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Introduction
since 1961, mankind has dared to venture beyond the planet to explore the cosmos and beyond. Almost 60 years after the first manned space flight, we have made huge technological leaps in developing safer and efficient space flight. Creating sustainable space travel is being pioneered by new, privately funded companies such as Boeing or SpaceX, who through several years of research and development, have paved the way for reusable rockets. Although this a big step towards sustainability, more can be done to ensure a sustainable future in space. With the human population growing and useable land mass decreasing, soon we might need to inhabit space to preserve the human race and understand more about how we came to exist.
	So, ‘Can we create a Sustainable presence in Space?’ 	
	In this research paper I shall collect and provide relevant information to understand the factors needed to create a sustainable future in space. Through exploring the 3 underlying factors needed to create a sustainable outcome, (Environmental, Economic and Social sustainability), I shall enquire what is needed to create a sustainable presence in space by exploring the 3 individual pillars of sustainability.

Analysing the question
According to a blog posted on the European Space Agency’s website, sustainability of space activities can be defined as “the conduct of space activities in a manner that balances the objectives of access to the exploration and use of outer space by all States and governmental and non-governmental entities only for peaceful purposes with the need to preserve the outer space environment in such a manner that takes into account the needs of current and future generations.” (The Clean Space blog, 2018) In this report, researching for a ‘sustainable presence in space’ will entail collecting info on sustainable presence in space, much like that of the International Space Station.  The report will consist of 3 main topics of research. Economic, environmental and social sustainability. I believe by conducting research into these 3 topics, I can hypothesize what is needed to create a completely sustainable presence in space, and predict a time in which this will be possible. 

















Economic Sustainability in space

National and private funding have a huge impact on the space community. Private companies are investing a substantial amount of money into space exploration due to lowering costs and huge technological advancements of the space industry. For instance, on average the US spent over $8.3bn a year on manned space flight over the last 57 years, costing a total of $486bn. (Lafleur, 2010) But today, SpaceX owner and innovator Elon musk is projecting the cost of launching a rocket to space will drop by a factor of 100, with new SpaceX tech. Galeon, D. (2017) This dramatic drop in space flight cost is a step forward to better sustainable space travel, and is due to renewed private interest and funding in sending humans and cargo to space. Private companies competing in the new ‘Private space race’ is bringing new competition, technology and public interest to the industry. This newfound interest is bringing many benefits to the industry and the fierce competition is bringing innovation and technological advancements, which in turn lowering costs. With costs falling, demand to enter the space industry is increasing, and more companies are securing investments to create operations in space. Opening the space industry beyond the public sector is a positive way to introduce space exploration to the world. To create a sustainable economic environment in space, profits need to be made to keep re-invest and keep private companies in the industry viable. Today, large scale operations aren’t run by government agencies, but private companies operating in LEO (Low Earth Orbit). One such company is DirecTV. Valued at over $48bn Gamble, J. (2014)., this satellite provider is just one private company leading the invasion of Earth’s low orbit with satellites. 
[bookmark: _GoBack]With public interest and funding decreasing, government agency NASA awarded contracts worth $6.8bn to private companies Boeing and SpaceX in 2014 to “develop commercial crew transportation systems” Foust, J. (2014) Under the Commercial Crew Transportation Capability Contracts, the two companies will continue to develop space-capable transport to take and return NASA astronauts to the ISS. This increase in public sector funding to develop private companies shows a positive collaboration between public and private entities for the advancement of technologies in space, which is paving the way for a more sustainable future in the industry. I believe that with renewed collaboration between the private and public sector, a sustainable future in space is within reach. 
So how can companies profit from operations in space?
To create a sustainable economic environment in space, said entities need to make a profitable return to allow re-investment and continuation of their space operations. A long term, sustainable return is the key to balanced sustainability in space. For example, the satellite industry operating in LEO (Low Earth Orbit) and beyond make good use of Earth’s atmosphere. The “SIA 2017 State of Satellite Report” conducted by The Satellite Industry Association, states that by the end of 2016, 1459 satellites were operational, compared with the 1381 satellites the previous year. Sia.org. (2017). This report also states that from 2015-16, Satellite industry revenues stood at $127.7bn through providing Erath observations, telecoms and broadband. Sia.org. (2017). This data shows that a profitable industry in space is already profiting, with the industry growing larger and larger each year. Although the satellite industry is growing, there are other profitable options for creating a sustainable economy in space. “Space Tourism” is one growing niche market within the space industry. SpaceX CEO Elon Musk announced in 2017 that “two mystery space tourists put down a significant deposit” Becker, R. (2017). To take a trip around the moon. Estimating how much these customers paid for such a trip is difficult, but with prices for launches dropping and technology advancing, I predict that “space tourism” will be a valuable and lucrative asset to the space industry in years to come. To create a sustainable presence in space, economical sustainability much be achieved through investment and a need to travel into space to begin with. I believe that if current interest and investment into the space industry increases, a larger more permanent presence in space will occur. 

















Environmental Sustainability

Ensuring environmental sustainability is the second factor needed to create a complete sustainable model. Creating a completely environmentally sustainable presence would mean recycling and re-using all materials and assets, while designing for maximum efficiency and sustainability. Designing products without consideration for its end use can be wasteful and potentially dangerous. One example of this careless designing and environmental wastefulness is the vast amount of space debris orbiting our planet. Over 150 Million pieces of space junk are currently being tracked as they orbit our planet. “5000 objects larger than 1m, 20,000 larger than 10cm, 750,000 larger than 1cm and over 150million larger than 1mm.” Clark, S. (2017) Space debris can compromise of spent rocket parts, fragments from used spacecraft or decommissioned satellites. This debris can exceed speeds of 17,000mph and have been known to impact and damage another spacecraft in orbit. 
With the atmosphere littered with debris, designing with reusability in mind is at the forefront of some private companies. For example, SpaceX has successfully designed and created a functional re-usable rocket. The development of the reusable rocket boosters, which once used, perform a controlled landing on earth and land vertically on a launch pad, ready to be refuelled and reused again. These reusable rockets are a huge leap in the right direction for sustainable space flights and save the company millions of dollars in materials and manufacturing. 
Unintentionally, SpaceX’s reusable rockets conform to a newly devised “set of guidelines for the long-term sustainability of outer space activities” The Clean Space blog. (2017)  
The “Committee on the peaceful use of outer space activities” (COPUOS) of the united nations finally created these guidelines to promote peace, security and development of mankind in space.
Guideline 27 calls for “promoting and supporting research into the development of ways Guideline 27 calls for “promoting and supporting research into the development of ways to support sustainable exploration and use of outer space.” The Clean Space blog. (2017) Guideline 27.3 also states that “intergovernmental organisations should promote the development of technologies that minimize the environmental impact of manufacturing and launching space assets.” The Clean Space blog. (2017). Maximizing the use of renewable resources and the reusable or repurposing of space assets to enhance the long-term sustainability of those activities.” The Clean Space blog. (2017) These guidelines set by the united nations lead by example, showing private and public-sector entities that sustainable space flight is top priority for creating a sustainable and efficient future in space. Article 28.4 states that “such new measures aimed at ensuring the sustainability of space activity and involving either controlled or uncontrolled re-entries should not pose an undue risk to people or property including through environmental pollution cause by hazardous substances.” The Clean Space blog. (2017) 
	With official guidelines set by international organisations and companies responding with sustainable technology, an environmentally sustainable future in space is very much on the way. Re-using and recycling materials, paired with good designing for manufacture is creating a sustainable future and preserving precious resources here on Earth. 
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Social Sustainability

Social sustainability can be defined as “the ability of a community to develop processes and structures which not only meet the needs of its current members but also support the ability of future generations to maintain a healthy community.”
	Creating a socially sustainable environment enviroment in outer space is the third and final key to creating a sustainable environment in space. Social sustainability sees that everyone should benefit from state of the art technology and space-based services, access to space for everyone and tools and platforms to facilitate more and free access of space-based data and information. When creating a socially sustainable presence in space, one must consider several factors. This include human rights, living conditions, fair labour, health and safety, wellness, diversity, work-life balance, community engagement and more. These issues cannot be easily measured but identified. 
	Designing for social sustainability can be difficult and takes years of planning so all communities are equal. Social needs are not an exact science and cannot be measured. Social sustainability amongst a community (on Earth and space) have simple needs that need to be fulfilled. Basic human needs such as water, clean air and food must be provided to create a sustainable system.


 Conclusion 

Creating a totally sustainable environment in space requires great planning and design. Economic, environmental and social engineering are all important factors that need to be fully considered and understood to create a sustainable model. Through researching into these three topics, I have concluded that a sustainable presence in space is possible if several factors are considered. 
a) Private and public-sector entities to collaborate to share technology, information and assets to create a sustainable model.
a.1) To create a sustainable economy in space, private and public-sector entities need to create a profitable system in which the money created is re-invested into the industry   to create a better sustainable economic system.
b) Environmental sustainability and guidelines must be considered when designing new technologies. Designing for manufacture is of upmost importance. Creating technology that is not only sustainable but re-usable is key to preserving precious human resources and lowing the amount of space debris.
c) Designing a socially sustainable environment means that any persons are entitled to basic human needs such as food, clean water and air, shelter etc. When designing a socially sustainable environment, quality of life is the priority and any persons entering said environment must be looked after. 
To conclude, I envision that a completely sustainable human presence in space will be in place in the next 30 years. As we continue to advance deeper into space, a sustainable presence in space will be at the centre of humanity’s interest as Earth’s finite resources are depleting, we will look to colonise space for the preservation of humanity.
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