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Abstract

This article explores issues and concerns raised by increased human 
activity in space. As space travel follows the arc of civil aviation, an 
activity that is hazardous and only for the wealthy will become safe 
and within reach of potentially large audiences for tourism and for 
recreation. Entrepreneurs are planning for habitats on the Moon 
and Mars, and other investors see the prospect of mining asteroids 
and mineral resources on the Moon. Space activity occurs in an 
environment with very weak regulation and little established space 
law. Space debris is growing to a level where it could threaten all 
low Earth orbit activity. Ethical issues are raised by commercial 
space activity, and the only United Nations treaties dealing with 
space do not address private or commercial ownership of real es-
tate in space. In the new “Wild West” of space travel, judicious reg-
ulation and law can help mitigate some of the worst outcomes of 
exploration and exploitation of the new off-Earth frontier.

Keywords: space travel, space debris, space law, ethics, sustainabil-
ity, commerce, tourism, regulation

El nuevo salvaje oeste: leyes, regulaciones, conflictos y el 
futuro del espacio

Resumen

Este artículo explora los problemas y preocupaciones que plantea 
el aumento de la actividad humana en el espacio. A medida que 
los viajes espaciales siguen el ejemplo de la aviación civil, una ac-
tividad peligrosa y exclusiva para los ricos se volverá segura y ac-
cesible para un público potencialmente amplio, tanto para el turis-
mo como para la recreación. Emprendedores planean hábitats en 
la Luna y Marte, y otros inversores ven la posibilidad de explotar 
asteroides y recursos minerales en la Luna. La actividad espacial 
se desarrolla en un entorno con una regulación muy débil y una 
legislación espacial poco consolidada. Los desechos espaciales es-
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tán creciendo hasta un nivel que podría amenazar toda la activi-
dad en órbita terrestre baja. La actividad espacial comercial plantea 
cuestiones éticas, y los únicos tratados de las Naciones Unidas que 
abordan el espacio no abordan la propiedad privada o comercial de 
bienes inmuebles en el espacio. En el nuevo “salvaje oeste” de los 
viajes espaciales, una regulación y una legislación sensatas pueden 
ayudar a mitigar algunos de los peores resultados de la exploración 
y explotación de la nueva frontera extraterrestre.

Palabras clave: viajes espaciales, desechos espaciales, derecho es-
pacial, ética, sostenibilidad, comercio, turismo, regulación

新的法外之地：法律、监管、冲突、以及太空的未来

摘要

本文探究了人类在太空的活动增多所引发的问题和关切。随
着太空旅行追随民航的发展轨迹，一项危险且只有富人才能
进行的活动将变得安全，并有可能吸引大量游客进行旅游和
娱乐。企业家们正在规划在月球和火星上建立栖息地，其他
投资者看到了开采小行星和月球矿产资源的前景。太空活动
发生在一个监管非常薄弱、几乎没有太空法的环境中。太空
垃圾正在增长到可能威胁所有低地球轨道活动的水平。商业
太空活动引发了伦理问题，而联合国唯一涉及太空的条约并
未涉及太空不动产的私人或商业所有权。在太空旅行的新“
法外之地”中，明智的监管和法律能帮助减轻由“探索和开
发新的地外边界”所带来的部分最坏结果。

关键词：太空旅行，太空垃圾，太空法，伦理，可持续性，
商业，旅游业，监管

Introduction

The commercial sector is now 
carrying out more launches to 
Earth orbit than governments, 

and there are very few laws or regula-
tions to protect against space debris, 
harm to humans, or the militarization 
of space.

Space travel is entering a new 
phase. For over half a century after the 
launch of Sputnik in 1957, space was 
the exclusive playground of the world’s 
two superpowers: the United States and 
the former Soviet Union (Hardesty & 
Eisman, 2007). The rivalry originat-
ed during the depths of the Cold War 
and reached its pinnacle with the race 
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to land humans on the Moon. Subse-
quently, the difficulties and expense of 
space travel, and the easing of tensions 
between the two superpowers, spurred 
cooperation, starting with the 1970’s 
Apollo-Soyuz program (Ross-Nazal, 
2010). Wider cooperation came with the 
International Space Station (ISS), which 
has been continually occupied for 25 
years by a total of 280 astronauts repre-
senting 22 different nations (Catchpole, 
2008). With the waning of Russia as a 
space power, the new rivalry is between 
the United States and China, a country 
with grand ambitions in space (Harvey, 
2019). India, Brazil, Japan, and the Arab 
Emirates also have growing aspirations 
in space (Oniosun, 2023). Recent rapid 
progress comes from the commercial 
sector. SpaceX and Blue Origin have 
developed reusable rockets to lower the 
cost per kilogram launched to Earth or-
bit. There are over three dozen private 
space companies, but these two are led 
by billionaires who have invested from 
their fortunes to sustain a development 
phase while there is no substantial rev-
enue stream from tourism (Davenport, 
2019). Traffic in space is increasing 
dramatically. In 2023, there were 223 
space launches, up from 186 in 2022, 
and almost three times the 85 launches 
in 2016. SpaceX alone accounted for 98 
of the launches (McDowell, 2023). The 
world space economy was worth over 
half a trillion dollars in 2023 (Space 
Foundation, 2024). 

Impacts on the Environment
At first glance, the environmental im-
pact of space travel may seem inconse-
quential. There are only a few hundred 

space launches per year, compared with 
nearly 40 million flights by commercial 
aircraft (Statista, 2024). The space in-
dustry only burns 2% of the fossil fuel 
burned by conventional aviation, al-
though that percentage is likely to rise 
rapidly if projections for satellite launch-
es and space tourism hold. However, 
aircraft release pollutants in the tropo-
sphere and lower stratosphere, while 
rockets release pollutants all the way up 
to the mesosphere, where they last a lot 
longer. A 2022 study on the impact of 
rockets that burn RP-1 found that each 
year 1000 metric tons of black carbon 
are added to the stratosphere (Ryan et 
al., 2022). RP-1 is the kerosene used 
in the past by Saturn, Delta, Altas, and 
Soyuz, and currently used by SpaceX 
for its Falcon 9 rocket. Particles emitted 
by rockets are 500 times more efficient 
at holding heat in the atmosphere than 
all other sources of soot combined, with 
an enhanced warming effect on the cli-
mate. If that amount grows by a factor 
of ten, the stratosphere will warm by 
1.5 degrees Celsius, and the ozone layer 
will get thinner. A life cycle assessment 
of the greenhouse gas impact of human 
space travel found that the impact is 
550 to 1,300 times the average global 
citizen’s annual impact on a per-launch 
basis and 2,000 to 4,600 times the hour-
ly impact of a global citizen on a per-
hour basis (Carbajales-Dale & Murphy, 
2023). The workhorse of large future 
payloads is SpaceX’s Starship, which 
exceeds the lift capability of the Saturn 
V rocket (Seedhouse, 2022). The good 
news is that Starship’s Raptor engines 
burn liquid oxygen and liquid methane, 
so they have a smaller carbon footprint 
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than the engines burning RP-1. Howev-
er, their rocket exhaust contains soot, 
water vapor, which is a potent green-
house gas, and methane, which is 80 
times more potent than carbon diox-
ide in trapping heat (McDonald, 2018). 
More broadly, the increased volume of 
launches increases the rate of old rock-
ets and satellites burning up on reentry. 
This leaves metallic ash at high altitudes 
where it lasts a very long time, with ad-
verse effects on the ozone layer (Boley 
& Byers, 2021). Many of these effects are 
difficult to model and still poorly un-
derstood. A less direct environmental 
impact is degradation of the quiet and 
dark skies that research astronomers 
depend on. Small satellites are spoiling 
an increasing number of deep images of 
the universe, and they are causing inter-
ference to sensitive radio observations 
of cosmic sources (Witze, 2019).

The Problem of Space Debris
A predictable consequence of the rapid-
ly increasing number of orbital launch-
es is a growing amount of space debris 
(Madi & Sokolova, 2020). Low Earth or-
bit is a junk yard. Detritus of our activ-
ity in space includes obsolete spacecraft 
and satellites, rocket parts, metal frag-
ments ranging in size down to a fleck 
of paint, and fragmentation or collision 
debris, sometimes created deliberately. 
The kinetic energy of objects moving at 
speeds of up to 18,000 mph means that 
even the paint flecks can cause damage 
to a satellite or spacecraft. Surveillance 
networks can track and catalog nearly 
38,000 space objects. Since the start of 
the Space Age, nearly 20,000 satellites 
have been placed in Earth orbit, of which 

13,000 are still in space and 10,000 are 
still functioning. There are currently 
40,500 pieces of debris larger than 10 
cm, and statistical models estimate 1.1 
million between 1 cm and 10 cm and 
130 million between 1 mm and 1 cm 
(European Space Agency, 2024). The 
total mass of all space objects in Earth 
orbit is 13,000 metric tons, which is 1% 
of the mass of the entire atmosphere. 
A hundred companies plan to launch 
“constellations” of small satellites (Cur-
zi et al., 2020). Although projections 
are uncertain, Earth orbit may eventu-
ally host a million satellites (Falle et al., 
2023). The collision rate will inevitably 
increase and there is a cascading effect 
even with no additional launches. The 
direst outcome is that exponentially in-
creasing debris renders low Earth orbit 
unusable (Kessler & Cour-Palais, 1978). 
Space debris has been called a “tragedy 
of the commons,” the situation where 
everyone benefits from using a valuable 
resource, but no one takes ownership 
of its preservation (Wang, 2013). When 
no single country or party is responsi-
ble for mitigation, it is important to cre-
ate incentives not to make the problem 
even worse (Garber, 2017). That already 
happens for new large satellites, which 
have built-in deorbiting mechanisms, 
and for SpaceX mega-constellation sat-
ellites, which are in low enough orbits 
that they de-orbit naturally due to at-
mospheric drag in 5 to 7 years. NASA 
has taken an important step by more 
accurately defining the risks from space 
debris and by conducting a cost-ben-
efit analysis of remediation measures. 
For example, the report compares the 
cost of shielding spacecraft to the cost 
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of tracking smaller pieces of debris, or 
the costs of removing 50 large pieces of 
debris to removing 50,000 smaller piec-
es (Locke et al., 2024). Luckily, there are 
mitigation strategies that could alleviate 
the problem, including nets, magnets, 
harpoons, and lasers (Ledkov & Aslan-
ov, 2022; Svotina & Cherkasova, 2023).

Competition and Conflict
Most space activity is driven by eco-
nomic motives, with secondary ratio-
nales of scientific research and explo-
ration. However, there is real concern 
about the militarization of space and 
the potential for armed conflict off-
Earth (Dawson, 2018). The original 
space race between the United States 
and the Soviet Union had a Cold War 
backdrop with existential overtones. 
The new landscape of space geopoli-
tics is more complex. Democratization 
means that a growing set of countries 
are operating in space for national pres-
tige or industrial benefit (Goswamy & 
Garretson, 2020). In the United States, 
the formation of a sixth branch of the 
Armed Forces in 2019, the Space Force, 
was a sign that space was a new arena 
for competition and potential conflict 
(Ruff et al., 2022). The Space Force bud-
get rapidly eclipsed NASA’s budget and 
was $29 billion in FY24 (Department of 
the Air Force, 2024). In 2024, the Cen-
ter for Strategic and International Stud-
ies released the seventh in its series of 
Space Threat Assessments (Swope et al., 
2024). The report summarizes counter-
space capabilities, with a focus on Chi-
na and Russia. It concludes that both 
countries are conducting space opera-
tions that suggest espionage or the de-

velopment and testing of orbital coun-
terspace weapons. But public reporting 
cannot fully capture these threats, which 
operate in the shadows and often under 
the guise of harmless activities. Also 
in 2024, the Secure World Foundation 
released a report on counterspace capa-
bilities worldwide (Weedon & Samson, 
2024). The report summarizes weapons 
of four types. Cyberattacks target data 
or the systems that control the flow of 
data. Electronic weapons jam signals 
from a satellite or issue false commands 
to an enemy satellite to disrupt its oper-
ations. Non-kinetic weapons like lasers 
can disrupt satellites or ground systems 
without making physical contact. Ki-
netic weapons aim to eliminate satel-
lites or space assets. Collectively, these 
weapons can deceive, disrupt, degrade, 
or destroy. In the contested arena of 
space, the boundary between defense 
and offense is blurred. The potential for 
conflict with China is particularly acute 
(Nawaz et al., 2022). China has outsized 
ambitions in space, launching over 
100 spacecraft every year, and having 
recently deployed a space station and 
landed rovers on the Moon and Mars 
(Goswami, 2018). China is working on 
an array of technologies to weaponize 
space and their aim is to match or ex-
ceed American capabilities to gain mil-
itary and economic advantage (Gould, 
2021). The necessary response, in a 
report framed with dark humor, is to 
develop a “Defense Against the Dark 
Arts” (Harrison et al., 2021).

Laws and Regulations Off-Earth
Space is the new “Wild West.” There 
have only ever been two treaties that 



144

Space Education and Strategic Applications Journal

have the force and the jurisdiction of 
international law. The United Nations 
Outer Space Treaty of 1967 specified 
that no country can claim ownership 
of the Moon or any part of it and that 
celestial bodies should only be used 
for peaceful purposes (United Nations, 
1967). The most important part of the 
treaty was the prohibition of nuclear 
weapons in space. However, the treaty 
says nothing about corporations and 
individuals, and it says nothing about 
the utilization of space resources, so it 
is not helpful in an era when commer-
cial activity in space is surging. Subse-
quently, the Moon Agreement of 1979 
held that the Moon and its natural re-
sources are the common heritage of hu-
manity. However, it is moot since none 
of the major space-faring countries have 
signed it (United Nations, 1979). Addi-
tionally, there is a “Rescue Agreement” 
dealing with returning astronauts from 
deep space, a “Liability Convention” to 
address damage caused by deep space 
objects, and a “Registration Agree-
ment” to track all objects launched into 
space. Continuing U.N. oversight comes 
through the Committee on the Peaceful 
Uses of Outer Space (COPUS), set up 
by the General Assembly in 1959. CO-
PUS has 112 members, and it meets ev-
ery year (United Nations, 2024a). It has 
approved 21 non-binding sustainability 
guidelines (United Nations, 2024b), and 
for the first time in half a century is con-
sidering new treaties. With the ominous 
threat of space conflict, it’s notable that 
in 2021 NATO extended Article 5 to 
cover attacks on space assets (North At-
lantic Treaty Organization, 2024). As in-
ternational space law languishes, coun-

tries have been acting to protect their 
interests and those of their citizens. In 
November 2015, Barack Obama signed 
the U.S. Commercial Space Launch 
Competitiveness Act into law. The law 
recognizes the right of Americans to 
own any space resources that they har-
vest, and it encourages commercial ex-
ploitation of asteroids (Molloy, 2015). 
In 2020, Donald Trump went further, 
signing an executive order that said 
the U.S. does not view space as a “glob-
al commons.” In the United States, the 
regulatory environment is loose, re-
flecting successive governments’ beliefs 
that private enterprise has the acumen 
and technical ability to make commer-
cial spaceflight a successful business 
(Nield, Owens, & Sloan, 2008). The field 
of space ethics is young and evolving 
but is finally getting scholarly attention 
(Schwartz and Milligan, 2021). It should 
aim to identify principles for arriving at 
rational compromises between the dif-
ferent stakeholders in space.

Conclusion

This brief survey of the rapidly 
evolving space industry has one 
main conclusion. As humans live 

and work off-Earth in increasing num-
bers, they will do so in a largely ungov-
erned and unregulated environment. 
The current activity is being propelled 
by technologists, deep-pocketed entre-
preneurs, and governments motivated 
by their own geopolitical interests. If 
space is to be a sustainable and equitable 
environment in the future, much more 
attention will need to be paid to ethical, 
legal, and environmental concerns. 
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