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ABSTRACT

The economic model generally expresses the mechanisms used to earn money from a business, and if it
does not generate income, its failure will be certain. Therefore, the decision to carry out a mission is not only
based on technical specifications, and besides that, economic profitability is another part of decision-making
and will be one of the main factors for commercial investments. Space projects, as well as moon mining
projects, are no exception to this rule and require an all-round approach to compare financial and technical
feasibility. Analyzing the economic feasibility of any project can be summed up in the evaluation of its
economic model. In this regard, a model is needed to compare, rank and determine the available options,
which is economically justified. According to this, in this article, the economic evaluation of moon mining
based on the materials available on the moon and sending them to the earth is discussed. Materials with
economic priority are categorized and selected in a fuzzy evaluation and using an economic model suitable
for space mining, an economic evaluation for the business of selling materials on the surface of the earth is
carried out and according to economic efficiency, the type of material and also the high-level specifications

of the project has been extracted.

Keywords: Moon, Moon Resources, Economic Analysis, Exploitation, Moon Economy

1. Introduction

Space mining is a relatively new aspect of the space
industry; once a science fiction concept, it is now on the
verge of becoming a reality. In recent years, many
countries and large commercial companies worldwide
have plans to exploit the resources available on the
Moon [1]. The moon is known as the most accessible
source of space mining. It offers numerous economic
opportunities; the moon is one of the attractions of
supplying the necessary materials on earth [1].

The moon, the only natural satellite of the Earth, has a
diameter of nearly a quarter of that of the Earth and orbits
around the Earth at an average distance of 384,400 kilometres.
The moon does not have any atmosphere and has only about
one-sixth of Earth's surface gravity [5]. Mineral studies on
moon samples have shown that in terms of elemental
composition, the moon's crust is primarily composed of
oxygen, silicon, magnesium, iron, calcium and aluminium. It
also contains rare elements such as titanium, uranium, thorium,
potassium, and hydrogen [6].

Exploitation of asteroids and moons has been proposed
numerous times as a valuable resource for Earth and space.
Water, metals, and volatile materials can be used as
resources in various applications, including construction, life
support systems, and propulsion. Hein et al., [2] have
examined the economic evaluation of extracting volatile
substances and water for use on Earth and in space. Calla and
et al., [3] have investigated the feasibility and economic
viability of mining and using water from near-Earth asteroids
and the moon for transport to the cislunar orbit.

The high value-to-mass ratio of materials extracted from
space is very interesting and thought-provoking due to
additional costs such as launching and landing on the
moon or asteroid, launching and landing from the Earth,
and creating suitable operating conditions for
the cargo. Considering these challenges, investing in
extracting materials, particularly rare and valuable
metals such as the platinum group metals, from moons
and near-Earth asteroids has become the main subject of
mining studies [4].
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2. Economic analysis

The foundation of this analysis is based on Hein's article
[2]. The economic analysis of asteroid mining is based
on Sonter's approach and can be extended to the
economic analysis of lunar mining. Sonter's approach is
currently one of the most detailed analyses to relate
technical and economic parameters to each other. It is
only designed for a mining mission without considering
the cost of returning to the surface and the cost of
research and development. Therefore, Sonter's approach
was developed by people, including Halin, to enhance
the results and include all the influential parameters.
Hein developed the profit and loss as Equation (1) by
dividing the income based on the sales price and mass of
the mineral and separating the costs. According to
Equation (1), the calculation of profit and loss has been
implemented using a computer program developed in
the Python language. The value of each parameter in
Equation (1) has been quantified for economic analysis.
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In Equation (1), '-FV represents the current value of the
total profit in all missions, n is the number of mining missions,

M is the dry mass of the spacecraft in kilograms, Corice is
the value of each kilogram of extracted material, f s the
throughput rate of the spacecraft in kilograms of extraction per
kilogram of equipment per day, U the duration of mining in
days, ' the ratio of purified materials to extracted materials,

. . . C .
S is the number of times a spacecraft is used, " is the cost
of the spacecraft in dollars (per kilogram of spacecraft mass),

P s the number of spacecraft in each mission, o is the
. - . C .
learning coefficient (experience), """ is the cost of

transportation in space, Cops is the operation cost and Coov s
the research and development costs. The ceil function is an
integer function used to round the algebraic product within it to
the nearest integer value greater than or equal. The time value
of money is calculated by incorporating the parameter

@+ , where | is the discount rate of money, and S

the number of years of mining. The counter i represents the

J th mission, and 7 is the income-generating time. By

subtracting the b parameter, the mission's duration is

. t.m. - m.
determined from the value of ' !, and ! I also
specifies the time when the mission started.

3. Profit calculation based on the analysis method

Suitable materials for exploitation were divided into three
categories: oxides, metals, and fuels, and from each of
these categories, silicon oxide, magnesium, and helium-3
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materials were selected for profitability analysis. In this
analysis, it was assumed that only one target material
would be mined. For each material, three modes,
optimistic, conservative and arbitrary values, have been
considered to calculate profit and loss.
In an optimistic scenario, spacecraft have reached the stage of
mass production that has a direct effect on reducing costs. In
the conservative scenario, a spacecraft exists, and the costs are
estimated at current prices. Therefore, the costs of research and
development, production and operations in the conservative
scenario are more than those in the optimistic scenario.
The arbitrary state perspective is based on the limitations of
each country's technology level, as well as the reduction in
the selling price of mining materials. This article also
considers the reduction in the selling price of materials.
The analysis for two-time scenarios and two cargo masses
using Equation (1) in Python has been investigated as follows.
10 missions, with each mission lasting 365 days.

o 10 missions, with each mission lasting 100 days.

e Cargo mass is approximately equal to the mass of the

spacecraft.

e Cargo mass is four times the mass of the spacecraft.
According to the above explanation, there are 12 profit and
loss evaluation modes for each item.

4. Results and Discussion

Based on the profitability analysis method presented in the
article, a conservative scenario with only 6000 kg of cargo mass
of two oxide substances, Silicon and magnesium, will be
profitable with the increase of mission time and the number of
missions by determining the selling price of the material at least
$20,000 per kilogram (taking into account the cost of
transporting each kilogram in space) .in optimistic scenarios, all
three materials with both mass modes (1500 kg and 6000 kg)
are entirely profitable. Even in scenarios with arbitrary price
reductions for materials, they maintain profitability.

This article, focusing on economic analysis for lunar mining,
starts from the initial selection of the materials available on the
moon and ends with evaluating the mining scenarios, the
profitability and the selection of the most suitable mission.
Based on the criteria of operational efficiency that shows the
simplicity of extraction and processing of materials and the
operational costs of mining. Silicon oxide material was chosen
as the target material for lunar mining.
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