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Abstract
The growth of the space industry is accompanied by the pressing challenge of minimizing negative externalities and
maximizing benefits for humanity, in other words, finding and maintaining the sustainable development track. This
research aims to carry out an up-to-date analysis of sustainability issues associated with rapid prototyping and frequent
in-orbit demonstration (IOD) with CubeSats, and, building on the results of this analysis, provide an exhaustive set of
guidelines for the said processes. By sustainability issues the authors mean environmental (material waste, particulate
pollution, greenhouse gasses emissions, etc.), economic (cost and value analysis, economic viability, contribution to
economic development) and legal aspects [1]. The sustainability problems concerning prototyping and flight-proving
with CubeSats are legion with the existing body of research not offering clear and exhaustive solutions for fixing the
entirety of them, yet, the demand for this format of a satellite is growing, which necessitates fixing the gap and explains
the relevance of the research at hand.
The choice of the CubeSat format as the object of research for this paper stems from its compactness, relative
cost-efficiency, simplicity and functionality. The characteristics listed above explain the format’s popularity, which is
expected to grow tremendously in the near future, potentially leading to the problem of drastically reduced orbit
availability. As of today, the space industry is severely underregulated. Therefore, in this paper the authors take into
consideration legal aspects on top of the aforementioned sustainability issues.
The subject of the research, which is the prototyping and IOD in the context of space sustainability, was chosen due to
the fact that nowadays the space industry lacks clear and unambiguous criteria for the said actions concerning CubeSats.
Moreover, the authors identified these particular stages, because they present vital importance and cannot be neglected.
Fast prototyping allows for accelerated technological and economic growth, however it can come at a cost both literally
(material expenses) and figuratively (possible impact on sustainable development). As for the IOD, it is particularly
important when it comes to the development of new space technologies, as it allows for the testing of new systems in
the harsh and demanding environment of space [2]. Given the increasing demand, vital importance and high risks of
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IOD, the sustainability issues of this stage deserve significantly more attention from researchers and policy-makers than
they currently are paid.
The authors of this article provide a comprehensive analysis of the trade-offs between the number of IODs and their
associated costs, risks, benefits and externalities in the context of CubeSat missions. Based on their findings, the
authors present a balanced approach to determining the appropriate number of IODs, as well as practical
recommendations for the prototyping phase to ensure the sustainability and success of CubeSat operations. The overall
conclusion is that it is more sustainable to perform IOD demonstrations than to neglect this phase, yet, such missions
must be more thoroughly planned and more regulated. Additionally, better end of life strategies for CubeSats are
required to make the industry more sustainable.
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