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An economic model generally describes the mechanisms used to
generate revenue from a business. If it fails to generate income, its
failure is inevitable. Therefore, decisions regarding missions are not
based solely on technical specifications; economic profitability is also
a crucial factor in decision-making and is a primary consideration for
commercial investments. This consideration becomes particularly
important in high-cost and long-duration projects, such as space
missions, where the return on investment and economic justification
are more complex. Lunar mining projects are no exception and require
a comprehensive financial and technical feasibility assessment
approach. To analyze the economic feasibility of any project, it is
essential to evaluate its economic model. This paper conducts an
economic valuation of lunar mining, focusing on materials available
on the Moon, using fuzzy analysis and sensitivity analysis to identify
suitable materials for exploitation. The materials are categorized into
oxides, metals, and fuels. Using an appropriate economic model for
space mining, the study evaluates the economic potential of selling
these materials on Earth. Based on the economic feasibility analysis,
each group identifies SiO,, Mg, and helium-3 (3He) as high-priority
materials. SiO, and Mg are expected to be profitable in conservative
scenarios with increased mission duration and frequency. In
optimistic scenarios, all three materials could be profitable.
Ultimately, SiO; is selected as the target material for lunar mining.
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Table 2. Percentage and geographical location of available
elements on the Moon [16].

Approximate Appr ogdmate
Atomic Percentage Weight
Element & Percentage
Lunar : Lunar | Highlands
Maria Highlands Maria J
Oxygen 60 60 45 45
Silicon 175 17 21 21
Aluminum | 45 10 5 13
Calcium [ 45 5 8 10
Magnesium
Iron 6 2.5 15
Titanium - . ~ ~
and Sodium | 25 =05 ~1 =0
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Table 1. Percentage and geographical location of available
elements oxides on the Moon [16].

Oxide Lunar Surface Maria Highlands
Sio, 50 45.4 45.5
Alyo03 15 14.9 24
Tio, 5 3.9 0.6
Feo 5-10 14.1 5.9
Mgo 10 9.2 7.5
Cao 10 11.8 15.9
Na,o - 0.6 0.6
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Table 3. Fuzzy analysis of material selection.

Decision Coefficient

Moon

Poles

Parameter
1 2 3 4
. . The Surface of the
Location on the Far Side the Moon, Maria Heights Moon Facing the

Earth

Communication

Interface with High

Interface with

Interface with Low

Directly Facing The

Pressurized System

Thermal System

Pressurized System

. Altitude Orbiter Lagrange Point Altitude Orbiter
i (B System Orbiter System System Moon
Energy Supply Solar Cell and Energy Solar Cell and Solar Cell,
Method Nuclear Reactor Storage Energy Storage Continuous (Poles)
Processing Rate 0-15 15-30 30-45 45-60
(Percent)
b T Condensation Solid Separation
Separation Vapor Separation Separation (Screer?]in ) Without Separation
Method P g
Specialized - - . .
Storage Method Thermal & Specialized Control Specialized Without Special

System

Surface and Deep

Extraction Surface and Deep Drilling in Elevated Surface Drilling and Surface Drilling in
Method Drilling in Mare ?Areas Deep in Flat Areas Flat Areas
Transport to Specialized Specialized Thermal Specialized Without Special

Thermal & )
Earth - System Pressurized System System
Pressurized System
Material Value 0-5000 5000-500000 50000-100000 100000-300000
Material
Abundance on >100 PPM 10-100 PPM 1-10 PPM <1 PPM
Earth
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Table 4. Selected materials for Moon mining.

. Minimum Material Precise Material
Material . .
Separation Separation
Oxides Silicon Oxide Silicon Oxide
Fuel Helium-3 Helium-3
Metals Magnesium Magnesium
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Table 5. Profitability analysis results of silicon oxide material for the second scenario of the mission.

100 Days 100 Days
Parameter - — - —
Conservative | Optimistic | Custom | Conservative | Optimistic | Custom
Specific Production Cost (USD/kg) 1000000 10000 10000 1000000 10000 10000
Specific Transport Cost (USD/kg) 20000 20000 20000 20000 20000 20000
Material Value (USD/kg) 20000 20000 10000 20000 20000 5000
Operational Cost (USD) 5700000 100000 100000 5700000 100000 100000
R&D Cost (USD/kg) 5453333 500000 500000 5453333 500000 500000
Mining Duration (days) 100 100 100 100 100 100
Purification to;artcigessed Material 04 0.47 0.47 04 047 047
Operational Throughput 2.46e-6 2.46e-6 2.46e-6 9.85e-6 9.85e-6 9.85e-6
Spacecraft Mass (kg) 1500 1500 1500 1500 1500 1500
Number of Missions 10 10 20 10 10 20
Reuse Rate per Spacecraft 2 2 2 2 2 2
Learning Parameter -0.234 -0.234 -0.234 -0.234 -0.234 -0.234
Number of Spacecrafts per Mission 10 10 3 10 10 3
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100 Days 100 Days
Parameter - . ; . ..
Conservative | Optimistic | Custom | Conservative | Optimistic | Custom
Results
The Mass of Produced Materials in | 15750 61 | 1498435 | 1498435 | 510624 | 59998.32 | 59998.32
each Mission
Payload Mass of Each Spacecraft 1275.264 1498.435 | 1498.435 5106.24 5999.832 | 5999.832
Total Mass of Produced Materials in | 17506 4 | 1498435 | 1498435 | 510624 599983.2 | 599983.2
the entire Mission (kg)
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Fig. 1. Conservative scenario, 1500 kilograms mass, 100-day
scenario, material value $20K.
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Fig. 2. Arbitrary scenario, 1500 kilograms mass, 100-day
scenario, material value $10K.
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Table 6. Sensitivity analysis of the profit evaluation parameters.

Scenario | Biriion | Gperations | Mase.
0 0 0 0
G +20% +20% +20%
N -20% -20% -20%
o] +20% +20% -20%
P +20% -20% +20%
Q -20% +20% +20%
R -20% -20% +20%
S -20% +20% -20%
T +20% -20% -20%
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Fig. 3. Conservative scenario, 6000 kilograms mass, 100-day
scenario, material value $20K.
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Fig. 4. Arbitrary scenario, 6000 kilograms mass, 100-day
scenario, material value $5K.
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Table 10. Operational capacity of mining the selected materials.

Row | Scenario %')'(,ng‘ Magnesium | Helium-3

365 Days,

1 1500 kg 6.75e-7 5.76e-6 3.17e-3
365 Days,

2 6000 Kg 2.7e-6 2.3e-5 1.26e-2
100 Days,

3 1500 kg 2.46e-6 2.1e-5 1.15e-2
100 Days,

4 6000 kg 9.85e-6 8.42e-5 4.62e-2
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Table 7. Sensitivity analysis results for the 100-day scenario
with a mass of 1500 kilograms.

Scenario | Conservative | Optimistic | Custom
0 -8.34 2.1 0.6
G -8.66 4.1 1.51
N -6.98 0.85 0.08
@) -5.79 2.73 1.01
P -9.47 2.42 0.69
Q -10.13 2.38 0.65
R -10.45 1.27 0.12
S -6.77 1.58 0.43
T -6.33 1.61 0.46
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Table 8. Sensitivity analysis results for the 100-day scenario
with a mass of 6000 kilograms.

Scenario | Conservative | Optimistic | Custom

0 -0.68 11.1 2.1

G 4.58 19.66 411
N -3.06 5.45 0.85
0 3.03 13.11 2.74
P -0.64 12.79 2.42
Q -1.3 12.75 2.38
R -4.56 8.18 1.27
S -0.89 8.5 1.59
T -0.44 8.53 1.61

Caygele d Colun Jlow O el bl Jloel -4 Jgua

Table 9. Application of results from case O, sensitivity
analysis in the mission.

Parameter Value Unit
Mission Duration 120 Day
Number of Continuous 12 =
Missions
Payload Mass 1200 Kg
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Fig. 5. Operational capacity of the three analyzed materials at a glance.
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Fig. 6. Operational capacity of the Silicon Oxide and Magnesium.
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