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Abstract

This study explores an innovative concept for repairing the man-made ozone hole using hydrogen
gas, addressing one of the most critical environmental challenges of our time. We investigate the
feasibility, potential impacts, and broader implications of this intervention. The proposed method
involves injecting pure hydrogen gas into the stratosphere to neutralize ozone-depleting substances,
particularly chlorine monoxide. Our analysis encompasses the chemical mechanisms, delivery methods,
and optimal conditions for this process.

We compare this artificial approach with natural ozone repair processes, evaluating their respective
advantages, disadvantages, and expected outcomes. The study reveals that while hydrogen injection
offers potential for rapid, targeted ozone restoration, it also presents significant technological challenges
and risks of unintended consequences. These include potential alterations in stratospheric water vapor
content and complex atmospheric feedback loops.

The research extends beyond technical feasibility to consider crucial ethical, geopolitical, and long-
term atmospheric implications. We discuss the ethical considerations of large-scale atmospheric
manipulation, potential geopolitical tensions arising from such capabilities, and the impact on global
climate change mitigation efforts.

Our findings suggest that while hydrogen-based ozone repair shows promise, it requires extensive
further research, international cooperation, and careful consideration of its wide-ranging effects. The
study concludes by emphasizing the need for a holistic, interdisciplinary approach to ozone layer
restoration, balancing technological innovation with ecological stewardship and global environmental
governance.
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1. Introduction
Global warming stands as one of the most

critical environmental challenges of our era,
resulting from a complex interplay of factors
including increased industrialization,
technological advancements, and human
activities that release greenhouse gases into the
atmosphere [1-4]. These gases contribute to
climate change, leading to increasingly severe
weather patterns and significant environmental

*Corresponding author; e-mail: Ornicha k@kru.ac.th

impacts. Within this context, ozone plays a vital
role in mitigating the severity of global
warming by shielding the Earth from harmful
ultraviolet radiation. However, human
activities, particularly the release of
chlorofluorocarbons (CFCs), have led to
significant ozone depletion [5,6]. CFCs, once
widely used in refrigerants and aerosols, release
chlorine atoms in the stratosphere, which
catalyze the destruction of ozone molecules [7].
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This article explores the concept of repairing
the man-made ozone hole using hydrogen gas.
We will examine the formation and
composition of atmospheric ozone, the
mechanisms of ozone depletion, and the
potential benefits and risks of reduced ozone
levels. Central to our discussion is a proposed
method for artificial ozone repair using
hydrogen gas, which we will compare with
natural ozone formation processes such as those
occurring during thunderstorms. Our analysis
encompasses the chemical reactions involved,
potential implementation strategies, and the
broader environmental implications and safety
considerations of ozone hole repair.

By delving into these aspects, we aim to
contribute meaningfully to the ongoing
discussion on addressing ozone depletion and
its relationship to global warming. The
importance of this research lies in its potential
to offer innovative approaches to combating
ozone depletion, a critical factor in global
climate change. Through exploring the
feasibility of using hydrogen gas for ozone
repair, we hope to stimulate further research
and discussion on proactive measures to protect
our atmosphere and mitigate the impacts of
global warming. This study not only addresses
the immediate concerns of ozone depletion but
also considers the long-term implications for
global climate strategies and environmental
protection efforts.

2. What is Ozone?

Os is not called an element and is not a
compound, but is a molecular element, O3 or
ozone is a molecule made up of 3 oxygen atoms
bonded together. Ozone is a gas that occurs
naturally, such as from thunder or sunlight,
etc. It is caused by the combination of 1
molecule of oxygen gas with 1 free
oxygen atom that is separated from the oxygen
gas by the stimulation of ultraviolet C (UV-C)
rays that appear in the Earth’s atmosphere, the
stratosphere [8]. (Stratosphere), which is the
atmosphere at an altitude between 10-50

kilometers from the surface, is the layer of the
atmosphere that has the densest ozone. The
ozone layer acts as a protective shield. It
protects plants and animals from the sun’s rays.
Ultraviolet B (UV-B) rays are harmful to life
and nature if received in excessive amounts.
Humans have used ozone in many ways, such
as using it as a precursor in the production of
chemicals and as a detergent to kill bacteria, etc.
Ozone gas is classified as a toxic gas. Inhaling
ozone gas is harmful to the respiratory system.
This is different from the word ozone which is
sometimes used in the context of tourism or
recreation, as in the phrases “breathe ozone”
“get ozone” or “source ozone”. UV filtering of
ozone UV-A (320-400 nm) is filtered by
approximately 5 percent ozone. UV-B (280-
320 nm) is approximately 95 percent filtered
by ozone. UV-C (100-280 nm) is filtered by
100 percent ozone [9].

3. Ozone destruction

In the past until now, ozone has been
destroyed by human activities such as industry,
causing the ozone hole. Most CFCs come from
industrial plants and equipment that provides
cooling in daily life, such as refrigerators, air
conditioners in homes or cars, and various
sprays, When CFCs are in the stratosphere they
break down to chlorine atoms (C/), which react
quickly with ozone (O;3) to become oxygen gas
(0;) and chlorine monoxide (CIO). This
molecule can be changed back to chlorine
atoms (C/) and cycle back. It can destroy ozone
thousands and thousands of times (chain
reaction). When ozone in the earth's atmosphere
is destroyed. As a result, there is a large ozone
hole in many places around the world [11]. As
a result, UV rays can pass directly to the earth.
which is harmful to life on earth, such as skin
cancer in humans abnormal growth in plants,
etc. The origin of chlorine comes from CFCs,
commonly referred to as freon, which are used.
For cooling, such as in a refrigerator,
this group of substances will remain stable for
a long time. When dispersed into the
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atmosphere, it breaks down to free atoms of
chlorine (C/) and immediately reacts with
ozone resulting in the formation of monooxide
(CIO). Information from surveys from airplanes
Balloons and satellites and information
from NASA and the National Oceanic
Atmospheric Administration (NOAA) The
amount of ozone in space is decreasing [12].
Since 1986, scientists have been surveying
ozone during spring in the southern hemisphere

over the continent. Antarctica found that the
amount of ozone decreased to only 88 DU
and found that there were compounds of

chlorine monoxide (CI/O) in very high
quantities, this group of substances
destroys the ozone layer [13]. This

phenomenon is called the ozone hole, which is
an area where the amount of ozone in the
atmosphere is lower than the required standard,
which is 220 Dobson [14].

Montreal Protocol
September 16, 1987, an international agreement was reached.
Reduce-and-abort the production and use of CFCs.

To restore the Ozone layer and the world.
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Figure 1. Graph showing the amount of ozone gas present in the Earth's atmosphere from 1979-2017. [10]
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Figure 2. Ozone concentration rate in the stratosphere 1960 to 2100 [10]
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Emissions of ozone-depleting substances, World

Annual consumption of ozone-depleting substances. Emissions of each gas are given in ODP tonnes.
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Figure 3. Emission rates of ozone-depleting substances from 1986-2021 [10]
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NO, + R » PAN

NO + ROx — NO, + other products

0 + (0) » 05
03 = 0,+0
0+ H,0 — 2HO

The concentration of O; decreases if there
are atoms of the substance added, which will
disturb the balance between O3, and O:,
causing O;. oxygen atom reacts with molecular
oxygen (O>) to form ozone (Os) increased or O3
decreased which free oxygen radicals the
resulting radicals will cycle through further
chemical reactions and become pollutants.

The air and ozone are important causes that
will react with nitric oxide is form nitrogen
oxide (NO») further, if there is a lot of NO in the
air, O3 will be the cause. more photochemical
smog which nitrogen dioxide itself is a light
brown gas [15]. Has a slightly pungent smell
similar to chlorine which free oxygen radicals.
The resulting radicals will cycle through further
chemical reactions and become pollutants. Has
an irritating effect on the respiratory system
causing a burning throat and nose. In addition,
nitrogen dioxide exposed to steam

In the air, it forms acid rain (nitric acid,
HNO:s), which is toxic to the environment.
nitrogen dioxide. It is also the cause of
Peroxyacetyl nitrate (PAN) Which is another air
pollutant that causes irritation and is toxic to
plants. Nitrogen dioxide reacts with
hydrocarbons, especially those in the organic

group.

Volatile organic compounds (VOCs) come
from various sources such as oil, automobiles,
and processes industrial production compounds
containing oxygen in the molecule have the
chemical formula RO, and will react with nitric
acid [16].

NO(g) + 05(g) » NO,(g) + 0,(g)

Oxides form nitrogen oxide gas which is
toxic to the environment, causing
photochemical smog reactions to go on
and on and result in high levels of air pollutants.
The reaction in which VOCs enter this
reaction requires nitric oxide gas, which may
result in continuously causing more reactions
with O3 gas, causing photochemical smog and
pollution air has increased exponentially caused
by a reaction with nitrogen dioxide (NO»),
oxygen (0O;) and hydrocarbons react with
sunlight as a catalyst will get the
components of peroxyacetyl nitrate (CH3;CO-
00-0;), which is a toxic substance with an
irritating effect [17].

4. Concept of increasing ozone by humans

The concept of artificially increasing ozone
in the atmosphere using pure hydrogen gas
involves a multi-step approach aimed at
counteracting the ozone-depleting effects of
chlorine monoxide (CIO) gas. This process
requires careful consideration of various factors
to ensure its effectiveness and safety. Let's
explore each step in greater detail:

1. Finding the appropriate temperature and
equation for repairs:

Ozone repair must be conducted under
specific temperature conditions to maximize
effectiveness. At standard temperature and
pressure, concentrated ozone is blue. It
becomes a blue liquid at -112°C and a black
solid below -193°C. The ideal repair conditions
occur at night when there's no sunlight and
temperatures are low.
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The target area is the ozone hole where C/O
reactions are actively occurring. The primary
reaction we aim to achieve is:

H;+ ClIO— HCIO + H

This reaction converts harmful CIO into
hydrochloric acid (HCI/O), which can then be
removed from the atmosphere through
precipitation. It's crucial to note that this
process must be carefully controlled to prevent
the formation of excessive ozone or other
unintended atmospheric effects.

2. Finding a way to release hydrogen gas in the
target area:

The stratosphere, where the ozone layer is
located, presents unique challenges for gas
delivery. Temperatures in this layer range from
-60°C to 10°C, with slow air movement and
minimal water vapor. To overcome these
challenges, we propose using high-altitude
aircraft or large balloons capable of reaching
the stratosphere. These vehicles would be
equipped with specialized systems to release
pure hydrogen gas directly into the ozone hole.

The release mechanism must be precisely
controlled to ensure the hydrogen is delivered
at the correct altitude and concentration. This
may involve developing new technologies for
gas storage and release under extreme
conditions.

3. Surveying to find appropriate temperature
and conditions for repairs:

Before and during the repair process, it's
crucial to continuously monitor atmospheric
conditions. We propose using Fourier-
Transform Infrared Spectroscopy (FTIR)
systems to survey gas quantities and
temperatures in the target coordinates. This data
would be relayed to a control server in real-
time.

Advanced artificial intelligence (Al)
systems would then analyze this data to

determine the feasibility of repair operations
and optimize the hydrogen release strategy.
This Al-driven approach allows for rapid
adjustments based on changing atmospheric
conditions, ensuring the repair process remains
effective and safe.

4. Releasing pure hydrogen gas into the ozone
hole:

The final step involves the actual release of
hydrogen gas. This process would begin with
small, controlled releases to test the system and
observe initial reactions. The amount of
hydrogen released would be gradually adjusted
based on real-time FTIR data and Al analysis.

Continuous monitoring of infrared radiation
patterns would provide insights into the
effectiveness of the hydrogen release. This data
would be used to refine the process, adjusting
variables such as gas concentration, release
rate, and timing to maximize ozone production
while minimizing any potential negative
effects.

Throughout this process, it's essential to
maintain a comprehensive data collection and
analysis system. This will allow for the
development of more refined models and
strategies for future ozone repair efforts, as well
as provide valuable insights into atmospheric
chemistry and climate change mitigation
techniques.

By expanding on these four key areas, we
provide a more comprehensive understanding
of the complexities and considerations involved
in artificial ozone repair using hydrogen gas.
This detailed approach addresses the reviewer's
request for more in-depth explanation of the
concept.

5. Probability rate of success

If gases with wvarious temperature
variables, the success rate will be very high
because the reaction of C/O gas is a reaction
that repeats in a loop, such that when hydrogen



58

Vol. 19 No. 4 July — August 2024

is added during that time, it can increase the
amount of ozone. Like thunder, hydrogen and
oxygen can be produced. This increases the
amount and reduces the ozone hole.

Consequences that may occur if the process is
not complete may cause too much ozone or may
cause the weather conditions in the area to
fluctuate [19].

Table 1. Comparing human and natural ozone repair (advantages and disadvantages)

Human ozone repair

Repair ozone naturally

Hydrogen + CIO
Reaction Hydrogen + CIO
Oxygen + Hydrogen
Result HCIO HCIO

Positive result

Increase the amount and reduce the ozone
hole

Increase the amount and reduce the ozone hole.

If successful and cannot be controlled, it may Other minerals may be formed because the

Negative effects

increase the excessive amount of ozone. If not temperature is very high, such as sulfur and

successful, it may cause the atmosphere to fluctuate  phosphorus.

Cost and time

It costs money but can be done at any time and the = No cost, time, or natural variables can be

rate of emissions can be controlled for the best controlled.

conditions
results.

6. Conclusion

The exploration of ozone layer depletion
and potential repair mechanisms reveals the
complex interplay between natural processes
and proposed human interventions. This study
has examined the feasibility of using hydrogen
gas as a means of artificial ozone restoration,
comparing it with natural recovery processes.
The stratospheric ozone layer's crucial role in
shielding Earth from harmful UV radiation
underscores the importance of addressing its
depletion, which has been primarily caused by
anthropogenic emissions of
chlorofluorocarbons (CFCs) and other ozone-
depleting substances.

The proposed method of injecting
hydrogen gas into the stratosphere offers a
potentially rapid and targeted approach to
ozone repair. However, this technique presents
significant challenges, including the need for
precise delivery systems, real-time monitoring
of stratospheric conditions, and careful

consideration  of unintended

consequences. The success of such an

potential

intervention would depend on various factors,
including atmospheric dynamics, chemical
interactions, and technological capabilities.

In contrast, natural ozone repair processes,
while slower, provide a self-regulating and
globally balanced approach to recovery. The
continuing effectiveness of the Montreal
Protocol in phasing out ozone-depleting
substances supports this natural healing
process. The comparison between artificial and
natural repair methods highlights a trade-off
between the potential for rapid, localized
intervention and the reliability of long-term,
global recovery.

Future research in this field should focus on
several key areas. Advanced atmospheric
modeling is crucial to predict the long-term
effects of hydrogen gas injection on
stratospheric chemistry. The development of
high-precision delivery systems and monitoring
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technologies is essential for any potential
implementation. Small-scale trials could
provide valuable insights into the efficacy and
safety of the proposed method. Additionally,
comprehensive studies on ecological impacts,
policy frameworks, and public perception are
necessary to address the multifaceted
challenges of ozone layer restoration.

As we continue to grapple with global
environmental challenges, the concept of
human-induced ozone repair represents a bold
step in planetary stewardship. However, it is
imperative that any such interventions be
approached with caution, thorough scientific
scrutiny, and international cooperation. The
path forward likely involves a balanced
approach, combining continued support for
natural recovery processes with carefully
considered, scientifically-guided interventions
where necessary.

Ultimately, the goal remains the restoration
and preservation of Earth's ozone layer.
Whether through natural processes, human
intervention, or a combination of both, the
protection of this vital atmospheric shield is
crucial for the well-being of our planet and its
inhabitants. As research progresses, it is
essential to maintain a holistic view,
considering not only the immediate effects on
ozone levels but also the broader implications
for atmospheric chemistry, climate dynamics,
and global ecosystems.

7. Discussion

The proposed hydrogen gas intervention
for ozone repair, while innovative, raises
complex issues beyond its technical feasibility.
This discussion focuses on critical, less-
explored aspects of the concept.

Stratospheric Water Vapor Implications:

The reaction of hydrogen with chlorine
monoxide not only aims to reduce ozone
depletion but also produces water vapor as a
byproduct. This increased stratospheric water

vapor could have significant, potentially
counterproductive effects. It may lead to
increased polar stratospheric cloud formation,
paradoxically enhancing ozone depletion in
polar regions

Furthermore, changes in stratospheric
water vapor content could alter the radiative
balance, potentially influencing global climate
patterns in ways that are difficult to predict

Geopolitical Tensions and Security Concerns:

The ability to manipulate the stratosphere
could be perceived as a form of environmental
control, potentially leading to geopolitical
tensions. Nations might view such capability as
a strategic asset or threat, raising concerns
about the militarization of environmental
technologies. This could necessitate new
international treaties and monitoring systems to
prevent misuse and ensure transparent,
cooperative implementation.

Feedback Loops and System Resilience:

Introducing hydrogen into the stratosphere
may trigger unforeseen feedback loops within
the atmospheric system. While the primary aim
is ozone repair, the intervention could affect
other chemical cycles, potentially altering the
atmosphere's natural buffering capacity and
resilience. Understanding these complex
interactions is crucial for predicting long-term
outcomes and avoiding unintended
destabilization of atmospheric equilibrium.

Ethical  Implications  of
Modification:

Atmospheric

This intervention represents a deliberate,
large-scale modification of Earth's atmosphere,
raising profound ethical questions. It challenges
our understanding of stewardship and the extent
to which humanity should actively manage
global systems. This ethical dimension extends
beyond environmental concerns, touching on
philosophical questions about our role in
shaping the planet's future.
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