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Executive Summary: The emergence of private space activities is pushing the boundaries 
of the space industry with technological innovations that may soon enable the targeting of 
the novel market segments of space research and exploration, space resources utilization, 
and human access to space. Planetary protection is defined as a set of guidelines that aim 
to prevent the forward contamination of celestial bodies with biological material from 
Earth and the backward contamination of the terrestrial biosphere with extraterrestrial 
biological material. Significant questions are expected to be raised in the future with 
respect to potential forward and backward contamination issues of emerging private space 
activities. Unfortunately, the jurisdiction over and the enforcement of forward and 
backward contamination prevention measures to private space endeavors are currently 
facing policy and regulatory gaps and ambiguities. The key challenges with the current 
planetary protection policy landscape indicate that these contamination issues of private 
space activities can indeed have lasting negative impacts on social, economic, and 
environmental equity, sustainable development on Earth, and the sustainable exploration 
and development of other celestial bodies.  
 
Drawing on its multidisciplinary expertise, the UN system is favorably positioned to play a 
key role in stimulating a novel planetary protection framework for emerging private space 
activities. Firstly, it can provide an international forum for the harmonization and 
agreement on such a framework. Secondly, it can create a financing mechanism to fund 
international research and development consortia of public and private organizations 
under a pre-competitive collaboration scheme for planetary protection technologies. 
Thirdly, it can establish a process of civic engagement to promote the meaningful 
participation of the civil society in the formulation of this framework. A prudent 
consideration of this matter may not only counteract the inequitable distribution of any 
unintended negative consequences, but may also facilitate economic development in a 
respectful, sustainable, and responsible manner. 

 
I. Emerging private activities in research, 
exploration, and human access to space 
The emergence of private space activities is pushing 
the boundaries of the space industry with 
technological innovations that may soon enable the 
targeting of the novel market segments of space 
research, science (González 2017), exploration, 
space resources utilization, and human access to 
space (Vernile 2018). Naturally, relevant business 

cases will first be pursued in suborbital space and 
in low earth orbit, via, for example, the operation of 
internal and external commercial service platforms 
aboard the International Space Station (KIWI 2019; 
Space Applications Services NV/SA 2019; ISS U.S. 
National Laboratory 2019; Airbus Defence and 
Space GmbH 2019). It can be expected that, in the 
future, relevant business cases might also involve 
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venturing into even farther destinations such as the 
Moon and Mars.  
 
Indeed, in 2019, NASA selected fourteen American 
companies that will be able to bid for delivery 
services to the lunar surface through Commercial 
Lunar Payload Services (CLPS) contracts, thus 
paving the way for commercial missions to the 
Moon (NASA 2020). Two of those companies have 
already stated that their proposed commercial 
cargo landers will be able to be used in sample 
return missions. These include the McCandless 
Lunar Lander by Lockheed Martin (Lockheed 
Martin Corporation 2018) and the MX-9 Frontier 
Class Explorer by Moon Express (Moon Express 
2020a).  
 
Moon Express is planning the first commercial 
lunar sample return mission as part of its 2020 
Harvest Moon expedition. The collected lunar 
samples “will be the only privately owned Moon 
materials on Earth, and will be used to benefit 
science as well as commercial purposes” (Moon 
Express 2020b). Moreover, the Moon Express 
landers are currently marketed as both lunar and 
deep space exploration platforms, especially the 
MX-9 that can support lunar sample return 
missions (Moon Express 2020a).  
 
These statements might indicate a long-term vision 
of a future value proposition of commercial sample 
return from Mars. The utilization of emerging 
commercial capabilities for Mars sample return 
within the framework of a governmental mission 
has also been investigated in a past feasibility study 
(Gonzales and Stoker 2016). Another work has 
proposed the business case of the commercial 
return of highly valuable Martian regolith and 
samples as one of the most straightforward 
candidates for a source of income for private Mars 
settlements during initial missions (Entrena Utrilla 
and Welch 2017).  
 
In addition, the success of NASA’s Mars Cube One 
(MarCO) CubeSats in the first interplanetary 
mission to use such devices has proven the concept 
of using miniaturized spacecraft for the unmanned 
exploration of Mars, thus opening up the path for 
potential future private CubeSat missions to Mars 
(NASA/JPL 2019). Lastly, the market segment of 
human access to space seems also to be a desired 
long-term goal of some private enterprises. These 
private endeavors include commercial manned 
suborbital flights (Blue Origin 2019; Virgin Galactic 

2019), tourism in Low Earth Orbit (Axiom Space 
2019; Forbes.com 2018), human-rated lunar 
landers (Blue Origin 2019), lunar passenger flights 
(SpaceX 2017), and human-rated bases around 
Mars (Lockheed Martin Corporation 2019) and on 
its surface (SpaceX 2017). 
 
II. Key challenges with the current planetary 
protection policy framework 
In the “Strategy on New Technologies”, the United 
Nations Secretary-General has already recognized 
“private space travel” as an emerging and 
transformative possibility that holds promise for 
human welfare, yet may, at the same time, have 
unintended negative consequences (United Nations 
2018). To facilitate the invigoration and the 
forthcoming growth of the new space economy 
being developed by private space actors, while 
minimizing the inequitable distribution of any 
unintended negative consequences, the 
interdisciplinary field of planetary protection has to 
keep up with technological advances and the 
business goals of the private sector.  
 
Planetary protection is defined as a set of guidelines 
that aim to prevent the forward contamination of 
celestial bodies with biological material from Earth 
and the backward contamination of the terrestrial 
biosphere with extraterrestrial biological material 
(Frick et al. 2014). In Article IX of the United 
Nations Treaty on Principles Governing the 
Activities of States in the Exploration and Use of 
Outer Space, including the Moon and Other Celestial 
Bodies of 1967, also known as the Outer Space 
Treaty, the “harmful contamination” of the Moon 
and other celestial bodies and the “adverse changes 
in the environment of the Earth resulting from the 
introduction of extraterrestrial matter” are to be 
avoided (UNODA 2019). In accordance with this 
suggestion, the Committee on Space Research 
(COSPAR) maintains and promulgates its own 
planetary protection policy for the reference of 
space faring nations, to assist in the avoidance of 
organic-constituent and biological contamination 
of celestial bodies (forward contamination) and of 
the Earth (backward contamination) during space 
exploration (Kminek et al. 2017). However, both the 
recommendations of the Outer Space Treaty and 
COSPAR’s planetary protection policy, rely on 
national laws and on the internal policies of public 
agencies for their enforcement.  
 
As space entrepreneurs acquire and develop the 
resources and competencies for commercial access 
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to space, significant questions are expected to arise 
in the future with respect to potential forward and 
backward contamination issues. For example, the 
recent crash of the privately funded Beresheet 
lander on the Moon, which resulted in the release of 
biological material on the lunar surface, already 
illustrates this (Shahar and Greenbaum 2020). 
Unfortunately, the jurisdiction over and the 
enforcement of forward and backward 
contamination prevention measures to private 
space endeavors are currently facing policy and 
regulatory gaps (Froehlich 2018) and ambiguities 
(Jakhu 2015).  
 
In particular, up until now, the prevention of 
forward contamination of other celestial bodies 
during space exploration was overseen by public 
space agencies, which were the only organizations 
that maintained the capabilities necessary to 
conduct space missions. Private space companies 
were acting as subcontractors to public space 
agencies, working by their technical requirements 
as set out in state planetary protection guidelines. 
This method successfully controlled the quality and 
conformity of the deliverables of private 
subcontractors to public contractors. However, 
space entrepreneurs are now gradually acquiring 
and developing the resources and competencies to 
operate autonomously in the areas that were 
traditionally served by public space agencies.  
 
Due to this change, a key challenge arises: the 
absence of a supranational mandatory framework 
that can enforce planetary protection requirements 
to private actors launching from every nation 
(Porras 2017). In addition, the minimization of the 
internal forward contamination prevention costs of 
future missions is expected to be a firm goal in the 
commercial space sector (Newman 2015). This goal 
will be even more crucial in the case of manned 
systems that require novel, and more expensive, 
contamination control methods (Conley and 
Rummel 2010). The combination of the 
aforementioned facts may give rise to unintended 
negative consequences of a global scope. 
 
Joshua Lederberg (1960) realized early on that a 
failure to adhere to forward contamination 
mitigation requirements by one nation could have 
deleterious impacts to the present and future 
astrobiological research of every other nation. With 
respect to the prevention of the backward 
contamination of the Earth, any private missions 
that will involve a post re-entry phase on Earth for 

the recovery, transfer, reception, and distribution of 
samples and for the handling of returned people 
and equipment, may raise quarantine issues that 
have not been relevant since the Apollo era. It is 
likely that various public groups will vigorously 
scrutinize the environmental, health, and safety 
risks related to a potential backward contamination 
incident (Race 1995; Race 1998). It is also likely 
that they will review the contamination prevention 
measures for Earth-return missions. In case these 
are found inadequate, public groups may challenge 
the organization undertaking the mission in the 
courts (Race 1996) via the usage of numerous laws 
that may apply (Goh and Kazeminejad 2004). 
Litigation by concerned groups of the public will 
cause added direct and indirect costs to the private 
actors, for example,  via the complex legal 
landscape, subsequent delays in the development 
activities, or missed launch windows (Race 1996; 
Race 1995). It may also lead to the formulation of a 
not so advantageous view towards commercial 
activities by the respective states (Hlimi 2014), as 
public opinion can influence the setting of public 
policies (Hofmann, Rettberg and Williamson 2010).  
 
It has even been noted in the literature that the 
precautionary principle might be a potential 
strategy that decision makers or regulators could 
invoke to pre-emptively cope with space-related 
environmental issues (Langston 2018). Policies of 
this kind could shift the issue from the local to the 
global dimension. Judging from the current 
situation in the marine ship-breaking (Demaria 
2016) and electronic waste handling industries 
(Sthiannopkao and Wong 2013), less wealthy 
countries might welcome the accumulation of such 
otherwise unwanted Earth-return facilities to 
attract investments and generate capital flow. 
However, in the event of a quarantine breach 
incident, those countries would be unable to 
respond in time, as their risk management methods 
and strategies are insufficient for hazardous 
materials (Zhang et al. 2017). 
 
The aforementioned key challenges with the 
current planetary protection policy landscape 
indicate that both the forward and the backward 
contamination issues of private space activities can 
indeed have lasting negative impacts. These 
impacts refer to social, economic, and 
environmental equity, sustainable development on 
Earth, and the sustainable exploration and 
development of other celestial bodies. 
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III. Opportunities for a tangible path forward 
Although private space activities currently do not 
seem to pose a serious planetary protection threat, 
certain preparatory steps need to be taken in order 
to prudently inform the relevant policy-making 
procedures. This must be done before the 
emergence of an uncontrollable increase of 
commercial demands (Ehrenfreund, Race and 
Labdon 2013) and industrial developments 
(Hofmann, Rettberg and Williamson 2010). 
Drawing on its multidisciplinary expertise, the UN 
system is favorably positioned to play a key role in 
stimulating a novel planetary protection 
framework for emerging private space activities. As 
the enforcement of space law is a national matter, 
the UN system can only support the international 
harmonization of planetary protection regulations 
for private space activities, as they are being 
addressed in national space laws. The 
harmonization of national space laws in general is 
already being addressed in the UN system through 
the United Nations Committee on the Peaceful Uses 
of Outer Space and its Secretariat, the United 
Nations Office for Outer Space Affairs. However, 
more emphasis should be given to extended 
consultations centered on planetary protection 
regulations for private space activities. In these 
consultations, specialized UN agencies, such as the 
World Health Organization and the United Nations 
Educational, Scientific and Cultural Organization, 
could also provide informed feedback. 
 
Besides providing an international forum for the 
harmonization and agreement on a novel 
international planetary protection framework for 
emerging private space activities, two other 

initiatives may be critical in addressing the key 
challenges previously described. 
 
The first would be the creation of a financing 
mechanism to fund international consortia of public 
and private organizations aiming to research and 
develop technologies for the mitigation of forward 
and backward contamination, under a pre-
competitive collaboration scheme (Fernandez et al. 
2016). This financing mechanism could be centered 
on the gradual development of a flagship project 
that might take the form of an international 
planetary protection analogue program and its 
respective testbed facility (Conley and Rummel 
2008). 
 
The second initiative would be the establishment of 
a process of civic engagement to promote the 
meaningful participation of the civil society in the 
formulation of this novel planetary protection 
framework for emerging private space activities. 
This engagement could be fostered through 
participatory scenario planning workshops (Olabisi 
et al. 2018) that could generate considered 
guidance and insights, with respect to community 
preferences and concerns regarding emerging 
private space activities. 
 
In conclusion, a prudent consideration of the key 
challenges with the current planetary protection 
landscape, in light of the emerging private space 
activities, may not only preemptively counteract 
the inequitable distribution of any unintended 
negative consequences. It may also facilitate 
economic development in a respectful, sustainable, 
and responsible manner. 
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