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Educational Background / Occupation:
we assign a specific number of positions that need
to be filled on the settlement, and we need to select
field experts according to those needs.

Community involvement:
this attests to the presence of
several character traits.

Lack of criminal record: Passing the medical and
to reduce the safety hazard risks as psychological tests,
much as possible. which are described below.
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Launching the settlement
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The equilibrium conditions at the L1 Mars-Sun Lagrange Point Final Result
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Explanation

The calculation finds the Mars-Sun L1 point by balancing gravitational forces with centripetal acceleration. Newton's law expresses the forces,
and the equation is solved for d, the position where they match the required orbit. A first-order approximation simplifies the
expression,yielding d ~ 1.08 x 10° as the L1 distance from Mars.

5.1. Artificial Gravity LIFE SUPPORT

Lack of gravity can cause muscle atrophy, bone density loss, cardiovascular issues, fluid redistribution, vision changes, immune system
suppression, psychological effects, altered sleep patterns, and altered metabolism in astronauts [Warmflash, 2023]. Therefore, we should
supply artificial gravity to make living possible for the settlement's residents.

Our Method of Creating Artificial Gravity

We have decided that the generation of artificial gravity will be made possible through rotation. To do this, electromagnets will be used to
revolve the torus rather than engines. Thus, centripetal force exerts an outward force that mimics gravity. Multiple things, such as radius and
velocity, will determine the strength of the force.

Electromagnets work by creating a powerful magnetic field (between the ring that supports the torus and the portion of the cylinder on which
it is positioned) as current flows through their coils. The ring rotates as a result of interactions between this magnetic field and its
ferromagnetic substance [Electromagnets, n.d.]. In this instance, a unique configuration of electromagnets will be used to support and rotate
the torus. The magnets will sustain the rotating motion for a considerable amount of time since there are no friction forces between the
cylinder and the torus. As the torus rotates independently of the cylinder, stable and controlled zero-gravity (0G) conditions may be created
and maintained inside the cylinder thanks to the precise control over rotation that electromagnets provide. Once the torus starts its motion,
electromagnets will just keep it in place.

The Coriolis Effect

The Coriolis effect is an astonishing phenomenon that occurs when an object is in motion within a reference frame that is itself rotating, such
as the rotation of the Earth [Rotating Space Station Dynamics, n.d.]. In our context, where the settlement is designed to create artificial gravity
by spinning, the Coriolis effect becomes relevant. When the spacecraft is rotating, objects inside it take curved paths instead of moving in
straight lines. This can be disorienting and even lead to motion sickness among the spacecraft's occupants.

The good news is that it will be easy for us to handle this problem. It is significant to note that humans usually cannot detect the Coriolis effect
at rotational speeds below two revolutions per minute (2 rpm). Therefore, by adjusting our spacecraft's radius appropriately, we can mitigate
the impact of this effect.

The residential area will be located approximately 515 meters from the torus' center. Thus, we determined a rotational period of 45.548
seconds, translating into 1.317 rotations per minute (rpm), and an angular velocity of 0.137 rad/s.f.
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5.2. Energy LIFE SUPPORT

Long-term survival and success of space living depend on energy. The estimated energy demand for the settlement can be calculated using:
Eiotar = Pavg X N xt

where Fyotq; is the total energy required in watt-hours (Wh), Paug is the average power consumption per person in watts (W), [V is the

number of residents, and ¢ is the operational time in hours.

Assuming, for instance, an average daily energy use per person of roughly 2.5 kW, similar to present Earth-based household consumption, a

community with 20,000 people would demand:

Eiotar = 2.5 x 10% x 20000 x 24 ~ 1.8GWh per day

Solar Power Collection
Zenith Station mostly runs on solar energy. However, the lower solar flux near Mars' L1 point affects its efficiency. Sunlight's intensity at
Mars's L1 point is much lower than Earth's solar constant of 1361 W/m?, around 593 W/m?, so solar panels will only get 43% of the solar
energy accessible at Earth's orbit.
The power received by the solar panels is given by:

Psolar:SXAXn
where S'is the solar flux at Mars' L1 (593 W/m?), A represents the total surface area of the solar panels, and 77 is their efficiency. Zenith
Station will use Inverted Metamorphic Multi-Junction (IMM) solar cells, with 33.3% efficiency, instead of conventional silicon-based cells at
20% in order to offset the reduced solar flux. The settlement will also use solar concentrators, including movable mirrors, to focus and
magnify sunlight, guaranteeing enough power output for long-term viability.

Thermal Considerations
Solar panels in space experience temperature fluctuations from -150°C to +120°C which affects their efficiency. The efficiency drop due to
overheating follows:

nr = o X (1= a (T —Try))
where ¢ is the temperature coefficient, typically -0,3%/°C, and Tres is the reference temperature at which 7ot is measured. To mitigate
overheating, photonic crystal cooling coatings will be applied, which reflect infrared radiation and minimize heat absorption.

Piezoelectric Energy Harvesting

Piezoelectric materials included in pavements and transportation systems can transform mechanical strain into electrical power. The given
output power Pp;c., comes from:

Priczo = Ekaf
k is the piezoelectric stiffness constant (N/m), & is the deformation displacement (m), and f isthe frequency of foot traffic (Hz).

Embedded beneath high-foot-traffic areas will be piezoelectric materials such as polyvinylidene fluoride (PVDF) and lead zirconate titanate
(PZT). Pressure-induced stress created by settlers walking over these surfaces produces electrical charge that is stored in supercapacitors.
With 20,000 people's constant foot circulation, this low-maintenance, passive energy-generating approach could augment the main power
sources.

Energy Storage and Distribution
For constant availability, energy produced by solar panels and piezoelectric harvesting systems needs to be stored effectively. Lithium-ion

batteries, modeled by: Ebattery = CV

where C is the battery capacity in ampere-hours (Ah) and V" is the nominal voltage (V), will serve as the primary storage method. Assuming
a battery capacity of 10,000 Ah and a voltage of 400 V, each battery would store 4 MWh of energy.
Flywheel energy storage systems (FESS), which save extra energy as spinning kinetic energy, will be included in the settlement to improve
energy retention and stability. This approach runs with low energy losses over time and guarantees quick discharge as needed.
Additionally looked at for short-term energy buffering are superconducting magnetic energy storage (SMES) systems. This method achieves
almost instantaneous response times for grid stability by depending on superconducting coils that store energy in a magnetic field.
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Power Distribution and Efficiency

High-voltage direct current (HVDC) networks will be used to effectively move energy across the settlement, minimizing transmission losses.
HVDC greatly lowers resistive losses over long distances, unlike alternating current (AC) systems. Smart-grid technology and power
converters will dynamically distribute energy where demand is greatest, therefore maximizing general efficiency.

The colony will keep a very strong and self-sustaining energy network able to support long-term human habitation by means of the
integration of solar power, piezoelectric energy harvesting, sophisticated storage technologies, and an efficient power distribution system.

>.3. Lighting LIFE SUPPORT

Natural Lighting through the Glass Ceiling
Except in rare alignments when Mars blocks direct lighting, orienting the habitation near the Mars-Sun L1 Lagrange Point (~226 million miles
from the Sun) guarantees constant solar exposure. For best use of natural lighting:

e Specialized glass panels enabling sunlight to pass while preserving thermal insulation and pressure stability will make up the torus

ceiling.

e Automated shutters will control light intensity; they will close during artificial "night" and open during "day."

* To offset the less solar intensity at Mars L1, solar reflectors will focus sunlight onto the glass ceiling.
The inverse-square law controls the declining sunshine intensity with distance:

P
= 42

where:

o [ =lightintensity (W/m?),

o P =power of the Sun (3.826 x 10%W),

o 1 =distance from the Sun (2.26 x 10'm)
Substituting the values: =~ 3828 X 10%W _ Joup ) o

4r(2.26 x 10")? .
Self-produced using Procreate and Blender software
The settlement gets only ~43% of Earth's solar flux compared to 1,366 W/m?, hence it requires adjustable mirrors to concentrate sunlight

onto the glass ceiling and keep a reasonable degree of natural illumination.

LED Illumination for Nighttime and Shadowed Areas
High-efficiency LEDs will illuminate dark areas and at night since sunlight will not be equally distri(Buted. These LEDs will have an adjustable
control system to change brightness all through the day. The luminous efficacy of an LED is 1 = L=
; P
where:
. gbU: luminous flux (lumens)
e P =electrical power input (W)

For IMM solar cells with 33.3% efficiency generating 10 kW/m?, LEDs with 150 Im/W efficiency can provide adequate illumination with
minimal power consumption.

Day-Night Cycle and Circadian Synchronization
Lighting will follow a 24-hour programmed cycle split into Earth's natural cycle:
e Sunrise (06:30-08:00) simulating dawn by progressively raising LED brightness.
e Day (08:00 - 20:00): LEDs for non-sunlight-receiving locations running full brightness
e Sunset (20:00-21:30) uses slow fading to simulate dusk.
e During the night (21:30-06:30), dim red lighting (600-650 nm) is employed for necessary operations. Otherwise, LEDs turn off in most
locations to encourage sleep
Based on melatonin suppression, which blue light (430-490 nm controls), nighttime circadian-friendly lighting use of warmer LED tones

lessens disturbance of sleep.

The melatonin suppression index (MSI) is: M ST =
where: E\ total

* E) prue = blue-light irradiance,
o E) total = total irradiance.
By setting MSI < 0.2 after 20:00, melatonin regulation is preserved, ensuring a healthy sleep cycle. 1 8
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5.4. Atmosphere LIFE SUPPORT

Composition of Earth's Atmosphere: Our settlement will simulate Earth’s atmosphere, which is composed of 78.08% nitrogen, 20.95%
oxygen, 0.93% argon, 0.04% carbon dioxide and trace amounts of other gases [Atmosphere, n.d.]. As a result of the settlement being on
Mars’ orbit, which contains about 95% carbon dioxide, 3% nitrogen and 1.6% argon, the gases we require are simple to come by
[Dobrijevic et al., 2023]. Due to the anticipated enormous amount of carbon dioxide, we may also use it to produce the necessary amount
of oxygen. The oxygen needed will be provided by the settlement's many plants and by growing phytoplankton in artificial lakes,
consuming carbon dioxide, and producing oxygen during photosynthesis. We can also obtain oxygen by extracting it from carbon dioxide
through electrolysis, being reduced to oxygen and carbon monoxide, which, although a poisonous gas, can be used in pyrometallurgy to
reduce metals from ores. Carbon monoxide strips oxygen off metal oxides, turning them into pure metal and producing carbon dioxide.
The resulting carbon dioxide can be once again electrolyzed to extract oxygen.

e Pressure: We aim to recreate Earth’s atmosphere as accurately as possible. Therefore, the settlement’s atmospheric pressure will be
1 atm, or 1,01325 bar, and will be monitored at all times.

o Temperature: The range of comfortable room temperature falls between 20 and 22 °C, while the optimal sleep temperature is
around 18 °C; thus, we will keep the temperature at a constant and permanent 20 °C.

e Humidity: The ideal humidity is between 30% and 50%. Because we want to simulate Earth’s humidity, we will have it be 40% to
increase comfortability.

¢ Air Circulation: For astronauts or settlers to live in a habitable and healthy environment, air circulation in a space settlement is
crucial. In order to distribute oxygen, remove carbon dioxide, regulate temperature and humidity, and stop the building of pollutants,
proper air circulation is essential. To purge the air of particles, dust, and other pollutants, we will use air filtration equipment. HEPA
filters and similar technology can be useful. Air circulation requires careful planning, monitoring, and maintenance to create a
sustainable and comfortable living environment.

SENSOR PROCESSING:

With its numerous advantages, the Arduino (as an example) has
revolutionized the world of electronics and embedded systems.
Because of its open-source nature and user-friendly interface, it
has opened up electronics and programming, allowing individuals
and companies to create without requiring substantial technical
skills. The adaptability of the Arduino allows it to control
applications in a wide range of sectors, from smart home
automation to medical equipment, making technology more
accessible and flexible in real-world situations [What Is Arduino?,
n.d.].

That very adaptability enables the development of custom-built
sensors and control systems to monitor life support systems,
radiation levels, and ambient variables, ensuring the settlers’
safety. Additionally, the ease of programming of the Arduino
allows for rapid prototyping and changes to adapt to the ever-
changing demands of space. With that in mind, our team has
decided to create and test out an Arduino sensor station that
detects and displays the humidity, temperature, carbon monoxide
level, heat index, and carbon dioxide, simulating the life support
sensors aboard the spacecraft.
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5.5. Storage LIFE SUPPORT

Maintaining a largely self-sufficient space settlement is quite a tall order, particularly
considering all the materials required to sustain the human inhabitants. Thus, well-organized
storage is paramount to the settlement’s well-functioning.

Water and basic food will be stored in special containers placed in each escape pod from each
module of the torus, where they will remain accessible and in close proximity to the settlers at
all times, including in case of emergency (when the citizens would take off with the escape pods
- detailed in the “Safety” section). We will also place a separate water storage tank in the
cylinder, as we need an established water source to run the farming area. Rations of food will be
distributed weekly by the underground EMU trains going around the torus and will be stored in
each household for the duration of the week using similar technologies and methods to those
on Earth. Water will be distributed throughout the torus and cylinder through a system of pipes.

Image created using ChatGPT (Al)

Extensive gas stores will also be required for keeping the atmospheres within the pressurized sections topped off, as leaks are inevitable, for
providing fuel for the fusion reactors, namely tritium, and deuterium, and for having xenon reserves to set the settlement in motion when
needed. Transportation of the gases throughout the station will be realized mainly through pipelines running the length of the cylinder and
around the torus, while transfer between the cylinder, where the gases will be stored in vacuum ¢, and they will be stored in each household for
the duration of the week using technologies and methods similar chambers for better preserving, and the torus is achievable by moving the
gases in parallel with the flow of people as is detailed in the “Transportation” section. Any pipelines, however, will be well insulated and
isolated from the rest of the settlement's systems, particularly the ones designated to deuterium as it is highly flammable.

Other solid matter consisting of various devices, jigs, parts, industrial products, and other solid resources collected from asteroids or from Mars
will be stored in the 0G storage area from the cylinder, their transportation being assured by robots placed on a grid system that coalesces into
central hubs where materials can be picked up by the high-speed rail traveling along the cylinders length, from where they can be prepared for
transfer to the torus or taken directly to the industrial section for use or processing. The energy will be stored in large lithium-ion batteries.

5.6. Water LIFE SUPPORT

Water assumes unparalleled importance in a space settlement, where every resource is finite and critical for survival. Water forms the
cornerstone of life support systems, providing oxygen via electrolysis and acting as a radiation shield against space's deadly rays.

WATER OBTAINMENT

One of the methods of obtaining water would be using molecular sieve technology known as the Water Vapor Adsorption Reactor. The WAVAR
would provide a dependable water source by extracting water from the atmosphere of Mars efficiently and reliably by adsorption in a bed of
type 3A zeolite molecular sieve. The water vapors in the Martian atmosphere come into contact with the zeolite 3A, which absorbs the water
vapor until it is nearly saturated. Then, the material is heated within a sealed chamber utilizing microwave radiation, which releases the water
vapors, which flow to a condenser where they are frozen and liquefied. The collected water will go through further purification processes to
remove any impurities, ensuring it is safe for drinking or supporting various life supports.

Another method would be optical mining, a breakthrough technology for harvesting valuable resources such as water from asteroids. Optical
mining simultaneously excavates carbonaceous chondrite asteroid surfaces and pushes water and other volatiles out of the excavated material
into an enclosing, inflated bag without needing unfeasible and expensive robots [Optical Mining, n.d.]. First, the desired asteroid is enclosed in
a containment bag. Then, the mining process begins by concentrating the Sun’s rays through a parabolic reflector onto the asteroid, which is
fractured into pieces, realizing the water inside. The water is collected in cryobags, frozen, and stored for future use. This process of extracting
water from the CI/CM Chondrite asteroids found in the Main Asteroid Belt by heating the regolith with solar concentrator mirrors is also
detailed in the “Asteroid Mining"” section. 20



WATER RECYCLING

The first water purification system that came to mind was reverse osmosis. This process uses a semipermeable membrane to remove any of the
impurities from greywater. This method would seem perfect for our wastewater sources, as the membrane allows all of the water molecules to
pass through while blocking larger molecules and ions, but it is not an efficient water purification system. First of all, reverse osmosis can waste
between 3 and 20 times the water it produces, making it highly ineffective for our space settlement as water is undoubtedly the most valuable
resource. Another disadvantage of this system is that, aside from removing bad contaminants, it also removes healthy minerals such as calcium,
magnesium, and potassium. As such, the pH of the treated water is decreased, making it more corrosive for plumbing systems, and it can strip
lead and copper. As such the water purification system we choose to implement consists of six phases: pH adjustment, coagulation, flocculation,
sedimentation, filtration, and disinfection.

PH adjustment: The first step in the purification would be --~L .
the adjustment of the pH, as the wastewater is never pure, ST TN
being acidic or alkaline. As such, acidic water will be treated \\\
with soda ash or sodium hydroxide. Alkaline water does not i
pose a problem, facilitating the next purification stages. Coagulation: During this phase, chemicals are added to the water, causing
particles to form. Aluminum sulfate and ferric sulfate are some of the most
___,—" commonly used coagulants. They are injected into the water at a high-
e turbulence location. These compounds produce sticky particles known as
," floc. Floc attracts dirt particles, becoming heavy enough to sink to the bottom
/ of the storage tank in which it sits.

________

Flocculation: It works by bringing together suspended fine particles in water and causing them to

form larger, heavier aggregates called flocs. It requires the addition of coagulants like aluminum or A
ferric chloride, which neutralize the electric charges on these suspended particles, causing them to .
draw closer together.Then, flocculants, long-chain polymers, are injected to generate bridges \
between these particles, allowing them to connect more easily. The flocculants diffuse uniformly \
throughout the water during gentle mixing or agitation, allowing particles to collide and cling to \
one another. These aggregates expand in size as the process progresses, finally settling at the — “=----_ .
bottom of a basin or tank due to gravity. Y

Sedimentation: The water enters a sedimentation basin or tank after being coagulated and

_____ . flocculated to aid in the production of larger flocs. The water flow is greatly reduced in this

/ settling chamber, allowing the heavier flocs to settle to the bottom gradually. As the particles fall,

/ they form a sediment layer known as sludge. The clarified water, which is now almost free of
/ these settling particles, flows softly across the top of the basin.

Filtration: During this step, water travels through a physical barrier made up of various filter media, such as sand and

activated carbon. As such, we shall use a rapid sand filtration system that utilizes a bed of very fine sand to constantly -
remove suspended particles and microorganisms from water Water is injected into the top of a filter bed, which is usually .
several feet deep and housed within a filter tank. Because of the porous shape of the sand grains, suspended particles are !
physically caught and maintained as water percolates downward through the sand. As the filter bed accumulates confined \
particles, it must be backwashed on a regular basis to restore its filtration capacity. Water runs upward during backwashing \
to loosen and eliminate accumulated contaminants. ~—~~ Tseo---o ~

Disinfection: 1t is the process of eliminating or reducing harmful germs from water.

Chlorination and ultraviolet (UV) rays are two methods for accomplishing this. To do this, we

have chosen to use UV radiation, which uses UV light to corrupt the DNA of any surviving
- microorganisms and prevent them from reproducing. We will add fluoride to the water to
J adjust the pH. This prevents corrosion in the pipes and ensures that the disinfectants
! accomplish their job of keeping the water clean as it flows through the pipes.
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Researchers in a new study led by Aiping Liu at Zhejiang Sci-Tech University and Hao Bai at Zhejiang University devised a tree-inspired water
transport system that employs capillary pressures to move filthy water upward through a hierarchically constructed aerogel, where it can later be
transformed into steam by solar energy to produce fresh, clean water [Aiping Liu’s Research Works | Zhejiang Sci-Tech University (ZSTU) and Other
Places, n.d.].

The new technology comprises two primary components: a long, porous, ultralight aerogel that transports water and a carbon nanotube layer on
top that absorbs sunlight and converts the water into steam. A glass container houses the system. Water rises through the pores of the aerogel
due to capillary forces induced by water-molecule attachment to the inner surface of the pores. When the water manages to reach the top, the
solar-heated carbon nanotube layer converts it to steam, leaving behind any pollutants. The steam condenses on the walls of the surrounding
glass container, generating water droplets that travel down to the container's bottom and accumulate in a reservoir. The researchers
demonstrated gains in these areas with the novel aerogel design, reaching upward flow performance of 10 cm in the very first 5 minutes and 28
cm just after 3 hours. The device is also suitable for clean water, ocean, sewage, and sandy groundwater.

Furthermore, the carbon heat collector possesses a conversion energy rate of up to 85%. The meticulous design of the aerogel's architecture was
crucial to the advancements. To create the material, the researchers placed the aerogel materials into a copper tube, which was then exposed to a
temperature gradient with the cold end of the tube at -90 degrees Celsius. This resulted in the formation of ice crystals in a certain pattern within
the aerogel along the temperature gradient. The resultant aerogel had a structure with micro-sized holes, radially aligned channels, molecular
meshes, and wrinkled inner surfaces after freeze-drying the tube. All of these microscopic structures contributed to the aerogel's excellent
performance. [Aiping Liu’s Research Works, n.d.].

WATER MANAGEMENT

A study made by the Philadelphia Government shows that the average
American uses about 384.22 L of water per day. The distribution of the
usage is shown in the following table:

By replacing the need for baths with shorter showers we can eliminate the 136 liters needed for filling the tub, thus cutting down the daily water
usage per person to an average of 247.9 L per day. We can estimate that to 260L for safety and comfort reasons. The final consumption looks like
this: 260L x 20,000 residents = 5,200,000 L/day

There will be no water waste because all of the toilets, sinks, showers, bathtubs, and other fixtures have semi-closed loops. The maximum
amount of water loss the residents may produce is 1 L/resident/day, which equates to a total of 20,000 L/day for all the residents, given that we
cannot achieve 100% efficiency in the drinking water recirculation system and that there is 0.5 L/resident/day of accidental water loss (for
example, spilled water). Water recovery will be done once a month, hence 30 x 20,000 = 60,000 L of water could be lost during this time. In order
for the people to not notice a decline in water supply, an additional 600,000 L of water must always be present in the storage reservoir. So, for
the residential area we would need 5,800,000 L of water.

WATER DISTRIBUTION

On the torus, water will be stored in the escape pods. Inside them, there are storage basins, from which a row of pipes distributes water
throughout the torus when needed. Since the spacecraft is equipped with recycling systems, this process will only occur when the remaining
water level is low enough. A monitoring system allows this process to be automated without needing any personnel. Furthermore, in an
emergency where the water purification system ceases operation, additional water can be taken from the seven meter laver stands as part of the
radiation shield.
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5.7. Agriculture & Food LIFE SUPPORT

A recent NASA study called PESTO shows that plants grow 10% taller in microgravity than they would in 1G, so we decided to put the farming
area in the cylinder [Station Science 101: Plant Research - NASA, 2023].

The diversity of the plants we cultivate will increase along with the population; therefore, in order to adapt to the shifting demands of society,
we transported most of the Global Seed Vault from Norway, the largest collection of agricultural biodiversity, which is made up of millions of
brown particles originating from more than 930,000 different types of food crops [Svalbard Global Seed Vault - Crop Trust, 2023].

Considering all the advantages presented below, we have chosen the aeroponic system for our space settlement.

e Due to being suspended in the air, the roots benefit from maximum exposure to oxygen which allows the plants to develop faster than in
other mediums.

e Given the fact that the available space is limited (on a space settlement), the usage of an aeroponic system would be the best solution. As
such, its design allows plants to be stacked upon one another saving up vital space.

* |t requires minimal maintenance, the only important task being the constant monitoring of the root chamber [28 Advantages and
Disadvantages of Aeroponics and Hydroponics, 2019].

* Fewer resources are needed for a productive crop. By eliminating the soil, plants require less water and fewer nutrients to finish a full
growing cycle [A Deep Look at Aeroponics - Trees.com, 2022].

TYPES OF AEROPONIC SYSTEMS

* Low-pressure Aeroponics: The roots are suspended in the air or partly in the nutrient solution. The roots are heavily sprayed and even
reach down into the nutrient reservoir. Even though the LPA is the most commonly used aeroponic system due to its lower initial cost and
effectiveness, it has a higher water usage than other aeroponic systems.

* High-pressure Aeroponics: The HPA has the roots completely held up in the air. It must run at a high pressure to dissolve water into tiny
water droplets less than 50 microns. By using a fine droplet size, it creates more oxygen for the root chamber than the LPA, making it more
efficient. The HPA is regarded as having the lowest usage of water and nutrient compared to the other hydroponic systems. Also, the HPA
systems can run without power for periods of time, which makes them vital in case of a power outage on the space settlement. [C., 2022].

As such, we decided that the HPA system would be the best choice for our space settlement. Its low water consumption and the ability to speed
up plant growth make it the most efficient aeroponic system available.

LIGHTING

For the lighting, we shall use an LED-based system as they can concentrate the
energy at the various wavelengths of the spectrum to stimulate plant growth. As
they produce little heat compared to other light bulbs, we can place the LEDs closer
to the plants in a small space. The best LEDs for horticultural lighting are the Phytofy
LEDs which are a cutting-edge technology designed specifically for space agriculture
by Osram, a global high-tech lighting company in close collaboration with NASA. The
Phytofy LED lighting system distinguishes itself through its customized spectra that
are tailored to the needs of different plant species. This allows us to optimize plant
growth by adjusting the light spectrum to mimic natural sunlight or enhance growth
phases. As LEDs are inherently energy-efficient, the Phytofy LEDs can provide the
necessary light for plant development while keeping energy consumption minimal.

The agricultural environment requires strict control over factors such as

temperature, humidity, and light. As such, the Phytofy LEDs can be incorporated

into a closed-loop, automated system that maintains optimal lighting conditions for

plant growth. Through the optimization of light spectra, the aforementioned LEDs e
can lead to higher crop yields, which is essential for sustaining the population in the

space settlement
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MICROBIAL-BASED FOOD PRODUCTION SYSTEMS

As a complementary source of food for the citizens, we have chosen the following plan presented by Llorente et al. in their study entitled
"Harnessing bioengineered microbes as a versatile platform for space nutrition" (2022).

Microorganisms require fewer inputs, double their biomass faster, are widely utilized to make food additives, are generally more receptive

to bioengineering interventions and are regarded as a potential sustainable food source. A promising option for transformation into a
microbial food production system is Saccharomyces cerevisiae, a food-grade microbe, more precisely a yeast that has been used in the food
industry for thousands of years. Yeast cells have a macronutrient profile which is similar to the one of soy flour, with 40.4% protein, 34.6%
carbs, 1.5% fats, and 13 k] per gram of dry cell weight, this aspect giving them the potential to become a significant component of a human'’s
daily diet. They also contain all necessary amino acids that humans cannot synthesize and must get from food sources, like histidine,
methionine, isoleucine, leucine, threonine, valine, etc. Microgravity circumstances do not appear to have a substantial impact on its
development or survivability, S. cerevisiae grows very quickly, doubling in 90 minutes under ideal conditions, and is highly genetically
adjustable [Llorente et al., 2022].

The main resources needed to synthesize S. cerevisiae are carbon dioxide (C02) and nitrogen (N2). CO2 can be procured from the
atmosphere of Mars, as it is found in large quantities. Nitrogen will be procured both from Mars’ atmosphere and human urine, which has
a high urea concentration (~10 g/L), a nitrogen source that is easily assimilated. This way, we will provide a recycling system in which almost

nothing is lost.
There are several techniques for producing microbial food directly on CO2 once it

is available and can be conveniently gathered and delivered into a bioreactor. We
will employ electrochemical CO2reduction with hydrogen to produce methanol, a
liquid one-carbon (C1) source. The demand for sugars as a carbon and energy
source is S. cerevisiae's main restriction as a food-production system. A solution
to this limitation would be the C1 assimilation that may theoretically be
engineered directly in S. cerevisiae, eliminating the need for autotrophic partners
(like cyanobacteria). With today's synthetic biology capabilities, it is possible to
suggest engineering numerous features for S. cerevisiae's nutritional and sensory
enhancement to repurpose it for creating edible microbial biomass. To support
the preservation of a balanced diet and allow for the customization of food to
personal preferences, a collection of yeast strains created for optimal nutrition
and a diversity of textures, scents, tastes, and colors would be beneficial.
Selected yeast strains cultivated in microbial bioreactors on one-carbon sources
might rapidly yield edible biomass for human use [Llorente et al., 2022].

3D food printing technologies enable the production of more complex food regarding sensory qualities and creating aesthetically beautiful
personalized meals. Because the entire edible microbial biomass harvested from bioreactors may be used for printing food, this technology
could allow for maximal food output with the lowest waste [Llorente et al., 2022].

DIET (REQUIREMENTS & CHOICES)

A nutritious diet is essential as it protects against a wide
range of chronic diseases. It needs to include consuming a
variety of foods and consuming less salt, saturated fat, sugar,
and industrially generated trans-fats. Thus, we have
provided a list of values for daily intake levels of nutrients:
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At first, the balanced diet for the colony will consist of five different plant species (to obtain the first crop as fast as possible, we will
apply seed germination to every chosen type of plant) (See Fig d.1 for nutritional values).

Following the stabilization of the food resource, each citizen will have an individual diet established with a nutritionist. The food rations
returned to each citizen will be recalculated.

Rancid food: When food is exposed to air for an extended period of time, it becomes rancid, a process known as oxidation. In fact, many
usual components, especially lipids (oils and fats), react with oxygen. Heat or ultraviolet light can hasten the process. Smaller molecules
such as ketones, aldehydes, and fatty acids are formed during oxidation, giving rancid foods their distinctive rank, pungent, and metallic
odor. While antioxidants operate in a variety of ways, they can generally negate many of the processes that promote rancidity and extend
the flavor and the food's nutritional value. This is where an Al tool comes in handy. Once the machine recognized general chemical patterns,
such as how different compounds react with one another, we fine-tuned it by teaching it some more complex chemistry. Our team used a
database of nearly 1,100 combinations already published in the scholarly literature for this stage. At this stage, the Al could anticipate the
effect of any combination of two or three antioxidants in less than a second. 90% of the time, its forecast matched the effect stated in the
literature. As such, Al models are an essential tool in developing antioxidant combinations and assisting scientists in finding better ways to
preserve food [Garcia, n.d.].
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5.8. Recycling LIFE SUPPORT

In our space settlement recycling will play a major role in the management of resources, as a circular economy model based around
recycling in which input and output are kept to a minimum is mandated by the high costs of resource acquirement. Additionally, more easily
recycled resources such as metal and glass will be favored over harder to recycle ones like plastics. Most waste falls into two categories,
organic and inorganic. Typically, organic waste can be recycled through biological processes while inorganic waste can be recycled through
melting and recasting. The recycling of water doesn't fall within the scope of this section, being already detailed in the “Water” section.

Organic Waste: For most waste materials of organic origin such as food waste, manure and scraps from the agricultural industry,
composting represents a cheap and effective method of recycling. With the use of various microorganisms, the organic waste is transformed
into stable and safe compounds that can be used to replenish the nutrients crucial for plant growth and agriculture. Plastics are markedly
resilient materials, being processed to a point where microorganisms have a hard time decomposing them. Pyrolysis is one of the most
promising methods of plastic recycling and our method of choice, consisting of subjecting the shredded waste material to temperatures of
400-800 °C in an oxygen-free environment [Kabeyi & Olanrewaju, 2023]. This mainly produces pyrolysis oil, a liquid mix of various
compounds that can be later converted into fuel or into a large range of high-value polymers.

Inorganic Waste: Glass and various metals, such as iron, steel and aluminum pose little challenge in being recycled. Through the use of
furnaces, these materials can be easily melted down and recast without losing their respective strengths and qualities. Batteries and other
electronic components would probably have to be recycled, despite the high costs and complexities of the process, due to the difficult to
obtain elements found within such as lithium and cobalt. Lithium-ion batteries, for example, require a lengthy multi-step process, including
discharge, disassembly and mechanical and metallurgical processing, before the valuable metals can be extracted, all the while chemical,
electrical and thermal factors add additional risk throughout the recycling process. Various composite or ceramic construction materials
such as concrete, brick and other masonry are easily ground up and reused for construction in the form of aggregates and fill. On Earth
medical waste is usually discarded off and destroyed thoroughly due to the various pathogens usually present, however radiation treatment
through the simple exposure to the interplanetary medium may open up this category of waste to recycling. Textiles come in two main
varieties, natural and synthetic. Natural textiles, after sorting by color and material, can be shredded and respun for later weaving and
knitting without much trouble, while synthetic textiles are granulated and melted down, before being cast into new polyester fibers ready
for reuse [How Are Textiles Recycled? - London Recycles, 2020].

5.9. Death Protocol LIFE SUPPORT

Regarding the death of a citizen, we shall enact a standard death protocol that will follow how the deceased's body will be dealt with. After
the corpse is collected, the necessary religious ceremonies are performed. If the family requires this, the body will enter the first stage of the
composting process. As such, we have decided that it is futile to implement a conventional cemetery as it represents a waste of soil, energy,
and space that are indispensable for the function of the settlement. Also, we cannot dispose of the body in space, as it could eventually
collide with a satellite or another ship [Stirone, 2021]. With that in mind, we implemented the "Body Back" for the burial, which uses a
process called promession developed by biologist Susanne Wiigh-Masak, who founded Promessa in 2001 [Raj, 2015].

Promession is a method of corpse disposal where a body is turned into a powder (crystallized body particles), much like cremation.
Promession uses a freeze-drying technique to lower the body's carbon content rather than flames, intense heat, or high pressure [Fortino,
2021]. The body would be frozen on Earth using liquid nitrogen during the promession procedure. However, in space, a robotic arm would
suspend the body outside the spaceship encased in a bag, exposing it to a temperature of -200 degrees Celsius. The body will be left outside
in the frigid void for over an hour until it becomes brittle; at this point, the arm would vibrate, shattering the body into ash-like fragments.
This method could reduce a 200-pound astronaut to a 50-pound mass the size of a suitcase. The remaining mass will be placed in an urn
and given to the deceased's family (if they request it). If the families request it, ceremonies commemorating the departed will be held.
When there are too many urns in the space settlement, the ashes will be extracted from the urns and placed on a spaceship bound for Mars,
where they will be spread across its surface.
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11.3. Entertainment INSTITUTIONS

Keeping every citizen's sanity at a high level is our priority. A functional space settlement that can provide the necessary conditions for
surviving is insufficient. Enjoyable activities can cause the brain's endorphins, which are naturally occurring "feel-good" chemicals, to be
released. Lowering stress and anxiety levels can encourage relaxation and general well-being. Below, we listed only worth-mentioning or
unique activities that we were able to include in our settlement. (We did not list the usual activities from Earth that we added in the
settlement, as they are similar to what the people already know, like watching a movie at cinemas, eating at restaurants, reading e-books).

The Museum of Memories

We created "The Museum of Memories”, a place to display the essence of humankind and its definitory inventions. Many generations of
citizens who have never seen anything from Earth will be born, and this will assure, along with the "Terra" subject, that humanity will not
forget its origins and history. The museum will be divided into multiple sections, as described below:

Music
In this area, we will provide each citizen the opportunity to listen to the most remarkable musical pieces of all time, all
i :ﬁ arranged in the correct historical timeline. Every song will be available, from the definitory composers like Chopin, Bach,
Beethoven, Mozart, and Verdi, to the revolutionary Michael Jackson, Queen, Pink Floyd, The Beatles, Elvis Presley, ABBA, and
Billy Joel and the tremendous modern-day talents like Eminem, Taylor Swift, Ariana Grande, Justin Bieber, Sia, and Ed
\0 Sheeran. There will also be the possibility to exercise and play every invented instrument, but the idea of digital-created
<\o music will also be encouraged (using DAW technology). To make future composers' work more accessible and encourage
\‘<. them more, we will utilize the idea of the company "Frettable" (link), which can transform an instrument's audio into its

right sheet music.

Art:
. Here, we succeeded in collecting the work of the most accomplished

m ‘)’ artists, like Leonardo da Vinci, Vincent van Gogh, Pablo Picasso,
F g “ J Claude Monet, and Rembrandt, and exposed all of them to the

‘).' citizens to watch, admire, and understand their specific style and
t‘ vision of the world. We will also offer the population the means to
create their own pieces in painting, sculpture, or digital form, as
online art exhibitions will be organized to encourage amateurs and
Gaming: be space efficient.

In this zone, we were able to create a gaming hub in which we placed all types of games we could find, from the irreplaceable retro arcade
machines and board games to the newly cherished video games that changed our perspective, like "The Legend of Zelda", "Grand Theft
Auto", "The Last of Us", the "Uncharted" collection and "Super Mario Bros". Additionally, we built dedicated spaces for the games everyone
used to play outside on a sunny day, like "Hide and Seek" and "Red light, Green light".

Technology:

From the beginning, it was clear to us that many essential objects and inventions of humanity

could not be placed into one of the three categories listed above. To solve this issue, we

created another area entitled "Technology" that explores this subject. It will contain many

revolutionary items displayed as tactile holograms, arranged on a timeline, from the

Printing Press (1450), which enabled a way for literacy to expand, the Electric Light (1879),

which helped power many social changes, the Automobile (1885), which increased

everyone's mobility to the Mobile Phone (1973), that was invented in the more recent years,

allowing us to communicate more efficiently. This area will help future generations better

understand human evolution.

Physical Activity

Numerous advantages of physical activity for both physical and mental health are well known. These include better sleep and general quality
of life, as well as increased brain health, cognitive performance, and a decreased risk of anxiety and depression. 37
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Taking this into consideration, on our spaceship, we implemented two sports centers, each with a capacity of 1 000 persons. They will support
the usual sports (football, basketball, tennis, etc) and also include "endless pools", by which we managed to save much space and water, as
they enable you to swim against the water current, making it seem infinite because you can never reach the end, even though you are
swimming hundreds of meters and the pool only occupies a few. Inside the complex, there will be high-capacity gyms. There, citizens who
spend time in microgravity or null gravity conditions will be able to train in strength and endurance exercises to counteract the effects of
muscle atrophy and bone density loss that can occur.

Adding a traditional skiing slope in the settlement was impossible, as it is hard to
deal with the constantly needed snow and the immense size it covers. The company
"Neveplast" succeeded in solving this problem by creating an "extremely smooth"
material "with a coefficient of friction equal to snow." This revolutionary low-cost
invention is light, with a similar feel to the snow, being able to be placed on any
surface (even grass), thus transforming it into a suitable one for skiing and
snowhoarding. This eliminates the necessity of having snow while also being easy to
add or remove from a surface if the used space is required for something else. We
will use this invention in our settlement to enable our citizens the possibility of skiing
and snowhoarding.

Public Parks

"In every walk with nature, one receives far more than he seeks" — John Muir.

We will build public parks and other green spaces around the Torus to allow citizens to spend time in nature, maintain a healthy mind, and
find a worry-free and relaxing recreational space. At night, theater plays with hologram backgrounds could take place in parks, as well as
movie projections.

0G entertainment

Some null gravity chambers placed in the central cylinder and low gravity chambers placed in the tori will be used for entertainment purposes
so that citizens can take the best advantage of the conditions they find themselves in. Some of the available activities are:

Sports in Zero Gravity: Basketball, soccer, or other games (spaceship life development will surely leave its pattern, and new sports will be
invented) can be adapted to zero-gravity environments. The dynamics of these sports would be dramatically different and captivating to watch.
Zero Gravity Dance Parties: Choreography and movements would take on an entirely new dimension without the constraints of gravity. This
would also be an opportunity for artists to create music specially designed for a zero-gravity environment.

Art and Sculpture Exhibitions: Artists could create sculptures and installations using three-dimensional space in ways that are not possible on
Earth.

Virtual Reality: VR technology can offer users a fully immersive experience, making access possible in any environment or time desired.

In addition, entertainment spacewalks will be possible, allowing citizens to observe celestial events better.

Spacewalks offer unique perspectives of the Cosmos. Accordingly, those who are interested can capture photographs and videos that may
contribute to scientific research.

Safety precautions like trained employees and security cables will be used, as microgravity may have malignant effects on health. People who
spena <onsiaerable time in these conditions will need to follow strict exercise routines to maintain their bodies unaffectad.

Viewing the stars
“Look up at the stars aiia not down at your feet. Try to make sense of whau you see and wonder about what rakes the universe exist. Be curious.” -
Stephen Hawking.

We designed our tori from the settlement to have ceilings made out of glass. This choice was made not just for letting the natural light spread
around the torus easier, thus using much less energy for the artificial lighting, but also for a beloved activity that everyone on Earth used to
enjoy. For many of us, viewing tne stars became one of the daily pleasures we could take advantage of. We can receive hope and happiness by
watching these distant light sources, so including such a precious activity in our settlement was essential. We will place a performant telescope
that the citizens will be able to utilize at any moment of the day to admire the universe. 38
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Starchips (centimeter-sized nanocrafts) are an interstellar spacecraft designed for the Breakthrough Starshot program, and will be constructed
and regularly sent to space, providing data as imaging and spectroscopy information, ISM studies, magnetic fields, and cosmic rays
measurements [Breakthrough Initiatives, n.d.]. Solar sails, which leverage the momentum of photons emitted by the Sun, will be used to
periodically launch nano crafts in space using our Mars-based laser propulsion infrastructure, powered by solar energy, following the project's
pattern [Society, 2022].

A laser light sail propulsion system can be built from asteroid and Martian resources, using advanced 3D printing and manufacturing
technology, and assembled in space, potentially through robotic or autonomous systems. This could involve constructing a large array of laser
emitters capable of focusing on the light sail, powered by Mars-based solar arrays. The laser's power demand is approximately equivalent to that
needed for launching the space shuttle into orbit, conferring us a significant advantage [Williams, 2023].

Starships are distinguished by whether the ship carries its own reaction mass or not. "Slowhoats™ carry a huge amount of equipment to initiate
operations in a new solar system and its hold of radiation shielding, unlike laser-propelled ships, which depend on external sources, such as
lasers, for accelerated travel. The advantages of laser-driven ships include the ability to reach cruising speeds of a few percent of Cin 6 weeks
instead of 100 years [Chung, 2022].

Interstellar traveling will require massive amounts of energy and mass, so it will be necessary to have some kind of energy source comparable to
controlled fusion power. Fusion power plants are being developed to create practical fusion propellant for interstellar travel, but it still faces
limitations such as technical complexity, fuel availability, and heat management.

The Magnetic Fusion Plasma Drive (MFPD) is an innovative approach harnessing controlled nuclear fusion reactions to produce both thrust
and potential electric power. The resulting plasma from these fusion reactions is carefully confined and manipulated through the use of magnetic
fields, assuring controlled energy release and precise directionality.
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