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Abstract 

The emerging era of extraterrestrial resource extraction presents both unparalleled opportunities and 

profound legal dilemmas. As states and private actors advance toward space mining, the question of 

ownership, exploitation, and liability over celestial resources becomes increasingly critical. The 1979 

Moon Agreement sought to establish the Moon and other celestial bodies as the “common heritage of 

mankind,” ensuring equitable use and preventing unilateral appropriation. However, its limited 

ratification—particularly the absence of major spacefaring nations—has rendered it largely ineffective. 

This paper critically analyzes the interplay between the Outer Space Treaty (1967) and the Moon 

Agreement (1979), examines the rise of national space resource legislation, and explores gaps in the 

international legal regime concerning ownership rights and liability. The article argues for a renewed, 

inclusive framework to balance commercial ambitions with equity, sustainability, and the peaceful use of 

outer space. 
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1.   Introduction 

Humanity stands at the dawn of a new industrial revolution—one not unfolding on Earth, but among the 

stars. For decades, space has been a domain of exploration, inspiration, and scientific discovery. Today, it 

is rapidly transforming into a domain of economic competition and potential commercial exploitation. The 

once fantastical idea of space mining, or extracting minerals and resources from celestial bodies such as 

the Moon and asteroids, is no longer confined to science fiction novels or futuristic cinema. It has become 

a genuine geopolitical and commercial objective for several nations and private entities. 

Advancements in aerospace engineering, robotics, and artificial intelligence have made it technically 

feasible to envision missions that could extract helium-3, platinum-group metals, and other rare 

materials from extraterrestrial bodies. These resources promise to fuel clean energy technologies and 

satisfy Earth’s growing industrial demands (Jakhu & Pelton, 2017). For example, helium-3, abundant on 

the lunar surface, could potentially serve as a clean fusion fuel, while asteroid mining could supply rare 

earth elements critical for electronics and renewable energy production. What was once the domain of 

astronauts and dreamers is now drawing in entrepreneurs, investors, and governments alike. 
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However, this transformation from exploration to exploitation introduces complex legal and ethical 

dilemmas. The excitement surrounding commercial space ventures is accompanied by growing concern 

over the absence of a comprehensive international regulatory framework. As more states and 

corporations race to stake their claim in space, questions of ownership, control, and accountability 

become pressing. Can any nation or private actor legally “own” resources extracted from the Moon or an 

asteroid? How can benefits derived from outer space activities be equitably shared among all humankind, 

as envisioned by the United Nations treaties? And crucially, who is liable if space mining causes 

environmental harm, technological accidents, or political disputes? 

The international community has, in the past, attempted to anticipate these issues through key treaties such 

as the Outer Space Treaty of 1967 and the Moon Agreement of 1979. The Outer Space Treaty (OST) 

laid the foundational legal principles of space governance, emphasizing that outer space is the “province 

of all mankind” and must be used for peaceful purposes. Yet, as technology evolved, so too did the limits 

of the treaty. It did not anticipate private corporations launching mining missions, or states passing 

domestic laws granting property rights over celestial materials. 

The Moon Agreement (1979) was an attempt to fill this legal vacuum by declaring the Moon and its 

natural resources as the “common heritage of mankind.” This principle sought to ensure that the benefits 

of space would not be monopolized by powerful nations or corporations but shared equitably among all 

peoples. However, the Moon Agreement’s noble ideals were undercut by realpolitik. None of the major 

spacefaring powers—such as the United States, Russia, or China—ratified it. Without their participation, 

the Agreement’s authority remains largely symbolic. 

Today, humanity faces a new legal and moral crossroads. The gap between technological capability and 

legal regulation is widening rapidly. Private companies are preparing for commercial mining ventures, 

while national legislatures in countries such as the United States, Luxembourg, and Japan have already 

passed space resource laws recognizing ownership rights over extracted materials. These unilateral 

moves, while promoting innovation, also threaten to fragment the international legal order and undermine 

the collective vision that space should remain a global common. 

Beyond the legalities lies a deeper philosophical question: What kind of future does humanity want in 

space? Will the Moon and asteroids become extensions of national economies—another theater for profit, 

competition, and inequality—or can they be governed under a cooperative framework that ensures 

sustainability and shared prosperity? The answers to these questions will define not only the trajectory of 

space law but also the moral fabric of our interplanetary civilization. 

This article situates the Moon Agreement within this evolving context. It critically examines its principles 

on ownership, exploitation, and liability, explores its interaction with the Outer Space Treaty and national 

space laws, and identifies the challenges and prospects for creating a fair, enforceable regime for 

extraterrestrial resource governance. As we prepare to mine the stars, it becomes imperative to ensure that 

humanity’s reach into the cosmos does not repeat the mistakes made on Earth—where unchecked ambition 

often outpaced ethical responsibility. 

 

2. The Evolution of Space Law: From the Outer Space Treaty to the Moon Agreement 

 

2.1 The Outer Space Treaty, 1967 

When the Outer Space Treaty (OST) was opened for signature in 1967, the world was gripped by the 

geopolitical tension of the Cold War. Space was emerging as the new frontier of power projection — a 
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domain that could either unite humanity in scientific pursuit or divide it through militarization and resource 

competition. Against this backdrop, the OST represented a remarkable act of collective foresight and 

diplomatic restraint. It sought to prevent outer space from becoming the next battleground for 

sovereignty disputes and colonial expansion, much like the struggles that once plagued Earth’s history. 

The OST is often described as the “Magna Carta of space law”, establishing the foundational principles 

that continue to govern outer space activities. It embodies a legal philosophy rooted in international 

cooperation, peaceful use, and non-appropriation. Three of its provisions, in particular, have enduring 

significance: 

 Non-appropriation (Article II): The Treaty prohibits any form of national sovereignty over outer 

space or celestial bodies, asserting that “outer space, including the Moon and other celestial bodies, 

is not subject to national appropriation by claim of sovereignty, by means of use or occupation, or 

by any other means.” This clause reflects a deliberate effort to prevent a repetition of the territorial 

colonization that characterized Earth’s history. It ensures that the Moon, planets, and asteroids 

remain free from ownership by any one state, reinforcing the concept of outer space as a global 

common. 

 Peaceful use and benefit for all (Article I): The Treaty mandates that exploration and use of 

outer space “shall be carried out for the benefit and in the interests of all countries.” This principle 

establishes an ethical obligation that transcends economic or military advantage. It reinforces the 

notion that outer space belongs to no one — and, by extension, to everyone. It also provides the 

moral foundation for later treaties emphasizing equitable sharing of space benefits, including the 

Moon Agreement. 

 State responsibility (Article VI): Recognizing that private enterprise might one day enter the 

domain of space activities, the OST holds states internationally responsible for both 

governmental and non-governmental actions in outer space. This provision is vital in an era where 

commercial space companies like SpaceX, Blue Origin, and iSpace have begun to rival national 

agencies in scale and capability. It ensures that private ventures do not escape accountability 

merely because they are not directly state-run. 

The OST, therefore, established the normative baseline for all subsequent space law — emphasizing peace, 

cooperation, and shared benefit. Yet, while visionary in its moral scope, it was drafted at a time when 

space mining and commercial exploration were far beyond practical imagination. The Treaty did not 

explicitly address the ownership of resources extracted from celestial bodies, nor did it foresee the rise 

of a private space economy. This omission, while understandable in the 1960s, has become a defining gap 

in the modern legal landscape (Tronchetti, 2019). 

 

2.2 The Moon Agreement, 1979 

The Moon Agreement, formally titled the Agreement Governing the Activities of States on the Moon and 

Other Celestial Bodies, was adopted by the United Nations General Assembly in December 1979 as a 

follow-up to the OST. It sought to expand upon and operationalize the broad principles of the earlier treaty 

by addressing the question the OST left unanswered: how to regulate the use and exploitation of 

extraterrestrial resources. 

At the heart of the Moon Agreement lies the doctrine of the “common heritage of mankind.” Article 

11(1) declares that “the Moon and its natural resources are the common heritage of mankind.” This 

principle was inspired by similar language in the United Nations Convention on the Law of the Sea 
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(UNCLOS), which designates the deep seabed and its resources as a global common to be managed for 

the benefit of all. The idea is both moral and pragmatic — it acknowledges that no single nation should 

control the Moon’s wealth and that the benefits of space resources should be distributed equitably, 

particularly to developing countries that lack the technological means to explore space independently. 

The Moon Agreement goes further by envisioning the creation of an “international regime” to govern 

the exploitation of the Moon’s natural resources once such activity “is about to become feasible” (Article 

11(5)). This regime was intended to establish standards for licensing, environmental protection, 

liability, and benefit-sharing. In doing so, the Agreement attempted to balance innovation with 

inclusivity — to ensure that the Moon’s riches would not become the exclusive domain of powerful 

spacefaring states or wealthy corporations. 

However, the noble intentions of the Moon Agreement collided with the realities of political and economic 

self-interest. Major spacefaring powers — including the United States, Russia, and China — refused to 

ratify the treaty, viewing it as too restrictive and economically disadvantageous. The idea of a 

mandatory international regime regulating commercial activities and requiring equitable redistribution of 

profits was seen as an impediment to investment and innovation. As of today, only 18 states have ratified 

the Moon Agreement, none of which possess major space capabilities (United Nations, 2023). 

The result is a paradoxical legal landscape: the most detailed treaty on lunar resource governance exists, 

but it binds none of the actors most capable of engaging in space mining. Meanwhile, those actors have 

turned to domestic legislation to fill the legal vacuum — passing national laws that recognize private 

ownership of extracted materials, a direct deviation from the collective spirit of the Moon Agreement. 

 

2.3 Between Idealism and Realpolitik 

The contrast between the OST and the Moon Agreement reveals a profound philosophical tension in 

space law: the struggle to balance universal idealism with national ambition. The OST embodies the 

ideal of outer space as a domain of peace and cooperation, while the Moon Agreement attempts to translate 

that ideal into actionable governance. Yet, without the participation of major powers, the Moon Agreement 

remains an orphaned treaty — a vision unfulfilled. 

This gap between aspiration and implementation mirrors broader patterns in international law, where 

treaties grounded in collective ethics often falter in the face of strategic pragmatism. The story of the Moon 

Agreement is, therefore, not only a legal narrative but a human story — one that reflects the enduring 

tension between our shared hopes for fairness and our competitive instincts for control. 

As humanity stands on the brink of a new era in space exploration, this tension becomes more than 

theoretical. It shapes the laws — and the moral compass — that will govern our next great leap beyond 

Earth. The challenge now is to decide whether the future of space will be guided by cooperation and 

stewardship, or by competition and self-interest. 

 

3. Ownership and Property Rights in Outer Space 

Few legal questions have captured the world’s imagination and anxiety quite like this one: Who owns the 

Moon? 

When Neil Armstrong set foot on the lunar surface in 1969, he famously declared it “a giant leap for 

mankind.” Yet, as humanity prepares to return to the Moon — this time not merely to explore, but to 

extract — that collective “leap for mankind” risks becoming a race for ownership. The notion of 
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claiming, using, and selling extraterrestrial resources lies at the heart of one of the most profound debates 

in modern international law. 

 

3.1 The Non-Appropriation Principle and Its Limits 

The Outer Space Treaty (1967) firmly established that outer space, including the Moon and other 

celestial bodies, “is not subject to national appropriation by claim of sovereignty, by means of use or 

occupation, or by any other means” (Article II). This non-appropriation principle is a cornerstone of 

international space law, reflecting the spirit of post–World War II multilateralism. It was designed to 

prevent a repeat of Earth’s colonial history — the carving up of new territories by powerful nations. 

In legal philosophy, this clause represents the triumph of collective restraint over ambition. However, 

the Treaty’s framers did not foresee the rise of private corporations and the commercialization of space. 

While states cannot claim sovereignty, the text is silent on whether private individuals or companies can 

own materials after they have been extracted. This ambiguity has become the central fault line in the 

legal debate over space mining. 

Proponents of private rights argue that ownership of extracted resources does not equate to ownership 

of territory. In this view, harvesting minerals from the Moon is analogous to catching fish in the high 

seas — no one owns the ocean, but the fish you catch are yours. This interpretation draws on analogies 

from maritime and Antarctic law, particularly the High Seas doctrine, which allows for the exploitation 

of resources without territorial claims (Tronchetti, 2019). 

Critics, however, view this analogy as legally and morally inadequate. They argue that such 

interpretations sidestep the cooperative ethos of the OST and undermine the “common heritage of 

mankind” principle later codified in the Moon Agreement (1979). From this perspective, private 

appropriation of space resources risks transforming outer space into a realm of economic inequality and 

corporate dominance — a new kind of celestial colonialism. 

 

3.2 The Emergence of National Space Resource Laws 

In the absence of an international regime explicitly regulating space mining, several nations have enacted 

domestic legislation asserting the right of their citizens or corporations to extract and own extraterrestrial 

resources. 

The U.S. Commercial Space Launch Competitiveness Act (2015) is the most prominent example. It 

grants U.S. citizens and corporations the right to “possess, own, transport, use, and sell” any space 

resources obtained from celestial bodies (U.S. Congress, 2015). The Act explicitly states that these rights 

do not constitute a sovereignty claim, attempting to stay within the letter — if not the spirit — of the Outer 

Space Treaty. 

Following the U.S. lead, Luxembourg passed its Law on the Exploration and Use of Space Resources 

(2017), making it the first European country to establish a comprehensive legal framework for private 

space mining. Luxembourg’s approach was strategic: positioning itself as a hub for space investment and 

innovation, while maintaining a veneer of international legality (Luxembourg Government, 2017). Japan, 

too, enacted its Space Resources Act (2021), affirming similar rights for Japanese companies to exploit 

space materials (Japan Cabinet Office, 2021). 

These national laws collectively signal a paradigm shift in space governance. They represent a transition 

from multilateral regulation to unilateral legalization, where states use domestic law to fill the vacuum 
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left by international inaction. While this patchwork approach provides short-term clarity for investors and 

innovators, it raises deeper questions about legitimacy, equity, and the erosion of collective governance. 

The international community now faces an uncomfortable reality: the legal frontier of space mining is 

being shaped not by the United Nations Committee on the Peaceful Uses of Outer Space (COPUOS), 

but by national legislatures responding to market forces. This emerging “space resource nationalism” 

mirrors earlier patterns of terrestrial resource competition — from oil to deep-sea minerals — where 

powerful actors moved faster than international law could keep up. 

 

3.3 The Common Heritage of Mankind: Idealism and Resistance 

The Moon Agreement (1979) attempted to codify a higher principle — that the Moon and its resources 

are the common heritage of mankind. Article 11 of the Agreement stipulates that neither the Moon nor 

its natural resources may become the property of any State, international organization, or private person. 

It also envisioned the creation of an international regime to govern resource exploitation “when such 

exploitation is about to become feasible.” 

This principle was deeply influenced by the parallel negotiations that produced Part XI of the United 

Nations Convention on the Law of the Sea (UNCLOS), which treats the deep seabed as the “common 

heritage of mankind” and establishes the International Seabed Authority (ISA) to manage exploration 

and benefit-sharing. The Moon Agreement sought to replicate this cooperative model in outer space. 

However, the idea of a mandatory international regime for benefit-sharing proved politically 

unpalatable to major powers and private corporations. The United States and other industrialized nations 

viewed it as an attempt to redistribute wealth and control innovation through bureaucratic mechanisms. 

They argued that such provisions would deter investment by creating legal uncertainty and imposing 

potential obligations to share profits with non-spacefaring nations (Von der Dunk, 2020). 

As a result, the Moon Agreement languished, ratified by only 18 countries — none of them major space 

powers (United Nations, 2023). Its failure exposes the enduring divide between idealism and realpolitik 

in international law. The principle of common heritage remains rhetorically powerful but practically 

unenforceable, sidelined by the economic imperatives of 21st-century capitalism and national ambition. 

 

3.4 Ethical and Philosophical Dimensions of Ownership 

Beyond legal technicalities, the ownership debate raises profound ethical and philosophical questions. 

Should humanity’s expansion into the cosmos follow the same patterns of competition and inequality that 

define Earth’s history, or can it embody a new ethos of stewardship and solidarity? 

Ownership in space is not merely about who controls material wealth, but about how humanity defines 

its relationship with the universe. Treating celestial bodies as commercial assets risks reducing the 

cosmos — long a source of wonder and unity — to another marketplace. Conversely, a completely 

collectivist approach may stifle innovation and deter the very exploration that benefits humanity as a 

whole. 

Thus, the challenge lies in striking a moral equilibrium: a framework that encourages discovery and 

entrepreneurship while ensuring that outer space remains a shared domain of peace, sustainability, and 

mutual benefit. The future of ownership in space, therefore, is not simply a matter of law; it is a reflection 

of who we are as a species — whether we are conquerors of the cosmos or caretakers of its vast promise. 

As the world enters an era where space mining transitions from theory to practice, the dream of harnessing 

extraterrestrial resources has begun to collide with the complex realities of law, ethics, and planetary 
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stewardship. The Moon and other celestial bodies, once regarded as symbols of human unity and 

exploration, are increasingly being viewed through an economic lens — as reservoirs of rare minerals, 

metals, and energy sources that could power future technologies. Yet, with this prospect comes an urgent 

question: Can humanity exploit the resources of the cosmos without compromising its shared ethical 

responsibilities? 

Space exploitation, unlike terrestrial extraction, unfolds in a realm beyond national borders, beyond 

natural ecosystems, and — crucially — beyond established governance. This makes it both a legal 

challenge and a moral test for humankind. 

 

4. Resource Exploitation: Ethical, Legal, and Environmental Dimensions 

As the world enters an era where space mining transitions from theory to practice, the dream of harnessing 

extraterrestrial resources has begun to collide with the complex realities of law, ethics, and planetary 

stewardship. The Moon and other celestial bodies, once regarded as symbols of human unity and 

exploration, are increasingly being viewed through an economic lens — as reservoirs of rare minerals, 

metals, and energy sources that could power future technologies. Yet, with this prospect comes an urgent 

question: Can humanity exploit the resources of the cosmos without compromising its shared ethical 

responsibilities? 

Space exploitation, unlike terrestrial extraction, unfolds in a realm beyond national borders, beyond 

natural ecosystems, and — crucially — beyond established governance. This makes it both a legal 

challenge and a moral test for humankind. 

 

4.1 The Commercial Rush: From Exploration to Extraction 

Over the last decade, the rhetoric of space exploration has subtly shifted from scientific curiosity to 

commercial ambition. Private companies and national agencies alike have begun to frame outer space as 

the “next economic frontier.” 

Corporations such as AstroForge, iSpace, Planetary Resources, and Blue Origin have already invested 

in technologies aimed at extracting materials like platinum-group metals, water ice, and helium-3 from 

the Moon and near-Earth asteroids. For example, water ice on the Moon’s polar regions can be converted 

into hydrogen and oxygen, potentially serving as rocket fuel depots for future missions. Similarly, 

helium-3 — a rare isotope abundant on the lunar surface — has been hailed as a potential clean energy 

source for nuclear fusion. 

Governments have eagerly joined this movement. The Artemis Accords (2020), led by the United States, 

explicitly recognize the right to extract and utilize space resources, despite the absence of a binding 

international legal regime. This represents a significant departure from the collective governance model 

envisioned by the Moon Agreement (1979). 

While these developments promise to revolutionize space technology and reduce Earth’s dependence on 

scarce resources, they also raise concerns about equity, sustainability, and long-term accountability. 

The shift from exploration to exploitation risks transforming space into an arena of economic 

competition rather than a domain of shared discovery. 
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4.2 Commercial Realism versus Collective Idealism 

The fundamental tension in space law lies between commercial realism — the drive to encourage private 

investment and innovation — and collective idealism — the commitment to ensuring that outer space 

remains a domain for the benefit of all humankind. 

The Moon Agreement’s “common heritage of mankind” principle sought to institutionalize this 

collective idealism by advocating a system of equitable benefit-sharing and international oversight 

(Article 11). Yet, critics — particularly from technologically advanced nations — argue that such 

mechanisms introduce excessive bureaucracy and legal uncertainty. They contend that without tangible 

property rights or a predictable regulatory environment, investors will hesitate to commit the billions of 

dollars required for lunar or asteroid mining (Von der Dunk, 2020). 

From a realist perspective, therefore, space mining requires a market-based framework that rewards 

innovation and risk-taking. From a moral and developmental perspective, however, this approach risks 

reproducing the North-South inequalities that have long characterized global economic relations. The 

fear is that outer space could become another domain dominated by a handful of wealthy nations and 

corporations, while developing countries remain passive spectators in a venture that is supposed to benefit 

all humanity. 

In this light, the challenge is not simply legal or technical — it is profoundly philosophical. The 

international community must decide whether outer space will reflect a competitive economy of 

extraction or a cooperative economy of shared advancement. 

 

4.3 The Environmental Frontier: Preservation Beyond Earth 

One of the least developed — yet most urgent — aspects of the space mining debate concerns 

environmental protection. Outer space may seem infinite and untouched, but it is not immune to the 

consequences of human activity. 

The extraction of lunar or asteroid materials could alter the physical and ecological balance of celestial 

bodies in ways that scientists are only beginning to understand. Lunar dust, for example, is 

electrostatically charged and can remain suspended for long periods, potentially interfering with scientific 

instruments and solar panels. Similarly, large-scale excavation might disrupt local thermal and geological 

stability, while the landing and operation of heavy machinery could create space debris and pollution that 

threaten other missions. 

Moreover, the orbital environment surrounding Earth is already under strain. According to NASA, there 

are over 27,000 pieces of tracked orbital debris, and millions of smaller fragments that endanger 

satellites and spacecraft. As mining operations increase, so too will the risks of collision, contamination, 

and debris proliferation — all of which could have devastating long-term implications for the 

sustainability of space activities (Imburgia, 2013). 

Despite these risks, neither the Outer Space Treaty (1967) nor the Moon Agreement (1979) provides a 

detailed framework for environmental liability or impact assessment. While the OST calls for “due 

regard” to the interests of other states (Article IX), it does not specify how environmental harm should be 

measured or compensated. The Liability Convention (1972) establishes state responsibility for damage, 

but it does not extend to environmental degradation in outer space. 

In this vacuum, scholars have argued for the development of a Space Environmental Protection 

Protocol, akin to the Antarctic Environmental Protocol (1991), which could regulate harmful 

interference, waste disposal, and planetary protection standards. Such a framework would help ensure that 
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the Moon and other celestial bodies are not treated as expendable industrial zones but as fragile 

environments deserving of preservation. 

 

4.4 The Role of Non-State Actors and Corporate Responsibility 

The 21st century has witnessed the rise of private space actors as dominant players in extraterrestrial 

exploration. Companies like SpaceX and Blue Origin have significantly reduced launch costs and opened 

the door for commercial space ventures. Yet, this growing privatization also raises critical issues of 

accountability and liability. 

Under Article VI of the Outer Space Treaty, states bear “international responsibility” for all national 

activities in space, including those carried out by private entities. This means that even if a private 

company causes harm or contamination, the State of registry remains legally accountable. However, as 

commercial operations proliferate, enforcing this principle becomes increasingly difficult. States may lack 

the resources or political will to monitor complex industrial activities conducted by multinational 

corporations beyond Earth’s atmosphere. 

This tension between corporate autonomy and state responsibility exposes a regulatory gap that mirrors 

the challenges faced in environmental and maritime law. Without clear corporate liability mechanisms 

or independent oversight, there is a risk that private actors may prioritize profit over planetary protection. 

Some scholars and policymakers have proposed the creation of an International Space Resources 

Authority — modeled after the International Seabed Authority (ISA) — to license mining operations, 

enforce environmental standards, and oversee equitable benefit-sharing (Jakhu & Pelton, 2017). Such a 

body could serve as the institutional backbone for a future global space governance regime, balancing 

innovation with accountability. 

 

4.5 A Fragile Balance: Profit, Preservation, and Principle 

At its core, the debate over space resource exploitation is not merely about technology or law — it is about 

values. Humanity now possesses the capability to reach and reshape other worlds, but whether it does so 

responsibly remains uncertain. The history of resource exploitation on Earth is fraught with environmental 

degradation, social inequality, and political conflict. Space mining offers a chance to rewrite that history, 

to apply the lessons learned from centuries of terrestrial extraction to a new and uncharted frontier. 

The legal community thus faces an ethical imperative: to design a framework that allows economic activity 

in space while safeguarding the ideals of equity, sustainability, and shared heritage. Without such a 

balance, the promise of space may become another story of unchecked ambition and irreversible loss. 

 

5. Liability in Space Mining Operations 

As the dream of extraterrestrial mining transitions from science fiction to commercial reality, the question 

of liability—who bears responsibility when things go wrong—has become a central legal and moral 

concern. Unlike terrestrial industries, where domestic courts and environmental agencies can assign 

accountability, space mining unfolds in a domain that is borderless, fragile, and legally fragmented. 

The absence of a comprehensive liability regime tailored to commercial space resource extraction exposes 

a critical vulnerability in the international legal order. 

Liability in outer space is not merely a technical issue—it is a test of global governance. It determines 

whether the pursuit of cosmic wealth will be guided by principles of justice and accountability, or 

whether it will become another theatre of regulatory evasion and geopolitical privilege. 
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5.1 The Existing Legal Framework: Liability Convention and Its Shortcomings 

The foundation of international space liability law rests on the Convention on International Liability 

for Damage Caused by Space Objects (1972), commonly known as the Liability Convention. Adopted 

as a complement to the Outer Space Treaty (1967), it establishes two key principles: 

 Absolute liability for damage caused on the surface of the Earth or to aircraft in flight (Article II), 

and 

 Fault-based liability for damage occurring elsewhere, including in outer space (Article III). 

While these provisions were designed with state-operated satellites and spacecraft in mind, they are ill-

equipped to handle the complex, multi-actor dynamics of modern space mining. In the 1970s, the idea 

of private corporations excavating lunar regolith or harvesting asteroid materials was unthinkable. Today, 

it is an emerging reality. 

Under Article VI of the Outer Space Treaty, states are internationally responsible for both their own 

activities and those of private actors “carried out under their jurisdiction or control.” This means that if a 

private mining company causes harm—whether by contaminating lunar sites, colliding with another 

spacecraft, or creating debris—its home state bears ultimate liability. 

However, this model of state-centered liability is increasingly inadequate. As the commercial sector 

expands, states may struggle to monitor or control every corporate activity. Moreover, liability attribution 

becomes complex when multiple jurisdictions, contractors, or multinational partners are involved. Who, 

for example, is responsible if an American mining company operating through a Luxembourg-based 

subsidiary causes environmental damage on the Moon using Japanese-built equipment? The Liability 

Convention offers no clear answers. 

 

5.2 The Challenge of Defining “Damage” and “Fault” in Space 

A deeper problem lies in defining what constitutes “damage” in the extraterrestrial context. Traditional 

liability law assumes tangible loss—property destruction, personal injury, or financial harm. Yet, in outer 

space, damage may manifest in non-traditional forms: contamination of a lunar crater, alteration of a 

celestial body’s surface, or disruption of a future scientific mission. 

Such harm may not cause immediate financial loss, but it can undermine the collective scientific, 

environmental, or cultural value of space itself. For instance, if a mining operation pollutes the lunar 

poles—regions of immense interest for astrobiology and planetary science—the loss extends beyond a 

single nation or company; it affects humanity’s shared heritage. 

Similarly, the notion of “fault” is blurred in space operations. Accidents may result from technical 

malfunctions, solar radiation, micro-meteorite impacts, or other environmental hazards inherent to 

space travel. Distinguishing between negligence and unavoidable risk becomes an intricate challenge. 

Without clearer standards of fault attribution and environmental responsibility, states and companies could 

exploit ambiguity to evade accountability. 

 

5.3 Cross-Border and Transnational Liability: The Complex Web of Responsibility 

Space mining operations are inherently transnational enterprises. A single mission may involve 

investors from one country, spacecraft manufactured in another, and operations launched under a third 

nation’s jurisdiction. This diffusion of responsibility makes liability enforcement extraordinarily 

difficult. 
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Current treaties provide for state-to-state claims, not private lawsuits. Under the Liability Convention, if 

a corporation’s space object causes damage, the injured party must file a claim through diplomatic 

channels, and only states may seek compensation. There is no mechanism for individual victims, private 

companies, or international organizations to directly pursue liability claims. 

This state-centric model stands in sharp contrast to modern realities, where private entities are often the 

primary actors in space. The lack of direct corporate accountability risks creating a moral hazard: 

companies may engage in risky operations knowing that their home states will absorb the diplomatic 

fallout. This disconnect between responsibility and control is unsustainable in a future where space 

commerce rivals Earth’s industrial scale. 

To address these gaps, scholars and policymakers have proposed the creation of an International Space 

Claims Tribunal, empowered to adjudicate disputes involving both state and non-state actors. Such a 

body could apply uniform standards of liability, assess damages, and mediate transnational claims—

similar to how the International Tribunal for the Law of the Sea (ITLOS) functions under UNCLOS. 

 

5.4 Environmental and Cultural Liability: The Case for Planetary Protection 

Beyond physical damage, space mining raises the prospect of environmental and cultural liability. The 

Moon, Mars, and asteroids are not merely inert rocks; they are repositories of scientific data, geological 

history, and—potentially—prebiotic material. Irreversible alteration of these environments could 

constitute a loss to human knowledge and planetary integrity. 

For example, disturbing the lunar regolith around the Apollo landing sites could erase footprints and 

artifacts that hold immense historical significance for humanity. Similarly, mining operations near 

scientifically sensitive regions—such as permanently shadowed craters that may contain ancient ice—

could destroy information about the solar system’s early formation. 

Yet, existing treaties lack any enforceable provisions for cultural or scientific preservation. Article IX 

of the Outer Space Treaty calls on states to avoid “harmful contamination” of celestial bodies, but it 

provides no procedural mechanism for environmental assessment or compensation. This lacuna leaves 

room for a dangerous precedent: that the first to mine may profit, while the damage—scientific, cultural, 

or ecological—becomes irreversible and unaccounted for. 

To prevent such outcomes, international law must evolve to recognize planetary protection as a basis 

for liability. This could involve mandatory Environmental Impact Assessments (EIAs) before any 

resource extraction, and the establishment of a Space Environment Fund, financed by mining 

corporations, to restore or mitigate harm—paralleling the environmental liability models in the Earth-

based oil and gas industries. 

 

5.5 Future Directions: Toward a Comprehensive Liability Regime 

The future of space liability depends on bridging the gap between innovation and accountability. Several 

models offer promising foundations: 

 A strict liability regime for environmental harm in outer space, similar to the polluter pays 

principle in environmental law; 

 The establishment of an International Space Resources Authority, empowered to regulate 

operations, collect fees, and adjudicate disputes; 

 Development of insurance and bonding requirements for private space companies, ensuring that 

damages—whether to property, human life, or the space environment—can be compensated; and 
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 Integration of corporate social responsibility (CSR) norms into international space law, holding 

companies to ethical and environmental standards even beyond Earth. 

Such reforms would not only enhance legal clarity but also affirm a deeper moral truth: that humanity’s 

expansion into space must be guided by the same sense of responsibility, equity, and restraint that we 

often struggle to uphold on Earth. 

 

5.6 Liability as a Reflection of Human Values 

Ultimately, liability in space is not just about legal mechanics—it is about moral architecture. It reflects 

how humanity perceives its place in the universe: as a conqueror entitled to exploit, or as a steward 

accountable for its actions. The way we allocate responsibility for harm among nations, corporations, and 

individuals will determine whether the cosmos becomes a shared realm of justice or an unregulated 

marketplace of risk. 

As we stand on the threshold of an interplanetary economy, the principle of liability must evolve beyond 

compensation to encompass prevention, preservation, and planetary ethics. For in the silent expanse 

of space, every act of exploitation carries an echo that will define our collective legacy. 

  

6. The Way Forward: Building a Just and Sustainable Space Resource Regime 

Humanity stands on the cusp of an epochal transformation. For the first time in history, we possess not 

only the desire but also the technological capability to extract resources beyond Earth. Yet, this 

extraordinary moment confronts us with an equally profound choice: whether to replicate the competitive, 

profit-driven patterns that have defined Earth’s resource history—or to forge a new path grounded in 

cooperation, equity, and environmental stewardship. 

The debate over space mining, at its core, is not about technology or law alone. It is a mirror to human 

civilization. The way we regulate ownership, exploitation, and liability in outer space will reveal what 

kind of species we choose to become: one that conquers the cosmos, or one that coexists with it 

responsibly. 

 

6.1 Rethinking Space Governance: From Fragmentation to Unity 

The existing legal landscape of space law—anchored in the Outer Space Treaty (1967), the Liability 

Convention (1972), and the Moon Agreement (1979)—reflects a world order built in the Cold War era. 

It was a time when space was primarily a domain of state rivalry and prestige, not commerce or 

environmental concern. Consequently, these treaties provide lofty ideals but lack the institutional 

machinery to enforce them in a commercialized, multipolar world. 

The current reality is one of fragmentation. National laws—such as those enacted by the United States, 

Luxembourg, the United Arab Emirates, and Japan—seek to legitimize private space mining within their 

jurisdictions, creating an emerging patchwork of unilateral legal frameworks. While these laws 

encourage innovation and attract investment, they simultaneously risk undermining the collective spirit of 

the Outer Space Treaty’s non-appropriation principle. 

The way forward must therefore involve reimagining global governance for outer space—not through 

dominance or competition, but through inclusive multilateral cooperation. A modernized international 

framework is essential—one capable of reconciling economic incentives with the preservation of the 

Moon, Mars, and other celestial bodies as the shared heritage of humankind. 
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6.2 The Case for a New International Space Resources Authority 

To operationalize this vision, the international community could establish an International Space 

Resources Authority (ISRA)—a specialized body under the aegis of the United Nations Committee on 

the Peaceful Uses of Outer Space (COPUOS). 

Drawing inspiration from the International Seabed Authority (ISA) under the UN Convention on the 

Law of the Sea (UNCLOS), the ISRA could serve as a central mechanism to: 

 License and regulate space mining operations; 

 Ensure benefit-sharing among all states, including developing and non-spacefaring nations; 

 Conduct environmental assessments before any extraction; 

 Adjudicate liability disputes arising from transnational mining activities; and 

 Promote scientific collaboration and data transparency. 

Unlike the ISA, however, the ISRA must be designed with greater flexibility and inclusivity. It should 

integrate private corporations, scientific institutions, and civil society actors as stakeholders in global 

space governance, not merely subjects of state authority. This pluralistic model would reflect the 

contemporary reality that space is no longer a state monopoly, but a domain shaped by multi-actor 

participation. 

Such an institution would also provide predictability and legitimacy—two prerequisites for sustainable 

investment. By clarifying the legal boundaries of resource ownership and liability, it would reduce 

uncertainty while ensuring that space exploitation serves not only economic interests but also ethical and 

environmental imperatives. 

 

6.3 Embedding Environmental and Ethical Safeguards 

A just and sustainable space resource regime must be grounded in environmental ethics. The exploitation 

of celestial resources should proceed only after rigorous Environmental Impact Assessments (EIAs), 

planetary protection protocols, and sustainable extraction standards are codified in international law. 

A “Do No Harm” principle—analogous to the precautionary approach in environmental law—should 

govern all mining and exploration activities. Before humanity alters the Moon’s surface or extracts 

minerals from asteroids, it must ensure that such actions do not inflict irreversible damage on the cosmic 

environment or future scientific inquiry. 

Equally important is the preservation of cultural and historical sites. The Apollo landing zones, for 

example, should be designated as protected heritage areas under international law, similar to UNESCO 

World Heritage Sites on Earth. By safeguarding these places, we affirm that the history of human 

exploration transcends commercial ambition—it is a narrative of collective progress and aspiration. 

Furthermore, any international regime must include ethical safeguards to prevent the monopolization of 

space resources by a few technologically advanced nations or corporations. Mechanisms for equitable 

benefit-sharing—whether through technology transfer, shared profits, or capacity-building programs—

can ensure that all nations, including those without space programs, participate in and benefit from 

humanity’s extraterrestrial endeavor. 

 

6.4 Integrating Corporate Accountability and Transparency 

Private corporations have become the new pioneers of space, but their power must be balanced by 

responsibility. A sustainable future requires that corporate accountability be woven into the legal fabric 

of space activities. 
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To this end, companies engaged in space mining should be required to: 

 Maintain liability insurance or financial guarantees to cover potential damage; 

 Submit annual transparency reports detailing environmental and operational impacts; 

 Adhere to corporate social responsibility (CSR) and sustainability frameworks similar to those 

in terrestrial extractive industries; and 

 Participate in international oversight audits conducted by the ISRA or a similar global authority. 

This approach not only ensures accountability but also enhances public legitimacy. As humanity ventures 

further into space, public trust will be as vital as private capital. Transparency and ethical compliance will 

determine whether the new space age is remembered as an era of reckless exploitation or enlightened 

exploration. 

 

6.5 Toward a Cosmopolitan Ethic of Space 

Beyond law and policy lies a deeper philosophical imperative: the need to cultivate a cosmopolitan ethic 

of space. This ethic recognizes that the Moon, Mars, and other celestial bodies belong not to any one 

nation or generation but to humanity as a whole—and, arguably, to the universe itself. 

In this view, space mining is not simply an economic opportunity but a moral crossroads. It forces 

humanity to confront questions of justice, restraint, and intergenerational responsibility. What kind of 

moral architecture will govern our actions beyond Earth? Will we export the same inequalities, 

environmental damage, and corporate excess that have scarred our planet, or will we envision a more 

ethical model of cosmic coexistence? 

Legal scholars such as Ram Jakhu and Frans von der Dunk have emphasized that space law must evolve 

beyond minimal compliance toward a system grounded in universal responsibility. The doctrine of 

proportionality—so often applied in human rights and administrative law—might serve as a guiding 

principle in space governance: ensuring that the benefits derived from space activities are proportionate 

to their risks, and that no single actor’s interests outweigh humanity’s collective welfare. 

 

6.6 Conclusion: Law as the Architecture of Humanity’s Future 

The regulation of space mining is not a matter of technical detail—it is an act of civilizational design. In 

crafting laws for the cosmos, humanity is, in essence, defining the ethical boundaries of its own future. 

If governed wisely, space resource exploitation could usher in an era of shared prosperity, scientific 

progress, and environmental balance. If left unchecked, it could deepen inequality, ignite geopolitical 

conflict, and inflict irreversible harm upon the celestial landscapes that once symbolized unity and wonder. 

Therefore, the next phase of space law must be both visionary and pragmatic—one that bridges 

technological ambition with ethical restraint, and private enterprise with collective stewardship. The Moon 

Agreement, though imperfect and underutilized, offers a moral foundation upon which such a future can 

be built: a future where outer space remains, in the truest sense, the province of all humankind. 

 

7. Conclusion 

The Moon Agreement embodies humanity’s collective aspiration to treat celestial bodies as the shared 

heritage of all humankind. However, in the absence of widespread ratification and enforceable 

mechanisms, it remains a moral compass rather than a legal shield. As space mining transitions from 

theoretical to practical reality, the challenge before the international community is to reconcile 

commercial ambition with cosmic responsibility. 
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Without an updated, inclusive framework, outer space risks replicating Earth’s patterns of economic 

disparity and environmental degradation. The next generation of space law must thus bridge the gap 

between idealism and pragmatism, ensuring that the Moon and beyond remain not the spoils of the few, 

but the legacy of all. 
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