
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



MINING AND SPACE RESOURCES: A NEW FRONTIER 

Chile has initiated preliminary technological advancements to foster the development of 
space resources. This trend sets a precedent for future directions and highlights the 
opportunities that this emerging dimension of mining presents for upcoming generations of 
professionals and researchers.  

By Marco Muñoz, President of the Space Resources Commission of the IIMCh. 

In October 2024, Chile joined the Artemis Accords, spearheaded by NASA, which aim to 
consolidate peaceful exploration and utilization of space, with planned missions to Mars and a 
long-term presence on the Moon. The Artemis program seeks to return humans to the lunar 
surface and establish a sustainable presence, including the construction of a lunar-orbiting space 
station to facilitate Mars exploration. Chile’s participation in this initiative is significant, enabling 
the nation to contribute to project design, access cutting-edge technology, and enhance its 
scientific capabilities. Leveraging expertise in astrobiology, geology, and extreme-condition 
mining, Chile is poised to become a key player in space exploration. 

To this end, the Institute of Mining Engineers of Chile (IIMCh) established the Space Resources 
Commission, appointing Marco Muñoz Morales, a mining civil engineer, as its president. The 
commission commenced activities with contributions from four collaborators: Alexander 
Sutulov, Lui Cortés, Javier Arrisueño, and Gonzalo Montes. This collegiate team aims to 
advance various facets of the space resources discipline. 

The Space Resources Commission’s primary objective is to leverage mining expertise for the 
development of space resources in future lunar and Martian missions. Emphasis is placed on 
research and development (R&D) of technologies for innovative mining prospecting, including 
dry mining techniques, artificial intelligence, and satellite technologies for exploration, among 
other areas. 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



SPACE RESOURCES AND THEIR APPLICATIONS 

The concept of utilizing space resources to support human exploration, settlement, or economic 
development beyond Earth’s surface has been discussed for decades. Efforts to develop 
methods for extracting oxygen from lunar regolith predate the first human Moon landing. In-situ 
resource utilization (ISRU) encompasses processes and operations to harness and utilize both 
natural and discarded resources in space to produce usable products. Potential space resources 
include water and implanted solar wind; volatile elements (hydrogen, helium, carbon, nitrogen, 
etc.); abundant metals and minerals in extraterrestrial soils; atmospheric constituents; unlimited 
solar energy in permanently lit regions; and the vacuum, darkness, and microgravity of space. 
Additionally, waste, crew byproducts, and decommissioned equipment are considered resources. 

ISRU spans a broad range of concepts, technical disciplines, technologies, and processes. Five 
key areas are critical for human space exploration and space commercialization: 

●​ Resource characterization and mapping 
●​ In-situ consumable production 
●​ Civil engineering and construction 
●​ In-situ energy production and storage 
●​ In-situ manufacturing 

ISRU AND TERRESTRIAL MINING 

The development and utilization of space resources share strong synergies with terrestrial needs 
in four key areas: food and water production, mining, construction, and energy. For both space 
and terrestrial mining, the initial step is prospection—first globally, then locally—to identify and 
characterize resources (physically, mineralogically, and in terms of volatiles), alongside their 
geological and terrain context. Following adequate characterization and mapping, mining and 
resource processing can commence. Similar to terrestrial practices, pilot and feasibility operations 
are conducted at smaller scales to verify resource extractability, performance, maintenance 
objectives, and product quality. 

In recent years, NASA has prioritized a sustainable human space exploration program, with the 
ultimate goal of human exploration of Mars’ surface. 

“For both space and terrestrial mining, the first step is prospection—initially global, 
then local—to identify and characterize resources (physically, mineralogically, and 
in terms of volatiles), as well as their terrain and geological context,” notes Marco 
Muñoz, President of the Space Resources Commission of the IIMCh. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CHALLENGES IN TERRESTRIAL MINING 

Implementing ISRU in human space exploration plans presents three primary challenges: space 
resource challenges, ISRU technical challenges, and operational and integration challenges. 
Despite NASA’s robotic probes to the Moon, Mars, and asteroids, and astronaut-collected lunar 
samples, significant obstacles remain in utilizing space resources. Analogous to terrestrial 
mining, both robotic and human prospection will be necessary. As resource extraction and 
processing in space remain untested, technical barriers must be overcome. To fully realize ISRU 
benefits, operations must function in harsh environments (radiation, abrasive dust, low or 
microgravity), and other systems must be designed to integrate ISRU products. 

SPACE AND TERRESTRIAL MINING 

Though seemingly distinct, space and terrestrial mining share common challenges, fostering 
mutual interests and solutions. The following list highlights key areas of overlap, intended as a 
starting point for deeper exploration: 

●​ Remote/autonomous operations 
●​ Regenerative “green” energy 
●​ Dust mitigation and operations in harsh environments 
●​ High reliability and performance 

Chile’s nascent technological advancements in space resources signal a trajectory for progress 
and the opportunities this new mining frontier offers to future professionals and researchers. 

“For both space and terrestrial mining, the first step is prospection—initially global, 
then local—to identify and characterize resources (physically, mineralogically, and in 
terms of volatiles), as well as their terrain and geological context,” notes Marco 
Muñoz, President of the Space Resources Commission of the IIMCh. 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

EXPLORATION SEMINAR 

On April 21–22, 2025, Santiago will host the Resources Lunaris 2025 seminar at the Faculty of 
Physical and Mathematical Sciences of the University of Chile (FCFM). This inaugural event, the 
first of its kind in Chile, is supported by the embassies of Australia, Canada, and South Korea, the 
IIMCh, the Chilean Space Association, the European Space Resources Research Center, the 
University of Chile’s Mining Department, the FCFM, and Godelius (SK Group). Topics include 
perspectives from space agencies and mining companies on space technologies, technology 
development for mining and space resources, artificial intelligence, and environmental 
considerations in space resource development. Organized by the Colorado School of Mines 
Space Resources Center, Luxembourg’s SpaceRS, RedMinera, and Chile’s Atelier Alexander 
Sutulov, further details are available at resourceslunaris.com. 

 

http://resourceslunaris.com

