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Abstract:
Asteroid metal mining represents a cutting-edge frontier 
in space exploration, with Near-Earth asteroids rich in 
metallic minerals, including nickel, iron, cobalt, and 
platinum-group elements. Harnessing these extraterrestrial 
resources holds the potential to mitigate the depletion 
of Earth’s metal reserves. This review examines the 
latest advancements in asteroid mining technologies, 
including techniques such as controlled blasting, precision 
drilling, and laser-based extraction, alongside post-
mining processing methods like conventional separation 
and refinement, as well as innovative approaches such as 
space-based bio-mining. Covering the entire spectrum 
from resource exploration and extraction to refining, 
these technologies remain at the developmental stage, 
facing substantial costs and technical hurdles. However, 
as the space economy continues to expand, asteroid metal 
mining is poised to emerge as a key sector, driving synergy 
between space exploration and terrestrial economic growth. 
This paper evaluates these approaches by analyzing their 
technical strengths, limitations, and evolving industry 
trends.
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1. Introduction
In recent years, as Earth’s resources have become 
increasingly depleted, particularly with the grow-
ing scarcity of rare metals, humanity has turned its 
attention to the development of space resources. 
Significant progress was made in deep space explora-
tion in 2020 by various nations. For instance, China 
launched the “Tianwen-1” mission, the United States 
deployed the “Perseverance” rover, and the United 
Arab Emirates carried out its “Hope” Mars mission. 

Notably, China’s “Chang’e-5” mission successfully 
returned lunar samples, Japan’s “Hayabusa2” mission 
achieved asteroid sample return, and the European 
Space Agency launched the Solar Orbiter [1].
Asteroids, as solid celestial bodies within the solar 
system, are known to be rich in metallic resources, 
particularly nickel, iron, cobalt, and platinum-group 
elements. Scientists estimate that the metal content of 
a medium-sized asteroid could be valued at several 
trillion dollars. Therefore, asteroid metal mining not 
only offers a potential solution to Earth’s resource 
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constraints but also holds the promise of advancing the 
global economy, especially in sectors such as aerospace, 
high-tech manufacturing, and renewable energy. The de-
velopment of asteroid metal mining technology involves 
interdisciplinary collaboration, encompassing spacecraft 
engineering, robotics, and mineral refining processes.
However, despite the promising prospects of this field, 
significant challenges remain in terms of technology, eco-
nomics, and legal frameworks. This paper aims to discuss 
these approaches by examining their technical strengths 
and weaknesses, as well as current industry trends, to 
provide valuable insights and recommendations for future 
deep space exploration missions.

2. Extraction Technologies

2.1 Blasting Technology
The first method involves using blasting technology to 
trigger controlled explosions on or within the surface of 
an asteroid to remove impurities and enable efficient ex-
traction of mineral resources. The research and findings 
proposed in this work span various scientific and engi-
neering disciplines, including geology, rock engineering, 
space exploration, and explosives engineering. Special 
emphasis is placed on the use of shaped charges, which 
have been widely applied in military munitions, oil well 
perforation, and tunneling [2].
In blasting-based mining, a detailed survey of the asteroid 
is first required, including information on its composition, 
structure, and mass. This data is critical for designing an 
appropriate blasting strategy. Researchers then employ 
high-precision blasting devices that must be capable of 
operating stably in the extreme conditions of space. Be-
fore the explosion, blast holes need to be drilled to ensure 
precise detonation. The blasting devices may include 
laser systems and shaped explosives, which can deliver 
directional energy with greater accuracy [3]. Sufficient 
destructive force is generated on the asteroid’s surface to 
release minerals. However, since operations are conducted 
in a zero-gravity environment, the design of the blasting 
process must account for the asteroid’s gravity, structure, 
and environmental conditions to ensure that the explosion 
does not lead to unnecessary or uncontrolled risks [4]. To 
maximize mining efficiency, the debris generated by the 
blast is collected and processed using mechanical or elec-
tromagnetic devices. This debris can then be transported 
back to Earth or further processed in space for subsequent 
utilization.
Blasting technology in asteroid mining still faces numer-
ous challenges, including precise control of explosions, 
debris management, and issues related to technological 

and economic feasibility. Moreover, the extreme con-
ditions of the space environment demand that blasting 
equipment possess high durability and reliability.

2.2 Improvement of Existing Technologies
The second approach involves adapting existing Earth-
based technologies for space mining.
(1) Drilling technology is widely applied in terrestrial 
mineral extraction, such as core drilling and rotary drill-
ing. It is generally believed that similar techniques can be 
employed on asteroids, but they require adjustments to 
ensure that the equipment can operate in low-gravity envi-
ronments. Due to the extremely low gravity of asteroids, 
drilling equipment must be designed to be lighter and pos-
sess higher stability. The drilling process can utilize either 
rotary drill bits or impact drill bits to penetrate the aster-
oid’s interior and extract mineral samples. Additionally, in 
combination with blasting, challenges related to dust and 
debris management can be addressed, ensuring precision, 
safety, and efficiency in the drilling operations.
(2) Laser Mining
Laser mining is an emerging technology that utilizes laser 
equipment to extract resources from asteroids. This meth-
od not only enables efficient extraction of mineral resourc-
es but also operates effectively under low gravity and ex-
treme environmental conditions. Laser mining leverages 
the high energy density of lasers to cut, heat, and vaporize 
minerals on the asteroid’s surface, offering high precision 
and efficiency. Before extraction, comprehensive explo-
ration and investigation of the asteroid are necessary to 
determine the extraction boundaries and accuracy.
Currently, laser mining remains a novel technology that 
requires further research and practical development over 
time.

3. Post-Extraction Processing Technol-
ogies
There are additional approaches focused on post-ex-
traction processing, which aim to directly process the ex-
tracted asteroid fragments either on the asteroid’s surface 
or at a nearby space station, bringing back only refined 
metals or semi-processed ores. Under the same return pay-
load conditions, these methods enable spacecraft to carry 
back a greater quantity of metals [5]. In this section, this 
paper introduces two processing approaches: conventional 
separation and purification methods, and space bio-min-
ing.

3.1 Conventional Separation and Purification 
Methods
Conventional separation and purification methods involve 
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multiple steps, such as grinding, mineral processing, 
separation, and purification. Each of these steps requires 
different types of large-scale machinery or the addition 
of specific compounds and solvents. Typically, factories 
integrate various pieces of equipment according to the 
technological process to achieve a streamlined workflow. 
For example, in the copper-cobalt ore separation process, 
the ore undergoes an initial grinding stage, followed by 
repeated rough and fine flotation, or repeated rough and 
fine separation using strong magnetic fields [6].
However, in a space environment, conventional separa-
tion and purification methods face numerous challenges, 
including zero gravity, vacuum conditions, lightweight 
design, full-process automation, and efficiency optimiza-
tion. The first two challenges are self-evident, while the 
latter four stem from the limitations of spacecraft carrying 
capacity and the need to adapt and optimize these meth-
ods for space conditions. Due to the large size and weight 
of the operational equipment (Figure 1) (Figure 2), trans-
porting it into space using spacecraft is nearly impossible. 
Moreover, the separation and purification steps themselves 
require substantial consumption of related materials, such 
as water, sulfuric acid, and fuel. Therefore, the challenge 
of lightweight design not only involves reducing the 
weight and size of the equipment but also finding better 
approaches to minimize the consumption of these materi-
als.

Fig. 1 The CXY.Q model high-intensity 
magnetic separator for titanium, nickel, and 
manganese, manufactured by Henan Strong 

Magnetic Separation Equipment Co., Ltd [7].

Fig. 2 The SF series flotation machine, 
manufactured by Luoyang Zhongde Heavy 

Industries Co., Ltd [8].
However, related studies have also suggested the possi-
bility of replenishing the materials needed for separation 
and purification on-site, thereby reducing the amount that 
must be transported from Earth [9]. The specific methods 
for achieving this require further research and are not 
discussed here. Secondly, since all equipment is mounted 
on unmanned spacecraft, operators must pre-set or re-
motely configure the operating parameters, ensuring full 
automation throughout the entire process. Lastly, based 
on the lightweight design, researchers must develop more 
efficient and resource-saving processing schemes tailored 
to the target ore types to expedite the separation and puri-
fication of minerals.
Conventional separation and purification methods are al-
ready quite mature, but the current issue lies in the severe 
lack of research on adaptations for space conditions. The 
existing data related to these approaches (such as water 
consumption) do not meet the requirements for asteroid 
mining.

3.2 Space Bio-Mining Technology
Space bio-mining technology is an extension of the 
bio-mining field. Bio-mining has a history of over sixty 
years and has been shown to enhance extraction efficien-
cy and resource utilization in areas such as petroleum 
extraction and the processing of low-grade ores [10]. 
Depending on the space and nutrients available in the 
specific processing context, researchers select different 
microbial species to occupy a particular ecological niche 
within the treatment process. In some environments, this 
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technology can function as a standalone separation and 
purification method, but more often, it serves as a comple-
ment to physical and chemical separation methods.
In the space environment, microorganisms face numerous 
challenges, including high radiation levels, low-pressure 
conditions, temperature fluctuations, and the presence of 
toxic substances. Firstly, on asteroids, microorganisms 
are directly exposed to solar radiation. Secondly, due to 
the dispersed distribution of asteroids and their varying 
distances from Earth, combined with surface vacuum 
conditions, microorganisms are threatened by extreme 
temperature differences and the accompanying challenges, 
such as the absence of liquid water. Additionally, some as-
teroid surfaces may contain compounds harmful to micro-
organisms. However, there are potential solutions, such as 
creating artificial environments to shield against radiation 
and maintaining suitable pressure conditions.
The advantages of space bio-mining technology include 
its relatively eco-friendly nature, minimal waste produc-
tion, and the simplicity and efficiency of its implementa-
tion when suitable environments and microbial species 
are available. Additionally, bio-mining technology offers 
further benefits due to the diversity of microbial commu-
nities, allowing for technical approaches beyond mineral 
extraction. For instance, microorganisms can be used to 
produce fuels and other necessary substances. Some re-
searchers suggest that bio-methane production technology 
could be employed to supplement spacecraft fuel supplies 
[11]. However, the disadvantages of space bio-mining are 
also quite apparent, particularly its low separation and pu-
rification efficiency. There are still numerous unresolved 
issues, such as bacterial dormancy under harsh conditions. 
Although studies have confirmed that microgravity has 
minimal impact on microbial growth, the feasibility of 
bio-mining in asteroid environments remains insufficient-
ly explored [12].

4. Other Developments
Generally, the continuous and rapid development of a 
technology requires stable driving forces. For asteroid 
resource extraction technologies, while the commercial 
market remains optimistic about the asteroid mining in-
dustry, there is currently no urgent demand for asteroid 
mineral resources. As a result, although many startups 
have secured funding to develop relevant technologies, 
progress has been slow, and achievements have been lim-
ited, making the goal of completing mining missions a 
distant prospect. In terms of legal and regulatory aspects, 
relevant governments and organizations still need to re-
solve conflicts and disputes between international and 
domestic laws regarding the ownership and distribution 

rights of asteroid resources.

5. Conclusion
This paper has introduced the current state of research on 
asteroid resource extraction from two main aspects: ex-
traction technologies and processing technologies. Addi-
tionally, it briefly mentioned other challenges faced in the 
development of this technology. The conclusion drawn is 
that the asteroid resource extraction industry is currently 
in an early stage and lacks the conditions for independent 
development in terms of extraction technologies, resource 
utilization methods, and supporting business models, re-
quiring continuous external investment. Future research 
should focus on two key aspects: advancing extraction 
technologies and establishing supporting business mod-
els. Overall, given the immature conditions and the lack 
of sufficient internal momentum for the asteroid mining 
industry, society should adopt a cautious attitude toward 
this field. However, with the rapid growth of the space 
economy, metal mining is expected to emerge as a new 
industry soon. This study provides insights into asteroid 
resource extraction research and offers a foundation for 
future research and practice. Finally, it is hoped that this 
research will contribute to the development of the asteroid 
resource extraction field and stimulate further meaningful 
discussions.
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