
As the world becomes increasingly reliant on space-based 
technologies, the proliferation of space debris poses a 

significant threat to our shared orbital environment.The 
United States should proactively engage with other nations 
and initiate a comprehensive program to clean up the space 
debris problem. Space economic opportunities abound, but 
the promise of this important commercial domain is hin-
dered by the growing space debris problem. The challenges 
posed by space debris, the importance of international co-
operation, potential benefits, and a framework for a collab-
orative approach to address this pressing issue are expand-
ed upon in this paper. By taking a leadership role in space 
debris cleanup, the United States can safeguard its space 
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The Big Picture
 ◆ Proliferation of space debris is a result 

of decades of space exploration, 
technological advancements, expanding 
governmental and commercial activity 
in space, and multiple destructive anti-
satellite tests.

 ◆ Development of advanced technologies 
for debris removal, tracking, and 
collision avoidance is essential. As space 
debris varies in size, shape, and orbital 
characteristics, designing effective and 
versatile cleanup systems is a challenge.

 ◆ A comprehensive space debris cleanup 
program requres financial investments, 
research and development efforts, and 
international cooperation.

 ◆ Numerous U.S. allies have established 
orbital debris programs. America is 
behind and needs to initiate a significant 
program to pursue this noble aim.

 ◆ By investing in debris cleanup, nations 
can ensure the security and sustainability 
of space activities, promoting the long-
term benefits of space exploration and 
utilization. Legislation is necessary to 
provide adequate funding for debris 
removal.
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assets, promote peaceful space activities, and foster global co-
operation in the realms of science, technology, and security.

Space debris—consisting of defunct satellites, spent 
rocket stages, and fragments resulting from collisions—
poses an ever-increasing threat to space activities. The 
exponential growth of space debris jeopardizes the sus-
tainability of space endeavors, raises the potential for 
catastrophic collisions, and hinders the exploration and 
utilization of outer space. There is now a compelling case 
for the United States to lead a collaborative internation-
al effort to set standards, implement commercial rules, 
and initiate a campaign to clean up U.S.-origin space de-
bris, thus demonstrating U.S. leadership with a proactive 

approach to tackling this global challenge. The United 
States has done well to promote standards, but much 
more action is needed.

The Growing Threat of Space Debris

The proliferation of space debris is a result of decades 
of space exploration, technological advancements, ex-
panding governmental and commercial activity in 
space, and multiple destructive anti-satellite tests by na-
tion-states (including the United States).1  The crowded 
low-Earth-orbit region has become a prime area of con-
cern due to its high concentration of satellites and de-
bris. The increasing number of near-miss collisions and 

actual collisions 
between objects 
in space under-
scores the ur-
gency of address-
ing this issue 
promptly with 
both well-con-
ceived rules and 
proactive mis-
sions. Even as 
the asymmetric 
advantage the 
United States and 
its allies current-
ly enjoy is being 
challenged by 
both China and 
Russia, rapidly 
expanding space 
debris has the 
potential to un-
dermine critical 
U.S. space capa-
bilities, thus aid-
ing the nation’s 
global compet-
itors.2 Orbital 
debris is a threat 
to U.S. space su-
periority.

Figure 1. The Growing Threat of Space Debris

Source: ESA
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The Case for International 
Cooperation

Space is a global common, and the challenges posed by 
space debris require international cooperation. No sin-
gle nation can resolve this problem unilaterally, making 
collaboration essential for devising effective solutions. 
Space debris knows no borders, and its impact extends 

beyond the territories 
of any single nation. It 
affects every spacefar-
ing country and poses 
risks to both govern-
mental and commer-
cial satellites. As such, 
dealing with this 
pressing issue neces-
sitates a collaborative 
and coordinated global 
effort. Engaging other 
nations in a concerted 
space debris cleanup 
program is vital for 
several reasons:
WORKING TOWARD 

A COLLECTIVE 
INTEREST AND 

COMMON GOALS
Space exploration and 
utilization has often 
transcended geopo-
litical boundaries, 
with nations coming 
together to achieve 
shared objectives. Ini-
tiating a space debris 
cleanup program is a 
natural extension of 
this spirit of collabo-
ration. All spacefaring 
nations and those as-
piring to obtain space 
capabilities have a 
vested interest in re-
ducing the risks posed 
by space debris. By 

working together, countries can establish common goals 
aimed at improving space safety and long-term sustain-
ability.

LEVERAGING DIVERSE EXPERTISE
Every nation brings unique expertise, resources, and 
capabilities to the table. Collaborative efforts allow for 
the pooling of technical know-how, research advance-
ments, and engineering prowess from different coun-

Benefit Description

Working Toward a
Collective Interest and

Common Goals

Leveraging 
Diverse Expertise

Sharing Costs and 
Maximizing

Resource Efficiency

Reaping Diplomatic 
and Security

Benefits

Demonstrating Leadership

Managing Crises and
Preventing Conflict

Promoting Best Practices in
Space

Operations and Leading in
International

Norms and Standards

Facilitating Space
Exploration and

Innovation

Fostering the Policy and
Regulatory

Environment That Enables a
Competitive and Burgeoning

U.S.
Commercial Space Sector

Preserving Space for
Future Generations

All spacefaring nations and those aspiring to obtain space capabilities have a vested interest in reducing the
risks posed by space debris.

Collaborative efforts allow for the pooling of technical know-how, research advancements, and engineering
prowess from different countries.

Sharing the costs among multiple nations alleviates the strain on any single country’s budget and by pooling
resources, countries can avoid duplication of efforts and streamline research and development processes.

Collaboration can be a diplomatic tool to foster peaceful relationships and build trust among participating
nations, while also reducing the ability of these nations to develop counterspace systems or take provocative
actions under the guise of active debris removal.

Leading by example can set a precedent for responsible and ethical space behavior, inspiring nations
worldwide to contribute to the preservation of space as a safe and sustainable environment.

By collaborating on debris cleanup, countries can jointly manage and mitigate the risks of such incidents,
preventing them from evolving into full-blown conflicts.

A collective commitment to responsible space operations fosters a culture of sustainability and safety,
preventing the creation of new debris and promoting the responsible disposal of defunct satellites.

A cleaner space environment facilitates future exploration missions, enabling safer passage through
congested regions and reducing the risks faced by spacecraft en route to distant destinations.

Active debris removal (ADR) technology is a new sector in which the United States can lead, and
technology necessary to conduct the complex mission of approaching, docking, and handling another
spacecraft opens much wider markets for in-space servicing, assembly, and manufacturing.

The Kessler Syndrome, a scenario in which a cascading collision of debris creates a self-sustaining chain
reaction that could render certain orbits unusable for centuries, has begun with the exponential growth of
debris.

Table 1. The Case for International Cooperation
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tries. Leveraging these diverse strengths can expedite 
the development of innovative solutions for space de-
bris removal, tracking, and collision avoidance. Scien-
tific cooperation often transcends political boundaries 
and offers a neutral ground for nations to collaborate. 
Engaging in a space debris cleanup program empha-
sizes the diplomacy of science and technology, where 
nations come together for a common purpose despite 
their political differences. This collaboration can create 
lasting bonds among scientists, engineers, and policy-
makers, fostering an environment of scientific cooper-
ation in the future.

SHARING COSTS AND MAXIMIZING 
RESOURCE EFFICIENCY

The financial burden of space debris cleanup is substan-
tial, as it requires advanced technology and complex mis-
sions. Sharing the costs among multiple nations allevi-
ates the strain on any single country’s budget and helps 
to maximize resource efficiency. Moreover, by pooling 
resources, countries can avoid duplication of efforts and 
streamline research and development processes, leading 
to cost savings and more optimal outcomes. By taking 
the lead in establishing an international collaboration, 
the United States will be more able to “drive the train” 
and select those capabilities most important to national 
security.

REAPING DIPLOMATIC AND SECURITY BENEFITS3

Collaboration in space debris cleanup can transcend 
mere technical cooperation. It can be a diplomatic tool to 
foster peaceful relationships and build trust among par-
ticipating nations. As countries work together toward a 
common goal, they are more likely to engage in meaning-
ful dialogue, exchange information, and find solutions to 
other shared challenges. Such increased cooperation in 
space can have positive spillover effects in other realms 
of international relations. Space exploration has always 
captivated the world’s imagination, and countries with 
active space programs often enjoy enhanced soft power 
and a positive global reputation. Taking the lead in space 
debris cleanup showcases the United States as a respon-
sible and forward-thinking spacefaring nation commit-
ted to global security and sustainability. This positive 
perception can bolster the United States’ soft power and 
influence on the global stage. It also reduces the chance 
that nations adversarial to the United States would un-

dertake unilateral missions that might set norms or prec-
edents harmful to U.S. interests, and it reduces the ability 
of these nations to develop counterspace systems or take 
provocative actions under the guise of active debris re-
moval.

DEMONSTRATING LEADERSHIP
The United States, as a pioneer in space exploration and 
technology, has the opportunity to demonstrate global 
leadership by taking the initiative in space debris clean-
up. By promoting a cooperative approach, the United 
States can influence other spacefaring nations to actively 
participate in the program. Leading by example can set 
a precedent for responsible and ethical space behavior, 
inspiring nations worldwide to contribute to the pres-
ervation of space as a safe and sustainable environment.

MANAGING CRISES AND PREVENTING CONFLICT
Space debris collisions have the potential to trigger dip-
lomatic crises or escalate tensions among nations. By 
collaborating on debris cleanup, countries can jointly 
manage and mitigate the risks of such incidents, pre-
venting them from evolving into full-blown conflicts.4  

Working together in space-related matters can serve as 
a confidence-building measure, allowing nations to ad-
dress potential issues before they escalate.

PROMOTING BEST PRACTICES IN SPACE OPERA-
TIONS AND LEADING IN INTERNATIONAL NORMS 

AND STANDARDS 
Engaging in collaborative space debris cleanup efforts 
requires adherence to best practices in space operations 
and responsible space debris management. By setting an 
example of effective debris mitigation and removal, the 
United States can encourage other space-faring nations 
to adopt similar practices. A collective commitment to 
responsible space operations fosters a culture of sustain-
ability and safety, preventing the creation of new debris 
and promoting the responsible disposal of defunct sat-
ellites. By initiating a collaborative space debris clean-
up program, the United States can take a leadership 
role in developing international norms and standards 
for responsible space activities.5 This includes creating 
guidelines for debris mitigation, collision avoidance, and 
sustainable space operations. Promoting these standards 
globally ensures a consistent and coherent approach to 
space sustainability, strengthening the overall stability 
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of the space domain. To date the United States has not 
backed up words with actions.

FACILITATING SPACE EXPLORATION 
AND INNOVATION

Space debris not only poses a threat to existing space
assets but also inhibits future space exploration mis-
sions. As humanity sets its sights on the Moon, Mars, 
and beyond, it is essential to address the challenges 
posed by debris in high-traffic orbits. A cleaner space 
environment facilitates future exploration missions, en-
abling safer passage through congested regions and re-
ducing the risks faced by spacecraft en route to distant 
destinations.

FOSTERING THE POLICY AND REGULATORY ENVI-
RONMENT THAT ENABLES A COMPETITIVE AND 

BURGEONING U.S. COMMERCIAL SPACE SECTOR
The continued growth of a vibrant commercial sector 
requires a safe operating environment. Moreover, ac-
tive debris removal (ADR) technology is a new sector 
in which the United States can lead, and technology 
necessary to conduct the complex mission of approach-
ing, docking, and handling another spacecraft opens 
much wider markets for in-space servicing, assembly, 
and manufacturing. These same technologies have 
clear national security applications. Thus, the United 
States should be proactive in creating a domestic ADR 
industry.

The Hazards of Space Debris: A Case Study

The U.S. Department of Defense Space Surveillance Network currently tracks over 25,000 catalogued objects1– nearly 
two-thirds of which are classified as spent rocket bodies and other debris. There are many more objects that are con-
sidered space junk that are not tracked due to their small size but that nonetheless pose a threat to satellites and other 
spaceborne assets. The existence of anthropogenic or human-made debris of various sizes is a result of more than 600 
confirmed fragmentation events recorded since the beginning of the space age.2 Some events are classified as acciden-
tal, others as deliberate. Regardless of intent, these separation events leave behind fragments that are hazardous to 
critical space activity and infrastructure.
 
A fairly recent example is the confirmed intentional destruction of Cosmos 1408 in the early hours of November 15, 
2021.3 A nearly 2-ton derelict Soviet electronic and signals intelligence (ELINT) Tselina-D-class spacecraft was suc-
cessfully targeted and hit by Russian direct-ascent anti-satellite weaponry. The Russian test resulted in the catastrophic 
destruction of Russia’s own 1982 ELINT relic, which generated more than 1,500 pieces of trackable orbital debris and 
another estimated hundreds of thousands of pieces of smaller debris.4

 
To date, civil government actions—notably including the International Space Station’s 5-minute, 5-second maneu-
ver—have been necessary to avoid collisions with Cosmos 1408 debris. As reported to the Federal Communications 
Commission more than six months after the incident, commercial satellite fleet operations have been impacted, re-
quiring more maneuvering on the order of 1,700 times, which is said to be greater than for any other objects in space.5 
Although the Cosmos 1408 event was the result of a “test,” this incident is one of many that underscore the seriousness 
and ongoing high risk of unmanaged orbital debris.
 
1. (NASA) Orbital Debris Quarterly News, 26, no. 2 (June 2022), https://orbitaldebris.jsc.nasa.gov/quarterly-news/pdfs/odqnv26i2.
pdf.
2. ESA’s Annual Space Environment Report (2022), https://www.esa.int/Space_Safety/Space_Debris/ESA_s_Space_Environment_
Report_2022.
3. (NASA) Orbital Debris Quarterly News, 26, no. 1 (March 2022), https://orbitaldebris.jsc.nasa.gov/quarterly-news/pdfs/odqnv26i1.
pdf.
4. U.S. Space Command, “Russian Direct-Ascent Anti-satellite Missile Test Creates Significant, Long-Lasting Space Debris,” No-
vember 15 2021, https://www.spacecom.mil/Newsroom/News/Article-Display/Article/2842957/russian-direct-ascent-anti-satel-
lite-missile-test-creates-significant-long-last/.
5. Michael Kan, “Starlink Satellites Still Dodging Orbital Debris From Russian Missile Test,” PCMag, July 5, 2022, https://www.
pcmag.com/news/starlink-satellites-still-dodging-orbital-debris-from-russian-missile-test.
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PRESERVING SPACE FOR
FUTURE GENERATIONS

The consequences of inaction re-
garding space debris are dire. The 
Kessler Syndrome, a scenario in 
which a cascading collision of de-
bris creates a self-sustaining chain 
reaction that could render cer-
tain orbits unusable for centuries, 
has begun with the exponential 
growth of debris. Active debris 
removal (ADR) can significantly 
mitigate this uncontrolled growth.6 

By undertaking a collective effort 
to remove debris and prevent fur-
ther cluttering of space, current 
generations can ensure that future 
generations inherit a space envi-
ronment conducive to continued 
exploration and progress.

Space debris poses an unprec-
edented challenge that requires a 
united response from the interna-
tional community. Engaging other 
nations in a comprehensive space 
debris cleanup program aligns 
with the principles of shared re-
sponsibility, promotes diplomatic 
ties, and fosters global coopera-
tion in the pursuit of a secure and 
sustainable space environment. By 
leading the charge in this endeav-
or, the United States can exemplify 
responsible space stewardship and 
pave the way for a more prosper-
ous and secure space-faring future 
while shaping policy, perceptions, and technical geogra-

phy.

Benefits of Space Debris Cleanup: En-
hanced Space Security and Shaping 

Space Traffic Management

Enhancing space security through a global space debris 
cleanup program is a crucial aspect of protecting vital 
space assets, reducing collision risks, and fostering resil-

ience in space systems. By actively participating in such 
a program, the United States can play a leading role in 
promoting responsible space behavior, strengthening in-
ternational space security cooperation, and ensuring the 
continued safe and sustainable use of outer space. Initi-
ating and/or engaging in a global space debris cleanup 
program can enhance space security and pave the road to 
U.S. Space Traffic Management (STM) in the following 
ways:

PROTECTING OPERATIONAL SATELLITES

Figure 2. The Impact of Space Debris

Source: ESA
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Operational satellites are essential for communication, 
navigation, weather monitoring, national defense, and a 
host of other applications. These satellites are vital assets 
that play a crucial role in modern life and national securi-
ty. By removing defunct satellites and debris from critical 
orbits, the risk of collisions with operational satellites is 
significantly reduced, safeguarding these vital assets from 
potential damage or disruption. A coordinated space 
debris cleanup program actively reduces the density of 
debris, minimizing the probability of collisions and the 
potential for further catastrophic events.

SAFEGUARDING SPACE ASSETS AND
SAFEGUARDING RESILIENCE 

Space missions and satellite deployments involve signifi-
cant financial investments. Protecting these investments 
from the threat of space debris is crucial for both gov-

ernment agencies and private companies. By participat-
ing in a global cleanup program, the United States can 
help ensure that space assets operate in a less hazardous 
environment, providing better returns on investments 
and extending the operational life of satellites. Resilience 
is a fundamental aspect of space security. Ensuring that 
space systems can withstand and recover from potential 
disruptions, whether caused by natural events or colli-
sions with space debris, is essential. Space debris cleanup 
contributes to this resilience by reducing the likelihood 
of collisions that could lead to system failures. Strength-
ening the resilience of space assets ensures continuity in 
critical services, such as navigation, communication, and 
disaster response.

FACILITATING SPACE SITUATIONAL 
AWARENESS

Benefit Description

Protecting Operational
Satellites

By removing defunct satellites and debris from critical orbits, the risk of collisions with operational
satellites is significantly reduced, safeguarding these vital assets from potential damage or disruption.

Facilitating Space Situational
Awareness (SSA)

Safeguarding Space Assets and
Increasing Resilience

Ensuring that space systems can withstand and recover from potential disruptions, whether caused by
natural events or collisions with space debris, is essential—strengthening the resilience of space assets
ensures continuity in critical services, such as navigation, communication, and disaster response.

Space debris cleanup can alleviate the density of objects in critical orbits, enabling more accurate and
reliable SSA data, which is essential for collision avoidance and effective space traffic management.

Deconflicting Space Missions
Engaging in a space debris cleanup program fosters communication and collaboration among
spacefaring nations, allowing for better coordination of mission trajectories and orbital slots.

Managing Satellite
Constellations and Space

Traffic

Establishing common guidelines for collision avoidance maneuvers, safe disposal of defunct satellites,
and notification procedures for close approaches fosters a harmonized and consistent approach to
space traffic management.

Encouraging Workforce
Development for Emerging

Global Industry

There are jobs and industries relating to space waste management in which the United States can
lead.

Table 2. The Benefits of Space Debris Cleanup
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Space situational awareness (SSA) refers to the ability 
to accurately track and predict the positions of objects 
in space, including satellites and debris. A cluttered 
space environment can make SSA challenging, leading 
to uncertainties in tracking space objects and predicting 
potential close approaches. Space debris cleanup can al-
leviate the density of objects in critical orbits, enabling 
more accurate and reliable SSA data, which is essential 
for collision avoidance and effective space traffic man-
agement. A collaborative space debris cleanup program 
involves the cataloging and tracking of removed de-
bris and defunct satellites. This effort contributes to a 
comprehensive space object database, facilitating better 
tracking and identification of objects in space. A more 
robust and up-to-date catalog allows for more precise 
orbital predictions and collision risk assessments, en-
hancing space traffic management capabilities.

DECONFLICTING SPACE MISSIONS
As the number of satellites and space missions grows, 
there is an increasing need to coordinate and decon-
flict planned launches and maneuvers. Engaging in a 
space debris cleanup program fosters communication 
and collaboration among space-faring nations, allow-
ing for better coordination of mission trajectories and 
orbital slots. A cleaner space environment minimizes 
the risk of unintentional collisions and close approach-
es between spacecraft.

MANAGING SATELLITE CONSTELLATIONS AND 
SPACE TRAFFIC

Satellite constellations, such as those used for global 
communications and Earth observation, are becoming 
more prevalent. Managing the orbits and positions of 
satellites within these constellations requires careful 
planning and coordination. A collaborative effort in 
space debris cleanup can help optimize the placement 
of satellites within constellations, ensuring minimal 
interference and collision risks between satellites. A 
globalspace debris cleanup program provides an op-
portunity for participating nations to standardize space 
traffic procedures and protocols. Establishing common 
guidelines for collision avoidance maneuvers, safe dis-
posal of defunct satellites, and notification procedures 
for close approaches fosters a harmonized and consis-
tent approach to space traffic management. These stan-
dardized procedures contribute to a safer and more ef-
ficient space environment for all.

ENCOURAGING WORKFORCE DEVELOPMENT FOR 
EMERGING GLOBAL INDUSTRY

There are jobs and industries relating to space waste man-
agement in which the United States can lead. 

Space debris cleanup plays a pivotal role in enhancing 
space traffic management. By reducing the risks of col-
lisions, improving space situational awareness, and pro-
moting standardized procedures, a collaborative space de-
bris cleanup program can contribute to a safer and more 
sustainable space environment. Effective space traffic 
management is crucial for ensuring the continued success 
of space missions, satellite services, and scientific explora-
tion in the increasingly crowded realm of space.

Challenges and Obstacles

Addressing the challenges posed by space debris requires 
the development and deployment of advanced technolo-
gies for debris removal, tracking, and collision avoidance. 
As space debris varies in size, shape, and orbital character-
istics, designing effective and versatile cleanup systems is a 
formidable task. The successful implementation of a glob-
al space debris cleanup program hinges on overcoming a 
range of technological hurdles. Advancing tracking capa-
bilities, developing versatile debris capture technologies, 
conducting active debris removal missions, and enhanc-
ing space situational awareness are among the key areas 
that require focused research and development. With sus-
tained investment in innovative technologies and inter-
national cooperation, these challenges can be met, paving 
the way for a safer, secure, and sustainable space environ-
ment for current and future generations. Key technologi-
cal hurdles must be overcome to successfully implement a 
global space debris cleanup program, including:

ADVANCING DEBRIS IDENTIFICATION AND 
TRACKING

Accurate identification and tracking of space debris are 
critical for effective cleanup operations. The vast num-
ber of objects in space, ranging from small fragments to 
defunct satellites, requires sophisticated tracking systems 
and algorithms. Developing advanced sensors, ground-
based radars, and space-based telescopes capable of pre-
cisely detecting and characterizing space debris is essen-
tial for successful cleanup missions. Such sensors also help 
advance U.S. national security by increasing our ability to 
surveil for hostile or aggressive actions and enhance de-
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terrence by preventing operational surprise.7 They also 
increase our sensing capabilities to and preparedness to 
cope with near-Earth-object hazards.8

DEVELOPING DEBRIS CAPTURE AND REMOVAL 
TECHNOLOGIES

The diverse nature of space debris demands versatile 
capture and removal technologies. Dealing with larg-
er objects, such as old satellites or spent upper rocket 
stages, may require robotic arms, nets, or other capture 
mechanisms. Similarly, smaller debris particles might 
necessitate technologies like electrodynamic tethers or 
ion beams for deorbiting. Research and development 
efforts must focus on creating adaptable and efficient 
debris removal mechanisms to handle various debris 
types. Maturing these technologies simultaneously ad-
vances core competencies to meet U.S. goals for the 

development of in-space servicing, assembly, and manu-
facturing.9

CONDUCTING ACTIVE DEBRIS 
REMOVAL MISSIONS

Conducting active debris removal missions involves ren-
dezvousing with non-operational objects and safely cap-
turing them for controlled deorbiting or disposal. Devel-
oping spacecraft capable of autonomously approaching 
and securely attaching to debris objects is complex. These 
missions also require precise orbital maneuvering and 
propulsion systems to safely deorbit the debris without 
creating additional fragments or endangering operational 
satellites.

DEORBITING DEFUNCT SATELLITES
Deorbiting defunct satellites that have reached the end of 
their operational life is crucial to preventing the buildup 

Challenge Description

Advancing Debris
Identification 
and Tracking

Developing Debris Capture
and Removal Technologies

 Conducting Active Debris
Removal Missions

Enhancing Space
Situational Awareness

(SSA)

Deorbiting Defunct
Satellites

Developing Autonomous
Operations and Robotics

Developing advanced sensors, ground-based radars, and space-based telescopes capable of precisely
detecting and characterizing space debris is essential for successful cleanup missions. 

Dealing with larger objects, such as old satellites or spent upper rocket stages, may require robotic arms,
nets, or other capture mechanisms—similarly, smaller debris particles might necessitate technologies
like electrodynamic tethers or ion beams for deorbiting. 

These missions require precise orbital maneuvering and propulsion systems to safely deorbit the debris
without creating additional fragments or endangering operational satellites.

Enhancing SSA capabilities is crucial for both collision avoidance and effective debris cleanup, which
includes improving ground-based tracking systems, increasing the number of space-based telescopes,
and developing advanced algorithms for data processing and collision prediction. 

Implementing effective deorbiting strategies for end-of-life satellites, such as propulsive maneuvers or
drag sails, requires careful planning and coordination with satellite operators. 

Advanced robotics and artificial intelligence are essential for executing tasks like debris capture,
attachment, and deorbiting—developing autonomous systems that can operate safely and effectively in
the harsh environment of space is a significant technological challenge.

Table 3. Technological Hurdles
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of space debris. Implementing effective deor-
biting strategies for end-of-life satellites, such 
as propulsive maneuvers or drag sails, requires 
careful planning and coordination with satellite 
operators. Additionally, it necessitates ensur-
ing that defunct satellites can be remotely con-
trolled or automatically programmed for con-
trolled reentry.

ENHANCING SPACE SITUATIONAL 
AWARENESS

Enhancing SSA capabilities is crucial for both 
collision avoidance and effective debris cleanup. 
This includes improving ground-based tracking 
systems, increasing the number of space-based 
telescopes, and developing advanced algorithms 
for data processing and collision prediction. A 
more comprehensive SSA network enables bet-
ter decision-making for debris capture missions 
and reduces the risk of collisions during cleanup 
operations.

DEVELOPING AUTONOMOUS OPERATIONS 
AND ROBOTICS

Many debris cleanup missions will require au-
tonomous spacecraft capable of performing 
complex operations in space without direct 
human intervention. Advanced robotics and 
artificial intelligence are essential for executing 
tasks like debris capture, attachment, and deor-
biting. Developing autonomous systems that 
can operate safely and effectively in the harsh 
environment of space is a significant technolog-
ical challenge.

Funding and Resource 
Allocation Challenges

Undertaking a comprehensive space debris 
cleanup program is a resource-intensive endeavor, 
involving financial investments, research and devel-
opment efforts, and international cooperation. Fund-
ing and resource allocation represent one challenge to 
overcome when initiating a U.S.-led cleanup initiative. 
Several key aspects must be addressed to ensure the suc-
cessful implementation of the program:

COST ESTIMATION AND FINAL COMMITMENT
The first step in tackling the funding challenge is to es-
timate the overall cost of the cleanup program. This es-
timation should include the expenses associated with 
technology development, mission planning, spacecraft 
deployment, ground-based infrastructure, and ongo-
ing monitoring and coordination efforts. Governments, 
space agencies, and private entities involved in space ac-
tivities must commit the necessary financial resources to 

Figure 3. Technologies for Space 
Debris Mitigation

Source: American Foreign Policy Council
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support the program effectively. NASA has provided an 
excellent starting point from which to build, in the re-
cent publication led by Thomas Colvin, Cost and Benefit 
Analysis of Orbital Debris Removal.10

MULTILATERAL INTERNATIONAL FUNDING
Given that space debris affects the interests of all 
space-faring nations, the financial burden should be 
shared among multiple stakeholders. Establishing mul-
tilateral funding mechanisms, where participating na-
tions contribute according to their space capabilities 
and activities, can distribute the costs more equitably. 
This approach fosters a sense of shared responsibility 
and encourages all nations with space assets to par-
ticipate in the cleanup effort. The United States must 
engage in diplomatic negotiations to define a fair and 
transparent framework for cost -sharing. This involves 
discussing contributions based on gross domestic prod-
uct (GDP), space assets, and involvement in space ac-
tivities. Transparency in financial commitments fosters 
trust among nations and strengthens overall coopera-
tion in the cleanup program.

EXISTING AGREEMENTS AND ORGANIZATIONS
Building on existing space-related agreements and 
organizations can streamline the funding process and 
coordination efforts. Leveraging frameworks such as 

the United Nations Committee on the Peaceful Uses of 
Outer Space (COPUOS) or the Inter-Agency Space De-
bris Coordination Committee (IADC) can facilitate co-
operation and resource allocation. Existing international 
agreements can provide a basis for defining the roles and 
responsibilities of participating nations in the cleanup 
program.

PUBLIC-PRIVATE PARTNERSHIPS AND
COMMERCIAL INCENTIVES

Engaging the private sector through public-private part-
nerships can be instrumental in funding and implement-
ing space debris cleanup missions. Private companies 
involved in space operations have a vested interest in de-
bris mitigation, as it directly impacts the safety and func-
tionality of their satellite constellations and future space 
missions. Collaborating with private entities can bring 
additional expertise, resources, and funding to the clean-
up program. The U.S. Space Force SpaceWERX Orbital 
Prime administered within the Small Business portfolio 
is an excellent example of encouraging public-private 
partnerships. Creating commercial opportunities and 
incentives for space debris removal can help attract pri-
vate investments and support from the commercial space 
sector. Governments can offer contracts or rewards for 
private companies that successfully remove debris or de-
velop innovative cleanup technologies. These incentives 

Challenge Description

Cost Estimation and Financial
Commitment

Multilateral International
Funding

Existing Agreements and
Organizations 

Public-Private Partnerships 
and Commercial Incentives

Cost of Space Waste
Management

An estimation of the overall cost of the cleanup program should include the expenses associated with
technology development, mission planning, spacecraft deployment, ground-based infrastructure, and
ongoing monitoring and coordination efforts. 

Establishing multilateral funding mechanisms, where participating nations contribute according to their
space capabilities and activities, can distribute the costs more equitably. 

Leveraging frameworks such as the United Nations Committee on the Peaceful Uses of Outer Space
(COPUOS) or the Inter-Agency Space Debris Coordination Committee (IADC) can facilitate cooperation
and resource allocation. 

Collaborating with private entities can bring additional expertise, resources, and funding to the cleanup
program—governments can offer contracts or rewards for private companies that successfully remove
debris or develop innovative cleanup technologies. 

The U.S. government total space expenditures from civil, military, and intelligence agencies are estimated
to be $70 billion per year, which translates to an allocation of approximately $600 million per year
toward operational space waste management.

Table 4. Funding and Resource Allocation Challenges
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encourage private-sector involvement in the cleanup 
program and stimulate the development of cost-effec-
tive and scalable solutions.

COST OF SPACE WASTE MANAGEMENT
The United States spends approximately $200 billion 
each year on waste management or about 0.87 percent 
of GDP. With the 2021 U.S. space economy of approxi-
mately $211 billion per year, the proportional spending 
on space waste management should be about $1.8 bil-
lion per year from all U.S. sources.11 The U.S. govern-
ment total space expenditures from civil, military, and 
intelligence agencies are estimated to be $70 billion per 
year, which translates to an allocation of approximately 
$600 million per year toward operational space waste 
management.

Funding and resource allocation are central challenges 
in initiating and sustaining a global space debris clean-
up program. Estimating the costs, establishing multi-
lateral funding mechanisms, engaging in public-private 
partnerships, fostering international collaboration, le-
veraging existing agreements, and providing commer-
cial incentives including possible fines or penalties are 

all essential components of addressing this financial chal-
lenge. Insurance companies have not yet developed poli-
cies for satellite service companies but are looking at this 
possible emerging market. By investing in space debris 
cleanup, nations can ensure the security and sustainability 
of space activities, promoting the long-term benefits of 
space exploration and utilization.

Proposed Framework for a 
Collaborative Space Debris 

Cleanup Program

The European Space Agency, the Japanese Aerospace 
Exploration Agency, the U.K. Space Agency, and others 
have established orbital debris programs. The United States 
is behind and needs to initiate a significant program to pursue 
this noble aim. NASA and various academic institutions 
have studied the problem and have collectively begun the 
needed technical assessment of the totality of the problem 
we face, a first and necessary step toward finding a solu-
tion. SpaceWERX Orbital Prime, although a good start to 
provide seed corn to the robust U.S. innovation commu-
nity, is not sufficient alone to pursue these important ob-

Figure 4. Space Sustainability

Source: Space News
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jectives. Legislation is necessary. Bills like the ORBITS 
Act are a good start, but they should include funding. 
Building on the NASA report, the following recom-
mendations should be pursued:

1. Congress should express its sense that the Unit-
ed States should lead a domestic ADR industry 
(and codify the responsibilities of the president 
to promote such a program) and lead in estab-
lishing an international program.

2. The House Armed Services Committee and the 
Senate Armed Services Committee should allo-
cate no less than $600 million over the Future 
Years Defense Program to U.S. Space Force 
research and development to de-
velop multiple demonstration 
missions (PE 1206616SF) 
in partnership with 
commercial industry 
and private capital.

3. The House Stra-
tegic Forces 
Subcommittee 
and the Sen-
ate Armed Ser-
vices Committee 
should consider 
providing no less 
than $600 million 
from fiscal years 
2026 to 2030 for the 
U.S. Space Force to de-
velop prototype systems 
for active debris remediation 
in partnership with industry.

4. The House Committee on Science, Space, and 
Technology should create a program element 
(PE) specific to NASA to fund future research, 
initiatives, and space demonstration missions 
addressing orbital debris for NASA and the 
Department of Commerce and provide no less 
than $250 million over the future years Defense 
Program to be allocated to NASA for maturing 
ADR technology.

5. The Senate Commerce, Science, and Transpor-
tation Committee should assess the structure by 
which optimal allocation of costs would be as-
signed and review the policies associated with 

the responsibility for U.S.-flagged satellite com-
panies to remove or dispose of their systems at 
end-of-life or face fines and penalties.

Conclusion

The threat posed by space debris is a pressing issue requir-
ing immediate action and collaboration. As a space super-
power, the United States has a unique opportunity to lead 
the global community in a comprehensive space debris 
cleanup program. By taking on this role, the United States  
can safeguard its space interests, promote peaceful space 
activities, and foster cooperation and goodwill among 

nations. Embracing this challenge will be a 
milestone in ensuring the sustainabili-

ty and securityof our shared orbital 
environment and the future of 

space exploration.“The European 
Space Agency, the Japa-

nese Aerospace Exploration 
Agency, the U.K. Space Agency, 
and others have established or-

bital debris programs. The United 
States is behind and needs to ini-

tiate a significant program to 
pursue this noble aim.”
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