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Executive Summary
The ARES-1 Settlement will be a permanent residence on Mars, sustaining 1,000,000
people with a common goal of unity, peace and space exploration. The name of the
settlement is symbolic in nature, with ARES representing the God of Mars, and 1
representing the one million inhabitants. This settlement will be an international
effort, composed of citizens from the United States, United Kingdom, Russia, Japan,
and India. Working towards a globalized world and achieving Universalization, ARES1 will create a cohesive environment amongst its citizens, who will work as a unit,
regardless of race, ethnicity, gender, or occupation. The ARES-1 mission patch
signifies these ideals, by spelling the name of the settlement using the Morse Code
in order to demonstrate that not one language or country is supreme. This mission
patch will be proudly worn by ARES-1 citizens to symbolize unity.
ARES-1 logo. Courtesy J.Lupyan
This high-level proposal is divided into dedicated sections to address the
process of getting to Mars and establishing the structure from a physical
standpoint, including proposed models and procedures. Secondly, it
discusses the set-up from an organizational standpoint, addressing issues
of government, healthcare, housing and transpiration, as well as
education, culture and sports. The Commercial Enterprise section
discusses how the settlement will be made self-sustainable and
economically successful. Additionally, this proposal addresses aspects
related to the Environmental Control and Life Support Subsystems, as
well as Food Production, to ensure viability of the settlement. ARES-1 is
designed to be more than just a habitable colony where people can
survive, but a Martian City State where humans can grow and prosper as
a self-sustainable society.
ARES-1 Subsurface cross section, Student, The WCDT.
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Section 1. Structure and Assembly
1.0 Section Summary

For the ARES-1 Martian Settlement to fully sustain itself not only in the short but in the long term, its exterior
structure has to be thoroughly considered, with one that not only hones a convenient way of shipping and storing
materials, or one for developing a newly tapped Martian industry, but one for housing Earth’s global population
for long-term human growth and development. As this Martian colony will house a diverse group of one million
people, it is not simply one settlement placed into one particular area, but an interconnected community with a
plethora of opportunities for humans of all socioeconomic classes to thrive. For this colony to be considered with
enough accuracy and detail to house one million people in a practical and ethical manner, the overall structure,
construction, and dimensional constraints must be considered with great detail to accommodate an entirely
foreign Martian environment.

1.1 Exterior Design and Dimensions Summary

The total volume, both interior and exterior, of the ARES-1 Mars City Settlement was decided to a tee to clearly
and accurately optimize the entire city as one system. The core of this system lies in its five underground facilities,
or “floors”, which all both serve their own individual primary purposes, and serve to one common purpose of
ensuring that the ARES-1 Mars City Settlement population is housed, entertained, and protected within an
environment as optimal (if not more optimal) than that on Earth.

1.1.1 Residential Townhouse and Overground Crater

The ARES-1 section is nearly entirely underground, and it will be developed and
constructed within a floor-based system. This system incorporates a way of living in
which the entire facility, storing and housing one million people, consists of 8 total floors,
with each serving their own individual purpose. The total height of this 8-story
townhouse living facility is approximately 20.97m (or 68.8’). Excluding the walls
themselves, the total floor area of the ARES-1 residential townhouse facility will be
approximately 7.85m X 10.76m (84.466m2). Though the total volume (excluding walls) of
the ARES-1 townhouse would be approximately 1,771.3m3, the allocation of space to
each of these floors heavily varies, depending on which floor and individual resides in.
8-Story Residential Building Exterior Model - Student, The WCDT

Each individual floor of this building has an approximate height of 2.62m, and each will store certain groups of
individuals in the total ARES-1 settlement population. Including a wall length of approximately .5m, the total
volume of this townhouse will then be approximately 2,018.6m3 - therefore, the total exterior volume of each of
the townhouse’s floors is approximately 252.325m3. Though the residential sections themselves do hold the ARES1 settlement population, there are numerous other sections of the settlement that house this population in a
similar manner. There will be 166,666 of these buildings within the underground residential section, with each
having the ability to store and house at least 8 ARES-1 Mars City citizens.

Cross-Sectional Area of the Interior Residential Spaces - Student, The Weiss School
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Additionally, a portion of the residential spaces will be aboveground. Along with this residential area , there will
be another naturally-occurring piece of above-ground land that the ARES-1 Mars City Settlement will utilize for
storage and practicality purposes to ensure that every aspect of the settlement underground can thrive and
sustain itself through an extra production facility over ground. There will be different sections of this over ground
area dedicated to communications/technology to allow for the settlement’s citizens to utilize technology under
the Martian surface, an area solely dedicated to a solar-based power supply to allow for the amenities of the
Martian city to be sustained at all times, a miscellaneous storage facility of water and other amenities, an
agricultural storage area, an area for residential and short-term renting, and an additional storage and control
facility specifically dedicated to the Environment Control and Life Support Systems (ECLSS) of the ARES-1 Martian
Settlement. The total floor area dedicated to solar panels and a solar power supply will be approximately 1,425m2,
the communications and technology facility of this over ground crater will consume approximately 1,376.55m2 of
area, the water and miscellaneous storage facility will consume approximately 3,036.1m2 of area, the agricultural
storage area will consume approximately 1,876.57m2 of area, the international residential renting facility will
consume approximately 3,223.88m2 of area, and the ECLSS control and storage facility will consume
approximately 370.85m2 of area. Therefore, the total floor area required from this naturally occurring Martian
crater will be approximately 11,308.95m2 of floor area.

Cross-Sectional Floor Area of the Entire Overground Crater - Student, WCDT

Additionally, to the crater itself, a much larger portion of land surrounding this
crater will be dedicated specifically to farming and crop-rotation. This cropping
facility will take up a highly valued 1200km2 of floor area. This was specifically
concluded to ensure that the ARES-1 Mars City Settlement will form both a selfsustaining economy and a self-sustaining food supply for its one million citizens.
A To-Scale Depiction of What the External Farming Area would be in Comparison to
the Internal Crater - Student, WCDT

1.1.2 Initial Steps and Assembly: Mars Direct

The plan for getting to Mars is difficult and requires numerous steps. ARES-1 will follow the plan known as “Mars
Direct”. This is the most efficient plan for starting the roots of the Settlement because it maximizes the use of
resources on Mars instead of bringing everything from Earth. The first part of this mission will be to send an Earth
Return Vehicle to Mars, in order to verify that using a small nuclear reactor it can utilize the Martian Atmosphere
to create fuel for the return flight. Once, it has been ensured that fuel can be generated that way, the second
stage will commence of bringing humans to Mars.
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Stage 1: The first stage of the project will be sending an Earth Return Vehicle (ERV) to the Martian Regolith. The
ERV’s mission will be to generate rocket propellant using the resources provided on the Martian surface.
Confirming that fuel can be generated on Mars will be an essential stage in order to facilitate future missions.
Being able to generate fuel on Mars will allow more fuel-efficient trips from Earth to Mars, making them faster
and more cost-effective.
Upon arrival, the ERV will use its aeroshell in order to safely enter the Martian atmosphere and go into orbit. The
ERV will stay in orbit for several days before making its final entry to the Martian surface. The ERV will land on
Mars with only 6/105 tons of liquid hydrogen propellant left in its tank. However, by using the Martian
Atmosphere and Nuclear Reactor the ERV will be able to generate an adequate amount of fuel, which can be used
for the return flight to Earth. This process will be done by sucking in the Martian Air, which is 95 percent Carbon
Dioxide, and reacting it with hydrogen brought from Earth. This reaction will produce Methane, which will be
stored for use as a rocket propellant, and water, which will be broken into Hydrogen and Oxygen particles using
the process of electrolysis. The hydrogen will be recycled back into the reactor in order to continue the reaction
processes, while the oxygen will be stored as rocket propellant.
Stage 2: After it is verified that the fuel process works and can refill the ERV’s tank, the ERV will wait on the Martian
Surface for the human crew to arrive in a forthcoming mission. The next stage will begin by launching humans to
Mars. The purpose of this stage is to send initial supplies and the first crews to start building the foundation of the
Settlement and conduct necessary research. Aboard the ship will be four astronauts and a habitation module,
approximately 5 meters high and 8 meters long. This will be where the first settlers of the ARES 1 Settlement will
live. This initial mission will be crucial to the future success of establishing the settlement. As more experience is
gained on how to live on Mars and the building and assembly process continues, the mission times for crews will
start to extend and eventually the ARES 1 Settlement will start to reach its goal of 1 million people.

1.1.3 Underground Spaces

The ARES Martian Settlement, as it is considered to be a Martian city, will not only house an over ground station
area dedicated to human and cargo travel, but an underground facility dedicated for a multitude of purposes that
complement the over ground facilities of the city. Naturally occurring Martian soil contains numerous hydrogenrich polymers, that hone numerous radiation-shielding properties. These properties, when compared to all
polyethylene materials that could sustain doses of radiation, lead all values of dose strength (the ability to receive
and protect from doses of radiation, with value 58.86 millisieverts per year) and an effective dose equivalent of
87.15 millisieverts per year, while still having the smallest thickness tested out of any other material at 10cm (with
the lowest density as well, at 9.2g/cm3). There are a total of ten underground floors, categorized into five primary
sections, that will be constructed as a part of the ARES-1 Mars City Settlement, and each will have a total floor
area of 5km by 5km (25km2) - which therefore means that a total of 4.11 km3 of volume will be both allotted for
these floors and surrounded/protected by Martian soil. These underground living areas are not only independent
of the over ground residential facility townhouse but will store the overwhelming majority of the total ARES-1
population. Each of these sections will be developed within underground facilities meters below the Martian
surface and will each have their own allotted mapped layout to ensure that every individual of the ARES-1 Mars
City Settlement is familiarized with how to navigate within and between each. Each individual floor is primarily
dedicated to each of the following categories: residential (which will utilize one floor), well-being, entertainment,
and emergency (which will utilize one floor), agricultural (which will utilize three floors), multipurpose (which will
utilize four floors), and governmental (which will utilize one floor). Though these are each the primary focuses of
each section, they each have their own diverse methods of making the ARES-1 Mars City Settlement as wellrounded, practical, habitable, and technologically advanced as it can possibly be (while still maintaining the
aesthetic of each floor). To start, the total empty volume required for the residential section will be approximately
5.75*108 m3 (or .575 km3).
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Front View of the Entire 5-Floor Underground Facility (left), Top View of the Residential Section (right)

The green lines shown in the above image (to the right) is a walk line dedicated to both a sidewalk for human
travel, and the primary means of transportation in the Maglev train transport. The yellow areas of this view are
all dedicated to train stop areas for the Maglev train to halt (which also allow one to move from the residential
floor to one of the other ten floors), the brown-striped areas are all dedicated to largely-connected rows of
townhouses as well as another set of sidewalks (along with a bike lane for bike travel). The red-striped lines are
all dedicated to an emergency road with two separate lanes in case any emergency takes place in any of the
residential floors, plus a bike lane and sidewalk. The red blocks shown in this image are all dedicated to emergency
service hospitals within the floor itself. The purple represents bike lanes and sidewalks, the blue area represents
essential services and schools, and the black area represents multipurpose areas. Seven of the other floors,
dedicated to both agricultural the and multipurpose sections, all have identical floor plans, and each have the
exact same volume. Each of their floor heights are approximately 13.72 m, meaning that each of their individual
volumes are 0.35km3.

A Top-View Floor Plan of Both the Agricultural and Multipurpose Floors - Student, WCDT

The ninth of these ten floors is dedicated to the government section, and was manufactured to ensure that the
ARES-1 government core is optimal to keep its one million settlers humane, lawfully sound and sustained, and
legally abiding as if they were residents of Earth. This floor will hone a height of 22.86 m, and its total necessary
volume will be approximately 0.575 km3. The final floor of this underground settlement space will be dedicated
to well-being and entertainment (WBEE), to ensure that, past all of its industrial and economic value, the ARES-1
Mars City Settlement will keep its citizens joyful and proud to be in residence of the settlement. The height of this
floor will be approximately 22.86 m, similarly to some other floors, and its total volume will be approximately .575
km3.
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A Top-View Plan of the Government - Student, WCDT

WBEE (right) Floors - Student, WCDT

1.1.3.1 Modes of Transportation

Each respective floor of the ARES-1 Mars City Settlement’s underground
facility will hone a method of transportation that utilizes what is known as a
“Maglev Train”, which is known not only for its high velocity peaks and
maneuverability from the utilization of magnetic levitation technology, but its
ability to store and transport large numbers of people relative to its form
factor. Each Maglev train has the ability to store two thousand passengers,
and a total of 14 trains will be needed to serve the ten underground floors.
The total length of one of these trains would be 533.1m, and its width and
height would each be 4.2m, making the total volume of each train
approximately 9,403.9m3.

(To-Scale Frontal View of the Maglev Trains Used in the ARES-1 - Student, The WCDT)
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1.2 Interior Design Structure
1.2.1 City Layout

The underground city will be organized into many areas (refer to the picture above). There will be side entrances
along the residential sections. To support a massive amount of beings, many jobs will be agricultural. Many
residents will have their living quarters in an agricultural “village”. Along with agricultural villages, there will also
be aquaponic facilities spread throughout the city. The center of all things will be the government, which controls
supply chains and order in the settlement. Humans have problems day-to-day. In the WBEE (refer to the top
picture) sector, hospitals and care centers will be along the corners of the sector. In the inner part, there will be
human entertainment to keep a happy and prosperous settlement. Extra multipurpose spaces will be provided.

1.2.2 Cargo, Industrial, and Human Living Spaces

Between the human living sector and WBEE, there will be industrial facilities to provide a wide range of goods and
services to the residents, and the well-being of the settlement’s structure. Along all sections of the settlement,
there will be transportation lines which will provide cargo and necessities for the residents on board.

1.2.2.1 Entertainment Facilities

Humans need enjoyment and social interaction to be healthy. In entertainment facilities, restaurants, theatres,
confectioneries, parks, and nature simulations will be offered. The well-being, entertainment, and emergency
(WBEE) section of the ARES-1 will appropriate these different amenities to different areas throughout the system.
The total area dedicated to WBEE has 8 separate subsections, that would each hold a plethora of buildings
dedicated to entertainment, health, religion, and emergency. Each of these spaces would have all of the proper
amenities for the WBEE section, meaning that one would not have to travel from one WBEE-dedicated area to the
other (through the major transport lines) for any of their needs.

1.2.2.2 Healthcare Facilities

Therapists and non-medical well-being specialists will be provided in the Well-being section. For emergencies
requiring medical attention, specializing doctors will be necessary, and will be offered as a job. Hospices will be
also in the Well-being section. Hospitals will be very similar to Earth’s hospitals and will provide 24/7 care in case
of emergencies. Medications will be monitored and regulated.

1.2.2.3 Religious Facilities

Within the WBEE sector, religious churches, synagogues, mosques, gurdwaras and temples will be provided due
to the fact that a variety of people will be residing in the city. Any religious quarrels that will be noticed by the
government will be dissolved with great effort.

1.3 Shipping and Assembly

Though the ARES-1 Mars City Settlement is centered around a long-term methodology of housing, serving, and
protecting its one million inhabitants, the preliminary procedures of shipping all of the necessary cargo, and
human personnel to the surface of Mars is just as (if not more) significant in the long-term sustainability of the
settlement. The shipping and assembly section outlines not only the methodology of construction on the Martian
surface, but the total necessary power and cost requirements to ensure that would allow the settlement itself to
be constructed in a timely manner (which could therefore allow for a long-term economic sustainability and profit
of the city while it houses its one million residents).

1.3.1 Construction and Connectivity Methods

The ARES-1 settlement will be completely set up with working infrastructure and resources by the year 2080.
After a group of people is established in the settlement it will be less time consuming and labor requiring to build
up the settlement further. It is estimated to take around 9-12 months to build up this initial infrastructure for the
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settlement. The homes should take approximately 7 months to complete, and should cost approximately $6.5 per
square meter or $14,928 per floor ($14,928,000,000 in all)

1.3.1.1 Cost Requirements

When ARES-1 will be completed, technology will be more advanced and costly due to inflation, and ARES-1 will
require a budget to acquire these technologies. This budget will 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 establish a multinational Martian settlement with a common goal of financial
security and prosperity.
The entire budget for the ARES-1 settlement including transportation costs and the costs of building the
settlement is not expected to exceed 1 trillion dollars. The budget for the government and societal concerns of
the settlement is expected to be $12.5 billion, which incorporates the costs to start a government and to fund
education, healthcare, emergency services, etc. The budget for the government also includes funds to help
purchase needed materials for any disasters that put the safety of the settlement at risk. The budget for excavating
and establishing the underground portion of the settlement is expected to be $200 billion. The approximate
budget for providing power by implementing the Kilowatt nuclear reactors is $1.3 billion. The cost of implementing
the Maglev train system on the settlement is expected to be $2.5 billion. The cost for the initial set-up and ongoing agricultural needs of the settlement is expected to be $7.6 million dollars.

1.3.2 Mass Calculations of Each Material

The total mass calculations necessary for the ARES-1 Mars City Settlement are shown in two primary categories:
mass in materials that will be shipped to the Martian surface from the terrestrial one, and naturally occurring
mass utilized on the Martian surface itself that would be used for radiation protection purposes. The entirety of
the mass used on the Martian surface would not need to be directly financially compensated for with regards to
shipping, and the only costly aspect of these materials would be the actual purification and construction of said
materials. The total mean density of the roofing of this underground facility would be approximately 1.5*1016kg.
Prior to construction, though, this Martian soil will be extracted by industrial plants for its ilmenite content.
Approximately 21% of the total mass of Martian soil contains a form of ilmenite. For optimal excavation purposes,
this means that approximately 21% of the total martian soil collected would not be utilized for construction
purposes, meaning that the total mass dedicated to construction alone will amount to 1.34*1016kg. Along with
this, simple construction materials for residential areas will be shipped from the terrestrial surface to the surface
of Mars. For residential purposes, the entire volume necessary of cement construction to create the exterior of
all residential spaces alone would be approximately 176.4m3 (this would only account for the 6-story residential
buildings required within the underground residences). Assuming the effective density of cement as 2.8 g/cm³,
the total mass necessary for residential buildings alone would be approximately ~4.94*106kg. The JCB 3CX
excavator will be utilized for industrial purposes, and approximately 500 of these excavators will be needed. The
approximate mass of one of these excavators before and after assembly is approximately 6,129.9kg, meaning that
approximately 3064.925 metric tons will be sent from the terrestrial surface that are dedicated to these
excavators. The total mass needed to ship from the terrestrial surface will vary significantly depending on the
progress of the development of the Martian city itself, but the total mass of both the residential spaces and the
industrial excavation methods alone would be 8,004.925 metric tons.

1.3.4 Orbital Mechanics Summary

As the ARES-1 Mars City Settlement will act as its own fortified city, and not an orbiting body, the orbital mechanics
aspect of the settlement more heavily revolves around the shipment and assembly of Martian rocketry systems.
Multiple Hohmann transfers will be necessary to ship materials as quickly and conveniently as possible, and
multiple SpaceX Starship rockets will be utilized and reused to ship said materials. SpaceX has also made strides
in developing the Interplanetary Transport System (LST), that will carry approximately 550 metric tons of payload
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space and will require approximately 13 million tons of lift on its launch from the terrestrial surface. The LST (which
is planned to be reusable) along with numerous reusable Starship rockets must be sent with the necessary
shipping requirements in a matter of 5 to 10 years.
(Necessary Orbit Locations and Delta-V Requirements to Transfer a Rocket from one Orbital Location to Another- Forbes)

1.3.4.1 Propulsion Methods

In the early stages of the settlement, ion thrusters will be used as a
propulsion system due to the decreased risk of explosions. Because a large
loss of supplies could have significant downfalls, ion thrusters are suitable for
a trip that would take months, such as the trip to Mars. Since ion thrusters
are very inefficient on Earth, other propulsion methods such as rockets using
chemical reactions will be required in early stages of the rockets. The
settlement itself would utilize a primary system of nuclear power that would
be sustained in both the ECLSS and multipurpose underground floors and the
over ground storage facility floors. Nuclear power has been proven to be
optimal for both a long-term and immediate/impactful power supply, and
there would be a more than necessary storage space volume to ensure that
the one million citizens of the ARES-1 will be housed in a livable space. A
secondary power source of solar power will also be utilized, and this would
not be utilized as a primary power source as the risk of Martian dust blocking
the primary power supply of solar panels could put the habitability of the
ARES-1 settlement at risk.

Section 1.3.5: Power Requirements

To accommodate power and electric needs of the inhabitants of the ARES-1 settlement, nuclear power will be
utilized as it is most efficient for the Martian environment which is subject to dust storms. To start the residential
townhouses alone, each individual building, considering all electricity used within said buildings for necessary
periods of time, would produce approximately 90,666,304kwh of energy per day, amounting to a total of
33,093,200,960kwh per year. In terms of all necessary transportation methods, there will be a total of 14 Maglev
trains held throughout the ARES-1 Mars City Settlement underground section. Each train requires approximately
1.4 kilowatts per ton to maintain for a respective trip from any location to the other in the settlement. This then
means that, concluding the maximum number of ARES-1 citizens that are allowed to enter one train at one point
in time (based on the maximum mass allowed onto a Maglev train of 70 tons, adding to the 50 tons of mass that
the train itself has, a total of 2050 passengers at a maximum could enter the train at one point), a total of 120
tons would be the maximum mass utilized per each trip, meaning that, for each trip, a total of 168kw of energy
would be used per trip. And, assuming that approximately 2.90 trips would be executed for every 24 hours (the
track distance per trip would be approximately 20km, and the average velocity of a Maglev train is approximately
160km/h), a total of 487.2kwh per day would be consumed by each train. This, therefore, means that a total of
2,489,592kwh of power would be consumed per year by all 14 trains. Including the requirements for ECLSS and
industry, which would both require 19,800,000kwh of power per day, and agriculture (which would require
approximately 10,000,000kwh per day based on the crops used), the total power requirements for the entire
ARES-1 settlement per day will be approximately 122,955,896kwh per day (44,878,902,040kwh per year).
Therefore, to sustain the settlement’s Industrial and Agricultural needs, the ARES-1 Mars City Settlement will be
utilizing a nuclear-based power source, in which there will be one primary set of nuclear reactors utilized to power
the entirety of the settlement, and an extra secondary set dedicated to a backup source if the primary set of
nuclear reactors fails at some point. These are known as the “KRUSTY” “Kiloreactors”, and are developed by NASA.
Each reactor will utilize approximately 876581.277kwh per year (or around 2401.6kwh per day). This means that
a bare minimum 51,198 of these reactors would be needed to power the entirety of the ARES-1 settlement.
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However, precautionary measures will be taken to ensure that there are minimal cases of power surges and power
outages in the settlement, so an array of 100,000 reactors will be utilized. An extra 60,000 will be stored as a
necessary means of backup power in case the original 100,000 fail. So, in total, as each reactor has an approximate
outer diameter of 1.14m, the total area of the 160,000 reactors of the ARES-1 Mars City Settlement will be
approximately 0.16km2, with a total volume consumption of approximately 324,800m3. A backup solar-based
power system will also be utilized, with each individual cell utilizing approximately 265 watts of power (and each
with an area of 1.6335m3). A 265-watt cell can supply approximately 1.06kwh of power per day, meaning that the
1425m2 of crater area dedicated to these solar arrays would be able to supply approximately 1,000kwh per day.

Section 2. Government and Societal Concerns
2.1 Government

The form of government will be a democratic proportional representation system. ARES-1 will consist of divisions
that will oversee different areas such as: Societal Concerns, Commercial Enterprises, Agriculture and
Environmental Control and Life Support Systems. Each division will elect a seven-person committee and a chair to
oversee the activities of that division and facilitate the decision-making process.

2.2 Personal Rights

ARES-1 will be a pro-choice society, with religious freedoms and freedom of speech. Citizens will be entitled to
free healthcare, and the rights to obtain and review criminal records on its co-settlers.

2.3 Healthcare

ARES-1 will provide free healthcare and medication to its citizens and require regular health evaluations to assess
the adjustment process and the evolving nature of citizens well-being on Mars. Research groups will be designated
to conduct studies on how the citizen’s bodies are physically and mentally responding to the new environment
and living conditions. The settlement will be initially staffed with highly qualified medical and pharmaceutical
professionals, and rigorous education and training programs will be established for the succession planning of
future generations of doctors on Mars.

2.4 Judicial System and Crime Management

The laws of ARES-1 will be designed to create a safe and productive environment for the citizens of the settlement.
The judicial system will function similarly to that on Earth, with elected judges and attorneys to facilitate the court
case progress, and the judicial code that will be followed for crimes and punishments. Since prisons require a
significant amount of space and labor, which are valuable resources in a space settlement, prisoners on ARES-1
will continue working during their sentences but will be isolated from the general population and subject to strict
security during the non-working hours. Upon serving their sentence, the convicted individuals will be released
back into society, with their rehabilitation process closely monitored. Those who fail to rehabilitate or who exhibit
credible threat to the direct safety of the citizens, will be subject to transformative justice methods that address
interpersonal harm with mediation within the community.

2.5 Identification and Monetary System

ARES-1 citizens will have an identification shoulder badge containing their identity,
employment and vital health information. In addition, the badges will be used to track
balances, as well and making and receiving payments. ARES-1 will implement a
monetary system through the use of points. The points will be used for purchasing
goods and services. The data on the shoulder patch chips will be connected to a cloud
system for immediate recording of transactions, deposits, withdrawals, balances, and
occupation.
(ARES-1 Shoulder Patch - Student, The WCDT)
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2.6 Employment

The labor power on the settlement will be augmented through the use of robots and Artificial Intelligence. The
settlement will aim to utilize the use of robotic systems and heavy lifting drones in manufacturing, building,
assembly and transportation sectors. Similarly, the food production sectors will heavily rely on technological
advances and labs powered by Artificial Intelligence. Humans will be positioned to oversee operations and address
technical issues and alerts. Different jobs will have different points depending on the difficulty or how long
someone works at that job.

2.7 Public Transportation

With the settlement being quite large a mode of transportation will have to be in use. The best and most efficient
mode of transportation will be the Magnetic Levitation train system. A maglev train can go at a max speed of 600
km/h and can slow down almost instantly. While high-speed Maglev infrastructure is relatively expensive to build,
maglev trains are a sound investment into the future as they are less expensive to operate and maintain than
traditional high-speed trains. Maglev systems can operate at very high speeds with limited deterioration and
therefore, in the long run, they are more economical to operate than wheel/rail rapid transit systems that require
regular intensive maintenance and experience exponential erosion as their speeds increase. With the limited
service requirement every 10 years, this transportation method connecting the ARES-1 society will be extremely
effective and efficient.
In the timeframe of the ARES-1 settlement being built, the cost of the maglev train tracks is expected to be reduced
to $6.43 million per km. To accommodate the settlement size, the estimated cost of the tracks combined is $1.286
billion. The estimated cost of the train itself will be estimated at $1.2 billion, with all electrical components ready
to function. Therefore, the estimated total cost for the maglev train system on ARES-1 will be approximated $2.5
billion.
The rails will run in a spiral shape around the multipurpose, agricultural and WBEE floors, to increase efficiency.
The residential floor will have a different system (refer to model). The maglev trains will stop for 1 minute and 30
seconds at each station. Although the train will be facilitated by Artificial Intelligence, there will be human
conductors on each train to manually override any technical issues and accommodate passenger needs. The
train(s) will be able to accommodate up to 2,000 people at one time.

2.8 Transportation of Goods and Materials

The primary means by which goods and materials will be transported across the settlement will be autonomous
drones. The model which will be used is the Grif 300 UAV. This drone has a heavy lift capacity of 500 pounds and
can carry that weight for 45 minutes. These specifications can be further adjusted in order to meet Settlement
needs. These drones will operate through Artificial Intelligence and are programmed to transport industrial
materials and distribute food and necessities across different sections of the settlement. The drones will also help
facilitate the Assembly process. One of the main things which the Griff 300 was geared to during its development
was helping to lift parts of buildings in construction. By using automated drones in the assembly process, the
settlement would require much less manpower and labor, in addition to increased efficiency.

2.9 Education

Education will be an integral part of Martian Society, with its purpose being to build community and unleash
human potential with respect to innovation and productivity. Due to the unique needs of humans in space, the
education system will be significantly more robust and progressive than that on Earth. The curriculum will be
advanced in Technology, Aerospace Sciences, Chemistry, Biology, Physics, and Geology. The lessons will be
project-based to facilitate student’s ability to apply obtained skills in the space environment. Arts and Literature
will also be a vital part of education, as well as Earth History and the History of Humans getting to Mars.
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2.10 Sports and Fitness

Social activities and physical fitness will be very important on ARES-1 and will assist the first Settlers in coping with
the unfamiliar conditions of a new planet and the initial shock of isolation from Earth. Traditional sports and
exercise facilities will be provided for physical well-being and strength building and will be also a way of bringing
people together. Newcomers to Mars will find participating in traditional sports, such as basketball, very exciting
due to the air resistance and the gravitational pull on Mars, being one third of that on Earth. This will enable the
settlers to possess more strength, throw further and jump higher. Due to the constrained space in the initial
settlement, there will not be vast arenas and fields as on Earth. However, to simulate the familiar concepts, ARES1 will utilize the Virtual Reality technology to create the illusion of a large space in sporting events such as soccer,
cricket and golf. As the settlers grow and evolve with their new environment, there will be endless possibilities for
the inventions of new sports, both individual and team based.

2.11 Historic Preservation

As life on Mars continues to evolve, high value will be placed on historic preservation of landmarks and nature, so
that the future generations can learn about the history of Mars and its first settlers. Nature preservation will be
enforced by the ARES-1 settlement committees, which will also consist of pre-constructed Martian monuments
with pre-designed etchings to preserve throughout the lifetime of the city.

Section 3. Commercial Enterprises
3.1 Settlement Mining Operations
3.1.1 Concept of Operations for Mining Operations

Similar to the Moon, the Martian surface holds a large amount of iron that is rich for exploitation. The Martian
surface holds the iron in the easily collectible Martian dunes, as opposed to the hard to penetrate, close to surface,
lunar regolith. As such, mining of iron on Mars would be the optimal course of action, given the high weight to
profit relation.

3.1.2 Excavation Methods of Iron

Iron will be harvested with custom excavators that are similar to and are modeled after the JCB 3CX Backhoe
Excavator, produced by J.C Bamford Excavators. Instead of the investors and settlement bearing the cost for an
excavation fleet, excavation companies will be offered contracts to design and build the excavation systems of the
Mars settlement. This would cut the price of the lunar fleet into the profits of the contractors, and not the
settlement. 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 more development
areas for excavators 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 rugged and varying surface of Mars. The
adapted JCB 3CX will be designated as EVST’s. This stands for Excavation Vehicle Series Two, as this is the second
development of the EVS concept theories. The cockpit sections of the JCB 3CX, which will be used for materials
carrying, will be 2 meters by 1 meter by 8 feet. 25,000 kilograms is about 55,000 pounds. This is for a single scoop
by an excavator.

3.1.3 Refining Methods of Iron

All excavated materials will be loaded through a refinery facility, where 20% of estimated excavated materials will
comprise of titanium, per Figure 5 of a research article about the results from an alpha proton x-ray spectrometer
utilized in the Mars Pathfinder Mission. Electromagnets will clean regolith off of the iron, revealing pure iron. The
refining facilities will be designated as RFST’s (refining facility series one)
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3.1.4 Costs, Revenues, and Profits from Martian Mining

25,000 kilograms is about 55,000 pounds, which is the number of pounds of material lifted by a single excavator
in one scoop. Iron is inexpensive, which is why such a large harvesting amount is needed. Iron is priced at 4.3
dollars by conventional scrap metal companies, which the iron that we are harvesting will most likely resemble.
The amount of revenue for a single scoop, assuming pure iron concentration, is $236,500. However, the iron
concentration on Mars in optimal regions for all capabilities is about 20%. Therefore, the amount of revenue for
one scoop is $47,300. By increasing the size of the excavation claw by 10, to the size of a small garbage truck, this
operation can get a revenue per scoop of $473,000 per excavator. This operation will use a fleet of 250 machines
a time, making a scoop every 15 seconds. This would result in 681.12 billion dollars being harvested every day.
This is a volume of 137,500,000 cubic feet of material per day.
Each mining vehicle is harvesting 275,000 pounds of material every minute. Every minute, the total material
harvested is 137,500,000 pounds. This 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 is 1,023 dollars each. The total cost for
magnets will be 2,046,000 dollars. Due to wear and tears, these will have to be replaced every 6 months. To move
material around the refinement factory will be using 5,000 C-Series excavation conveyors, each coming in at
11,000 dollars. Total cost for conveyors will be 55,000,000 Dollars. These will need to be replaced once every year.
Finally, the cost for the blast furnaces will need to be taken into consideration. Blast furnaces cost 100,000,000
dollars each, for transport and for installation, and 2,5000 will be used. Therefore, it will cost 250,000,000 dollars
for the blast furnaces. They will need to be replaced every 10 years.

3.2 Leasing of Scientific Research Platforms
3.2.1 Design of Scientific Research Platforms

The scientific research platforms will be located on the Martian surface within the international renting area, being
cubical in size, with each side being 10 meters. There will be a pipe framework, with a high strength textile
surrounding it. In one corner, there will be an industrial light that illuminates the room upon electronic command.

3.2.2 Costs of the Platform

The entire design will be similar to a bubble, where the cost for each pipe is around 100 dollars to buy, and 30
kilograms in weight. Each platform will have 12 pipes, therefore the cost of shipping each structure will be 16,200
dollars. On top of that, there will be a 20 kilogram in weight, 3,000 dollars to purchase high strength transparent
textile that wraps around the cubicle. This will cost 13,000 dollars to buy and transport. On top of this, a large, 10
kilogram and 2 thousand dollar light fixture with a negligible electrical pull will be connected to a pipe, aimed
diagonally, to illuminate or not illuminate the entire cubicle. This will cost 7,000 dollars. The total cost for each
cubicle will be 36,200 dollars, and they will need to be replaced every year. This will result in a cost of 3.62 million
a year.

3.2.3 Renting of the Platform

Researchers can buy usage of a cubicle for 2 million dollars per month, which allows light control, and nothing
else. On top of that, they are allowed to bring up to 200 kilograms of material, each kilogram costing 50,000
dollars. Cubicles may be rented in bulk and connected, with a convenience fee of 500,000 dollars for each cubicle
rented when there’s a connection, as it would cost 10,000 dollars to connect them, but there would be risk
associated with it. There will be a lot designated for the housing of the cubicles, 100 cubicles in total.

3.2.4 Revenue and Profits

There will be an annual minimum revenue of 2.4 billion dollars. At most, there will be an annual revenue of 15
billion dollars. Minimum revenue assumes that every customer only buys one cubicle, and that they don’t bring
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any mass to the cubicle. Maximum revenue assumes that all the cubicles are connected by one client each month,
and the client uses the maximum amount of material in their cubicle. Profit under minimum revenue would be
2.39648 billion every year. Profit under maximum revenue would result in an annual cost 135.62 million, meaning
a profit of 14.86538 billion dollars.

3.3 Material Manufacturing
3.3.1 3D-Printing

Given that there will already be iron excavation on a large scale on the Martian surface, creation of structures
would be easy. Iron, heated up to just above the melting point, will be placed in a large industrial sized 3D printer.
Upon exertion from the nozzle of the 3D printer, the iron will be just hot enough to be laid down. Operations will
commence during the cold nights, which, given how close the iron is to being solid, will cause the iron to cool
down shortly after being dispensed.

3.3.2 Fabrics and Self-Sustaining Facilities

Based on the discretion of the leadership of the ARES-1 settlement, various factories will work at various levels of
optimization, where textiles will be created, along with other items that are needed. Minerals can be excavated
by removing some excavators from regular operational use to collect different materials, which can then be
refined in plants to manufacture various necessities. Textiles shall be created through melting down basalt rocks
and refining them into very small threads, which can then be woven like how textiles are woven regularly. These
textiles will not be the most comfortable, however they will provide some comfort, and a large amount of
protection. Cotton supplements that originally came from Earth can be used in very small amounts to allow for
increased comfort. This will allow ARES-1 to maintain self-sufficiency.

Section 4. Environmental Control and Life Support Subsystems (ECLSS)
4.0 Section Summary

In order for the inhabitants of the ARES-1 to survive, an Environmental Control and Life Support System (ECLSS)
must be set up for the society. This includes a way to supply the ARES-1 with clean, breathable air and potable
water, as well as radiation protection from galactic cosmic radiation and the sun. The systems that are utilized on
the ARES-1 are most efficient, take the least amount of energy and maintenance, and are the most cost and
resource efficient. Additionally, the ECLSS system on the ARES-1 will also manage how waste will be managed as
well as ensuring that the inhabitants have all the necessary resources to survive and thrive on the Martian surface.

4.1 Recyclable Oxygen

Throughout the ARES-1, the requirements for breathable and recyclable air must be taken into account. As a
society that bears 1 million breathing, working citizens, oxygen is a key component to the city’s functionality. The
ARES-1’s enclosed parameters must consist of an atmosphere similar to Earth: 73% nitrogen, 25% oxygen, and 2%
CO2. Using a constant of 11,000 liters of air per person, the ARES-1 will require 11 trillion liters of air to support
human life per day. Within each facility, phytoplankton, which provide more than 50% of the oxygen on Earth, will
be set up facing the sun based on the amount of ingress and egress of the facility, more specifically, 10cm3 of
phytoplankton per 10,000 citizens. In agricultural facilities, no phytoplankton will be utilized, as this would limit
that amount of saturation the plants would receive through photosynthesis.
The ARES-1, similar to the ISS, will also utilize numerous different air recycling systems, including the CDRA and
nitrogen purging to recycle breathable air. The CDRA, or Carbon-Dioxide Removal System, will focus on the excess
dumping of CO2 if the phytoplankton were to die off or partially function, however, most excess CO2 will be utilized
in the Sabatier Reaction (4.2.1). Nitrogen purging is also an effective way to recoup nitrogen, as when the citizens
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perform activities that require a Martian Suit, they must all be involved in nitrogen purging in order to avoid
decompression sickness.

4.1.1 Air In-Situ Resource Utilization (ISRU)

The concept of In-Situ Resource Utilization (ISRU), as coined by NASA, relies on the use of localized resources that
are available on a planetary or lunar body. On the Martian surface, a large amount of oxygen is spread across the
planet’s crust. Utilizing this along with the 95% CO2 atmosphere, the composition of breathable air will be possible
using ISRU. However, the greatest challenge that the ARES-1 must determine will be the utilization of surface
nitrogen. The Martian atmosphere is approximately 2.7% nitrogen, whereas the prime atmosphere requires
around 75% nitrogen. To this date, the primary source of nitrogen has yet to have been discovered, although the
Sample Analysis at Mars (SAM) has discovered nitric oxide on the surface, and when heated, may release nitrogen
in the atmosphere. The ARES-1 will utilize this carefully, combusting all nitric oxide molecules on site in a
controlled environment to ensure that all nitrogen is utilized.

4.1.2 Thermal Management

The base will use a multi-layer insulation system to retain heat and block out the radiation. This form of insulation
will utilize heat exchangers, which will be installed prior to inhabiting. The heat exchangers will have cold plates
to cool electronics to reduce excess heat. Plate exchangers are the most efficient due to the fact that they enable
turbulent flow on both sides. Additionally, they are very cost efficient, easy to maintain, and have a very high
thermal transfer. Any excess heat will then be sent out through radiators on the station. On the station, there will
be large radiator panels which will allow the heat from the station to be released from the station in the form of
infrared radiation. This system will utilize a glycerol-based antifreeze coolant for the transfer process. This will be
necessary as the temperatures on Mars that would easily freeze fluids such as water and ammonia. The interior
of the station will be regulated by using water as the pipes would be protected from the harsh temperatures on
Mars. Water is one of the best fluids for any liquid cooling applications because of its high heat capacity and
thermal conductivity. Water is also very compatible with copper, which is one of the best heat transfer materials
to use for the fluid path. This water-cooling system will be utilized to cool the interior of the station by using
cooling plates. The interior will use resistance pads to produce additional heat to the inhabitants' body heat. These
pads will provide a sufficient amount of heat to warm the station.

4.2 Clean Water

Of course, potable water for inhabitants of the ARES-1 must be provided. On average, everyone on the settlement
will be consuming 3.5 liters of water per day. To get this water, a combination of water filtration and ice mining
of the polar ice caps will be used.

4.2.1 Water Source

We will be harvesting our water from Mars’s South polar ice cap, which is composed mostly of water ice and solid
Carbon Dioxide (dry ice). The Ice composition is 98% Carbon Dioxide and 2% water. Therefore, in order to
maximize efficiency, the ice will be processed on the South Pole. This will allow for only water to be transported
back to the Settlement. The water will be transported using autonomous drones. The model which will be used is
the Grif 300 UAV. This drone has a heavy lift capacity of 500 pounds and can carry that weight for 45 minutes.
These specifications can be further adjusted in order to meet Settlement needs.
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4.2.2 Water Recovery System

The ARES-1’s water recovery system, very similar to that of the
ISS, recycles urine, cabin condensation, and Extra Vehicular
Activity (EVA) wastes. It is an entirely closed system, so there
will be no water lost out into the Martian atmosphere. Citizen
wastewater will be collected in the form of urine, sweat, and
moisture from their breath in the air. Then impurities and
contaminants must be filtered out of the water. This will result
in potable water. The average range of urine produced by
humans is 800 to 2,000 milliliters per day, considering that the
human has a normal fluid intake. Our one million citizens are
expected to produce about 3.5 million liters of water per day,
so a large system to purify all that water will be required. The
air moisture recovery system will include a filter, a pump, and
a holding tank of 100 liters for all the recovered water.

Image Courtesy nasa.gov/offices/oct/image-feautre/space-station-regenerative-eclss-flow-diagram

When this holding tank is full, the water will be flushed to the water filtration plant. There will also be a pressure
driven urine recovery system which will consist of a 2 million liter holding tank, a pump capable of pulling 3,000
liters of water per minute through the membrane. After going through the membrane, the water is safe to use as
agricultural or industrial water but will need to go through the main water filtration plant before it can be
considered potable. The last part of the water recovery system is the potable water filter. To become potable, our
water will go through a distillation filter, which creates water vapor, then condenses it back into pure water,
leaving any other sediment or minerals behind. The distillation process will be done three times before the water
will be deemed safe to drink. This part of the system will consist of a 4 million liter holding tank, three 10,000-liter
containers to boil water, three condensation chambers of 10,000-liter capacity, and, lastly, another 4 million liter
holding tank for the triple distilled potable water. Whenever water is needed for something like drinking or food
preparation, it will be drawn directly from this tank.

4.3 Radiation Protection

Since the atmosphere on Mars is very thin, there must be significant radiation protection protecting the
inhabitants. The base’s radiation protection methods will consist of the utilization of titanium aluminide as this
material is resistant to heat and oxidation. It is very durable, but lightweight. The base will also compose of
aluminum, Kevlar, and polyethylene as radiation protection components. Aluminum is very lightweight and is a
high tensile metal with a density of 2.7 g/cm3 and can block out the flow of radiation. Kevlar is used on the
International Space Station and is a very strong and durable plastic. It has a unique combination of high strength,
toughness, and thermal stability. Polyethylene is very good in radiation shielding as the material has a very high
hydrogen content and the hydrogen atoms are very good at dispersing as well as absorbing radiation. Each
material will be presented in layers so the maximum amount of radiation protection can be obtained. Additionally,
the Martian dust will be utilized for radiation protection. Martian soil has unique properties which provides
reliable shielding against even galactic cosmic rays. It’s estimated that just up to five meters of the soil can provide
the same protection as the entirety of Earth’s atmosphere, which is 1000g/cm2 of shielding. (Waiting to hear from
topography)
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4.4 Contingency Planning
4.4.1 Amount of Time

The ARES-1 will provide enough emergency storage resources for one year of survival in our city in the event of
an emergency. Emergencies include a loss of power, water, and/or breathable air, along with the event that the
ARES-1’s radiation protection is to be compromised.

4.4.2 Emergency Water Storage

The ARES-1’s citizens will need four liters/day for men and three liters/day for women. Assuming the gender
demographic on the ARES-1 is more or less 50% men and 50% women, a 1,277,500,000-liter emergency water
storage system will be provided. This is equivalent to a 1,277,500 cubic meter tank. The dimensions of this tank
will be a 50-meter-tall cylinder with a diameter of 91 meters, and it will be located above ground as to siphon the
water to our underground necessities.

4.4.3 Emergency Air Storage

As Oxygen and CO2 deprivation are not apparent threats to the ARES-1, the only storage required for the citizens
of the ARES-1 will be nitrogen. As the total requirement for nitrogen in breathable air is around 75%, and the
atmosphere/nitrogen purging will make up for around 5% of the nitrogen, this would incite that around 7.7 trillion
liters, or 5.891*106 kilograms of nitrogen would be required to sustain a year of life before a resupply would reach
the Martian surface. A cylindrical nitrogen storage with a total volume of 4.41*106 m3 will be required (after taking
into consideration the kg to m3 nitrogen conversion) to support the ARES-1’s population.

4.4.4 - Emergency Radiation Protection

As stated in section 4.3, the ARES-1 will have a radiation protection system. However, there are some additional
materials that can be used such as lead and even iron. Lead is commonly used in radiation shielding on Earth and
lead is a very malleable and ductile material that is resistant to corrosion and has a density of 11.34g/cm3. Since
this material is so dense, it is highly effective in providing protection from sources of radiation. It can be used
against several high-energy forms of radiation, such as gamma rays, x-rays, and many other types of nuclear
radiation. Additionally, iron is another material that is used on Earth and is a relatively cheap metal. Iron can block
out high energy forms of radiation like gamma rays and has a density of 7.87g/cm3 .

4.5 Terraforming Mars

One of the long-term goals of ARES-1 Settlement is to make habitation of Mars easier. This will be done through
terraforming, which is the process of deliberately modifying the atmospheric conditions on Mars to create an
environment similar to Earth. The settlers will create factories which produce artificial greenhouse gases such a
perfluoromethane (CF4). These factories will facilitate the release of the greenhouse gases into the Martian
Atmosphere. The optimal rate at which these gases would be released is approximately 1,000 tons per hour, which
is the same rate that CF4 is naturally released on Earth. Within several decades, the average Martian global
temperature will increase by 10 degrees Celsius. This would in turn start a chain effect where the temperature
rise would provoke vast amounts of Carbon Dioxide to outgas from the regolith. Subsequently, the temperature
on Mars would increase even more since C02 is a greenhouse gas. From there, ARES-1 settlers could further
amplify the effects by releasing methanogenic and ammonia-producing bacteria, since methane and ammonia are
strong greenhouse gases. It is expected that by following these guidelines, within 50 years, the Martian
atmosphere would be able to support liquid water and would have pressure and temperatures similar to that on
Earth. This would allow plants to be able to grow freely on the surface of the regolith. Sea life would flourish in
the liquid water and humans would be able to go into the open with only breathing aids, which would significantly
increase the productivity of their work. The next step in fully terraforming Mars would be growing vast amounts
of plants throughout the Martian surface. This would start oxidizing the atmosphere. With current technologies it
would take approximately a thousand years before humans are able to breathe on Mars, however with
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forthcoming advancements in biotechnology this process could be significantly expedited. These will be some of
the main goals of ARES-1 settlement.

Section 5. Agriculture and Food Production
5.0 Section Summary

One of the most important aspects of the ARES-1 Settlement is feeding its inhabitants. The three main food
systems which will be implemented are: Traditional Farming, Aquaponics and Lab-Grown Foods. The Settlement
will account for 50 square meters per person, due to the newly developed bio-crops, such as dwarf wheat which
can grow extremely fast. This means that the total agricultural space for the settlement will be approximately 50
million square meters.

5.1 Menu Fatigue

The concept of Menu Fatigue will be carefully considered in the decision-making process regarding the food
production and consumption on the Settlement. Menu Fatigue has been observed in numerous experiments such
as the NASA-funded Hawaii Space Exploration Analog and Simulation (HI-SEAS), and MARS-500 conducted by
Russia and the European Space Agency. In January 2020, NASA issued a publication “Food Acceptability, Menu
Fatigue, and Aversion on ISS Missions”, which assessed the impact of repeat consumption on food acceptability
on the ISS. Menu Fatigue, caused by low variety in foods, leads to decreased acceptability and increased aversion
to available foods, and may cause severe physical and behavioral consequences, such as decline in morale and
reduced productivity. ARES-1 will address this issue through high diversity of foods, wide variety of spices to
simulate variety in taste, and availability of comfort foods such as lab-grown ice cream made from when protein
is produced by genetically modified yeast.

5.2 Traditional Farming

The settlement will implement traditional farming processes in an over ground controlled environment utilizing
greenhouses. In accordance with research by Purdue University, the settlement will keep the optimal temperature
of its farms at 68 to 73 degrees Fahrenheit. The agriculture systems will utilize sprinkler systems and will be
artificially lit with lights in the blue wavelength of visible light, thus facilitating plant growth in earth sun-like
conditions.

5.2.1 Low Pressure Environment
5.2.1.1 Disadvantages of Low-Pressure Environment

When creating greenhouses for the Martian Settlement the main factor which has to be considered is the lowpressure environment. This environment causes water to rush rapidly out of the plants, therefore indicating to
the plants that they are in a drought situation, even when that is not the case. However, researchers are able to
adjust these signals by making biochemical alterations which change the levels of specific hormones in plants.

5.2.1.2 Advantages of the Low-Pressure Environment

The low-pressure environment will also have significant advantages. The mechanism is essentially the same as the
one that causes the problems. In low pressure, not only water, but also plant hormones, are flushed from the
plant more quickly. Therefore, a hormone, for example, that causes plants to die of old age might move through
the organism before it takes effect. This could create significantly healthier and sustainable plants than we see
here on Earth.

5.2.2 Biotechnology Advancements

By the time the settlement is fully completed, there will be significant increases in biotechnology. Therefore, crops
will be able to grow much faster, provide more nutrients, and take less space. One of the current biotechnology
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studies is about improving the method of photosynthesis in order to increase productivity of crops. The authors
of the study reported that they could feed up to 200 million additional people with the calories lost to
photorespiration in the Midwest of America each year.

5.3 Aquaponics

In addition to traditional farming, the Settlement will also utilize an Aquaponics system that combines
conventional aquaculture with hydroponics in a symbiotic environment. By growing fish and plants together in
one integrated system, Aquaponics will offer a number of benefits to the prosperity of the Settlement. These
benefits include a low energy usage, cost-effectiveness, low amount of materials needed to start the system,
reduced need of pesticides, unlike other aquaculture practices there is no
known disease which can wipe out an entire system, and finally it provides
fish as a bonus sustainable food source. The function will require one main
water tank with a 1-meter diameter and a 3-meter height (Diagram
below). The water from the main tank will be transferred to the fish tank,
which is 2.3 meters in height and 2 meters in length. From there, the
ammonia waste produced by the fish will flow into the growth bed of the
plants which is 2.8 meters in length, 1.85 meters wide, and 1.2 meters in
height. The main fish that will be used in our Aquaponics system would be
the Fancy Goldfish because it produces large amounts of ammonia to
facilitate this process. The plants that will be grown in the growth bed will
include tomatoes, broccoli, cucumbers, beans, peas, and squash.
Aquaponics system, WCDT Student

5.4 Lab-Grown Foods

To facilitate variety in food sources and methods of production, the Settlement will produce lab-grown meats and
fish. These will be a reliable source of food which will be easy to mass produce. A stem cell meat is multiple cow
stem cells that are placed in nutrient rich liquids as they replicate to create cow meat. Pork, fish, lamb, and turkey
can be created due to the stem cell process. Stem cells will be brought to the Settlement from Earth so they can
be replicated. A dedicated facility will be implemented for the stem cell reproduction process, which will take
roughly 4 days to grow to the final product and 12 hours for a stem cell to create 6 copies of itself. The ability to
mass produce different types of meat will allow variety and reduce the risks associated with Menu Fatigue on the
Settlement.
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