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ARTICLE INFO ABSTRACT

Keywords: Space debris consists of non-functional, human-made objects remaining in Earth’s orbit or entering the atmo-
Space debris sphere, creating significant challenges for space operations. Current surveillance systems track nearly 40,000
Sate'llites larger debris fragments, yet it is estimated that hundreds of thousands of smaller pieces and millions of tiny,
g;:it:craft untracked particles further contribute to the risk of high-velocity collisions. These objects threaten spacecraft

integrity, satellite functionality, and the long-term sustainability of space activities. This review article in-
vestigates the hazards posed by space debris, providing an overview of its impact on satellite operations, crewed
space missions, and orbital stability. It examines risk mitigation strategies, including the enforcement of stricter
disposal regulations, advancements in satellite design for controlled re-entry or deorbiting, and the active
removal of large debris objects. A structured approach to space debris mitigation is also explored, outlining a
proposed four-step strategy: designing spacecraft for impact resistance, implementing advanced remote tracking
and monitoring systems, integrating onboard detection and avoidance mechanisms, and developing impact
mitigation strategies to minimize damage. Additionally, the importance of enhanced tracking technologies and
international cooperation is underscored, as collective efforts are necessary to address this escalating issue.
Increasing awareness of the growing risks and exploring practical mitigation strategies strengthens ongoing ef-
forts to safeguard space activities and ensure the long-term viability of Earth’s orbital environment.

Aerospace safety
Navigation risks

1. Introduction remediation, space debris is estimated to cause negative damage of

approximately 1.95 % of global Gross Domestic Product in the long term

The low-Earth orbit (LEO) environment is increasingly congested
with debris, consisting of discarded human-made objects such as dead
satellites, spent rocket stages, and fragments resulting from collisions
with micrometeoroids and other orbital debris [1]. Space debris was not
a significant concern half a century ago; however, advancements in
technology and the growing number of space missions have intensified
the risks posed by existing debris [2]. As of 2024, the European Space
Agency (ESA) tracked over 45,300 debris objects larger than 10 cm,
about 1 million fragments ranging from 1 to 10 cm, and around 130
million pieces smaller than 1 cm currently orbiting Earth [3]. Without
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[4].

According to ESA, a key challenge lies in the continuous dispersion of
space debris, making the issue increasingly complex and risky to space
travels. Additionally, while some debris is too small for detection, it
remains large enough to interfere with spacecraft operations, particu-
larly in near-Earth space [5]. The travel speed of debris plays a crucial
role in the extent of damage sustained upon impact, regardless of its size
[6]. For instance, the Cupola windows of the International Space Station
(ISS), installed in 2010, have sustained minor damage due to collisions
with millimetre-sized particles [7]. Since 1999, the ISS has performed 30
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collision avoidance manoeuvres to prevent impacts. The ESA reports
that orbital collisions produce a range of effects: particle-sized debris
can puncture spacecraft surfaces, debris of approximately 10 cm can
severely impair spacecraft operations, and hypervelocity impacts can
generate extreme stress, leading to fractures and structural failure [8].
While larger debris can be monitored and avoided, smaller undetectable
objects present a persistent danger, necessitating improved tracking and
mitigation strategies [9,10]. Fig. 1 illustrates space debris presently
round the Earth.

Table 1 presents key statistics on space debris, emphasising the
increasing risks posed to space missions and operational spacecraft. The
continued accumulation of dead satellites as well as spent rocket stages
and fragmentation debris in Earth’s orbit necessitates mitigation stra-
tegies. The rise in space activity, with over 6380 rocket launches since
1957, has contributed to a growing population of objects in orbit, with
approximately 10,290 satellites still in space, of which 7800 remain
functional [12]. However, the persistent presence of non-operational
satellites and other debris increases the probability of collisions,
which could further exacerbate the problem. Space Surveillance Net-
works actively track and catalogue over 33,640 debris objects, but many
smaller fragments remain undetected. These untracked particles, despite
their size, pose a significant risk due to their high velocities [13]. The
estimated 640+ break-ups, explosions, and collisions in orbit highlight
the growing fragmentation of space debris, necessitating improved
monitoring and mitigation efforts. The total mass of space objects in
Earth’s orbit now exceeds 10,800 tonnes, reflecting the increasing ma-
terial congestion in both LEO and geostationary orbit (GEO).

To address these challenges, space agencies such as the European
Space Agency (ESA) and the National Oceanic and Atmospheric
Administration (NOAA) have intensified their efforts to develop
advanced tracking systems, collision avoidance manoeuvres, and debris
removal technologies [15]. Similarly, several scientific conferences are
being held, international associations are being created, and efforts are
being made to modify national standards to predict the development of
the orbital environment and combat the threat of space debris [16].
Future missions increasingly focus on better spacecraft shielding,
enhanced de-orbiting strategies, and improved sensor technologies to
detect and track smaller debris fragments [17]. The development of
international guidelines and policies plays a crucial role in ensuring the
long-term sustainability of space activities and reducing the potential
hazards posed by space debris.

Additionally, all spacecraft components must be optimised to mini-
mise the risk of orbital impacts. Specifically, a more comprehensive
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Table 1
Significant facts on space debris (Source: Adapted from [14]).

Number of rockets launched since the
start of the space age in 1957.
Number of satellites these rocket
launches have placed into Earth orbit.
Number of these still in space

About 6380 (excluding failures)
About 15,430

About 10,290

Number of these still functioning About 7800
Number of debris objects regularly About 33,640
tracked by Space Surveillance
Networks and maintained in their
catalogue.
Estimated number of break-ups, >640

explosions, collisions, or anomalous
events resulting in fragmentation

Total mass of all space objects in Earth >10,800 tonnes

orbit
Key space agencies monitoring space National Oceanic and Atmospheric
debris Administration (NOAA) and the

European Space Agency (ESA)

integration of measures focused on protection, mitigation, and regula-
tion is essential [18]. Other considerations include careful selection of
materials for spacecraft construction, as well as advancements in energy,
power, and propulsion systems to enhance sustainability and safety.
However, these efforts often lack environmental sustainability and can
be prohibitively expensive [19]. Current initiatives have largely failed to
address the infrastructural challenge of space debris, as noted by Clor-
mann and Klimburg-Witjes [20]. Considering these concerns, this study
examines recent trends related to space debris, outlining the scope of the
problem, the necessity of mitigation measures, and a proposed strategy
for reducing debris-related risks.

2. Types of orbital space debris

Space debris consists of non-functional human-made objects orbiting
the Earth or re-entering the atmosphere with the potential of disastrous
high-speed collision with aircraft or satellites, recognized by the United
Nations Debris Mitigation Resolution as a severe threat to aerospace
safety [21]. Since the beginning of the space age in the early 1960s,
there has been more space debris, such as discarded launch vehicles,
dead and abandoned satellites, parts of a spacecraft, and rocket frag-
ments, than operational satellites [22]. Over 6000 satellites and rockets
weighing over 30,000 tonnes have been launched into orbit in the past
six decades [23]. Although most non-functional devices have plunged

2000 billion objects

30 million objects

Fig. 1. Overview of space debris distribution around the Earth (Source: [11]).
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into the atmosphere and burned out, more than 8000 tonnes of debris
are still left in Earth’s orbit. Also, the direct-ascent anti-satellite (ASAT)
test undertaken by the Russian Federation on 15 November 2021 tar-
geted Cosmos 1408, a derelict Electronic and Signals Intelligence
(ELINT) Tselina-p-class spacecraft, released over 1500 pieces of large,
trackable fragments. The global Space Surveillance Network (SSN) of
the U.S. Space Force expects more Cosmos 1408 fragments to be added
to the U.S. Satellite catalogue in the coming weeks and months [24].

Space debris is also associated with the "Kessler effect" [25], which
involves serial collisions. Therefore, it could be blamed for the failure of
spacecraft to launch into orbit, making orbital space economically un-
profitable for commercial exploration [26]. Space debris may also
interfere with astronomical observations [27] and make it difficult to
accurately assess space conditions or manage space traffic [28]. As space
activities are increasing with the deployment of at least 20,000 new
satellites in LEO as part of new large-scale constellations and the rising
number of space actors, these problems may exacerbate as these satel-
lites should be replaced once every 5-10 years [28]. As such, the USA
and several countries in the European Union have begun implementing
measures, such as debris removal, to mitigate risks and safety concerns
related to space debris [29].

NASA runs the Orbital Debris Program, based at the Johnson Space
Center. It is recognized worldwide for its initiative in addressing orbital
debris. The United States Government Orbital Debris Mitigation Stan-
dard Practices (ODMSP) was established in 2001 to address the increase
in orbital debris in the near-Earth space environment. The ODMSP aims
to limit generating new, long-lived debris by controlling their release
during normal operations and accidental explosions and selecting a safe
flight profile and operational configuration to minimize accidental col-
lisions and post-mission disposal of space structures [7].

Table 2 presents an overview of some of the characteristics of space
debris, indicating the need for space missions and spacecraft to pay
special attention to the risks from debris to prevent any incidents.
Because space debris range in size from millimetres to meters and
orbiting at very high speed, approximately 17,500 mph in LEO, which
are too small to be tracked but large enough to be a threat [7],
extra-strong materials such as carbon nanotubes will be required to
intercept them [30]. The objects’ geometry, size, or shape are important
parameters influencing satellite shape classification through machine
learning to avoid a collision, as even millimetre-sized debris represents a
risk to robotic missions [31]. Weeden [32], one of the most cited authors
in this respect, argues that space debris resulting from collisions can be
categorized into three types, as follows: i) collisions between a space-
craft with debris greater than 10 cm in diameter, resulting in destruction
and thousands of additional pieces of debris; ii) collisions with objects

Table 2

Key features of space debris.
Features Implications Reference
Varied size and Space debris can vary in size, leading to ESA [3]

composition smaller or larger damages to satellites

and spacecraft.
Space debris can be found at various

Varied orbital Johnson [33].

altitudes orbital altitudes, including LEO below
2000 km, medium-Earth orbit (MEQO)
between 2000 and 35,786 km, and
geostationary orbit (GEO) around 35,786
km.
Varied The density of debris is highest in the Pardini and
concentrations lower orbits due to increased space Anselmo [34]
activities.
Collision risks Debris moves at high velocities, and even ESA [35]
small fragments can pose a significant
risk due to their kinetic energy.
Tracking and Space agencies around the world track NASA [7]

Cataloguing and catalogue space debris to monitor its
movement and predict potential

collisions
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ranging in size from 1 to 10 cm can be fatal to a spacecraft, less likely to
produce debris; and iii) collisions with objects smaller than 1 cm, and
considerable debris is unlikely to result. The detection capabilities have
improved, and so additional uncatalogued objects are detected.

The use of small satellites and CubeSats is often criticised, since they
have shorter lifetimes, and the decay to Earth is not immediate, creating
additional space debris while threatening the space environment [36].
According to Muciaccia [37], there are different sources of debris: (a)
mission-related debris (spacecraft’s operation), originating less debris;
(b) satellite breakup debris (destructive orbital disassociation), origi-
nating the most volume of debris; and (c) anomalous events (objects
detaching from the main body), representing a minor source of concern,
even without additional launches, since the first satellite in 1957, more
space debris continues to be generated [35,32]. Still, there is yet to be a
consensus on what type of space debris is to be prioritized for removal,
even though it seems reasonable to remove debris of the largest sizes
[38]. As part of a space battlefield, sensor space surveillance, able to
scan a vast space domain, has been gaining attention in the context of an
orbit catalogue and can contribute to efficient surveillance of space
debris [39,40]. Space debris removal is projected to benefit greatly from
on-orbit service technologies from servicing satellites, planning mis-
sions, and safety approaches in a limited time [41,42].

In 2002, The Inter-Agency Debris Coordination Committee devel-
oped the Space Debris Mitigation Guidelines, serving as the foundation
for national space policy, legislation, and technical standards [8]. The
guidelines established the procedures for designing, flying, and
removing spacecraft from LEO not later than 25 years after their life-
spans [43]. However, unfortunately, not all countries comply with it.

3. Comprehensive strategies for mitigating space debris risk

There are numerous measures currently being deployed to mitigate
the risks associated with orbital debris, particularly concerning space
travel and the long-term sustainability of satellites. As space activity
increases, the accumulation of space debris poses a significant hazard to
operational spacecraft. To address this challenge, a comprehensive
strategy must be implemented to enhance spacecraft resilience, improve
debris detection and tracking, and develop impact mitigation techniques
[44].

Several lines of action can help combat the space debris threat,
including a careful design of spacecraft and satellites, revision of mission
programs, monitoring and predicting the movement of space debris,
space traffic management, active space debris removal, collision
avoidance measures and impact mitigation [15]. Fig. 2 illustrates a
structured approach to reducing the risks posed by space debris,
dividing the mitigation strategy into four key steps:

Step 1: Spacecraft Design for Impact Resistance

The first line of defence against space debris threat is the careful
design of spacecraft and satellites to minimize their susceptibility to
collisions. This line of action includes:

e Using resistant materials: Employing materials capable of with-
standing impacts from small debris without critical damage. This
strategy is crucial in improving spacecraft and rocket designs,

e Design simplicity: Reducing the number of exposed, fragile compo-
nents to decrease vulnerabilities.

e Minimizing surface area: Crafting structures with lower cross-
sectional areas to reduce the probability of being struck by debris.

Beyond protecting against impacts, designing spacecraft with a focus
on minimizing their contribution to the space debris problem—such as
by reducing fragmentation upon decommissioning—further aids in
long-term mitigation efforts [45].
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Fig. 2. Proposed strategy for minimising space debris risks (Source: Authors).

Step 2: Remote Monitoring and Tracking of Space Debris

The ability to monitor and predict the movement of space debris is
crucial for risk avoidance. This step involves:

e Remote space debris detection: Identifying debris from Earth-based,
orbital, or space-based observation systems.

e Estimating debris paths: Using tracking data to predict future tra-
jectories and potential collision risks.

e Building a space debris database: Compiling detected debris data to
facilitate ongoing monitoring and risk assessment.

e Continuous remote monitoring: Keeping real-time track of debris to
provide timely alerts for operational spacecraft.

The integration of these measures ensures that spacecraft operators
have the necessary information to proactively manage collision risks
[46].

Step 3: Active Avoidance Manoeuvres

While monitoring provides critical data, spacecraft must also have
the capability to actively avoid debris when necessary. This step
includes:

e Onboard space debris detection: Installing sensors on spacecraft to
detect potential threats in real time.

e Estimating impact trajectories: Using onboard computing to assess
potential collisions and evaluate response options.

e Course correction: Adjusting the spacecraft’s path to safely evade
detected debris.

Implementing real-time detection and response mechanisms allows
spacecraft to autonomously navigate around high-risk areas, greatly
reducing the likelihood of an impact.

Step 4: Impact Mitigation Strategies
Despite the best efforts in avoidance, some encounters with space

debris may be unavoidable. In these scenarios, mitigation strategies
must be in place to minimize damage, including:

e Physical shielding: Deploying impact-resistant barriers or airbag-like
protection systems to absorb kinetic energy.

o Active deflection: Using controlled projectiles to nudge debris off a
collision course without causing fragmentation.

e Speed reduction techniques: Employing plastic nets or similar tools
to decelerate debris before impact.

e Strategic spacecraft rotation: Orienting the spacecraft to ensure that
debris impacts more resilient sections.

Each of these strategies plays a crucial role in protecting spacecraft
from catastrophic failures while ensuring mission continuity.

The growing presence of space debris requires a multi-layered
approach to risk management. Integrating resilient spacecraft design,
robust tracking systems, proactive avoidance manoeuvres, and innova-
tive impact mitigation techniques allow space missions to significantly
reduce the dangers posed by orbital debris [13]. This holistic strategy
enhances the safety of current missions and contributes to the sustain-
ability of future space operations.

Implementing effective space traffic management systems can also
help prevent future space debris. This involves coordinating satellite
launches, managing orbital slots, and ensuring safe separation distances
between satellites. Governments and international organisations should
establish more strict guidelines and standards for space traffic man-
agement. As the space industry expands with increasing global partici-
pation, the challenge of managing space debris becomes more pressing.
Table 3 highlights key future trends that illustrate a growing commit-
ment to ensuring the long-term sustainability of space operations. These
trends emphasize proactive removal, improved tracking, regulatory
frameworks, and technological advancements to address the risks posed
by space debris effectively.

One of the most significant trends is Active Debris Removal (ADR),
which focuses on developing technologies such as robotic arms and la-
sers to eliminate large debris fragments [48]. This initiative is crucial for
reducing the risk of collisions and preventing the exponential growth of
debris in orbit [15]. Contactless space debris removal is advantageous as
there is no need to capture or dock with a space debris object, which
considerably decreases the likelihood of an accident and loss of an active
spacecraft [44]. Complementary to this effort are End-of-Life Protocols,
which enforce stricter guidelines requiring satellites to deorbit safely
after their operational lifespan, helping to minimize future debris
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Table 3
Examples of future trends in space debris management, adopted and modified
from [23,47].

Trend Description Potential Impact

Reduces collision risk,
mitigates long-term
debris accumulation.

Active Debris
Removal (ADR)

Development of technologies to
actively remove large pieces of
debris, such as lasers or robotic
arms.

Implementation of stricter
guidelines for deorbiting
satellites at the end of their
operational life.

Enhanced tracking systems

End-of-Life
Protocols

Promotes sustainability
and reduces future debris
generation.

Tracking and Improves situational

Monitoring using ground-based radars and awareness and collision
space-based sensors to monitor avoidance.
debris more effectively.
Space Traffic Development of international Reduces the likelihood of
Management frameworks for space traffic collisions and optimizes

management to coordinate
satellite operations.
Establishment of global
standards for satellite design to
minimize debris creation during
launch and operation.
Collaborations between
government agencies and
private companies for debris
management initiatives.
Technologies for repairing or
refuelling satellites to prolong
their lifespan and reduce the
launch of new satellites.
Advancements in materials and
propulsion systems aimed at
making space operations less
prone to debris generation.
Programs aimed at increasing
awareness and understanding of
space debris issues among
stakeholders.

orbital space usage.

Debris Mitigation
Standards

Encourages responsible
satellite design practices.

Public-Private
Partnerships

Leverages innovation and
funding for debris
mitigation solutions.

Reduces the need for new
satellites, thus minimizing
debris.

In-orbit Servicing

Technological
Innovation

Enhances long-term
sustainability of space
activities.

Education and
Awareness

Promotes better practices
at all levels of the space
industry.

generation[49]. Effective debris management also relies heavily on
Tracking and Monitoring systems. Advances in ground-based radars and
space-based sensors allow for more precise observation of space debris,
improving situational awareness and enabling timely collision avoid-
ance measures [50]. However, accurate tracking alone is not
enough—Space Traffic Management frameworks are necessary to ensure
coordinated satellite operations and prevent congestion in increasingly
crowded orbital regions. The development of international policies will
be essential for enforcing these protocols and maintaining safe orbital
environments.

To further prevent debris accumulation, Debris Mitigation Standards
are being established globally, encouraging responsible satellite design.
By integrating debris reduction strategies during the design phase, such
as modular components and controlled re-entry mechanisms, space
agencies and private companies can significantly decrease the number of
debris generated during launch and operation [51]. Collaboration plays
a key role in space debris management. Public-Private Partnerships
leverage the expertise and resources of both government agencies and
commercial enterprises to drive innovation and funding for mitigation
strategies. One such innovation is In-Orbit Servicing, which includes
technologies for repairing, refuelling, and repurposing satellites to
extend their operational life [47]. By reducing the need for new
launches, these services contribute to a more sustainable orbital envi-
ronment. Additionally, Technological Innovation in materials and pro-
pulsion systems is leading to safer and more efficient space operations.
Advances in self-deorbiting materials and propulsion technologies
designed to minimize debris production represent promising solutions
for the future. Lastly, Education and Awareness initiatives aim to instil a
culture of responsibility across the space industry. By educating stake-
holders—including governments, private entities, and the public—on
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best practices for space debris mitigation, these programs help promote
sustainable behaviours that benefit the global space community [52].

Together, these emerging trends signify a shift towards a more pro-
active and collaborative approach to space debris management. As space
activity continues to increase, integrated actions combining technology,
policy, and education will be essential in ensuring the long-term us-
ability of Earth’s orbital environment.

4. Concluding remarks

As this paper has shown, the growing amount of space debris poses a
serious risk to satellites, spacecraft, and even human space missions. As
of 2024, the ESA estimates that there are over 130 million pieces of
debris orbiting Earth—ranging from more than 36,500 debris objects
larger than 10 cm, around 1 million pieces between 1 and 10 cm, and
130 million fragments smaller than 1 cm orbiting Earth [3]. The U.S.
Space Surveillance Network (SSN) is currently tracking approximately
45,300+ total objects, including active satellites, defunct debris, and
other tiny fragments traveling at hypervelocity, which can lead to col-
lisions that can cause catastrophic damage, leading to the Kessler Syn-
drome, where cascading impacts create an unsustainable orbital
environment. The fact that space debris poses a real threat to space
travel and space-based operations, suggests that urgent measures to
address it are needed. Tracking and monitoring systems as outlined here,
through Space Surveillance Networks, help predict potential collisions,
allowing operators to manoeuvre satellites out of harm’s way. ADR
technologies, like robotic arms, nets, and harpoons, are being tested to
capture and deorbit large debris. Additionally, designing satellites for
end-of-life disposal—through controlled re-entry or moving to grave-
yard orbits—reduces future debris accumulation.

This review has provided a comprehensive assessment of the hazards
posed by space debris, synthesizing existing research on mitigation
strategies and technological advancements. By structuring the discus-
sion around key risk factors and current intervention methods, this study
highlights both the challenges and potential solutions necessary to
ensure the long-term sustainability of space operations. Moreover, a
structured approach to space debris mitigation is essential to minimizing
risks and ensuring long-term sustainability. This approach involves four
key proposed strategies: designing spacecraft with impact-resistant
materials to withstand potential collisions, implementing advanced
remote tracking and monitoring systems to improve situational aware-
ness, integrating onboard detection and avoidance mechanisms to
enable real-time responses to threats, and developing impact mitigation
techniques that reduce damage from debris strikes. Incorporating these
strategies strengthens spacecraft protection against debris-related haz-
ards, enhancing mission safety and operational longevity. In the long
term, parts of future spacecraft will necessarily need to be optimized to
reduce possible impacts when in orbit. Specifically, greater integration
of measures aimed at protecting mitigating, and regulating spacecraft is
needed.

Other measures should include greater consideration of the materials
used in spacecraft construction, as well as the energy, power, and pro-
pulsion systems. Such efforts are seldom environmentally friendly and
can be extremely costly [17] but may increase safety in space-based
operations. To prevent problems in the future, innovative ways to
reduce the number of debris released need to be developed [2]. One way
to reduce debris is by minimizing the number of mission-related debris
released in the first place. Mission-related debris comes from three main
sources: objects released from spacecraft deployment, refuse from on-
board crew members, and products from rocket exhausts [28]. Such
physical debris contributes significantly to the amount of space debris
and is reported to have the longest orbital lifetime[53]. Regarding the
physical features of the space shuttle being left behind, developers need
to create more sturdy objects and methods for tethering materials so that
it is not released easily or can be recovered [54].

Another major contributor to space debris is material released from
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explosions, requiring scientists and engineers to design spacecraft and
transport systems with enhanced resistance to explosions. This may be
achieved by using new materials with more resistant properties or by
including the passivation of rocket bodies. Furthermore, spacecraft’s
exterior design needs to deploy materials more resistant to surface
degradation [55]. In other instances, measures must be implemented to
minimize debris from collisions, requiring the adoption of advanced
protocols and techniques for collision avoidance. Similarly, objects
capable of inducing collision should be removed from crowded orbital
regions [56]. International cooperation is also important, as seen with
guidelines from the UN Committee on the Peaceful Uses of Outer Space
and the Inter-Agency Space Debris Coordination Committee. By
combining improved regulations, advanced tracking, and innovative
cleanup technologies, we can ensure safer and more sustainable space
operations for future missions. The key lies in acting now—before the
risks escalate beyond control.

Future research is required to develop active in-orbit “clean up”
systems, which may gather and remove large debris, including dedicated
vehicles to assist with removing objects [57]. Other options include
debris removal that works by using passive debris removal satellites
[47]. These decrease the kinetic energy by letting them penetrate debris
particles, thus driving them into the atmosphere. In doing so, the orbital
radius of the debris is reduced [58]. Also, some methods to accelerate
the decay of objects that may end up as debris should be considered. This
measure allows for objects to break down naturally and thus reduces the
total amount of mass in a cross-sectional area and can be effective in
reducing potential hazards [55]. As these initiatives are costly, potential
funding options include a dedicated fund contributed by satellite oper-
ators during new launches or the imposition of fines when satellites
become debris. Nations engaged in space operations must make
concerted efforts to safeguard critical satellite infrastructure that sup-
ports communication, navigation, weather forecasting, and other
essential services on Earth.
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