Sustainability in Space: Addressing the
Environmental Footprint of Satellite

Constellations

Exploring the balance between expanding satellite technology and preserving
the environment for future generations.




The Rapid Growth of Satellite

Constellations and Its Implications

As satellite technology advances, low Earth orbit is
witnessing an unprecedented increase in satellite
deployments. This surge not only enhances global
connectivity and services but also raises critical concerns
regarding the sustainability and environmental effects of
such rapid expansion. The balance between leveraging these
technological advancements and ensuring the integrity of
the space environment is essential for future space activities.




Global Forum for Space

Cooperation

COPUOS serves as a global forum for the peaceful
exploration and use of outer space, promoting

cooperation among member states and stakeholders.
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The Committee has developed key guidelines for
sustainable space activities, addressing issues such as
space debris and orbital safety.

Space Activities

Capacity-Building Initiatives

COPUOS fosters capacity-building initiatives, ensuring
that all nations, especially developing countries, can
participate in and benefit from space activities.
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Transformative
Benefits of Satellite

Constellations




Bridging the Digital
Divide

Satellite constellations enable high-
speed internet access in remote and
underserved areas, effectively bridging
the digital divide and providing
opportunities for education,
communication, and economic growth.




Enhancing Agricultural

Productivity

These satellites play a vital role in
enhancing agricultural productivity
through precision farming, providing
real-time data on crop health,
weather conditions, and soil moisture,
which supports food security.
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Improving Disaster

Management

Satellite constellations improve
disaster management by providing
critical data for early warning systems,
enabling faster response times during
emergencies, and enhancing
coordination among relief agencies.




Advancing Climate

Science

In the realm of climate science,
satellite constellations provide
essential data for monitoring
environmental changes, tracking
climate patterns, and supporting global
initiatives aimed at sustainability.
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Confronting the Responsibilities

of Satellite Deployment
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Confronting the Responsibilities

of Satellite Deployment

The swift growth of satellite constellations presents significant
challenges that require urgent and thoughtful responses. As we
embrace the advantages these technologies offer, we must prioritize
safety, sustainability, and equity in our approach to space activities.
This entails establishing comprehensive frameworks to monitor
satellite operations, ensuring compliance with international guidelines,
and fostering cooperation among nations to share space responsibly.




The Challenges of Space Debris and Orbital Crowding

Understanding the current state and future implications of our orbital environment is critical for
sustainable space activities.

Present

Earth’s orbital environment,
particularly in low Earth orbit, is
experiencing significant crowding
with tens of thousands of tracked
objects and about 1.2 million
fragments larger than 1cm.

2007

COPUOS adopted the Space
Debris Mitigation Guidelines,
urging spacefaring nations to kake
responsible actions to limit debris
creation and manage existing
objects.

Future

The threat of collisions in crowded
orbits could escalate, potentially
triggering catastrophic events like
Kessler Syndrome, highlighting
the urgent need for effective
management strategies.



Present

Farth's orbital environment,
particularly in low Earth orbit, is
experiencing significant crowding
with tens of thousands of tracked
objects and about 1.2 million
fragments larger than 1 cm.




2007

COPUQS adopted the Space
Debris Mitigation Guidelines,
urging spacefaring nations to take
responsible actions to limit debris
creation and manage existing
objects.



Future

The threat of collisions in crowded
orbits could escalate, potentially
riggering catastrophic events like
Kessler Syndrome, highlighting
he urgent need for effective
management strategies.




The Challenges of Space Debris and Orbital Crowding

Understanding the current state and future implications of our orbital environment is critical for
sustainable space activities.

Present

Earth’s orbital environment,
particularly in low Earth orbit, is
experiencing significant crowding
with tens of thousands of tracked
objects and about 1.2 million
fragments larger than 1cm.

2007

COPUOS adopted the Space
Debris Mitigation Guidelines,
urging spacefaring nations to kake
responsible actions to limit debris
creation and manage existing
objects.

Future

The threat of collisions in crowded
orbits could escalate, potentially
triggering catastrophic events like
Kessler Syndrome, highlighting
the urgent need for effective
management strategies.



In 2007, COPUOS established the Space Debris Mitigation Guidelines to address the growing concern The UN General Assembly endorsed these guidelines through resolution 62/217, reinforcing their
over space debris, which poses a significant risk to both operational satellites and future space significance as a global standard for space debris management. While the guidelines are not legally
missions. These guidelines encourage all spacefaring nations to adopt best practices aimed at binding, they reflect a consensus among member states on the importance of responsible space

minimizing debris creation throughout a satellite's lifecycle, including design, operation, and disposal activity. Their implementation has led to improved practices within national space agencies and

phases. The guidelines emphasize collective responsibility among nations to ensure the long-term private operators, fostering a cooperative approach to mitigate debris risks and enhance the safety
sustainability of outer space activities. of space operations.



Comprehensive Policy

Framework

Safety of Space Operations

Key Elements of

Safety of space operations is a critical aspect of the LTS
Guidelines, which advacate for risk management strategies to
minimize accidents and enhance the safety of space missions,

the LTS Guidelines

International Cooperation

ge sharing and caparity
loping countries.

Encouragement of R&D

building among nations, especially

Scientific and technical research and developmentis
encouraged within the LTS Guidelines, guiding the evolution of
technologies that enhance the sustainability of space activities.




Comprehensive Policy

Framework

The LTS Guidelines emphasize the importance of establishing a
comprehensive policy and regulatory framework to govern space activities,
ensuring that all nations can participate in outer space exploration
responsibly and sustainably.




Safety of Space Operations

Safety of space operations is a critical aspect of the LTS
Guidelines, which advocate for risk management strategies to
minimize accidents and enhance the safety of space missions.
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International Cooperation

The LTS Guidelines also underscore the importance of international
cooperation, which facilitates knowledge sharing and capacity
building among nations, especially for developing countries.
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Encouragement of R&D

Scientific and technical research and development is
encouraged within the LTS Guidelines, guiding the evolution of ’
technologies that enhance the sustainability of space activities.




Preserving the Night Sky:

A Scientific Imperative

The sustainability of outer space encompasses
not just the management of debris but also the
preservation of the celestial environment. The rise
of large satellite constellations poses significant
challenges to astronomical observations, with
potential disruptions to our understanding of the
universe and its phenomena.




Manufacturing Impact =

Understanding the
Ecological Footprint

of Satellite Systems

Data Center Energy Use




Manufacturing Impact

The manufacture of satellites involves
extensive resource extraction, processing,
and energy consumption, contributing to
environmental degradation. This includes
mining for materials like aluminum, copper,
and rare earth elements necessary for
satellite components.




Launch Emissions

Rocket launches release greenhouse gases
and black carbon into the atmosphere,
potentially affecting climate systems. The
emissions from frequent launch campaigns
can contribute to atmospheric changes,
including impacts on the ozone layer.




Ground Infrastructure

The construction of ground stations and

user terminals consumes energy and

materials, adding to the ecological footprint

of satellite networks. These facilities A
require infrastructure development, which 3_:
can disrupt local ecosystems.




Data Center Energy Use

Data centers that manage space-based
services are energy-intensive, often
relying on non-renewable energy sources.
The operations of these centers contribute
to greenhouse gas emissions, impacting
the overall carbon footprint of satellites.
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Green Propulsion Technologies

The aerospace industry is increasingly focusing on developing ‘green’ propulsion technologies that
utilize cleaner fuels and reusable rocket stages. These innovations aim to significantly reduce the
carbon emissions associated with satellite launches, thereby minimizing their environmental
impact. Furthermore, advancements in propulsion systems enhance the efficiency and
sustainability of space transportation, aligning with global climate goals.
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Sustainable Satellite Design

In addition to propulsion technology, satellite manufacturers are prioritizing sustainable materials
and designs. This involves using recyclable and environmentally friendly materials in satellite
construction, as well as engineering satellites for easier disposal after their operational life. Such
efforts are crucial to preventing space debris and ensuring that defunct satellites do not contribute
to the growing issue of orbital congestion.




The Need for Global Collaboration in Space Sustainability

Effective international cooperation and coordination are essential to address the multifaceted
challenges posed by space activities.

Present

Intermational cooperation in space is
crucial as space achivities intensify.
Caordination amang natians can
mitigate the risks assaciabed with
satellite proliferation, ensuring

sustainable practices across borders.

2022

The UN COPUDS adopted formal
measures to enhance
international cooperation,
emphasizing the need for shared
guidelines and norms among
space-faring nations.

2019

The Long-Term Sustainability
Guidelines were developed through
extensive international collaboration,
involving over 30 member states and
addressing the need for coordinated
efforts in space activities.

Decades Ago

The establishment of COPUOS laid
the groundwork for international
cooperation in space, with the aim
of ensuring space is used for the
benefit of all humanity.
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Inclusive Access: A

Global Responsibility

Sustainability in space must encompass equitable
access for all nations. The principle of inclusivity is vital
to ensure that developing countries can participate in
and benefit from space activities. Without proactive
measures, the orbital commons risks becoming
overcrowded, hindering opportunities for less
developed nations to launch their satellites and utilize
space resources effectively.




Opportunities through

Satellite Constellations

A Dual Vision for
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Space Sustainability




Opportunities through

Satellite Constellations

The rapid expansion of satellite
constellations offers significant
potential for global connectivity and
services, but it also poses risks that
need to be managed responsibly.
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Long-Term Safeguards for

Future Generations

Implementing sustainability measures
now will safeguard the orbital
environment, ensuring safe access for
future generations while addressing
Issues like space debris and
environmental impacts.
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