to the
combustion of fossil fuels during the SMR or coal gasification
process. These emissions contribute to climate change and air
pollution.

Green Hydrogen: In contrast, green hydrogen production is
emission-free when powered by renewable energy sources.
Electrolysis powered by solar or wind energy produces
hydrogen without releasing any greenhouse gases, making
green hydrogen a sustainable and environmentally friendly
alternative.
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Cost of Feedstock:

Grey Hydrogen: The primary feedstock for grey hydrogen
production is natural gas or coal, which have associated costs.
However, these costs are relatively low compared to renewable

energy sources.

Green Hydrogen: The cost of green hydrogen production is
primarily influenced by the cost of renewable energy used for
electrolysis. While the cost of solar and wind energy has been
decreasing, it is still higher than the cost of fossil fuels in many

regions, leading to higher overall production costs for green

hydrogen.

Infrastructure and Scale:

Grey Hydrogen: The infrastructure for grey hydrogen
production, such as natural gas pipelines and refineries, is well-
established and widespread. Additionally, grey hydrogen
production facilities can be scaled up relatively easily.
Green Hydrogen: The infrastructure for green hydrogen
production, such as electrolyzers and renewable energy
systems, is still developing and less widespread. The scale-up
of green hydrogen production requires significant investment
in renewable energy infrastructure, which can increase
production costs.




The price gap between and green
hydrogen reflects the difference in
production methods, environmental
impact, cost of feedstock, and
infrastructure requirements. As renewable
energy costs continue to decline and green
hydrogen production technologies
advance, the price gap between grey and
green hydrogen is expected to narrow,
making green hydrogen more competitive
in the future.

Solar Security Net Inc intends to increase

the rate at which this gap closes by a
significant margin.
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Electrolysis is a chemical process that uses
electricity to drive a non-spontaneous reaction,
typically the decomposition of water into hydrogen
and oxygen. This process is central to the
production of green hydrogen.

Here's a detailed explanation of electrolysis and how
green hydrogen is produced:




Electrolysis is a powerful technology that has the potential to
revolutionize the way we produce hydrogen fuel. This chemical process
is used to break down water into its component parts, hydrogen and
oxygen, using an electric current. The process takes place in an
electrolyzer, which is an apparatus that uses an electric current to
separate water into hydrogen and oxygen.

The electrolyzer is made up of two electrodes, one positive and one
negative, which are immersed in water. When an electric current is
passed through the water, it causes the water molecules to break down
into hydrogen and oxygen. The hydrogen gas is collected at the positive
electrode, while the oxygen gas is collected at the negative electrode.

This process is known as electrolysis and is the most commonly used
method to produce hydrogen fuel. The process is highly efficient and
requires only water and electricity to produce hydrogen. This makes it
an ideal alternative to fossil fuels, which are non-renewable and harmful
to the environment.

The benefits of electrolysis are numerous. It is a clean and renewable
source of energy, producing only water as a byproduct. It is also
scalable, meaning it can be used to produce hydrogen on a small or large
scale depending on the needs of the application. It can also be used to
produce hydrogen on-site, eliminating the need for transportation and
reducing costs associated with hydrogen production.

Additionally, electrolysis can be used in conjunction with renewable
energy sources such as solar or wind power. This makes it an even more
sustainable option, as the hydrogen is produced using clean, renewable

energy.
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Electrolysis Process:

Electrolysis involves passing an electric current through a water-based
electrolyte solution, typically pure water or an aqueous solution of an
electrolyte like potassium hydroxide (KOH) or sodium hydroxide (NaOH).
The electrolysis cell consists of two electrodes: an anode (positive
electrode) and a cathode (negative electrode), immersed in the
electrolyte solution.

When an electric current is applied to the electrolysis cell, water
molecules (H20) are split into hydrogen gas (H2) and oxygen gas (02)
through two separate half-reactions:

At the cathode: 2H20 + 2e™- - H2(g) + 20H"-

At the anode: 2H20 - 02(g) + 4H"+ + 4e"-

The electrons (e”-) released at the anode flow through an external circuit
to the cathode, where they combine with protons (H"+) from the
electrolyte to form hydrogen gas.
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Green Hydrogen Production:

In the context of green hydrogen production, electrolysis is powered by
renewable energy sources such as solar or wind power.
Renewable electricity is fed into the electrolysis system, providing the
energy needed to split water molecules into hydrogen and oxygen
without generating any greenhouse gas emissions.

The process produces pure hydrogen gas (H2) at the cathode and
oxygen gas (02) at the anode, with no carbon dioxide or other pollutants
emitted.

The hydrogen gas produced through this process is referred to as "green
hydrogen" due to its environmentally friendly production method.

Green
Hydrogen - .-.-l:_
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Renewable Getting Electricity Distribution
Electricity to an Electrolyzer Electrolyzer and Storage
Generation of Hydrogen




What is a
Hydrogen
Electrolyzer?

Types of Electrolyzers:

Electrolyzers used for green hydrogen production can be
categorized into two main types: alkaline electrolyzers and
proton exchange membrane (PEM) electrolyzers.

Alkaline electrolyzers use a liquid electrolyte solution (usually
potassium hydroxide) and operate at relatively high
temperatures and pressures.

PEM electrolyzers utilize a solid polymer membrane as the
electrolyte and operate at lower temperatures and pressures,
making them more suitable for decentralized and intermittent

renewable energy sources like solar and wind.
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Green hydrogen, produced from renewable sources
such as wind or solar energy, has a wide range of
potential applications across various sectors. Here are
some of the key applications of green hydrogen:

Transportation:

Hydrogen Fuel Cell Vehicles (FCVs): Green hydrogen
can be used to power fuel cell vehicles, where hydrogen
reacts with oxygen in a fuel cell to produce electricity,
powering electric motors. FCVs offer zero-emission
transportation with longer driving ranges and shorter
refueling times compared to battery electric vehicles.

Hydrogen Fueling Stations: Green hydrogen can be
dispensed at hydrogen fueling stations to refuel FCVs,
enabling long-distance travel and supporting the growth
of a hydrogen-based transportation infrastructure.




Electricity Generation:

Fuel Cells for Power Generation: Green hydrogen can be
used in fuel cells to generate electricity for various
applications, including grid-scale power generation,

backup power systems, and off-grid power solutions.
Fuel cells offer high efficiency and low emissions,
making them suitable for stationary power generation
applications.
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Industry:

Industrial Processes: Green hydrogen can be used as a
feedstock or fuel in various industrial processes,
including the production of ammonia, methanol, and
steel manufacturing. Hydrogen can replace fossil fuels
in industrial applications, reducing greenhouse gas
emissions and promoting sustainable production
methods.

Refining: Hydrogen is used extensively in oil refining
processes, such as hydrocracking and hydrotreating, to
remove impurities from crude oil and produce cleaner
fuels. Green hydrogen can replace hydrogen produced

from fossil fuels, reducing the carbon footprint of
refining operations.




Heating and Cooling:

Hydrogen Boilers: Hydrogen can be burned in boilers to
provide space heating and hot water for residential,
commercial, and industrial buildings. Hydrogen boilers
offer a clean and efficient alternative to natural gas
boilers, helping to reduce carbon emissions from
heating systems.

Hydrogen-powered Heat Pumps: Green hydrogen can
be used in heat pumps to provide space heating and
cooling for buildings, leveraging the high energy density
of hydrogen to enhance heating and cooling efficiency.
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Energy Storage:

Hydrogen Energy Storage: Green hydrogen can be
stored and converted back into electricity when
needed, providing long-duration energy storage
solutions for grid stability and renewable energy

integration. Hydrogen energy storage can complement
battery storage systems and help balance fluctuations
in renewable energy generation.

Maritime and Aviation:

Hydrogen-powered Ships and Aircraft: Green hydrogen
can be used to power ships and aircraft, offering zero-
emission propulsion solutions for the maritime and
aviation industries. Hydrogen fuel cells or combustion
engines can be used to convert hydrogen into
mechanical power for marine and aviation applications.




Green hydrogen has the potential to play a
transformative role in decarbonizing
multiple sectors of the economy, reducing
greenhouse gas emissions, and promoting
sustainable development. As technology
advances and economies of scale are
realized, the adoption of green hydrogen
across various applications is expected to
accelerate, contributing to a cleaner and
more resilient energy future.
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