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“Rocks to Robots:  A Biological Growth Approach to Rapid Lunar Industrialization

 or 
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Abstract:  We propose a strategy for rapidly attaining and maximizing lunar industrial capability.  

Consider a series of 1000 kg EELV lunar payloads.  These payloads bring the following technologies:  Telepresence robotics for mining and material manipulation, ISRU production of solar electric power, solar furnaces for fusion of regolith ceramics, and electrolytic reduction of metals from regolith.  Using telepresence, regolith is mined on a kilogram scale for ISRU.  Telepresence-operated ISRU apparatus immediately produces metals and ceramics, also on kilogram scales.  Metals, particularly iron, are shaped using casting, powder metallurgy, and light machining methods.  This produces a versatile kit of assorted stock mechanical components.  These lunar kits, together with required earth-based components, are assembled by telepresence to generate additional mining and fabrication equipment, as well as more telepresence robots.  


Re-supply missions provide critical earth-based ingredients, such as miniature cameras, computer controllers, reagents for thin-film solar cell production, electrodes, forming dies, and tool bits.  However, the overall proportion of earth-based content is reduced as rapidly as possible by several strategies.  Designs maximize use of lunar iron, the first metal that will be produced.  Simple mechanical devices, built with lunar materials using methods at hand, are favored over more sophisticated earth-based technologies.  As mining operations are scaled up, more elements and minerals become available, which provides more options to eliminate earth-based content.  Accumulating know-how also yields new methods of substituting lunar for earth-based content.


The key element of this approach is the geometric, or biological, growth rates that are possible.  Consider this illustration:  If the initial 1000 kg ISRU package produces an average of 0.1 – 0.2 kg of apparatus per hour, the mass doubles in one year,  At this point, the production rate has also doubled since more production apparatus has been built.  At the end of ten years, the cumulative apparatus is a million kilograms, capable of producing 100 kilograms of apparatus per hour.  This is the power of the force Einstein called the most powerful in the Universe – compound interest.


We view extensive telepresence as essential.  Abundant, tool-wielding robotic telepresence permits the flexibility to rapidly realize the pragmatic solutions needed for this pioneering enterprise, and to assemble, operate and maintain all the required apparatus.


The advantage of beginning ISRU immediately on a kilogram scale is that spacecraft required to deliver 1000 kg are available now, and are affordable.  Using “biological” growth, we can start small and “grow” the millions of kilograms of industrial capability we need in situ.  This capability will otherwise wait decades or long for the required heavy lift to materialize.
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