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Abstract

Space Sustainability discussions typically emphasize either (1) the responsibility of space operations to
monitor earth and support humanity and its various needs, or (b) the responsibility to “take care of space”
environmental impacts along the way. We believe the space community should combine both of these as
the definition of Space Sustainability. This paper will address recent research into Space Elevators and
show that their principal strengths fulfill both of those responsibilities while enabling critical missions and
routine space access. The missions that will depend upon space elevators consist of [at least] (1) mission
support of massive logistics needed for programs such as Space Solar Power [estimated at 2,000 tonnes
per spacecraft times 300 satellites to GEO] fulfilling needs of humanity to provide low-cost electricity
across the globe and positively impact global warming, and (2) massive support to humanity’s move to
the Moon and Mars.

The second major component of Space Sustainability is the custodial task of ensuring space provides
a safe and open environment for future operations. Space Elevators operate with a beneficial and unique
lift approach, making it truly the “Green Road to Space.” Space elevator architecture has, as a baseline,
the capability to not burn rocket fuel in Earth’s atmosphere, not leave space debris along its path, and
avoid other space mission hardware with active knowledge and the ability to move tethers continuously
to avoid collisions with larger operational and debris space elements. These two major characteristics
of Space Elevators, Green Road mission avoidance, along with its basic characteristic as a permanent
space access transportation infrastructure will ensure they support the two major components of Space
Sustainability.

In this paper we introduce a conceptual framework or taxonomy that incorporates both segments
of space sustainability — improving life on Earth and maintaining custodial care on the state of the
space environment. We will apply this framework to the Space Elevator, which is envisioned as a purely
commercial endeavor. Space Elevators’ commercial architecture integrates space and ground systems, in-
cluding terrestrial manufacturing and launch operations. Space Elevators will then serve as infrastructure
supporting further commercial operations related to satellite deployment and debris removal. We will
summarize concepts for commercial opportunities for efficient (although technically challenging) debris
clean-up operations leveraging space elevator infrastructure.



