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Abstract

Space junk, or orbital debris, poses a significant threat to operational spacecraft and satellites,
increasing the risk of collisions and damage. The accumulation of defunct objects in Earth's orbit
hinders space exploration and endangers future missions. Effective mitigation and removal strategies
are necessary to address this growing concern. Define Space junk,” also known as space debiris, refers
to any non-functional, artificial objects in space, including defunct satellites, spent rocket stages, and
fragments from collisions or explosions, that pose a risk to other spacecraft and astronauts.

Introduction

Since the launch of Sputnik 10 in 1991,
humanity has launched over 10,000 space
vehicles into orbit. By 1995, NASA estimated that
there were approximately:

1. 700,000 pieces of space debris larger
than1cm

2. 17 million pieces of space debris larger
than 1 mm

3. 17 billion pieces of dust-sized debris
in Earth's orbit.
The Problem of Space Junk

The rocket launches that have taken place
over the years have resulted in a significant
amount of space junk accumulating in Earth’s
orbit. As rockets reach space, they shed parts,
which then become part of the orbiting debris.
These parts can collide with other objects in
space, causing damage or destruction. The
resulting debris can also pose a risk to
operational spacecraft and satellites.

Environmental Impact

The accumulation of space junk in Earth’'s
orbit is not only a hazard to space exploration
but also has environmental implications. The
debris can:
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1. Contribute to the formation of artificial
meteoroids

2. Interfere with astronomical observations

3. Pose a risk to the health of the Earth's
atmosphere

4. Affect the formation of stars and moons

5. Interfere with space exploration and
development

6. Pose a risk to the long-term
sustainability of space activities

Sources of Space Junk

Space junk comes from a variety of sources,
including:

- Rocket launches: Rockets shed parts as
they reach space, contributing to the
accumulation of debris.

- Satellite malfunctions: Satellites can
malfunction or break apart, generating
debris.

- Astronaut waste: Astronauts generate
waste, including food packaging and old
batteries, which can contribute to the
accumulation of debris.

- Abandoned spacecraft: Spacecraft that
are no longer in use can become debris,
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contributing to the accumulation of junk
in space.

International Cooperation

The

international

problem  of
cooperation

space junk requires
to address. This

includes:

3.
4.

Developing guidelines and regulations
for responsible space operations

Sharing best practices for debris

mitigation and removal

Collaborating on research and
development of new technologies for
debris removal

Establishing international
for cooperation on space
mitigation and removal.

agreements
debris

Environment issue
Collision issue
Treat to space mission

Universal space problem

Environmental Issues

Air Pollution

1.

Rocket Launch: Release pollutants like
carbon dioxide, nitrogen oxides, and
particulate matter into the atmosphere,
contributing to air pollution and climate
change.

Re-entering Debris: Burning up in the
atmosphere, releasing toxic chemicals
and particles, potentially harming
human health and the environment.

Light Pollution

1.

Satellite Constellations: Like Starlink, can
reflect sunlight, contributing to light
pollution, disrupting ecosystems,
affecting astronomical observations,
and impacting human health.
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Ocean Pollution

1.

Rocket Debris: Can fall into the ocean,
harming marine life and contributing to
ocean pollution.

Space Debris in Orbit: Can eventually re-
enter the Earth's atmosphere and fall
into the ocean, causing further pollution.

Land Contamination

1.

Rocket Launch Sites: Can be
contaminated with toxic chemicals,
posing environmental and health risks.

Debris from Fallen Satellites: Can
contaminate soil and water, harming
local ecosystems.

Damage to Satellites and Spacecraft

1.

Space Debris Collisions: Can cause
significant damage to operational
satellites, including Starlink, leading to
costly repairs or loss of the satellite.

Increased Risk of Satellite Failure: Due
to the growing amount of space debris
in Earth's orbit.

Re-entry Risks

1.

2.

Uncontrolled Re-entry: Defunct satellites
or space debris can re-enter the Earth's
atmosphere, causing damage to
property and infrastructure, and
harming human life.

Controlled Re-entry: While safer, still
poses risks, as debris can cause
damage or harm, even with controlled
re-entry.

Collision Issue in Space Junk

Types of Collisions

1.

Debris-Debris  Collisions:  Collisions
between two or more pieces of space
debris, generating even more debris and
increasing the risk of further collisions.

Debris-Satellite Collisions: Collisions
between space debris and operational
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satellites, potentially causing damage,
destruction, or loss of critical services.

Satellite-Satellite Collisions: Collisions
between two operational satellites,
potentially causing damage, destruction,
or loss of critical services.

Consequences of Collisions

1.

Increased Debris: Collisions generate
more debris, increasing the risk of further
collisions and exacerbating the space
junk problem.

Satellite Damage or Destruction:
Collisions can cause significant damage
or destruction to operational satellites,
leading to:

a. Loss of Service: Disruption or loss
of critical services, such as
communication, navigation, or
weather forecasting.

b. Costly Repairs or Replacement:
Significant financial costs for
repairs or replacement  of
damaged or destroyed satellites.

3. Risk to Human Life: In the case of crewed

spacecraft or space stations, collisions
can pose a risk to human life and safety.

Factors Contributing to Collision Risk

1.

Orbital Congestion: Increasing number
of satellites and debris in Earth's orbit,
reducing the available space and
increasing the risk of collisions.

Debris Growth: Exponential growth of
debris due to collisions, explosions, and
other factors, further increasing the risk
of collisions.

Inadequate Debris Mitigation:
Insufficient measures to prevent or
remove debris from orbit, allowing the
problem to persist and worsen.

Lack of Regulation: Inadequate
international regulations and guidelines
for responsible space operations,
contributing to the growth of space junk.

643 | Page

Mitigation Strategies

1.

De-orbiting: Removing satellites and
debris from orbit at the end of their
lifespan, reducing the risk of collisions
and minimizing the growth of space junk.

Collision Avoidance Manoeuvres:
Adjusting satellite orbits to avoid
potential collisions, reducing the risk of
damage or destruction.

Design for Demise: Designing satellites
and other space objects to disintegrate
or burn up completely during re-entry,
minimizing the risk of damage or debris
generation.

International Cooperation: Developing
and implementing global guidelines and
regulations for responsible space
operations, promoting cooperation and
coordination among space-faring
nations to address the space junk
problem.

Threats to Space Missions Posed by Space Junk

Threats to Spacecraft

1.

Collision Risk: Space debris can collide
with operational spacecraft, causing
damage or destruction.

Increased Risk of Malfunction: Space
debris can increase the risk of
malfunction or failure of spacecraft
systems.

Reduced Mission Lifespan: Space debris
can reduce the lifespan of spacecraft by
increasing the risk of collision or
malfunction.

Threats to Satellite Operations

1.

Signal Interference: Space debris can
cause signal interference, disrupting
communication and navigation services.

Increased Risk of Satellite Failure: Space
debris can increase the risk of satellite
failure, leading to disruption or loss of
critical services.
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Reduced Satellite Lifespan: Space debris
can reduce the lifespan of satellites by
increasing the risk of collision or
malfunction.

Threats to Human Spaceflight

1.

Main

Risk to Astronaut Safety: Space debris
can pose a risk to astronaut safety,
particularly during spacewalks or EVAs.

Increased Risk of
Contamination: Space
increase the risk of
contamination,  potentially
astronauts.

Spacecraft
debris can
spacecraft

harming

Reduced Mission Success: Space debris
can reduce the success of human
spaceflight missions by increasing the
risk of collision or malfunction.

Issues Threatening Future Space

Exploration

Increased Risk of Debris Generation

1.

Growing Number of Space Missions: As
more countries and private companies
launch space missions, the risk of
generating more debris increases.

Insufficient Debris Mitigation Measures:
Current debris mitigation measures may
not be sufficient to prevent the
generation of new debris.

Lack of Standardization: Inconsistent
debris mitigation practices and lack of
standardization can exacerbate the
problem.

Reduced Access to Space

1.

Increased Risk of Collision: The growing
amount of space debris increases the
risk of collision, making it more difficult
and expensive to access space.

Congested Orbits: The accumulation of
space debris in popular orbits can make
it challenging to find safe and stable
orbits for new satellites.
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Regulatory Challenges: The lack of clear
regulations and guidelines for space
debris mitigation can create uncertainty
and hinder access to space.

Increased Costs

1.

Debris Removal and Mitigation: The cost
of removing and mitigating space debris
can be prohibitively expensive.

Design and Operations: Spacecraft and

satellite designers must incorporate
debris avoidance and protection
measures, increasing design and

operational costs.

Launch and Deployment: The risk of
collision and debris generation can
increase launch and deployment costs,
as well as insurance premiums.

Long-Term Sustainability

1.

Environmental Impact: The
accumulation of space debris can have
long-term environmental impacts, such
as contributing to climate change.

Resource Depletion: The increasing
demand for space-based resources,
such as spectrum and orbits, can lead to
resource depletion.

International Cooperation: The lack of
international cooperation and
agreements on space debris mitigation
can hinder efforts to ensure long-term
sustainability.

Addressing the Challenges

1.

International Cooperation: Developing
global guidelines and regulations for
space debris mitigation.

Technological Innovation: Investing in

debris removal and mitigation
technologies.
Sustainable Design: Designing

spacecraft and satellites with
sustainability and debris mitigation in
mind.
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Education and Awareness: Raising
awareness about the importance of
space debris mitigation and
sustainability.

Universal Space Problem of Space Junk

Main Issues

1.

Inter-Galactic Pollution: Space junk can
pollute the inter-galactic medium,
affecting the formation and evolution of
galaxies.

Galactic Debris Exchange: Space debris
can be exchanged between galaxies
through various astrophysical processes,
such as galaxy collisions or supernovae
explosions.

Cosmic Environmental Impact: Space
debris can have a  significant
environmental impact on the cosmos,
affecting the delicate balance of the
universe.

Risk to Space Exploration: Space junk
can pose a risk to space exploration,
including missions to other galaxies, by

increasing the risk of collision or
damage.
Universal Sustainability: The

accumulation of space debris can have
long-term implications for universal
sustainability, affecting the formation
and evolution of stars, planets, and life.

Issues Related to Moons

1.

Moon Surface Contamination: Space
debris can contaminate the surface of
moons,  potentially  affecting  their
geological and astronomical
characteristics.

Moon Orbit Disruption: Space junk can
disrupt the orbits of moons, potentially
leading to catastrophic consequences,
such as moon collisions or ejection from
their parent planet's orbit.

Lunar Resource Utilization: Space debris
can impact the utilization of Ilunar
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resources, such as helium-3 for nuclear
fusion, by contaminating the lunar
surface and making it more difficult to
access these resources.

Issues Related to Stars

1.

Starlight Obstruction: Space debris can
obstruct starlight, affecting the accuracy
of astronomical observations and
potentially impacting our understanding
of the universe.

Stellar Evolution: Space junk can
influence stellar evolution by altering the
chemical composition of the interstellar
medium, which can impact the
formation of planets and life.

Star Formation: Space debris can affect
star formation by polluting the
interstellar medium, making it more
difficult for new stars to form.

Shared Concerns

1.

Cosmic Environmental Impact: Space
debris can have a  significant
environmental impact on the cosmos,
affecting the delicate balance of the
universe.

Risk to Space Exploration: Space junk
can pose a risk to space exploration,
including missions to moons and stars,
by increasing the risk of collision or
damage.

Universal Sustainability: The
accumulation of space debris can have
long-term implications for universal
sustainability, affecting the formation
and evolution of stars, planets, and life.

Scientists’ opinion

This is an idea proposed by NASA scientist
Donald Kessler in 1978. He said that if there was
too much space junk in orbit, it could result in a
chain reaction where more and more objects
collide and create new space junk in the
process, to the point where Earth's orbit became
unusable.
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International Collaboration for Space Junk
Management

Idea 1: Launching a Space Vehicle for Debris
Removal

1. Launch a special vehicle from Earth to
remove debris from space.

2. The vehicle has advanced technology
and a system to collect debris.

3. The collected debris will be stored and
then disposed of.

Idea 2: Converting Space Junk into a Useful
Resource

Develop innovation to using the technology to
convert space juck into valuable resource, such
as:

1. Fuel for future space missions (Fuel in
reached in particular space there is no
use. But Musk is using return fuel tank.)

2. Oxygen for life support systems

3. Construction materials for space-based
infrastructure

4. This approach will help reduce the
amount of debris in space while
providing new resources for space
exploration.

Idea 3: International Cooperation for Space
Debris Regulations

1. Collaboration between space agencies,
(NASA, ISRO, Roscosmos) to develop and
implemented standardized regulation
announcement in removal of space junk.

2. The rules and regulations will ensure the
removal the space debris and protect
the space assests minimum risk of
collision and debris generation.

Idea 4: Returning Removed Parts to Earth

1. Develop technology to safely to
return removed debris parts to earth,
where they can be:

a. Recycled and reused

(exampile: fuel tank)
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b. Properly disposed of
(example: universal death the
satellite and rocket properly
dispose)

c. Studied to improve debris
mitigation strategies
(example: created on the
space juck awarenes)

2. This approach will help reduce the
risk of collisions in space and
prevent the accumulation of debris.

Idea 5: ISRO's Research on Space Debris
Removal

1. ISRO is conducting research on space
debris removal using advanced
technologies, including:

a. PLCVC 37
b. PLCVC 38
c. PLCVC 44

2. The research focuses on developing
efficient methods for removing debris
from space, including the use of
cameras and other sensors to detect
and track debris.

These ideas can contribute to the development
of effective solutions for managing space junk
and ensuring the long-term sustainability of
space exploration

Future directions:

1) Development the removal space debris
technologies.

2) Established and implementation the
global guidelines space rules and norms.

3) Promote sustainable design and
operations practice of space industry.

Conclusion

Space junk poses significant risks, including
collisions, environmental pollution, and reduced
access to space. This issue affects not only the
health of space but also future generations. The
problem is universal, as a single defunct
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satellite can collide with another operational
satellite, creating more debris. When debris
reenters the Earth's atmosphere, it can
potentially damage land and water, posing risks
to humans, animals, and birds.

647 | Page Journal Home Page — https://ijlr.iledu.in/



https://ijlr.iledu.in/
https://iledu.in/

