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ARTICLE INFO ABSTRACT

Keywords:
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Moon

Excavation

Regolith

A high-level overview of current research in the area of lunar regolith excavation and handling for In Situ
Resource Utilisation (ISRU) is presented. Thirteen processes are grouped into discrete and continuous excavators.
A further differentiation is made between systems with and without connection to a mobility platform - referred
to as complete and partial systems. For each group, a set of representative performance parameters has been
identified and compared, while spedial characteristics or limitations are highlighted. The present work identifies a

need for high detail research into the development of reliable and efficient excavation systems, due to the high
importance of regolith excavation and handling to ISRU. A need for more standardised information and recording
of spedific data during supporting experimental stixies is made apparent. In order to enable easier categorisation,

comparison, and evaluation of future concepts, a set of key performance para
during experimental campaigns is described and the importance of their inclusion underlined.

requiring consid; ion

1. Introduction

In recent years, the exploration of the Moon and the establishment of
a permanent human presence on its surface has regained the attention of
space agencles around the world. The European Space Agency (ESA) is
currently preparing the Platform for Resource Observation and in-Sins
Prospecting for Exploration, Commercial exploitation and Transportation
(PROSPECT), which will fly on the Russian Luna-27 mission targeting the
lunar South Pole in the early 2020s (Carpenter et al., 2014, 2016;
Fisackerly et al., 2016). In the United States, NASA announced a part-
nership with nine companies for commercial lunar payload delivery in
late 2018 (NASA, 2018). The Chinese Chang'e 4 probe recently per-
formed the first ever soft landing on the far side of the Moon, with
samples retumed by the Chang’e 5 mission planned for late 2019 - early
2020 (Zhang et al., 2019).

There are many scientific reasons for returning to the Moon with a
sustained robotic and human exploration programme (Crawford et al.,
2012; Crawford et al 2007): these indlude investigating the
origin and evolution of the Earth-Moon system and how the Moon is a

2016; NR¢

usm;, lhe Moon as a plalfo:m for Earth and astronomical observation

9). To e\mbll\h a suammed lunar surface infrastructure :md support
uxtended exploration activities in cis-lunar space, situated between the
Earth and the Moon, the use of native resources is seen as vital. In sine
Resource Utilisation (ISRU) has the potential of drastically reducing
initial launch mass and cost, and decreasing the reliance on supp]\es from
Earth to suppon large-scale explomnun initatives (
lers, 2011; Sanders and Larson, 2013
ingo, 2004).

This review paper on the topic of regolith excavation techniques for
lunar ISRU, is organised in the following way. Section 2 will guide the
reader through the ISRU process chain and provide background infor-
mation on ISRU in general. Possible ISRU applications are introduced in
Section 2.1, the importance of and challenges connected with regolith
excavation and handling processes are presented in Section 2.2
brief overview of the nature of lunar regolith is given in Section 2.3.
Section 3 consists of a parametric review of excavation techniques and
existing system designs are further analysed in Section 4. We conclude
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anetary Protection in the New Space
Era: Science and Governance

Thomas Cheney ***, Christopher Newman ™, Karen Olsson-Francis’, Scott Steele '~
Victoria Pearson’ and Simon Lee ™

The Open Urvorst

Committee of Space Research's Planatary Protection Policy is a triumph of technocratic
govemnance in tha global sphere. The Palicy is produced by a group of scientific experts
and subsequently enjoys high regard among the scientific and space community.
However, as Committee of Space Research is an independent organization without
any legal mandate the Planetary Protection Polcy is an example of so-callied “soft law”
or a non-binding intaernational instrument, in short, no one is under any legal cbigation to
comply with tham. The policy is inked to Article IX of the Outer Space Treaty and its
provision calling for the avoidance of “harmful contamination® of the Moon and other
calastial bodies. While space activities beyond Earth orbit have been the exclusive preserve
of government scientific space agencies this has posed little problem. However as private
and “non-sciance” space actiities proliferate and begin to spread their reach beyond Earth
orbit, the Planetary Protection Policy is being tested. This paper willexamina the challenges
of developing and maintaining an effective planetary protection regime in this “New Spaca”
era. This will involve looking at tha existing policies, as well as the governance framework
thay sit within. However, it s also necassary to consider and understand the scientific basi
not just for the specifics of the palicy itself but the nacessity of it. Finally, this paper will
consider whether a broader “environmental” framawork is needed as space activities
diversity in type and location.

Keywords: COSPAR, planctary protection, space law, space governance, enforcement, environment, astroblology

INTRODUCTION

The Committee of Space Research’s (COSPAR) Planetary Protection Policy (PPP) (COSPAR . )
has sought to protect the space environment from “harmful contamination” which would '.ud.mgu
the integrity of the scientific exploration of outer space including the search for life. The PPP predates
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Fuelling the future of mobility: Moon produced space propelants
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A New Vision for ISRU in the UK

Update UKSA
about ISRU
activities and Consolidate updates
funding from the ISRU

_ requirements o e community
Advise

government /\
and allocate
ESA funding p—

UK SPACE

e

Request Feedback
guidance on opportunities and
current trends promote community

and focus areas interaction

North East
i
0 \_J Westaott
Oj sz Space Cluster
L —

Jo ARG
)

= A UK SPACE
7% ik AGENCY




ThankYou




