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Executive Summary
The L.O.S Concordia is a permanent residence in space, proposed and designed to be focused on
community, unity, and conquest. Named after the goddess of harmony and agreement, The Lunar Orbital
Settlement (L.O.S) Concordia conforms and allows for the collaboration between Japan, Russia, China, India, the
U.S., Britain, and the EU. Working towards a globalized world, the L.O.S Concordia’s citizens will work as a unit,
regardless of race, ethnicity, gender, or occupation.

Our very own mission patch located to the right represents not only the
evolution of humanity, but also a representation of how just 50 years can make a pivotal
difference in society and ideals. Technological advancements on Earth have gone from
the first step on the moon to “win” the space race in 1969, to a lunar settlement where
harmony exists between once adversarial nations. This Mission Patch will be worn by
every colonist to demonstrate this unity.

Today, the L.O.S Concordia designers present to you four diverse sections of our proposal. The first
section covers structural design of the L.O.S Concordia along with the construction and transfer process,
utilizing a zero-gravity environment. The second of the four sections discuss how 7,500 humans will be able to
survive and thrive in a lunar-orbital environment, covering psychological concerns, residential space, and
religious sermons. The third and fourth sections are intertwined, as the L.O.S Concordia will exploit the lunar
regolith through mining, refining, smelting, and power beaming initiatives, utilizing a lunar base with a hyperloop around the moon to better ensure the transfer of these materials.
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Section 1: External Structure and
Assembly
1.1 External Design of the L.O.S Concordia
The L.O.S Concordia will hold 3 tori systems, each contributing to the major subsystems of industry. The total
volume of the L.O.S Concordia will be approximately 3.6 x 106m3. As the construction of the settlement will utilize a torus
structure due to its effectiveness in simulating artificial gravity at different radii with similar angular accelerations for each
torus being used. Each torus structure will have the cross-section of a square to store materials as efficiently as possible,
while still being able to effectively maintain a constant gravitational level at any point within the torus. There will also be
miniaturized torus beams connecting the settlement’s axis of rotation, or central beam, to the main tori. These beams will
have minimal radii and will not affect the rotation of the central beam in order to efficiently manufacture pure
semiconductor alloys and produce crops in a 0.12/0.75g respective environment.
Adhering to the L.O.S Concordia timeline (See page 2), the first torus that will be constructed is the industrial
torus, focusing on manufacturing semiconductors and smelting minerals from the moon. The L.O.S Concordia’s
construction team will construct the industrial torus with a major radius 23 meters, and the minor length of the squarecross-sectioned settlement will be approximately 10.5 meters (accounting for wall thickness of 25cm). In total, the volume
of this industrial torus alone is approximately 15,932.6m3. This means that the simulated gravity in the industrial
environment will achieve a 0.12g simulation, the prime environment to produce pure semiconductors. There will be two
circular mini beams that will connect this industrial torus to the L.O.S Concordia’s axis of rotation, each beam accounting
for the shipment of semiconductors to their appropriate location. Each of these beams will have heights of 12.5m,
calculated by finding the distance between the walls of the central beam and the exterior walls of the torus itself. The
radii of these beams will each be 10.2m (including wall thickness of 20cm), meaning that the overall volume of each beam
will be 4085.6m3. With that, the overall volume that the industrial section of the L.O.S Concordia will be approximately
24,103.8m3.
The second torus in order of construction, dedicated to agriculture, will utilize a .75g environment to maximize
efficiency in agricultural growth and harvesting. The torus’ major radius will be approximately 56m, and its minor crosssectional length will be approximately 30.5m. This means that the total volume of the torus alone will be ~298,091.6m3.
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The two mini-beams connecting the agricultural torus to the central beams will have heights of 45.8m, and radii of
approximately 10.2m, making each beam’s volume 14969.8m3. Adding up the dimensions makes the agricultural section
of the L.O.S Concordia ~328,031.2m3.
The final torus that will be constructed is the residential section of the L.O.S Concordia. This residential torus,
simulating a 1g environment, will have a major radius of approximately 224.6m, and a minor cross-sectional length of
approximately 70.7m including wall thickness of 35cm. From this, the overall volume of the torus alone will be
approximately 3,526,943.09m3. The heights of the torus’ two connector beams will each be approximately 214.4m, and
their radii will each be 5.2m, making the total volume of the beams 18213.0m3 each, and adding up the previous volume,
accounts for 3,562,243.09m3.
The central beam, or axis of rotation for the settlement will be used to not only ship all inhabitants and materials
from one torus to another, but also to effectively establish the center of angular acceleration for each torus (which will
account for being able to accurately calculate for artificial gravity). The height of this larger cylindrical beam will be 200m,
and its radius (accounting for a wall thickness of 20cm) will be 10.2m, making its total volume ~65,370.3m3. Adding all the
above values, the total volume of the L.O.S Concordia is expected to be approximately 3,652,843.19m3.

To Scale L.O.S Concordia Settlement Drawing – Student, The Weiss School
1.2 Internal Design and Housing
One important concept that must be taken into consideration is the interior design and housing for the citizens. The
internal design of the LOS Concordia’s residential section will be geared towards efficiency and connecting the
community. To determine the utilization of space in the residential area, the LOS Concordia’s floor area must be
calculated. This can be done by multiplying the total floor length of the resident torus by the circumference of the torus
itself (2πR, with R being the major radius). For this, the total available floor space of the LOS Concordia is approximately
56448.1m2. This floor area will hold numerous community areas, but the bedding system of the LOS Concordia will be held
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on the walls of the settlement. There will be 0.38m2 emergency exit ways on the bottom of each bed as a matter of
emergency precaution, where citizens are forced to evacuate and move towards the central beam of the L.O.S Concordia.

To Scale 3D Rendering of L.O.S Concordia Pod Style Dormitories- Student, The Weiss School
The beds’ exits will be on the side of the capsules, with a door opening that will lead to stairs engraved into the
walls of the LOS Concordia, each with lengths of .3m, widths of .15m, and depth of .3m. There will be 75 children on the
settlement, and 150 parents sent along with their children. This means that there will be 75 full-sized beds dedicated for
wedded couples, and 7,425 twin-sized beds dedicated to individual residents and children. The length and depth of a fullsized bed are 1.3m and 2m respectively. Therefore, that the width and the depth of the capsule will be those approximate
amounts, and the heights of the capsules will be ~.4m. Considering the cross-section of this rectangular capsule, the area
that the capsules will take on the LOS Concordia’s walls will be approximately .52m2. It can be interpreted that the full-sized
beds will take up approximately 39m2 of the children’s residential area. Using the same method of calculation as for the
floor area, the total area of the walls of the settlement will be approximately 112896.2m2. This means that the 30m2 of fullsized bedding will only account for ~0.035% of the walls’ total area. Now, the total length, depth, and height of the twinsized bed capsules will be approximately 1m, 2m, and .4m respectively. This means that the total cross-sectional area of
each twin-sized bed will be ~.4m2. Multiplying this value by the total number of twin-sized beds that will be used in the LOS
Concordia (7425), the total wall area that will be used by the twin-sized beds will be 2970m2 or approximately 2.63% of the
total wall area.
1.3 Subsystems of the L.O.S Concordia
1.3.1 Environment Control and Life Support Systems
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The interior of the settlement will be centered around life preservation, and this is shown in the settlement’s
Environmental Control and Life Support System. The atmosphere of the settlement will consist of 78% nitrogen, 20% oxygen,
and 2% carbon dioxide. If the atmosphere was composed entirely of oxygen, it could cause a fire or an explosion. The
average human being inhales 11,000 liters of air a day, and by multiplying this number by 7,500 citizens on the settlement,
it inferred that about 82,500,000 liters of air a day will be filtered by the citizens throughout the entire settlement. However,
it must be redundant because other systems require oxygen, such as fire, which is necessary for smelting and cooking. In
addition to this, the carbon dioxide that the citizens exhale will be recycled. The settlement will use green algae to filter air
and for food, the carbon dioxide will be used to support the algae. Green algae can convert carbon dioxide into oxygen
quickly and grows in water. The settlement’s smelting torus will contain a set of carbon dioxide and carbon monoxide
scrubbers so that the carbon dioxide and oxygen can be separated. Then, the carbon for the coal can be used and the oxygen
can be utilized for breathing. Scrubbers are used for removing various gas streams such as biogases and landfill gases. The
carbon dioxide scrubber will contain hydrogen sulfide and would result in calcium carbonate and water. The carbon
monoxide scrubber will remove carbon monoxide via catalytic oxidation which will result in less harmful carbon dioxide. If
necessary, the inhabitants of the settlements can mine oxygen from the moon since much of the lunar regolith is made up
of oxygen, and since the average human exhales 1.04kg of carbon dioxide daily, the total amount of carbon dioxide exhaled
by the entire settlement will be approximately 7,800kg. The settlement’s inhabitants can also use electrolysis to separate
compounds such as hydrogen from the oxygen, sodium, chloride, magnesium, and aluminum. Electrolysis would be used to
split water into oxygen and hydrogen by either adding or removing atoms and ions from the external circuit. There will be
a separate section on the station where this electrolysis will occur.
1.3.1.1 Caloric and Oxygenic Requirements
One idea that must be taken into consideration is the caloric and oxygenic requirements necessary for the citizens of
the settlement. The average person inhales about 11,000 liters of air a day, 20% of which is oxygen, and since there will be
7,500 citizens on the settlement, 82,500,000 liters of air a day will be inhaled by the citizens of the settlement. The average
male consumes 2,500 calories a day while the average female consumes around 2,000 calories a day. However, it must be
redundant and multiply 7,500 by 2,500. This would mean that 18,750,000 calories will be consumed a day on the entire
settlement and that there will have to be enough crops to support this number of calories. The average male drinks 3.7 liters
of water a day and the average female drinks 2.7 liters of water a day which equals 27,750 liters of water a day.
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Depending on the citizen’s age and amount of calories they consume, the amount of protein, fat, carbohydrates, and fiber
will vary from 13-56 grams of protein, 25-40% of fat, 130 grams of carbohydrates, and 14-33.6 grams of fiber.

Male (consumed daily) Caloric Requirements for Each Male Settlement Inhabitant - Student, The Weiss School

Female (consumed daily) Caloric Requirements for Each Male Settlement Inhabitant - Student, The Weiss School

Respiratory Rate Average Oxygenic Respiratory Rate for Each Settlement Inhabitant - Student, The Weiss School
1.3.1.2 Life Support Systems
Another important concept that must be taken into consideration is the life support section on the settlement will
contain a filtration system where electrolysis will occur. Electrolysis would be used to split water into oxygen and hydrogen.
During this process, electrons are either absorbed or released. The key process of electrolysis is the interchangement of
atoms and ions by the removal or addition of electrons from the external circuit. Neutral atoms gain or lose electrons and
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become charged ions that will pass into the electrolyte. When an ion gains or loses enough electrons and becomes an
uncharged atom, the newly formed atoms separate from the electrolyte. Positive metal ions deposit onto the cathode layer.
The electrolysis of water produces hydrogen. The energy efficiency of water electrolysis varies. The efficiency of an
electrolyzed system is a measure of the enthalpy contained in hydrogen. In other words, to undergo combustion with
oxygen or some other later reactions.
Algae bioreactors are used for cultivating micro and macro-algae. Algae bioreactors can be open or closed. Open means
that they are exposed to the atmosphere. Closed reactors are isolated to various extents from the atmosphere. The
bioreactor must be made from transparent materials. Algae bioreactors can be used to make fuel. This fuel can be used as
fuel for thrusters.
The agriculture of the settlement will be efficient for means of feeding the settlement’s people. Agriculture will
include and caloric fish, meat, and of course aquaponics and plant cultivation. The LOS Concordia will use aquaponics as
one of its main sources on providing food. Some of these foods include kale, carrots, potatoes, sweet potatoes, dwarf wheat,
strawberries, and radishes. The fish that will be used to provide nutrients for these plants are minnows, anchovies, and
sardines that can also be pressed into fish oil for cooking too. While minnows and sardines will be grown for fish oil Mahi
will also be grown because of their fast-growth and reproduction rate. These will provide most of the protein on the LOS
Concordia. The settlement will only be providing food that is high in protein and nutrition and is healthy for all the people
that will be living there. The Aquaponics will be stacked on top of each other providing lots of extra space. This extra space
will be used to grow food on vines. The types of vines that will be used for this Space Station and are nutritious and healthy
are kiwi, grapes, blackberry’s, and olives. This indoor vertical farming will be very space-efficient when genetically
engineered. While trees are not the most space-efficient, they provide many nuts, fruits, and vegetables. These fruits and
nuts provide many important vitamins, hence the incorporation of them in the L.O.S Concordia. Some trees that may be
placed in gardens and/or parks are Wurtz dwarf avocado trees, dwarf apple trees, dwarf orange trees, and/or dwarf cherry
trees. This tree provides many essential vitamins and has all the good fats that avocados have. Even though trees take up
excess space, there will be parks for the enjoyment of the people that will have the space for trees while also providing
essential fruits.
1.3.2 Electrical Power Systems (EPS)
The primary electrical power on the station will be created through nuclear reactors. Should a nuclear reactor ever
malfunction, the station will distribute power from the other three reactors. If necessary, the area of the L.O.S Concordia
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containing a failing reactor can be evacuated, where the residents would be dispersed throughout the other quadrants of
the torus while it is being repaired. This also makes maintenance possible on one reactor at a time. If a reactor is being
serviced or fixed, and another fail, the station would then fall into low power mode (LPM). LPM only provides basic
necessities and will run off of stored secondary power in case of another emergency. The type of reactor that will be used
is the Boiling Water Reactor. The Boiling Water Reactor (BWR), is a type of light water reactor, meaning it uses regular water
instead of hard water. Simplified, the water moves through the reactor cores, and is transformed into steam. This steam
eventually turns an electrical turbine, generating power. The steam is also later reverted back to water and is recycled. The
BWR has better applications than the most common light water reactor, the pressurized water reactor. The BWR isn’t
pressurized thus is less dangerous to those on the station. Should a pressurized water reactor fail, it would most likely cause
a pressurized explosion inside of the station. In the event of such an explosion is determined as likely, engineering crews
will work to solve the problem while civilians and scientists and their experiments/data are prepared for evacuation. There
will be regular maintenance and safety checks on the BWR to catch and resolve any problems before they become a serious
issue. The water in the BWR will be used and returned to the freshwater supply.
1.3.3 AC/Thermal Management and Oxygen Recycling
The settlement will use multi-layer insulation to keep heat in the station and block out the radiation. The multilayer insulation will use heat exchangers, which will need to be installed prior to inhabiting the L.O.S Concordia. Heat
exchangers are paired with cold plates and cool electronics to reduce excess heat. This heat will then be sent out via
radiators on the settlement. On the settlement, there will be large radiator panels across the external body. These panels
will enable the heat from the station to be expelled from the settlement in the form of infrared radiation, which removes
excess heat on the settlement. This system will use ammonium to transfer the heat to the panels. This is necessary due to
the also incredibly cold temperatures of space that would quickly freeze the water and prevent the heat flow. The interior
of the settlement may be regulated by using a water-cooling system as the pipes would then be protected from the cold
of space. These water-cooling systems will be used to cool the interior of the station by using cooling plates on the
exterior of the settlement. Regarding the heating of the interior, resistance pads will be utilized to generate additional
heat to the passengers’ body heat. These pads will provide sufficient amounts of heat to warm the sections that are not
already heated by other entities within the station. The pads will utilize a resistor system to generate electrical resistance,
consequently producing heat for the pads.
1.3.4 Aquaponics Systems
The L.O.S Concordia, Students from the Wolverine CubeSat Development Team, 8th-Grade Large Group Submission

11

The citizens of the settlement will grow plants such as kale, potatoes, radishes, carrots, strawberries, wheat, and
sweet potatoes. To grow these plants, the settlement will be using a technique called aeroponics. Aeroponics can cause
plants to grow faster, produce more, and it requires 40% less water than average farming. Aeroponics is a farming
technique that doesn’t use soil and uses mist to water the plants. The L.O.S Concordia will be using LED lights for
aeroponics as they last longer and they produce less heat. There will be fish on board the settlement, specifically Coho
Freshwater Salmon. The reason for this is because the salmon have many benefits such as being rich in Omega-3 fatty
acids, protein, potassium, vitamin B, and selenium. These fish will also be housed within an aquaponics system which will
be in the form of numerous minimized aquaculture that will house the crops in the form of a pod system; these pods will
also lie within a tank system that will have one level of cultivating Coho Freshwater Salmon and another that will hold the
pods themselves. Each pod will have dimensions of 1m x 1m x 2m, and there will be 3 separate floors in this pod system,
each with 9 separate holding stations for crops to grow in.

Nutritional Value of Foods Provided on the Settlement – Student, the Weiss School

To-Scale L.O.S Concordia Aquaponics System- Student, The Weiss School
1.3.4.1 Waste Management
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In order to manage air problems on the L.O.S Concordia, algae-bioreactors will be used, and will provide air for
the inhabitants. As an added benefit, algae-bioreactors can be used (by genetically modifying the algae) to produce fuel
for the station. By installing these bioreactors on the station, not only would the air problem be fixed, but also the fuel
problem. Because plants need different materials to produce oxygen, there would need to be a supply of water to begin
the process. Also, they would need a certain amount of sunlight, which may be simulated. Leftover food and table scraps
can be either composted for soil to be used for growing trees or fed to the small fish in the aquaponics systems. The solid
waste from the fish will be dissolved and used to provide nutrients for the plants. The water the fish are in will be filtered
to remove ammonia which is harmful to fish.
To solve the food problem, algae would be harvested for food (via membrane separation), and for some variety,
potatoes would be harvested using feces as fertilizer. Instead of ejecting human waste into space like most conventional
space plumbing systems, the urine and feces would be saved and recycled into water and fertilizer. There would need to
be a large supply of farmers to utilize this recycled water and fertilizer, meaning the plumbing system must be monitored
frequently to ensure prime production of food. Additional foods and materials may be sent from Earth only if extremely
necessary.
To solve the problem of water, urine will be reused and recycled into pure water. Although urine will have to be
separated from the human feces added to the urine inside of the plumbing system, a water filtration plant would need to
be running on the L.O.S Concordia. As the feces will require separation in the plant, the filtration workers must save as
many resources recycled as possible.
When someone dies, they will be cremated. If there is a special request from the family and/or is in their will, they
may have their ashes shipped down to Earth during routine trips. After returning to Earth, the ashes will be placed in the
place of choice and if preferred, the family may return to Earth on one of these routine trips and may oversee this
process. If no requests are made, the ashes will be mixed in with soil and help with the food growth process.
1.3.5 Communications and External Systems to Earth
To communicate back to Earth, laser communication will be utilized for communication between the The concept of
communication between the settlement and Earth is essential and must be taken into consideration. To communicate back
to Earth, laser communication and radio transmission will be utilized between the settlement and Earth. Although laser
communication surpasses radio communication with speed among other advantages, laser communication will not
penetrate the atmosphere easily and does not work well with excess radiation. Radio equipment will need to be placed
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outside of the station, and radiation hardening will be needed. If the radio equipment is located inside of the space station,
the layers of protection against radiation will act as a giant dummy load and negate the signal. Telemetry data along with
regular reports stating the status and anything else that needs to be mentioned, along with any requests for any resources
needed will be sent every day, and telemetry data sent more frequently. The space settlement will also receive the
telemetry data to ensure there are no problems that people did not find.

Schematic of a Satellite Laser Telemetry System - ResearchGate
1.3.7 Propulsion Systems
The L.O.S Concordia’s propulsion is a very important subsystem and must be taken into careful consideration. The
L.O.S Concordia will be orbiting around the moon, which has a gravitational pull of about 1.62 m/s . To keep the torus
2

spinning at the correct interval in order to establish a habitable environment on the torus, the L.O.S Concordia will need a
propulsion system to keep the torus on track in its orbit. The L.O.S Concordia will most likely not be able to keep a low lunar
orbit (LLO) considering that orbits below 100km often suffer negative and unstable effects on the L.O.S Concordia and its
inhabitants due to its low gravitational pull. In order to keep the torus orbiting at an altitude of over 100 miles (62km) at
the appropriate speed, the settlement needs to use a propulsion system with ion thrusters to keep the torus on track.

Estimative Design for the L.O.S Concordia’s Ion Thrusters - Student, The Weiss School
Ion thrusters have dimensions of 2.6 x 2.6 x 2.6 meters for one 1MWe engine, which is 17.57m3. Although ion
thrusters only output an approximate of energy equivalent to a piece of paper lying on one’s hand (in 1G), they excel in
thrust power. As they propel a satellite about 17,000 MPH, and since L2 is about 930,000 miles away, it will take 54 hours
and 42 minutes approximately to reach L2 from Earth. Because there will be 6 ion thrusters placed at 20 degrees at the
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bottom of the central axis (the bottom face), 17,000 times 6 yields 102,000 MW Hrs, that can be used to determine the
power output, and the time. After calculating the time, it yields 9 hours. Because ion thrusters use about 3.25 milligrams of
xenon per second, and 10 ounces in 24 hours using maximum thrust, dividing that fuel consumption into the appropriate
time will result in the fuel consumption. Xenon is the heaviest non-radioactive inert gas that is elemental. Because of its
mass, xenon it easily packed at lower temperatures, and very efficient. In order to get the thrusters to the station, a satellite
will go to the settlement using an ion thruster, and the same ion thruster will be detached and reattached to the center axis.
1.3.8 Plumbing Systems
One important system that needs to be considered is the plumbing system. The average range of urine produced
by the average human is 800 to 2,000 milliliters per day, considering that the human has a normal fluid intake. This means
that the most amount of urine produced will be 15,000 liters a day by the entire settlement, but at least 14250 L of water
can be produced from that. In addition to this, the average human produces roughly about 128 grams of feces per day. This
means that the number of feces produced daily by the entire settlement would be 960kg. The waste products will be
recycled (See 1.3.4.1), although its purity will be tested and it must meet a standard before ingratiating with the standard
plumbing for the station. The plumbing system will consist of pipes that will be checked monthly for any problems or
dysfunction.

Not-to-Scale Plumbing Pipe System of the L.O.S Concordia -

theconstructor.org

1.4 Assembly, Transfer, and Organization
1.4.1 Orbital Mechanics and Station Keeping
The size of the L.O.S Concordia will impact how efficiently the settlement will be able to gyrate, due to aerodynamics.
To create this artificial gravity, the centrifugal force of the settlement should be able to counteract the centripetal force in
space, compensating to form living conditions for the settlement’s inhabitants.
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Centrifugal force is defined as mass * centripetal acceleration. It is also defined as the force brought from a particular entity
to its axis of rotation. To solve for these variables, the mass of the torus is required. It can be assumed that the center of
mass for the LOS Concordia is held in the residential section, as it holds over 90% of the settlement’s overall mass. With
that, the total centrifugal force of the settlement, applying the major radius of the residential section, the total mass of the
entire LOS Concordia, and the mean constant of angular velocity (2RPM), the total centrifugal force required to keep the
settlement at a constant acceleration of 2RP in the space environment will be ~478,465 kN. From these metrics being
constant, the tangential velocity of the settlement itself in orbit can be then calculated to be ~60.94m/s. These values must
be held at a relatively stable rate for extended periods of time. This will be primarily done using high-concentration ion
thrusters as propulsion.
There are numerous equations and methods in calculating the specific orbital mechanics of an object in orbit. The only
applicable example of another object orbiting at the LaGrange point 2 is the James Webb Space Telescope. The telescope
is in a lunar orbit at the L2 point, and its orbital radius can be calculated in a polynomial series that accounts for the
gravitational force equation, and it can conclude the total orbital radius (r – whereas r is the orbital radius of the L.O.S
Concordia and rE is Earth’s orbital radius) of the L.O.S Concordia by utilizing the already-launched James Webb Space
Telescope (J.W.S.T)
The orbital radius of the L.O.S Concordia from the Sun is approximately 1.511x1011m. That is the distance from the
L.O.S Concordia and the Sun, and unlike the J.W.S.T, the L.O.S Concordia will be orbiting the moon for an optimal industrial
structure. Meaning by getting the net difference of the settlement’s orbital radius and the moon’s orbital radius from the
sun, the L.O.S Concordia settlement will be orbiting the moon with an orbital radius of approximately 1,500,000km.
Considering that the mean tangential velocity of the L.O.S Concordia will be ~47m/s, the orbital radius of the settlement at
L2 itself can then be predetermined based on that constant value. If it is essential to have the L.O.S Concordia orbit the L2
point at approximately 2 radians per year (to effectively simulate one year in the space environment), the orbital radius can
be calculated by stating 2r=(47m/s) x 3.1536 x 107s (1 Earth year). This will show the approximate distance that the L.O.S
Concordia should be from the central L2 point to hold a stable orbit. From that, the settlement will have a final orbital radius
from the L2 point of ~1,482,192,000m (1,482,190km). Knowing this, the orbital eccentricity of the L.O.S Concordia can be
calculated.
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The Standard Equations for the tangential velocity of an object in orbit (where a is the semi-major axis) –socratic.org
From the equations above, the semi-major axis of the L.O.S Concordia’s orbit can be calculated. As the tangential velocity
of the settlement is already constant from the previous calculations made, and the orbital distance, r, has been calculated,
and the standard gravitational parameter µ is a constant value (6.673×10-11Nm/kg ), which means the semi-major axis can
2

then be calculated to be approximately 1,860,594.4km. From this, the semi-minor axis can be calculated simply by
assuming that as the semi-major and minor axes are each the orbital radii of the L.O.S Concordia at a maximum and
minimum respectively, that the average of the two values will be equal to the average orbital radius of the settlement
(which was calculated before). Now it could be stated that: ((1860594.4+x)/2) = 1,482,190, with “x” being the semi-minor
axis. With that, the semi-minor axis of the L.O.S Concordia will be approximately 1,103,785.6km.

Equations for Average Orbital Eccentricity – vCalc
With the equations above, the orbital eccentricity can be calculated with the two pre-calculated variables of a and b
(semi-major and minor axes respectively). Using that, the orbital eccentricity for the L.O.S Concordia’s orbit around
LaGrange point 2 comes out to two solutions, but only one of these solutions is practically possible as it is a positive
eccentricity: 0.80502.

Orbital Location of LaGrange Point 2 - WIRED
1.4.2 Calculations of the Total Mass of Each Major Material
The shipment methods of the L.O.S Concordia settlement will assume, considering the expected evolution in reusable
rocketry technology, that a reusable rocket with similar volume constraints to a Falcon Heavy Rocket will be used. Based on
the material that will be used, it will take approximately 412 trips to ship these materials. The L.O.S Concordia will form a
The L.O.S Concordia, Students from the Wolverine CubeSat Development Team, 8th-Grade Large Group Submission

17

selection of properly fit residents to assemble a selection of self-sufficient dormitory quarters, community living areas, and
material storage spaces. Each torus will serve its own purpose, but one torus will hold the entirety of the 7,500 inhabitants.
The settlement’s second torus, or the industrial torus, will be in a .25g environment and will have a slightly decreased wall
thickness with much smaller dimensions to store as much raw material as possible in an optimal environment for shipping
materials across large distances. The larger torus will have an increased wall thickness to better protect its inhabitants
opposed to the other two tori. The tori with a simulated .75g artificial environment (to produce crops) will have similar wall
thickness to the industrial-refining torus.

L.O.S Concordia Engineering Blueprints - Student, The Weiss School
The mass of each portion of materials sent is important in finalizing the cost, and it was considered when determining
how much volume the material construction torus will hold. The material used is titanium aluminide (a titanium-aluminum
alloy), due to the extremely durable physical properties of titanium, combined with the strong radiation-shielding properties
of aluminum. There will also be a shell wall surrounding this material, also known as Invar. To calculate the mass of a
hollowed-out torus, the volume of the whole torus would have to be subtracted from the volume of the inner mass of the
torus without the wall volume to find the volume of the wall by itself without the inner section, to then use the density of
titanium aluminide to find the mass of the torus walls by themselves.
The inner volume is easy to calculate with the length of the walls present. This means the thickness of the walls
subtracted from the minor radius of the torus is the volume of the torus without the walls. This value can then be
subtracted from the original torus volume to find the volume of only the walls. Finally, multiplying these variables by the
density of titanium aluminide (4.0g/cm3), the material this torus will be made of) for the mass of the torus. The thickness
of the wall will vary, though, as there will be two materials of different densities.
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Invar (left – featurealloys.co.uk), and Titanium Aluminide (right – sciencedirect.com)
The wall thickness of the residential, material construction and semiconductor tori will be 35cm (25cm of Titanium
Aluminide, 10cm of Invar), 25cm (20cm of Titanium Aluminide, and 5cm of Invar), and 25cm (20cm of Titanium Aluminide,
and 5cm of Invar) respectively. All the beams will have wall thicknesses of 20cm (which consists of pure Titanium Aluminide).
With that, the total volume of one individual torus’ walls must be calculated to then multiply that value by the density of
each respective material for the overall mass. All the tori within the L.O.S Concordia, though, have two separate material
compositions for walls: various combinations of Titanium Aluminide and Invar. It is important to isolate the specific wall
thicknesses and calculate the volume and mass separately when finding the sum of those values. This is done by finding the
total volume of each beam/torus with the extra added wall thickness accounted for, then subtracting that value by all the
volume values made, without including wall thickness. This will get the total volume just accounting for wall thickness.

Cross-Sectional Design of the L.O.S Concordia - Student, The Weiss School
The total mass of the residential section of the torus can be found through finding the wall volume for each of its
respective parts (both tori and beams) and then assume the percentages of the compositions of Invar and Titanium
Aluminide. The total volume of each beam (only accounting for wall thickness) is ~1374.05m , and the 20cm wall thickness
3

of each wall is fully composed of Titanium Aluminide. This means that the total mass of each beam is its volume multiplied
by the average density of Titanium Aluminide (which is approximately 4g/cm3 or 40kg/m3), which is approximately 549.62
metric tons. This multiplied by two for the two beams would leave the total mass of the beams to be ~1099.4 metric tons.
The mass of the residential torus itself is calculated in a more intricate way, as the wall is composed of more two separate
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materials of two separate densities. Using the above methods, the total volume of the torus’ walls alone is ~79,718.9m3.
With that, a formula can be made for accounting for the wall thickness of 35cm. As 20cm/35cm of this thickness (~57.14%)
is of titanium aluminide, and the other 42.86% of this thickness consists of Invar, one could simply make an inequality
formula with each of the materials’ densities. As the density of Invar is ~8.1kg/m3, the total mass of the industrial and
farming tori combined is approximately 45,896.1 metric tons. The total mass of the residential torus is approximately
460,995.4 metric tons.
The total volume for each of the material construction torus’ beams (only accounting for wall thickness) is
approximately 581.3m , which is multiplied by the density of pure titanium aluminide to be ~2.23 metric tons. This makes
3

the overall mass of the beams together ~4.46 metric tons. The total volume of the material construction torus with just
wall thickness is approximately 9693.4m . This, accounting for the density percentages stated above, means that the total
3

mass of the torus alone is approximately 558 metric tons. Using these calculations, it is inferred that the total mass of the
material construction section is approximately 602.6 metric tons. The semiconductor production torus has two connecting
beams, each with wall volumes of approximately 158.65m . This means that the mass of each titanium aluminide beam will
3

be ~6.35 metric tons. The volume of the torus itself (only accounting for walls) is approximately 1481.2609m , meaning that
3

the total mass of the torus itself is ~852.8 metric tons. This then means that the total mass of this section is approximately
865.5 metric tons.
The total volume of the beam, only accounting for its wall thickness, is approximately 2538.41m . This means that, as
3

the beam will be made up of pure titanium aluminide, its total mass will be approximately 101.54 metric tons. From these
calculations, the total estimated mass of the L.O.S Concordia is approximately 508,856.4 metric tons (5.08*108kg). With
that, assuming the Saturn V Rocket’s maximum payload capacity of ~1x106 kg, it would take, conservatively, 4,306 total
trips to ship and prepare the entirety of the L.O.S Concordia. But, its inhabitants will be sent into the space environment
along with the cargo, meaning that it will take considerably less than 4,306 trips to ship every single human onto the
settlement. Assuming that the L.O.S Concordia’s choice of rocket shipment, SpaceX’s “Heart of Gold” rocket, has similar
cargo capacity to the Saturn V while still providing its own space for holding humans (which, in this case, is estimated to be
holding 100 people), this means that it would only take approximately 75 total trips to send the entirety of the L.O.S
Concordia’s 7500 inhabitants.
1.4.3 Beginning and Final Stages of Assembly
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To determine how long assembly would take, electrical components along with life support, and safety testing must
be taken into consideration. Unfortunately, when the L.O.S Concordia will be completed, technology will be more
advanced and costly due to inflation after a decade, meaning the L.O.S Concordia will require a budget to acquire these
technologies (See page 2). This budget can not only be achieved through the investment of countries mentioned in the
executive summary, but also through the industrial efforts carried out in the future. These are all sacrifices that must be
made to begin peace by unifying countries for a common goal of financial security and prosperity.
The first stage that must be sent up will be the rotational axis of the L.O.S Concordia, the central axis, or the hub.
The settlement will need to be constructed in several small sections and will be a long and arduous task. To assemble the
L.O.S Concordia, a construction team, will gingerly connect the pieces together once all aspects of safety are taken into
consideration. Leaders from public space corporations from all participating countries will monitor the operation to
ensure that it is being built correctly and efficiently.
After the L.O.S Concordia’s structure and residential torus has been fully completed, its inhabitants will be sent to
the settlement. Starting mainly with engineers and other people with other essential skills, checks and inspections will be
made. By starting with a small population, the settlement will grow food, and when that is done, a larger population will
inhabit the settlement. After all routine checks have been made and proper drills in case of an emergency have been
conducted, the L.O.S Concordia will be deemed self-sustaining and ready to begin creating a profit.

1.4.4 Radiation Shielding
Commonly used in radio equipment, a coaxial cable setup prevents radiation from escaping. It consists of (in order
from outer to inner): an outer plastic sheath (usually made of polyethylene), a woven copper shield, an inner dielectric
insulator, and a copper core.

Expanded View of a Coaxial Cable’s Radiation Shielding Effectiveness - I-Com
This setup prevents radiation from escaping and blocks it. Although it is very effective, some radiation still gets past
it. In order to prevent long-term exposure with radiation, there will need to be more extensive measures taken. The
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normal setup with even normal radio equipment still limits one to prevent exposure at up to 6 minutes at some
frequencies. Some materials that could be used to manage the radiation will be specified more in later paragraphs, but
aluminum and polyethylene work well. Although radiation is a danger in space, the extreme temperatures of space will be
a problem. To solve this, rhenium will be used for its high melting point of 3185°C. Rhenium will be used to cover the
highly sensitive segments of the station, such as radiation, specifically high-energy short-wavelength radiation, which is
incredibly harmful to life and will be a major inhibition of the station. The L.O.S Concordia will require certain materials,
shields, or structures that are good at blocking radiation but still allowing communications to travel between the station and
Earth.

Effective Ionizing Dose Protection from Aluminum and Polyethylene - Mars Journal
Aluminum is a lightweight, high tensile-strength metal with a density of 2.7 g/cm3. It’s main benefits are its low
weight in comparison to strength (steel is around 2.5 times denser than aluminum); flexibility/elasticity, as it is much
easier to spin into shapes and forms than steels or other compounds and its high radiation scattering, previously proven
on such spacecraft as the research satellite ISO and the former MIR space station. A time-tested method of radiation
shielding is using lead-vinylets. Lead is an effective shield due to its high density and relative ease of obtaining due to its
low cost, but the high density would also make it incredibly difficult to send to the station. A replacement could be tin,
which has some of the same properties in scattering as lead, but with a lower density of 7.287 g/cm3, making transport
easier. A downside is tin’s lower heat resistance, melting at 231.928°C. Titanium may be the optimal choice for radiation
shielding.
Titanium is incredibly common in spacecraft building due to its strength comparable to and surpassing steel,
magnificent corrosion resistance and low density in comparison to its strength. It has high tensile and compressive
strength, easily miscible into alloys, and has flight heritage. Titanium, on the terms of radiation shielding has an impressive
ability to block and scatter small-wave, high energy electromagnetic waves. An optimal alloy for a radiation shield should
combine the lightness, ease of transport and flexibility of aluminum, as well as its scattering abilities with large-wave low
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energy radiation; the low cost and ease of obtainment of tin or lead. Both materials have high tensile and compressive
strength, low density, and exceptional small-wave, high energy electromagnetic wave scattering.

1.4.5 Connectivity Method
All tori will be connected to a central beam accelerating in 0g, which will grow semiconductor crystals for power. The
3 tori will each be held out by 2 large connecting beams (of varying lengths) that will act as passageways to the large central
beam, as well as a simulation of artificial gravity. The center beam will have a length of 200m, and the length of the two
connecting beams are 43.25m and 17.75m. A team of 30 engineers will assemble the tori. During the early connection of
the space settlement, the most efficient and reliable connectivity method available would be an anodized truss outline
system. With this system, the four quadrants and center port could be held in place before the final connectivity operation
is used, which would ensure maximum security. In regards to the physical connectivity method used between the anodized
trusses, anodized grade 8 screws will be utilized, as they are very durable and can ensure maximum stability and protection.

Estimative To-Scale Anodized Truss Design, Student, The Weiss School
Due to this, durable screws are commonly used in large steel structures such as skyscrapers and aircraft carriers.
In order for the connection to be completed, large walls on each side of each piece will serve as both protection from the
hazardous conditions of space and a foundation for the primary connection systems. With this system, both power and
necessities will be able to travel throughout. Using this connection, the settlement will be able to rotate and generate the
necessary artificial gravity. Large gateways will be available for people to pass while still maintaining maximum protection.
These walls will most likely be constructed out of the same materials used on the exterior of the modules. The gateways
connecting the environments will be opened for the majority of the time and will include the same airtight capabilities.
The pathways connecting the tori will constantly be used for the transportation of goods.
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Section 2: Residential Considerations
2.0 Section Overview
For the settlement’s population to thrive, the L.O.S Concordia’s design must
consider all elements of residential support and structure. The sections covered in the
L.O.S Concordia’s design are centered around ensuring that many residential and societal considerations will occur on the
settlement. These include a working governmental structure, psychological considerations for residents, housing plans
and structure, are all covered within this section of the L.O.S Concordia’s overall proposal, and vital contributions to Earth.
2.1 Government
2.1.1 Legal Code
On the L.O.S Concordia, felonies and misdemeanors will be highly unlikely to take place. However, to ensure that
civilians and workers alike follow basic laws, a legal code will need to be enforced. This code will be enforced by law
enforcement officers (see 2.1.2). The overall legal code will go as follows:

1a. Disruption/Lack of Social Interaction: 100 L.E.C fine (Explained in 2.3/2.2.6).
1b. Refusal to Do Work: Punishment depends on the importance of work: fine – 1 week probation.
2. Classes of a Misdemeanor: Depends on the severity of the misdemeanor, as they greatly range in harmfulness: fine – 1
year prison.
3. Any Class of a Felony: Expulsion from the settlement, depends on severity of felony: 4 months prison – life sentence.
The residents of the L.O.S Concordia are held up to much higher standards than the average human due to extensive
background checks and applications prior to selection to reside aboard the settlement.
2.1.2 Elected Council and the Governor
On the settlement, there will be an elected council of fifteen people who will represent different parts of the
settlement. Three people from the agriculture section and four people from each section of industry. These members will
oversee any major changes to civil issues within the settlement and will take care of any interactions with Earth. These
members will also assign inhabitants to specific positions such as judges and law enforcement officers. This council will have
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the power to enforce and create laws. Every two years, elections will be held for council members. Every colonist (18 years
of age or older) has the right to vote for government officials into council positions. These officials can be in office for a
maximum of four years, each serving in two year terms. These officials will be elected by the people in their specific section
of the settlement.
A governor will be appointed by a board of investors from the L.O.S Concordia, and the governor will appoint a
deputy governor, who will serve if the governor can no longer serve. The governor will be in office until removed by the
company or impeached by the council, which requires a unanimous vote. The governor will manage and oversee all
operations on the settlement, however, the council will act as an oversight body for the governor; this technique will prevent
abuse of power. For council members to be pre-checked as qualified members, they will have to go through background
checks to ensure that every council member will bring benefit to the LOS Concordia in the future. The governor has the
same powers as the executive branch in the United States, the judges that of the judicial system, and the council that of the
legislative branch. All checks and balances that are in effect on Earth will be in effect on the settlement.
2.1.3 Judges and the Court System
Five judges will be elected for an allotted time of one 30-year term. They cannot be reelected. These elected judges
will be tasked with passing laws and judgment on colonists who break laws. The entire court system will have a criminal
court and a civil court; with different judges for each court. If the judges are busy or overflowed with case(s), then a
council member may oversee a case with permission from the judges.
2.1.4 Government Buildings
There will be two main government buildings: The Capitol building and the Court Building. The Capitol building is
where the fifteen council members will convene and will serve. The second main building will be the Court building. This
building is where the nine supreme court justices will convene, hear, and rule on cases. All laws will pass through this court.
This building will be made with identical dimensions as the Capitol building.

Government Floor – Student, The Weiss School
The L.O.S Concordia, Students from the Wolverine CubeSat Development Team, 8th-Grade Large Group Submission

25

2.2 Population Activities and Management

2.2.1 Storage
The L.O.S Concordia residential area will be approximately 3.56 x 106m3 and will hold 7,500 settlers. This means
that a copious amount of storage for clothes, food, and tools will be needed. To store the clothes, each public area will have
closets assigned to rooms. Each closet will be 3x3x3 cubic meters or 27m3 creating enough space for people to store their
clothes, shoes, and other belongings. A considerable amount of space will be needed to store all rations. Each meal area
will be large enough to fill 1,000 people and will have a pantry for each specific food group. Dimensions for the pantry will
be 18x16x16 meters or 4608m3. Tools will be essential on L.O.S Concordia to repair different areas where there is damage.
Simple tools like screwdrivers, drills, and other power tools will be necessary, as well as some other complex tools to fix
devices on the settlement. Each tool will have a small storage area, which will be 9x7x3 cubic meters or 189m3.
.
2.2.2 Occupations
Every inhabitant that applies for living on the settlement must also perform a productive task on the settlement.
Aboard the settlement, there will be jobs including but not limited to, engineers, doctors, law enforcement, janitors,
plumbers, scientists, and government officials. Engineers will be needed if any piece of equipment was damaged and needs
repair. Numerous workers, known as the L.O.S Concordia Construction team both in semiconductor manufacturing and
lunar mining will be needed to ensure profit. Doctors will be necessary if the citizens of the settlement require medical
attention. Law enforcement is needed to enforce the laws applied to the L.O.S Concordia. Janitors, plumbers, electricians,
and other such professions will be needed for sanitary and maintenance purposes. Scientists and government officials are
needed as there will be experiments conducted on the settlement and laws/policies will be made and enforced. These jobs
are all necessary to sustain and maintain a stable environment on the L.O.S Concordia.
2.2.3 Education
Education will be provided while students are aboard the L.O.S Concordia. The L.O.S Concordia will have a primary
school, elementary school, middle school, college and/or university that has a high school attached to it. Staying well
educated is necessary and communication will be needed with teachers back on Earth. Every elementary class in the
school will be in a wing, just like how the grade school and college will also be in a wing. Every school will follow the
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United States Public School CORE Curriculum. Considering that the number of children on the settlement is capped at 75,
there will be plenty of room to suit and educate each individual student. Each class in elementary school and middle
school has a maximum capacity of 20 students and college/university classes will have around 30-50 people depending on
the class or the number of people in the grade/school. An average elementary/middle school day will be about six hours
long, with hour long classes. Elementary school and middle school classrooms will have a volume of 90m3 (5 x 6 x 3m) and
will contain 20 desks. An average college day will be around 6 hours and have a classroom that has a volume of 195m3 (5 x
13 x 3m) and will contain 50 desks.
2.2.4 Stores
The L.O.S Concordia will contain stores for people to get their basic needs like clothes, bathroom essentials, and
food (meal tickets will be provided to all colonists). Each store will be in public areas such as meal and rest areas. Stores will
also have at least 2 workers: cashier and/or chef and a manager. Most stores will be open 24/7, however other stores that
are not will be open from 7:00 AM to 10:00 PM. Workers will have 5-hour shifts and switch out when their shift is over.
Workers will rotate night shifts. Supermarkets will be open 24 hours a day. Other stores such as department stores will be
open from 10 AM-5 PM. Police stations and Fire Departments will be open for 24 hours a day for emergency reasons.
Restaurants in meal areas/public areas will be open from 6 AM to 10 PM and stores, such as malls to buy clothes or other
stores for needs will be open from 8 AM to 6 PM.
2.2.5 Social Interactions
Public areas on the L.O.S Cordia will be constructed in order to promote social interactions. All inhabitants in the
space station will be required to have social interactions with other inhabitants, ensuring that these residents are
psychologically stable, preventing isolation. Each public area will hold facilities such as restrooms, bedrooms, and other
essential needs that allow for everybody in that public area to interact. This area includes a T.V, 4 couches, a snack bar, and
games ranging from board games to video games. The dimension of this space will each be ~200m, per local recreational
gyms and centers.
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3D Rendering of the Social Areas – Student, The Weiss School
2.2.6 Entertainment and Exercise
The L.O.S Concordia will not only provide education, it will also provide entertainment for people living aboard.
These forms of activity include pools, movie theaters, and even a space museum. The movie theater will be holographic,
with five separate 18x15x7 meter (1,890m3) rooms that hold up to 200 people each. This theater will host movies every
two days, with 5 movies (each day included). The L.O.S Concordia will also house pools, with the dimensions of each pool
being around 0.5-4 meters deep and will be 81m2 in area. Each pool, heated to 27ºC, has a maximum capacity of ~60 people,
and will have a restroom nearby. The Space Museum will contain items relevant to the development and creation of the
L.O.S Concordia settlement, with dimensions of 20x20x10 meters (4,000m3), holding up to around 400 people at a time, if
necessary.
Each adult and child in the L.O.S Concordia must also have at least 2 hours a day of exercise to maintain stable and
healthy bodies. If the adults and children don’t get a minimum of 2 hours of exercise a day, then their bones will become
weak, and, when the residents of the L.O.S Concordia return to their homes on Earth, it will be much harder to function.
Everyone on L.O.S Concordia will have separate circadian rhythms, meaning the exercise wing will be in use all day for 7
days a week. The fifteen 1,863m3 (921m2 footprint) facilities will contain 300 stationary bicycles, taking up 446m2 to exercise
the legs, 215 weight lifting stations, taking up 240m2 to strengthen upper body muscles, and 130 treadmills, taking up 254m2
to gain stamina.
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Entertainment, Exercise, and Religious Floor – Student, The Weiss School
While not covered in this section, the religious floor will also be located on the same floor, accounting for 1 quadrant
of the smaller building sections. The other 3 quadrants of the smaller section will be allotted for entertainment. The 15 larger
sections will be allotted to exercise, which will be a necessary component in the L.O.S Concordia’s functioning system.
2.2.7 Religion
There are eight main religions that the L.O.S Concordia will support: Christianity, Judaism, Hinduism, Islam, Jainism,
Sikhism, Shintoism, and Buddhism. There will be three large churches spread out evenly across the settlement for all
people to practice their own religion in. This will be done in certain allotted times for each religion. Each mass/sermon will
last an hour-and-a-half each. Start times of sermons/masses on weekends will be: 9:30 AM, 10:30 AM, 2:00 PM, 3:00 PM,
and 4:00 PM. Start times of sermons/masses on weekdays will be 8:30 AM, 9:30 AM, 10:30 AM, 2:00 PM, and 3:00 PM.
Sermons of each religion will rotate between these times between each of the three churches daily. The L.O.S Concordia
will have three large theater like rooms that all can seat 750 people at a time. These rooms will be 6,300m3 (21x30x10
meters) each and will include all necessary items to conduct important sermons. The rooms will also be available at all
times on weekdays to worship individually.
2.3 Currency and Identification
Every resident and civilian on the space settlement will keep an identification badge containing their information
and job. These badges will be used to identify the residents of the L.O.S Concordia so they will be able to obtain meals three
times a day per the daily nutritional requirements. Badges will also be used to enter fitness facilities, jobs, and dorm rooms
to create an organized and unified space society. For currency, L.E.C, (Lunar electronic currency) will be received and
transferred through badges and cards which will be credited through jobs and work.
The socio-economic system on the settlement will provide the essentials and necessities for its people, including
food, healthcare, and living space, while bonuses and extra credits will be awarded to workers to spend on other, personal
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based items from stores (See 2.2.4). This small-scale society will be run by workers who will work for wages and necessities,
as every job will be needed for the production and success of the settlement. For all purchases, one must provide a
fingerprint scan that must match their personal identity and badge.
2.4 Risk Mitigation
2.4.1 Medical Risks
Medical risks depend on how skilled the professionals hired are, and how deep their knowledge is on diseases and
space related psychology. Temperatures will affect people's health if not handled with extreme caution and care. Therefore,
each resident will have 15-minute check-ups on a weekly basis. Each person will be assigned a doctor, as all doctors will
have around 200 people to take care of, who will measure their weight, height, blood pressure, heart rate, and bone mass
to ensure everybody is healthy. There will be 50-75 check-up rooms and 5 emergency rooms on the first floor. On the second
floor, there will be 50 quarantine rooms to ensure that no disease on the L.O.S Concordia spreads. The dimensions for both
floors will be 195x100x5 meters (97,500m3).

Emergency Floor Plan – Student, The Weiss School
2.5.2 Temperature Risks
Research shows that sweat evaporates slower on Earth than in space. This is why some astronauts are prone to
overheating, which tends to be a major problem, since a change in a person's core body temperature can impact a person's
physical activity, and can even have life-threatening impacts. To prevent this from
happening, every person's exercise will be split up into 1-hour sessions, with one hour in
the morning, and one hour at night.

Section 3: Concordia Commercial
Enterprises
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3.1 Power Transmitting Satellite Series One
3.1.1 Concept of Operations for MTSS
Microwave Transmitting Solar Satellites, or MTSS, orbit earth in GEO (Geostationary Earth Orbit); about 35,000 km
above earth’s surface. Hypothetical designs for the MTSS satellites are massive, with solar reflectors spanning up to 3 km
and weighing over 80,000 metric tons. They will be capable of generating multiple
gigawatts of power, enough to power a major U.S. city. From the top of the satellite to
the bottom of the satellite is determined to be about 5 km. An alternative to the MTSS
is the LTSS (Laser Transmitting Solar Satellites), however, they are smaller, cheaper,
and less efficient, as they are not capable of holding as much electricity as a MTSS.
Following the launch of the MTSS, immediate power beaming will soon follow, with
transmissions sent to contractors on a monthly basis.
Concept of Operations for the MTSS – Energy.gov
3.1.2 Diagram of Operations and Design of Satellite
The L.O.S Concordia will be utilizing the MTSS (Microwave Transmitting Solar Satellites) to power beam.
Numerous Microwave Transmitting Solar Satellites will be launched in pieces and later constructed from the L.O.S
Concordia following the settlement’s completion. These satellites will beam energy to electricity companies as a part of a
predetermined contract, ensuring clean energy redirection for further distribution. 50 satellites will be launched, which
will then orbit Earth to beam power down to consumers. The MTSS satellite will require about 40 launches and assembly
in space by the L.O.S Concordia’s construction team due to their size. Each satellite will cost tens of billions of dollars,
although will be quickly profitable through these power beaming initiatives.

Diagram of MTSS – Student, The Weiss School
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The large reflectors, that are 3 km in length, can reflect large amounts of solar energy towards the center of the
satellite, where it will be stored until further transmission.

Image of MTSS – Energy.gov
3.1.4 Profits
The L.O.S Concordia is estimated to make $81.405 billion from power beaming per month, meaning each satellite
yields ~$1.628 billion per month. The average household in the US requires 914 kWh (kilowatt-hours) or 3,290.4 kilojoules
to function, and if 1 MTSS can hold up to 1 Gigawatt, this effort can power 1,085,408 houses for a month. The plan is to
charge each contractor 150$ per house for a month. The power beaming industry also benefits the present-day Earth
environment on a global scale, giving clean and affordable energy to 1 million homes a month.
3.2 Concordia Mining Operations
3.2.1 Concept of Mining Operations
As the lunar regolith is plentiful in valuable materials, there are many different materials that shall be mined from the
moon, including Ilmenite, titanium, and water. These materials will be excavated, refined, transported, then either utilized
on site or sold. Currently, the demand for these precious resources is on the rise, and through the mining expeditions the
L.O.S Concordia will endure, the demand will be matched by an abundance of new valuable materials. The moon
represents a large trove of precious resources that can be converted into a profit. The operation that will begin six years
after the completion of the L.O.S Concordia’s orbital settlement will be designated as the Concordia Mining Operations.
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Image of Ilmenite – Wikimedia Commons
3.2.2 Excavation Methods for Ilmenite
Titanium/Ilmenite will be harvested with custom excavators that are similar to and modeled after the JCB 3CX
Backhoe Excavator, produced by J.C Bamford Excavators. Instead of having to pay for the expensive fleet of excavators,
excavation companies will be offered contracts to design and build the excavation systems for the L.O.S Concordia’s lunar
settlement. These contracts will be paid for a quick profit, provided by contractors. Excavators will not have a human
cockpit; instead, humans working alongside the excavators will allow for more room for increased excavation capabilities
and flat pad sections on the excavator. Highly efficient piezoelectric systems will be mounted on every contact surface on
the excavator. Minimizing the power budget of the excavator will allow for more energy to be devoted to smelting,
refining, and possibly reduce needed electricity storage and generation space. This space can be used for other operations
such as additional development areas for excavation and smelting facilities.
The JCB 3CX is capable of carrying 25,000 kg of mass. The JCB 3CX has four-wheel steer, which allows for more
control and handling on the rugger lunar surface. The adapted JCB 3CX will be designated as EVSO’s. This stands for
excavation vehicle series one. The cockpit sections of the JCB 3CX, used for material transportation, will be 2x1x2.5
meters. The excavators will have 40 different logos on each of them that will cost $1 million to rent. This design will be
similar to NASCAR, as in order to attract companies, excavators’ operations will be televised 12/7, advertising specific
companies.
3.2.3 Refining Methods for Ilmenite
All excavated materials will be loaded through a refinery facility, where 11% of the estimated excavated materials
will be comprised of ilmenite. Electromagnets will clean regolith off of the Ilmenite, revealing pure ilmenite. These refining
facilities will be designated as RFSO’s (refining facility series one).
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Image of Earth Based Processing Plant
3.2.4 Profit
As one of the L.O.S Concordia’s major industries is lunar mining, there will be an excavator stationed on the moon
for mining purposes. A single scoop made by the excavator can hold up to 25,000 kilograms. The amount of revenue for a
single scoop, assuming pure ilmenite concentration, is ~$550,000. However, the ilmenite concentration on the moon in
optimal regions for all capabilities is about 11%, therefore the amount of revenue per scoop is ~$60,500. By increasing the
size of the excavation claw by scale factor of 10, to the size of a small garbage truck, this operation has a yielding revenue
per scoop of about $605,000 per excavator. This operation will use a fleet of 250 machines a time, making a scoop every
minute. This would result in $217.8 billion worth of Ilmenite being harvested daily.

3.2.5 Cost of Setting Up Facilities
The Concordia Mining Operation will be using 2,000 high-power lift magnets. MAG-MATE PNL1600 Powerlift is the
exact product that this operation will be using, which has a market value of about $1,023 each. By utilizing 2,000 of these,
the total cost for all magnets will be $2,046,000. Due to wear and tears, these need to be replaced every 6 months. To
move material around the refinement factory on the L.O.S Concordia, 5,000 C-Series excavation conveyors will be utilized,
each selling 11,000 dollars. Therefore, the total cost for the conveyors will be $55,000,000, which will also need to be
replaced annually.
The costs for the blast furnaces will also need to be taken into consideration due to their effectiveness yet high
price. Blast furnaces cost roughly $100,000,000 each, and 2,500 will be used. Therefore, it will cost $250,000,000,000 for
the blast furnaces. These blast furnaces will need to be replaced every 10 years, therefore, the operation will cost
$75,000,000,000 annually.
3.3 Semiconductor Operations
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Image of Semiconductors - BrinkNews
3.3.1 Defining Semiconductors
A semiconductor is a type of component used in the manufacturing of advanced electronic devices, also
sometimes used as an insulator. Semiconductors are used in everyday life, as they are used in rice cookers, refrigerators,
mobile phones, personal computers, air conditioners, televisions, washing machines, and many more everyday
technologies. The surge in popularity with semiconductors in today’s society increases the demand for this material,
which alludes to how many companies found and are still to this day finding success in the semiconductor industry.
Semiconductors are powering companies to use the internet to their advantage and reach a larger customer base than
ever before, and these actions are being supported by the ease of electronic stock trading. Since its inception in the
industrial revolution to its final development at the dawn of the information age, it has been creating entire new
industries and dominating global economies, which is why it is imperative that the Concordia Semiconductor Operation
utilizes semiconductors to its utmost capability.

Semiconductors have the components of operational amplifiers, integrated circuits, transistors, resistors,
capacitors and diodes. All of these parts play extremely important
roles in the function of a semiconductor crystal. Operational
Amplifiers are run by the usage of a system that functions through
transferring electrical energy through the usage of physical contact
possible using a conductive medium. This system interconnects the
circuits used in the operational amplifier so the AC electricity can
transfer through them. It allows for the full spectrum of electricity to
pass through, from Alternating to Direct current. This coupling is
achieved through the use of resistors and capacitors. Semiconductors
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are specially engineered to use error correcting methods to offset temperature drift, allowing for the range of usage for
operational amplifiers in semiconductors to increase. Operational amplifiers are made up of multiple integral parts,
including a cable wire for DC energy transfer, a signal source at the start, and a resistor and capacitor at the center to help
the transfer of energy better than the 2 signal sources. Polysilicon links are used to create these operational amplifiers,
and it uses purified silicon to create the various polysilicon link structures.
3.3.2 Concept of Operations

Semiconductor materials will be mined from the lunar surface. They will be excavated using a JCB 19C 1E excavator
among others, later transferred to the L.O.S Concordia, where workers will produce, refine, manufacture, and then utilize or
sell these semiconductors.
The schedule will be that the excavation will take up about 20 hours (Earth hours) each day. All time on the station will
be based in Coordinated Universal Time (UTC), which is based in Greenwich, England. This is acknowledging that most
economic activity on the station revolves around a constant pattern concerning circadian rhythm. The operations will start at
around 00:00 UTC, to try and reach a fair compromise between worker productivity and company needs such as Apple,
Google, Microsoft, and many other Silicon Valley tech companies, likely the L.O.S Concordia’s greatest revenue source in the
semiconductor industry. The excavated materials will need to be shipped in large quantities in case those materials are
needed. The regular schedule for each day will be optimized for maximum efficiency: the first shipment collection would
come minutes after starting, with the lunar settlement workers consistently loading these materials onto trucks. It will take 45
minutes to load all the materials onto the hyper cars, in which other people will load the collected materials. These materials
will be mined in a schedule of 0:00-1:40 2:04-3:44 4:08-5:48 6:12-7:52 8:16-9:56 10:20-12:00 12:24-14:04 14:2816:08 16:32-18:12 18:36-19:16 19:40-20:20 20:44-22:24. 22:48-23:36. Throughout the day, thousands of capsules will
transfer the materials that will be excavated, which should include titanium, aluminum, phosphorus, arsenic, boron, gallium,
palladium, platinum, silver, gold, salts, silicon, and oxide crystals. These will then be loaded onto and transported by
Hyperloop capsules to the lunar settlement. The lunar settlement is then in charge of transporting these materials to the L.O.S
Concordia’s industrial torus.
3.3.3 Excavation
The materials mined from the lunar surface will be excavated, refined, transported, and then utilized or sold. To
excavate the materials, this operation will be using different types of excavators such as the skid steer excavator, long reach
excavator, and crawler excavators. The two types of long reach excavators that will be utilized are the CX210D LR and
CX250D LR, both considered a fuel-efficient machine to cut down on costs. These types of excavators are used for mining
The L.O.S Concordia, Students from the Wolverine CubeSat Development Team, 8th-Grade Large Group Submission

36

jobs that require heavy duty, perfect for excavating materials to manufacture semiconductors. Different models of crawler
excavations will be used to excavate. The Concordia Mining Operations schedule will allocate 20 hours each day to
excavate the lunar surface, using many different models of crawler excavators.

Pure Silicon – Wikimedia Commons
An excavator costs anywhere from $100,000-$500,000 and it can carry 15-20 tons of material including Silicon and
Titanium. The amount of excavation vehicles the L.O.S Concordia will use will be about 1,000, mining many materials like
Silicon and Titanium. The profit per scoop will be about $60,500. The cost to excavate materials per year is estimated to be
around $4 billion.
3.3.4 Refining for Semiconductors
The Czochralski process is a method of the production and purification of Silicon. This is one
of two commonly used methods for obtaining pure silicon. This method uses certain pure metals
such as pallidum, platinum, silver, gold, salts and oxide crystals, which are all highly prevalent
on the lunar surface. The standard industrial process of creating semiconductor crystals
involves cutting wafers from ingots of about .75mm thickness and polishing them to purify
them into a flat surface. Most of the ingots made from semiconductor crystals (See 3.3.1) are
about 250 millimeters in diameter, and they are used in certain integrated circuits. Gallium Arsenide semiconductors are used
to make a lower density of defects in most parts and concentrate the defects, then melt the affected area in a Quartz Silica.
This can occasionally tape unwanted oxygen impurities into the silicon wafers, but radiation hardening methods are good at
preventing that. These methods have already been used in CERN research and were promising candidates in future high energy
physics experiments. This will also contribute to currently very prominent and valuable research, information that could be sold
to large production companies for profit. This method slowly crumbles semiconductors made silicon in boules, then crushes them
into the thickness of boron or phosphorus, which is then added to an n-type or p-type extrinsic silicon to create electronically
conductive seed crystals. It is better performed in an inert atmosphere. The process being presented for this refinement involves
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making a p-type seed crystal. The unique proposal being presented in this situation involves using the same crystalline silicate
for the photovoltaic absorption metal for power beaming, as well as using it for the settlement's customized semiconductor
production. This will accompany most of the production and revenue of the station. A P-type is more viable then an n-type seed
crystal for semiconductor as the minerals present in it are far more prevalent on the Lunar surface than other of an n-type. If
this operation uses the proposed method of shared industry materials, it becomes far more efficient and economical than
previously. This would save money from a standard aluminum photovoltaic system but will require more extraction methods
and money in production. The crystalline silicon is also more efficient than aluminum in space environments at light extraction in
photovoltaics. As well, using the purified crystalline silicon makes better semiconductors in 0G, which makes this much more
efficient and economical. The pure silicon made through The Czochralski process is then used in the Monosilane Process where
it is used further to concentrate titanium which is used in the production process. This process uses pure silicon to concentrate the
impurities of titanium to one side, then a relatively cheap 2000 centigrade cutting. The materials used are the concentrated
Titanium and Silicon, as well as highly prevalent metals found on the lunar surface manifested in p-type semiconductor crystals,
of pallidum, platinum, silver, gold, salts, boron, gallium, silicon lattice manufactured dopants and oxide crystals. The Monosilane
process requires that the silicon go through Czochralski before getting to the processing. This Monosilane concentrated Titanium
is further needed in the process of creating those type-p semiconductor crystals, which is then combined with excess concentrated
Silicon, as well as the vital Type-P Semiconductor materials listed above.
3.3.5 Semiconductor Production, Profits, and Expenditures
Silicon is found on the moon but to create crystalline silicon it involves a chemical purification to produce hyper pure
polysilicon followed by a recrystallization process to grow monocrystalline silicon. The cylindrical boules are then cut into
wafers for further processing. Given the presence of silicon on the lunar surface, within regolith, it can be stated that this
solution provides significant efficiency when compared to earth sourced materials.
Semiconductors are produced by first making the wafers for the semiconductors. First for the process, polycrystalline
silicon must first be purified through combining a mixture of nitric acid and hydrochloric acid and using it to remove the
excess metal atoms in the polycrystalline silicon, the centers apparatus will be centrifuged. Afterwards, this purified
polycrystalline silicon will be heated to the point of becoming a liquid. Solid silicon will later be posted onto the molten
liquid, whereas the liquid will cool to form a crystal ingot, then will go through a large, complex series of mechanical and
chemical polishings to the eventual goal of creating a mirror appearing luster.
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Using this wafer, an integrated circuit will be formed in, on and around the wafer so the fabrication process can
begin to take place, which will occur over a span of 10-30 days in a fully sterilized room. In this process, the following will
occur, Thermal oxidation, thermal deposition, Masking, etching, doping, dielectric deposition, dielectric metallization,
passivation, electrical testing and then the process will finish with the assembly of the integrated circuits to the wafers.
The lunar mining settlement will cost $23,000,000,000 to construct, as well as a period of 5 years after the completed
construction of the L.O.S Concordia to construct the moon base, crystal growth area, and electron arc furnace. The costs of
excavators (650 each) and workers for semiconductor operations costs an estimated 210,350,000 annually.
Semiconductor manufacturing will generate an estimate of ~$256 million per day as a gross income. This translates to
$2.94 trillion, (3.27 trillion gross) by the time the settlement is required to pay back the investors as a total profit, subtracting
costs from construction and upkeep.
3.4 Transportation of Products to the Lunar Base
3.4.1 Hyperloop Vehicles and System
The materials that will be excavated on the lunar surface must be transported to the lunar base, then to the L.O.S
Concordia (See section 4.1.1), and finally back to Earth for profit and revenue to be produced. The vehicles are required to
move the materials, as there is no easy way to move the materials from the industry center to the space station. The
terrain of the moon is far too rough and filled with way too many craters to enable an efficient way. For that, an
interconnected system of hyper loops will be used.
Hyperloops will be powered by lithium ion polymer batteries. The L.O.S Concordia mines the necessary materials
to manufacture lithium-ion batteries on the lunar surface, therefore the hyperloops can be powered with these batteries.
There will be numerous hyperloop cars, so it is possible to carry a large amount of cargo from excavations. Each hyperloop
car can go 1200 kph and will be able to transport cargo very efficiently. The hyperloop system is slightly above-ground, at
a 11-meter altitude supported by magnetic rails. It is originally designed to transport passengers, although all 28 seats will
be removed and altered to store cargo.
The L.O.S Concordia will use 3,672 hyperloop cars, as the L.O.S Concordia would need 14,689 hyperloop trips for a
maximum load assuming with only a single car, however, each hyperloop car will be able to make 4 round-trips per day
from the mining base to the lunar base. Therefore, the colonists can divide the original number by 4 to get 3,672
hyperloop cars to maximize efficiency. Utilizing this information, each mile of hyperloop track will cost about $21.4
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million This will result in a total cost (based on the presumption of a total track length of the circumference of the moon,
which is 6786 miles) of $145,414,285,714.

Image of Hyperloop System – Student, The Weiss School

Section 4: Lunar Settlement
4.1 Lunar Mining Outpost Setup and Design
Diagrams of the Lunar Settlement – Student, The Weiss School
The general design of the L.O.S Concordia’s lunar settlement will
utilize a semicircle entrance into a dome-shaped structure. The lunar
settlement will have solar panels outside the lunar base in optimum
locations to maximize power output for the settlement. The main base
will be 6.09 meters tall with a diameter of 15.24 meters. One-fourth of
the lunar settlement’s area will be a kitchen, and another fourth will be a
lab for experimenting. A separate building will be used as a radio station
to transmit messages, data, and telemetry to the orbital station. The
other half of this area will be used for living spaces, which will need to
support around 25, people, the target amount on the lunar settlement.
The base will receive food from the L.O.S Concordia, sending
food down autonomously. The entrance to the base will be 3 x 4.5
meters tall to ensure there is enough space for materials of any size to
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enter the settlement. The lunar base will be constructed inside a lava tube, making it easier to mine and refine minerals
on the moon. This location will be beneficial to the health of inhabitants residing in the lunar settlement as it provides a
natural roof, further protecting from radiation and meteorites.
The only difficulty will be finding a lava tube that fits all the requirements for dimensions and living spaces. The
estimated budget for the L.O.S Concordia’s lunar settlement will be around $23 billion; however, the settlement will pay
itself back in less than a decade (See 3.0). There are numerous types of industrial that the lunar settlement facilitates,
including the use of lunar mining, smelting, refining, and production of water and fuel.
The lab will be for experimenting with foreign materials found on the lunar surface, also conducting experiments
in microgravity, very similar to the experiments on the ISS. These experiments will be chosen by various space programs
from the contributing countries mentioned in the executive summary. The lab will also be utilized for testing with
materials assigned by the L.O.S Concordia to further development in the production of these materials.
4.1.1 Return to the Station and Importance/Incorporation of Collected Materials
To transport materials from the lunar base to space settlement, the people maintaining the lunar base shall put
the materials mined by excavators in the hyperloop system (See 3.2/3.5), which will be returned to the L.O.S Concordia,
then transported down to earth to be sold for profit. The design will be as compressed as possible, meaning the L.O.S
Concordia’s lunar settlement will have a smaller space for the rover to carry as much material from mining as possible. A
stage-returning rocket will be designed to attach to the L.O.S Concordia with high efficiency so that transporting materials
on and off the rocket is easily accessible. The rocket will be powered by rocket fuel created from the frozen water within
the lunar ice caps, darkened craters, or at the poles of the moon, which will be mined and transported to the lunar
settlement.
The oxygen that is chemically bonded with lunar soil, can be used through electrolysis, which can also power the
rockets as well. Electrolysis, also known as water splitting, is the process of decomposing water by using an electric
potential difference of 1.23V to split water into oxygen and hydrogen. This process will be used on the already melted
water that the miners find on the surface of the moon. These materials are very important to the industrial sector of the
L.O.S Concordia. Lunar mining will not be completed by people on the lunar base, but rather through excavators that will
“scoop” up the materials, which will then be sent to the L.O.S Concordia.
4.2 Existing Lunar Geology, Hydrology, and Climate
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The existing lunar geology, hydrology, and climate are all extremely important factors that must be taken into
consideration. The temperature on the light side of the moon could reach up to 260ºF, or 127ºC, but on the dark side,
where there is no light, temperatures can drop down to -280ºF or -173ºC. These temperatures may be constant for up to
13.5 Earth days straight, or about 2.5 equivalent weeks for a full cycle.
There is water around the poles of the moon, which can be used to make useful compounds such as rocket fuel
and oxygen to breathe. While the water is not safe to drink at first, the water filtering systems the lunar base will
incorporate (See 4.2.1) will make it drinkable. The overall goal is that the base will find enough ice to sustain themselves
and provide fuel for Earth, so that if the delivery of materials to the lunar surface from the L.O.S Concordia fails, the lunar
settlement can ration that material until the next delivery.
On the lunar surface, dangerous solar storms, meteorites, and landforms need to be avoided. These events can
destroy the lava tube the lunar settlement resides in with one event, so it is necessary to include defenses such as a
lockdown system and a machine to detect seismic activity. This might save the lunar settlement in advance concerning a
moonquake or for a single event upset, which might later return to the L.O.S Concordia’s lunar settlement. The crust of
the moon could be used for farming, but in most realistic outcomes it will become almost impossible for the humans on
the lunar settlement to be able to farm without the use of extra water/inhabitants to farm.
4.2.1 Lunar Water Filtering and Methods of Oxygen Production
The breakdown and separation of H2O within the lunar regolith into oxygen and hydrogen uses a catalyst to split
water into the respective separate elements. These catalysts are metal complexes created to artificially recreate
photosynthesis, using sunlight to split water. This method will split 2 water molecules at one time into 2H 2 and O2. Mining
will be used to mine ice deposits at the poles to obtain water, later split by the catalyst. The hydrogen and oxygen
collected can be utilized to manufacture rocket fuel, or H2O2, used for transporting materials back up to the space station,
or for use in breathable air.
The lunar base will obtain water from the ice caps as a byproduct of the lunar mining expedition illustrated by
section 3. The water on the ice caps of the moon has been determined as freshwater, so minimal filtering is needed. The
filtration system will use the water purification technology used on the ISS by its inhabitants to ensure safe drinking water.
This system will be used on a large scale to filter amounts of water at a time. Water can also be obtained as a byproduct
from the collection of lunar regolith via the mining vehicle, also referenced in section 3. The water obtained will be refrozen before putting into the water purification system to kill off any bacteria that remain in the water.
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These two methods will be essential to the success of the settlement and must be taken into very deep
consideration of the inhabitants of the lunar base. Should one of these processes fail the people inside the base could be
killed by either lack of oxygen or not enough water.
4.3 Rationale for Settlement Strategies
The L.O.S Concordia’s lunar settlement will be built in a lava tube in order to protect its inhabitants from radiation
emitted from the sun. The settlement will be made of tungsten to ensure the stability of the L.O.S Concordia’s lunar
settlement structure. To save a lot of money and ensure that the lunar settlement is successful, it must be isolated
material-wise from the orbital settlement. The L.O.S Concordia’s lunar settlement must be able to produce oxygen, water,
food, and fuel. These necessities can come from the lunar surface alone. Oxygen, water and fuel can be found from the
lunar ice caps (method of obtaining described in 4.2.1), food can be grown from the lunar soil, and fuel. No transporting to
and from the orbital settlement is required to provide a sustainable colony. However, the lunar settlement will not be
completely isolated, communicating with the main settlement.
One way that the L.O.S Concordia’s lunar settlement can become self-sufficient is through providing its own
oxygen for the residents. This can occur by splitting the water obtained from the lunar ice caps into 2H2 and O2 (described
in section 4.2.1). The oxygen gathered this way will be released into the settlement structure to provide breathable air.
Similarly to the methods of producing oxygen, rocket fuel will be produced via splitting water obtained from the lunar ice
caps. After the water is split, its components (2H2, O2) will be combined into H2O2 or rocket fuel.
Water is also needed for the colony, as it is one of the basic needs for humanity. Similarly to the method of
oxygen production, water will be obtained via mining the lunar ice caps, melting it down into the water, and then filtering
water to make it drinkable.
Food is another basic need that needs to be self-produced by the lunar colony. High-nutrient foods are optimal for
use in the lunar settlement, as only small portions of them are required for a meal. Options for these foods may include
broccoli, onions, potatoes, and spinach.
There are also many resources on the moon which could be utilized for the L.O.S Concordia’s lunar settlement.
The lunar regolith can be used as a repair tool for the settlement, and a compound known as Luna Crete can act as a
substitute for concrete. The regolith on the moon may also be used as soil for plant growth or hydroponics. Uranium can
also be found on the moon, which can be used to power nuclear on the L.O.S Concordia’s orbital settlement, if applicable.
Since there are enough materials on the moon to build and fuel transportation systems, rockets could also be
manufactured locally. With these factors added up, the L.O.S Concordia’s lunar settlement could also act as a launch site
to travel to Mars.
4.4.1 Lunar Characteristic Theoretical Framework
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A lunar cave, or lava tube, is formed by flowing lava that was previously on the moon. A drained conduit from
underground lava rivers helps form this structure. These caves can provide shelter from radiation and meteorites on the moon.
The lunar mining settlement will be in a lava tube that was discovered by JAXA. The lava tube the L.O.S Concordia’s lunar
base will be located in is 31 miles long and 100 meters wide. The lunar cave will be near volcanic domes known as the
Marius Hills.
The settlers will immediately start constructing the lunar base since the caves are stable and safe from radiation. This
means that materials required for the inside of the base, including the airlock, science lab, and living quarters, are the only
ones required. Materials from the settlement in Lagrange point 2 will be transported to the lunar surface via the L.O.S
Concordia. Although it may be more expensive, safety will outweigh the price. Another great material that could be used is
aluminum, and aluminum is very common in space crafts which can help save money.
Because there is a limited space to transport the materials to build the lunar settlement, the maximum trips made to
construct the lunar base must be less than five, as the lunar base requires minimal materials. This will lower cost and
effectively provide materials if the shipments are in big proportions. The materials will be transported in descending order of
size. A team of construction workers will arrive on the lunar surface prior to transportation of materials to guide the rocket to
the location of the base. After the construction team guides these materials, they will then work on building the settlement.
Once the L.O.S Concordia is fully constructed, a small portion of the population will then go down to the lunar settlement to
mine the lunar surface.

Images of the Lunar Regolith and JAXA-Discovered Lava Tube – JAXA.jp
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