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Introduction:  The concept of using any space resources 

to offset launch, transportation costs from planetary gravity-

wells as well as enhance and augment future human habita-

tion is historically well considered and not much altered [1]. 

The Problem of Space Resources:  The difficulty in ini-

tiating any space resource exploration or acquisition is bound 

by 1) finding resources that fulfill the mining industries his-

torical definition of a Proved Reserve (weather mined by 

humans or robots), and 2) availability of users for said re-

sources. 

The first can be addressed by the development of a dedi-

cated and well-funded exploration program that will establish 

the high fidelity requirements of the Proven Reserve defini-

tion. An evolving Planetary Resource Management System 

(PRMS) designed to guide exploration goals, architectures 

requirements has been proposed [2]. Its roots were derived 

from traditional and historical terrestrial petroleum industry 

requirements [3-5]. Such a resource exploration program 

cannot be the sequential, multi-year approach historically 

used in the planetary sciences community as this increases 

the likelihood of programmatic cancellation under current 

funding and programmatic philosophies. 

The second condition is multifaceted, requiring many 

more synergistic components to be in place before needs can 

be established. Two common sales points in the space re-

source lobbyist community include propellant production 

and insitu human consumable needs. These users require 

additional drivers and have various constraints to becoming 

enacted. To have a propellant that would be needed by a 

large group of users requires instilling a hardware standardi-

zation regime in the space propulsion community (i.e. cryo-

genic propellant vs space-storable species), which highlight 

the inherent problems of scale as well as in-space storage and 

transportation. This choice potentially excludes the only 

extant commercial market currently in space – long-duration 

satellites. 

To establish insitu human consumable needs requires the 

establishment of a viable human population off Earth. This 

condition is constrained by the fact that there is no current 

habitable destination for humans off Earth that would need 

sustaining from native resources (i.e. there is no destination – 

it must be constructed). Furthermore, the condition of getting 

humans to any such location is constrained by addressing the 

“why” of them being there in the first place. Presently, space 

exploration mindsets and efforts have strictly been in the 

purist of scientific exploration and on a very small scale. 

This driver is not sufficient impetus to ensure large, long-

term, growing and permanent human populations off Earth; 

populations that would need insitu resources. A potential 

terrestrial analogue or example is found in the historical 

demographics and evolution of the McMurdo Antarctic sta-

tion [6]. 

Illustrating the historical and present scientific communi-

ties mindset regarding human involvement is found in last 

year’s workshop determining lunar science landing sites. 

Beyond the scientific interests, acknowledging knowledge 

gaps for human participation only marginally address human 

needs and requirements, including surface operations (e.g., 

excavating, transporting, and roving) and habitability (i.e. 

radiation environment). And, no effort is made to determine 

exact resource (e.g., volatiles) volumes and then use that as 

the primary driver for site selection [7]. Community efforts 

remain singularly focused on the science. Ultimately, the 

ISRU component relating to human endeavors is necessary 

to insure that off Earth habitation is sustainable. It drives 

architecture and hardware design, operations and controls 

long-term costs. The determination of resource availability 

first must drive the selection of sites for human settlement. 

Discussion:  Like any island on Earth, all locations in 

space are limited by easily available native resources and 

outside resupply. The Moon has uniquely different condi-

tions that will result in needs that may not be the same as 

other locations and needed technologies may not be transfer-

able. This increases the unique costs for a given location and 

may also inhibit the development of other or follow-on goals 

(e.g., Mars). 

The vast majority of engineers and scientists get motivat-

ed and excited by 1) bending metal (i.e. the design, testing 

and release of new toys), 2) the process of exploration and 

scientific discovery and 3) the receiving of a paycheck. Un-

fortunately, none of these directly address the question of 

“why” or engender long-term sustainable goals or designs. In 

order to take the space resources question beyond the specu-

lation phase, a multifaceted change in philosophy, goals and 

means must be enacted. This includes the goal of establish-

ing a human settlement that creates the destination based on 

more purposes than just doing scientific research (e.g., min-

ing operations, growing a permanent settlement off Earth, 

tourism, etc., and then science). Such developments must be 

worked in parallel with a robust and dedicated exploration 

endeavor that will locate Proved Reserves of resources. 
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