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Abstract: Space debris poses a serious threat to existing space exploration, prompting an in-depth exploration 

of its legal implications and mitigation strategies. This research paper delves into the multifaceted realm of 

space debris, consisting of its definition, sources, and statistical overview. It examines the international and 

Indian legal frameworks regulating space debris mitigation, focusing challenges in implementation and 

compliance. Space debris mitigation strategies, including passive disposal and collision avoidance, are 

assessed alongside active debris removal technologies. The paper examines the challenges in attribution and 

accountability, highlighting the role of insurance and compensation mechanisms in mitigating liability. It 

underscores the environmental impact of space debris, emphasizing the need for international cooperation in 

crafting unified strategies. The study culminates in recommendations for future perspectives, advocating for 

enhanced legal frameworks, technological advancements, and global collaboration to safeguard space 

sustainability. 
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1. Introduction 

Space debris, comprising defunct satellites, spent rocket stages, and fragments from previous space 

missions, poses a serious challenge to existing space exploration. The accumulation of this debris puts 

substantial risks to active satellites, spacecraft, and the overall sustainability of space activities. Understanding 

the urgent need to address this issue, this paper delves into the multifaceted realm of space debris mitigation and 

removal, specifically highlighting on its legal implications. 

Over the last decades, the rapid growth in human-made debris orbiting Earth has significantly increased 

concerns within the aerospace community. With an increasing number of satellites and missions, the risk for 

collisions and resultant cascading debris events has escalated, jeopardizing operational spacecraft and hindering 

future space attempts. This paper seeks to underscore the urgency and significance of managing space debris 

through a legal angle. 

The relentless proliferation of space debris has posed to a heightened risk of collisions in crucial orbital 

pathways. These collisions not only endanger operational satellites but also are threats to manned missions and 

critical infrastructures, including the International Space Station (ISS). By evaluating the present scenario and 

potential consequences, this paper endeavors to highlight the gravity of the situation and the urgent need for 

effective regulatory measures. 

This paper makes an attempt to comprehensively examine the legal dimensions entwined with space 

debris mitigation and removal strategies. By analysing international treaties, national law/regulations, and 

proposed methodologies for debris management, this paper aims to elucidate the complexities and lacunae 

within the existing legal frameworks. Ultimately, this exploration aims to provide insights into strengthening 

legal structures for the sustainable management of space debris, ensuring the continued safety and viability of 

space activities. 

 

2. Understanding Space Debris 

Space debris encompasses a diverse array of non-functional, human-made objects orbiting Earth, 

consisting of defunct satellites, spent rocket stages, and fragments resulting from previous space missions. These 

objects vary in size, from minute particles to larger, potentially hazardous/dangerous fragments. They orbit the 

Earth at high velocities, causing significant threats to operational spacecraft due to the immense kinetic energy 

associated with their movement. 

The begining of space debris arises from multiple sources, including disused satellites, spent rocket 

stages, remnants from satellite collisions, and discarded hardware from space missions. The intentional 
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destruction of defunct satellites or accidental collisions between operational and non-operational spacecraft 

further contribute to the rise of debris. Additionally, the natural decay of objects in orbit generates smaller 

particles, adding to the complication of the space debris environment. 

The space debris environment has observed a concerning escalation in the volume of debris objects 

over the past decades. According to various space agencies and monitoring entities, the cataloged debris 

population encircles tens of thousands of objects larger than 10 centimeters and millions of smaller, untrackable 

particles. This exessive growth raises alarm, considering the potential risks these objects pose to both active 

satellites and future space missions. 

 

3. Legal Frameworks and Regulations 

 

3.1 International Legal Frameworks 

International Treaties and Agreements Governing Space Debris Mitigation 

The genesis of space law concerning debris mitigation is based on on several international agreements 

and treaties. The most important among these is the Outer Space Treaty (OST) of 1967, which creates the 

principles governing the exploration and use of outer space, including the mitigation of space debris. In addition 

to this, the Liability Convention and the Registration Convention adds to the legal framework highlighting the 

liability and registration of space objects, indirectly impacting debris mitigation efforts. 

United Nations Guidelines and Principles 

The United Nations Committee on the Peaceful Uses of Outer Space (COPUOS) has notified 

guidelines and principles related to space debris mitigation. These guidelines provide best practices for 

spacefaring nations to reduce the generation of debris, manage spacecraft disposal, and enhance space traffic 

management, promoting sustainable activities in outer space. 

 

3.2 Indian Legal Frameworks 

Indian Space Activities Act (ISAA) 

Within India, the Indian Space Research Organization (ISRO) operates under the ambit of the ISAA, 

purposing to regulate and authorize space activities. While the Act primarily aims at licensing and authorization 

procedures for space missions, it also encompasses aspects related to debris mitigation, expecting compliance 

with international obligations relating to space debris management. 

National Policies and Initiatives 

India has actively contributed to international attempts in addressing space debris issues. The country 

has emphasized the development and adherence to national policies aligned with global guidelines on space 

debris mitigation and disposal practices. Moreover, ISRO's attempts to increase space situational awareness and 

debris monitoring align with the international community's objectives for a cleaner space environment. 

Challenges in Implementation and Compliance 

While India aligns itself with international principles, the translation of these regulations into practical 

implementation poses challenges. Addressing the complexities of monitoring, tracking, and ensuring 

compliance with debris mitigation measures remains an ongoing task for Indian space authorities. 

 

4. Space Debris Mitigation Strategies 

 

4.1 Overview of Existing Strategies 

Passivation and Disposal of Satellites 

One of the basic approaches involves the passivation of satellites at the end of their operational 

lifespan, rendering them inert and non-hazardous. This process includes depleting fuel reserves, discharging 

batteries, and venting pressurized systems to minimize the risk of explosion or accidental collisions. In addition 

to this, controlled de-orbiting or re-entry of satellites into the Earth's atmosphere aims to ensure their safe 

disposal. 
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Collision Avoidance and Space Traffic Management 

Continuous monitoring of space objects and the development of rich collision avoidance systems are 

integral components of space debris mitigation. Space agencies use predictive modeling and tracking systems to 

anticipate potential collisions and execute evasive maneuvers to protect operational satellites. 

Debris Shielding and Hardening Measures 

Implementing shielding and hardening techniques on spacecraft designs can mitigate the potential harm 

caused by small debris particles. Shielding materials, such as Whipple shields, focus to dissipate the energy of 

impacting debris, reducing the risk of critical damage to spacecraft components. 

 

4.2 Assessment of Effectiveness 

Challenges and Limitations 

While these methods showcase promising approaches, challenges persist in their widespread adoption 

and effectiveness. Passivation and disposal mechanisms need adherence from all satellite operators, and 

obtaining universal compliance remains a challenge. Moreover, collision avoidance systems face limitations in 

precisely predicting and preventing collisions in densely populated orbital regions. 

Advancements in Technology 

New technologies, such as active debris removal (ADR) systems, provide potential solutions to actively 

remove existing debris from critical orbital paths. ADR missions using nets, harpoons, or robotic arms to 

capture and de-orbit debris showcase developments in debris removal technology. However, their scalability, 

cost-effectiveness, and legal implications warrant further examination. 

International Collaboration and Regulatory Support 

The success of mitigation strategies/methods relies mainly on international collaboration and regulatory 

cooperation. Efforts to standardize disposal practices, enhance space situational awareness, and foster 

cooperation among space faring nations are important for the efficacy of mitigation strategies. 

 

5. Space Debris Removal Technologies 

 

5.1 Exploration of Active Debris Removal Technologies 

Types of Debris Removal Methods 

Active debris removal (ADR) technologies include many methods aimed at capturing, de-orbiting, and 

disposing of non-functional or defunct satellites and debris objects. These methods include: 

• Net Capture: Utilizing nets to ensnare and capture debris objects, especially larger pieces or 

defunct satellites. 

• Harpoon Systems: Deploying harpoons or tethers to secure and maneuver debris towards re-entry 

trajectories. 

• Robotic Arms: Implementing robotic arms or grippers to grasp and manipulate debris for 

controlled de-orbiting. 

Advancements in Debris Removal Technologies 

Recent developments in ADR technologies provide promising developments in mitigating the risks 

attached to space debris. Prototypes and experimental missions have demonstrated proof-of-concept for various 

removal methods. For instance, missions like ESA's ClearSpace-1 and JAXA's KITE showcase the feasibility of 

capturing and removing targeted debris objects from orbit. 

 

5.2 Legal, Ethical, and Practical Challenges 

Regulatory and Legal Considerations 

The deployment and operation of ADR technologies raise several legal and regulatory questions. 

Clarity on ownership of debris, liability for potential damages during removal operations, and adherence to 

international space law remain critical concerns. The lack of specific regulations governing ADR missions 

complicates the execution and implementation of such endeavors. 

 



Tuijin Jishu/Journal of Propulsion Technology  
ISSN: 1001-4055  
Vol. 44 No. 3 (2023)  
__________________________________________________________________________________________ 
 

4815 
 

Ethical Considerations 

The ethical dimensions of debris removal technologies involve issues about unintentional 

consequences, including the risk of generating additional debris during removal operations. Safeguarding 

operational satellites and preventing further environmental contamination in space are paramount ethical 

considerations that necessitate careful planning and execution. 

Practical Feasibility and Cost Implications 

The practical feasibility of deploying ADR technologies at scale is a very big challenge. Factors such as 

the cost-effectiveness of removal missions, technological readiness, and the scalability of ADR systems employ 

hurdles to widespread implementation. Balancing the costs of removal operations against the benefits derived 

from a cleaner space environment requires insightful analysis and consideration. 

 

6. Liability, Responsibility, and Insurance 

 

6.1 Allocation of Liability for Space Debris Collisions 

Legal Framework for Liability 

The allocation of liability for space debris collisions encompasses considerations outlined in 

international treaties such as the Outer Space Treaty and the Liability Convention. These treaties establish the 

principles of liability for damages caused by space objects, addressing issues of fault, compensation, and state 

responsibility in the event of collisions involving space debris. 

Challenges in Attribution and Accountability 

Evaluating liability in space debris collisions, employ a significant challenge due to the complexities of 

tracking and identifying the responsible party. The lack of definitive attribution for space debris incidents 

complicates the process of holding entities accountable for damages caused by debris collisions. 

 

6.2 Insurance and Compensation Mechanisms 

Role of Insurance in Space Activities 

Insurance provides as a vital mechanism to mitigate financial risks associated with space activities and 

potential liabilities arising from space debris collisions. Space insurance policies cover various aspects, 

including satellite operations, launch failures, and third-party liability, providing financial protection against 

potential damages caused by space debris incidents. 

Compensation for Space Debris Collisions 

The legal framework outlined in international treaties and national regulations establishes the basis for 

compensation mechanisms in the event of space debris collisions. Compensation aims to cover damages 

suffered by affected parties, ensuring restitution for losses incurred due to space debris-related incidents. 

 

6.3 Legal Aspects of Holding Responsible Parties Accountable 

Challenges in Enforcement 

Enforcing liability and holding liable parties accountable for space debris collisions often has hurdles 

due to jurisdictional issues, varying national legislations, and the lack of a universal mechanism to enforce it. 

Establishing clear legal guidelines for enforcing liability and ensuring compliance with compensation 

obligations remains a complex issue. 

Need for Enhanced Regulatory Measures 

There is a demanding need for strong regulatory measures to streamline liability allocation, facilitate 

effective insurance coverage, and ensure prompt, effective and fair compensation in the cases of space debris 

collisions. Enhancing international cooperation and developing comprehensive frameworks for liability and 

insurance in space activities are crucial steps toward addressing these challenges. 

 

7. Environmental and International Cooperation 

 

7.1 Environmental Impact of Space Debris 

Impact on Space Sustainability 
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The accumulation of space debris, employ significant environmental risks, threatening the 

sustainability of space activities. Collisions among debris objects generate additional fragments, exacerbating 

the problem, various issues and increasing the likelihood of further collisions. This phenomenon, known as the 

Kessler Syndrome, could potentially lead to critical orbital regions unusable for future space missions. 

Long-Term Effects on Space Ecosystem 

The proliferation of debris not only employs immediate risks to operational satellites but also enhances 

concerns about the long-term impact on space ecosystems. Debris fragments can remain in orbit for extended 

periods, posing persistent hazards to spacecraft, jeopardizing future exploration endeavors, and hindering the 

sustainable use of outer space. 

 

7.2 International Collaboration for Space Debris Mitigation 

Need for Global Cooperation 

Mitigating the challenges posed by space debris requires extensive international cooperation. 

Spacefaring nations, space agencies, and international organizations must collaborate to develop unified 

strategies for space debris mitigation, removal, and prevention. Collaborative efforts are important for 

standardizing practices, enhancing space situational awareness, and promoting responsible space conduct. 

Role of Multilateral Forums 

Multilateral forums and organizations such as the United Nations Committee on the Peaceful Uses of 

Outer Space (COPUOS) provide discussions on space sustainability, debris mitigation, and the formulation of 

guidelines for responsible space behavior. These forums serve as platforms for fostering dialogue, sharing best 

practices, and developing standards to ensure a sustainable space environment. 

 

7.3 Challenges and Opportunities in Global Cooperation 

Challenges in Harmonizing Efforts 

Harmonizing diverse national interests, legislations, regulatory frameworks, and technological 

capabilities presents a challenge in obtaining cohesive global cooperation. Differences in policies, laws varying 

levels of technological expertise, and divergent priorities among spacefaring nations necessitate diplomacy and 

compromise to foster collaborative attempts. 

Opportunities for Collective Action 

Despite challenges, the evalving recognition of the urgency to address space debris has spurred 

initiatives for collective action and cooperation. Collaborative projects, joint research endeavors, and 

information-sharing initiatives among nations and space agencies demonstrate the potential for coordinated 

efforts to tackle space debris concerns. 

 

8. Future Perspectives and Recommendations 

 

8.1 Analysis of Future Trends in Space Debris Mitigation 

Emerging Challenges and Trends 

The escalating growth of space debris showcases a pressing challenge for future space activities. As 

satellite constellations and commercial space ventures expand, the risk of collisions and the generation of 

additional debris amplify. Understanding these trends is crucial for devising effective strategies to mitigate the 

proliferation of space debris. 

Technological Advancements 

Developments in technology, including artificial intelligence, machine learning, and autonomous 

systems, hold promise for enhancing space situational awareness, tracking debris, and executing precise 

maneuvers for debris mitigation and removal. Harnessing these technological innovations can significantly 

improve and enhance our capabilities in managing space debris. 

 

8.2 Recommendations for Enhancing Legal Frameworks 

Strengthening International Treaties 
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Amendments or additions to existing international legal frame work, such as the Outer Space Treaty 

and the Liability Convention, to incorporate explicit provisions for space debris mitigation, removal, and 

liability allocation would bolster the law. This could include defining principles, responsibilities, establishing 

clear guidelines for debris removal, and fostering collaboration among nations. 

Standardizing Debris Mitigation Practices 

Developing standardized rules of practices for spacecraft disposal, passivation, and end-of-life 

procedures can streamline compliance and ensure a more uniform approach to debris mitigation across 

spacefaring nations. This would include encouraging the adoption of best practices and technological standards 

for minimizing debris generation. 

 

8.3 Encouraging Research and Development 

Investment in Debris Removal Technologies 

Increased investment in research and development for active debris removal technologies is very 

important. Supporting innovative projects, fostering public-private partnerships, and incentivizing the 

development of scalable and cost-effective debris removal methods are essential for advancing the field of 

debris mitigation. 

Promoting Education and Awareness 

Raising public awareness about the significance of space debris, its impact on space sustainability, and 

the importance of responsible space conduct is crucial. Educational programs, outreach initiatives, and public 

engagement efforts can foster a sense of global responsibility and support for mitigating space debris. 

 

9. Conclusion 

The exploration of the legal implications of space debris mitigation and removal strategies has 

highlighted the multifaceted nature of the issue. Understanding the challenges, technological advancements, 

legal frameworks, and collaborative efforts in managing space debris is crucial for ensuring the sustainability of 

space activities. The exponential growth of space debris poses imminent risks to operational satellites, future 

space missions, and the overall sustainability of space endeavors. The potential consequences of uncontrolled 

debris proliferation, such as the Kessler Syndrome, underscore the urgency of concerted efforts in addressing 

this issue. The analysis of legal frameworks and regulatory challenges revealed the complexities in allocating 

liability, enforcing compliance, and standardizing practices for space debris mitigation. The need to enhance 

international cooperation, develop comprehensive regulations, and incentivize responsible space conduct is 

imperative. The future of space exploration hinges on proactive measures to mitigate the risks associated with 

space debris. Leveraging technological advancements, strengthening legal frameworks, fostering international 

collaboration, and investing in research and development are crucial steps towards ensuring a sustainable space 

environment. The complexities surrounding space debris necessitate ongoing commitment and collaboration 

among spacefaring nations, policymakers, space agencies, and the private sector. Collective action, informed 

decision-making, and a shared responsibility for the cleanliness and sustainability of outer space are essential for 

the well-being of our future space endeavors. 

In conclusion, the management of space debris requires a concerted, multifaceted approach. By 

integrating technological innovations, refining legal frameworks, and fostering global cooperation, we can deal 

with the challenges posed by space debris and ensure a safer, more sustainable environment for future space 

exploration and utilization. 
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