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THESIS SYNOPSIS 
 

Mars colonization has been in the talks due to various reasons such as over 

population lack of resources on Earth, a backup due to a catastrophic disaster 

and so on. This design aims to develop a completely self sustaining colony on 

the planet of Mars with the means of an artificially created biosphere in the 

vastly different planetary conditions of the planet which will be designed 

optimally for human civilization. 

 

One of the most important reason for colonizing Mars is that it offers a backup 

plan for humanity. Every few million years, the Earth tends to be wiped clear of 

almost all life in a globally catastrophic event. It also serves as an answer for 

overpopulation and rapid resource depletion on earth and for humanity to 

survive in the future leaving the planet to settle on a new one might be the only 

way moving forward. 
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CHAPTER 1 

INTRODUCTION 

1.1 INTRODUCTION 
 

What is a biosphere? 

Biospheres are the regions of the surface and atmosphere of the earth or another planet 
occupied by living organisms. In this project, the goal is to create an artificial biosphere that’s 
going to be be enclosing self contained ecosystems. This design aims to develop a completely 
self sustaining colony on the planet of Mars with the means of an artificially created biosphere in 
the vastly different planetary conditions of the planet which will be designed optimally for human 
civilization. 

1.2 NEED FOR THE PROJECT 
 

Its similarity to Earth. 

• Mars has water, frozen underground and at the polar caps. There is evidence that this water 
has, in the past and present, flooded the surface in liquid form. Signs of erosion can be found on 
the slopes of craters and volcanoes. Geological features resembling those on Earth suggest 
that Mars was once a wet and hospitable planet. 

•  A day on Mars is 24.5 hours long. Mars is a third the size of Earth, but it has as much land 
area as the seven continents combined. Its gravity is 2.7 times less than that of Earth: enough 
to remain flat-footed on the surface, but a low enough escape velocity to make launching from 
Mars relatively simple. 

• Construction materials would be lighter as well, facilitating labour in the early colony. 

•  The health benefits of such an environment are unknown, but it is theorized that Mars might 
prevent and relieve forms of    arthritis and back pain. Also, Martian-born children might be taller 
than their Terran cousins. 

• Both planets have seasons and similar rotational patterns. 

•  Mars is roughly in the same heat-range as Earth, being the next planet in the solar system. 
Today, Mars's temperature varies from 20°C to -90°c, with an average global temperature of -
60°C. That's as cold as the average temperature on Antarctica, but still the solar system's most 
hospitable for humans. 

• Observations by NASA's Mars Reconnaissance Orbiter, ESA's Mars Express and NASA's 
Phoenix Lander confirm the presence of water ice on Mars. 

• Mars exploration missions such as MARIE has shown that plants and some algae that are are 
known to survive in extreme conditions can survive the nature of Mars, which is helpful in 
dealing with the environment there. 
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Economic Value 

•  Mars is worth a lot of money. There are 144 trillion square meters of surface area, roughly the 
land area of the Earth, available for development.   

• An important part of the fusion reaction process is deuterium, a stable isotope of hydrogen. 
Once we can contain a fusion reaction, the deuterium-tritium reaction has a high yield of energy 
for the small amount of fuel put in. Deuterium, or heavy hydrogen, is hard to obtain on Earth, but 
on Mars it is five times more abundant in the form of Hydrogen-Deuterium-Oxygen. A millilitre of 
liquid heavy-hydrogen fuel would produce as much energy as 20 tons of coal. 

• There is an abundance of rare metals on Mars such as platinum, gold, silver, and others. 

• Shipping from Mars to Earth, as mentioned above, is much easier than the other way around. 
Even more promising is the proximity of the asteroid belt to Mars. These asteroids could be 
mined near Mars and shipped from the planet for little cost. The economic potential is great. 

 

Its scientific Secrets 

With its similarity to Earth, there is a strong possibility that bacterial life exists on the planet.  
The ease with which a human being can cover a stretch of ground and examine specimens 
along the way, gathering and processing data, cannot be emulated with a machine. If we ever 
find life, we can begin to answer some of the biggest questions we've ever asked: "Are we alone 
in the universe?" From a geological standpoint alone, Mars is exciting because it offers 
scientists a view of how planets develop. Mars is billions of years older than the Earth, and its 
features are much more exaggerated. The largest canyons, volcanoes, and craters in the solar 
system are available for our study. Conditions can survive the nature of Mars, which is helpful in 
dealing with the environment there. 

 

 Its Location 

Mars is relatively close to the Earth. Mars sits between the asteroid belt and us, acting as a kind 
of stepping stone to what lies beyond. It remains close enough to the sun to benefit from its heat 
(and light) but remains far enough away to be protected from any significant change in the sun's 
heat output. 

 

It can be a Second Home for Mankind 

One of the most important reason for colonizing Mars is that it offers a backup plan for 
humanity. Every few million years, the Earth tends to be wiped clear of almost all life in a 
globally catastrophic event. It also serves as an answer for overpopulation and rapid resource 
depletion on earth, and for humanity to survive in the future, leaving the planet to settle on a 
new one might be the only way moving forward. 
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1.3 AIM 

The aim of this thesis is to design a completely self sustaining colony on the red planet using 
various studies on materials, construction techniques and drawing inspiration from and using 
systems that have been proven to be able to provide the necessary life and well being support 
on the conditions of Mars. 

1.4 Objectives 

The design of this colony will face a number of challenges because of the difference in the 
terrain and environment of Mars while in comparison with the environment on Earth, the main 
challenges or questions that should be asked while designing this should be- 

� How many people can it hold? 

� How can we deal with the radiation? 

� How are we going to produce energy? 

� Will gravity be a problem? 

� How are we going to transport construction materials? 

� How will we produce water and oxygen? 

� What about the temperature? 

� How will we produce food? 

� What about the psychological effects on the residents? 

 

 

 

1.5 Methodology 

The methodology behind this thesis will involve studying and referring to various studies and 
research done on the above identified problems and gather solutions for the same which will 
form the base of the design and its systems, then the design will proceed with identifying spatial 
requirements for the various needs of its residents and the systems required to sustain them 
and will finally proceed onto combining the functional and design aspects of the project in order 
to create a second home for the residents far away from their home planet while still trying to 
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emulate most of what makes Earth special, this project will also focus on trying to make it 
completely self sustaining with multiple security measures in case of breaches including 
bunkers and other things to safely allow the residents to live in the conditions of the Red planet. 
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CHAPTER 2 

LITERATURE CASE STUDY 

2.1    Biosphere 2 
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Plate 2.1 
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Plate 2.2 

 

2.2    Mars X house V1 
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CHAPTER 3 

DATA COLLECTION 

 

3.1 Population 

According to a study by French researcher Jean Marc Salotti, who used a mathematical model 

to determine the minimum number of people required to make a sustaining colony on mars 

based on comparison of time requirements and implementation of activities along with the 

inclusion of a model known as the sharing factor, he deduced the minimum number of settlers 

and calculated it to be 110 people. 

3.2 Radiation 

 Due to the much thinner atmosphere on earth, there is a lot more solar radiation on mars 

compared to earth but there were studies done by NASA that were concluded with structures 

inside Martian Lava tubes that are cavities formed by volcanic activities on mars were ideal to 

counter this, there are also researches done on anti radiation materials such as Regolith 

Concrete from the surface of the planet itself with a higher concentration of sulfur and the angle 

of incidence of light in openings to be kept under 30 degrees to minimize radiation. 

3.3 Energy 

 Mars has abundant Solar energy throughout the year which coupled with Nuclear fission 

reactors can produce ample energy for the sustainability of a colony there..It also has 

abundance of Deuterium which is an isotope of hydrogen that can produce a large amount of 
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energy which will be used to fuel the energy needs of the colony. 

 

 

3.4 Gravity 

 The gravity on Mars is 2.7 times less than that of Earth enough to remain flat-footed on the 

surface but a low enough escape velocity to make launching from Mars relatively simple, It also 

makes the materials for construction lighter which means easier construction and less amount 

of loads to be carried by the structural features. It is theorized that the Martian environment’s 

gravity might prevent and relieve forms of arthritis and back pain for its residents. 

3.5 Transport of construction materials. 

Although some processed supplies would have to be shipped from Earth to successfully build a 

colony on Mars, There were multiple ISRU studies done on mars exploration missions that have 

led to the conclusion of Excavation of Majority of construction materials on Mars to lower the 

cost of construction and shipping. 

3.6 Water and Oxygen 

 Several studies have shown the presence of water and hydrated minerals on mars which can 

be and also can be produced by making an artificial ecology similar to that of BIOSPHERE 2 

that can generate its own water and oxygen and using systems such as ISS water recovery 

system can help to recycle water there are also processes such as WAVAR that can extract 

water and oxygen from the air in mars. 

3.7 Temperature 

With an average temperature of -60 degrees , along with artificial heating, the living quarters 

and colony would have to be artificially heated and the usage of greenhouse gases such has 

CFC or PFC could help to trap the heat in case of a biosphere dome also the usage of 
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aluminized PET film could be used to increase the insulation of the environment. 

 

 

3.8 Food 

In 2012 there were studies done on martial simulation labs that showed the survivability of 

certain algae and Cyano bacteria that could photosynthesis in the mars environment and also 

other organism cross cultured with these could survive in their environment. There are also 

studies on terraforming of the mars soil to perform agriculture using wastes as fertilizers. 

3.9 Psychology of residents 

Apart from the first few batches of inhabitants going under training, these are to be countered 

using the various means of architectural studies on psychological effects of spaces and 

architecture that can aid in psychological recovery of an inhabitant. 
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CHAPTER 4 

SITE DETAILS 

  

The selected site is located in Erebus Monte 

in the Arcadia Planitia region, This is a region 

in mars that has an abundance of shallow ice 

at a relatively low altitude and closer to the 

equator of the planet where temperatures are 

                Fig 4.1- model of Arcadia Planitia                     warmer compared to the poles. Under this 

regions, two sites Erebus Montes and Archeron Fossae have been deemed to be the most 

habitable sites in the entire region. 

               Fig 4.2 -Acheron Fossae                                        Fig 4.3 -Erebus Montes 

                

 comparative study and study of research done on the two sites based on several expedition 

data, Erebus Montes is determined to be the better site for the building of this colony at the 

shores of Arcadia Planitia at the coordinates of 35.66°N 185.02°W, due to its closer proximity to 
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the landing site and less terrain features that block the sunlight. 

Additionally, the presence of potential glacial ice, resources like silicon, basaltic sands, and 

loose clay to produce Regolith make for an ideal site to start a colony on the 50km of flat and 

stable terrain. 

Upon future expansion of the colony its possible to expand to the Archeon Fossae site as well 

since there will be more food, oxygen and other necessary resource production facilities at that 

point of time. 

 

 

 

 

 

 

  

 

  

 

Table 4.1 

TEMPERATURE- It can get as high as 20°C and as low as -125°C with an average of -60°C 

globally, around the equator (Arcadia Planitia) the variation is lower where it shifts between 20°c 

and can get as low as -80°C. 

SEASONS- It has 4 seasons similar to earth due to its almost equal tilt and similar Elliptical 

orbit. 

STORMS- While mars has hurricanes and storms, due to the density of the atmosphere being 
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about 1% of Earth’s atmosphere, it only feels like a gentle breeze. 

Day Length(Sol) - 24 hours 37 minutes 

Year Length- 687 days (22 months) 

Duration of night- about 11h 20 minutes on an average, during winter the it can vary up to 3 

hours longer and during the summer its about 3. 

Mars has two moons, namely Phobos and Deimos, Phobos has a cycle of 30 hours and Deimos 

about 9 hours. 

Dust storms although rare, can still happen on mars, during these times the dust particles may 

cover the entire sky for days which would pose a problem to the solar panels getting covered, it 

would be dealt with by storing enough power to offset the loss in solar power gain for the 

duration and by alternative electricity generation methods such as nuclear fission reactors. 
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CHAPTER 5 

Architectural Design 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 5.1 site plan 
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The structure is constructed starting with excavation of the ground 

around the structure then moving on to the laying of the service 

requirements and necessary life sustaining systems around the site. 

After which the structures are 3D printed by automated machines  

 

 

 

which are sent in before the colonists arrive. 

Upon arrival of the colonists, the life sustaining systems are  put into 

function and the dome covering is laid out turning the inner space 

into a contained and air sealed space with the lungs acting as a 

regulating system. 

After this the systems are up and running and the agriculture and 

energy producing systems are put into production, sustaining the 

residents and all the services they might require in the colony and 

the surplus are stored for emergency purposes and future expansion 

purposes. 

     

Fig- 5.2 Construction Process 
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Plate 5.1 – Design of Laboratory Space 

he laboratory are combined with entertainment spaces as a means to  provide a break for the 

people working in them designed with a greenhouse courtyard in the center it has many 

elements of natural light playing a part in its design. 
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Plate 5.2 Residence design 

The residence are designed using design factors and concepts identified in the case studies 

with a circular or curved shape to them in order to conserve materials on making the outer walls. 
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Plate 5.3 Bunker, OAT and observatory 

The bunker is designed under the OAT and observatory with a stairway leading down to it from 

behind the OAT, it has access to an elevator leading to the observatory which can also be 

accessed from the ground floor near the openings overlooking the greenhouses in the bunker. 



 
21 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 5.4 Farm-station 

The farm-station has been designed with the help of he necessary equipment and spaces 

required for aquaponics and hydroponics. 
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Plate 5.5  Entrance, Pocket spaces and Universal temple 

Pocket spaces have been provided in and around the site to break the monotony of the design 

and to provide interactive and social spaces for the residences living there, the universal temple 

acts as their meditation zone or a space for them to follow any religious activity 
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CHAPTER 6 

STRUCTURES AND SERVICE 

Fig 6.1construction process of the dome 

Using a geodesic dome as the outer shell of the biosphere , it will have two layers between which will 

first be vacuumed then filled with greenhouse gasses such as CO2 taken directly from the atmosphere of 

mars. The inside of this dome will have multiple airlocks at the entry-docks and have an air handling unit 

“lungs” that will deal with the change in atmospheric air pressure, the goal of this is to create an artificial 

atmosphere inside the biosphere so that the residents can go outside without any need of oxygen 

equipment, this dome will also be cleaned using automatic rover drones as seen in X-houses’s 

proposal in the Nasa space design contest. 

Fig 6.2 Dome Details 

 

A geodesic sphere is an arrangement of polygons that approximates a true sphere. A geodesic 
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dome is a portion of a geodesic sphere. Geodesic domes are efficient structures in several 

ways. The triangle is a very stable shape; for example, a force applied to the corner of a 

rectangle can deform it into a parallelogram, but the same force will not deform a triangle. This 

makes geodesic dome buildings highly resistant to such forces as snow coverings, earthquakes, 

wind, and even tornadoes. A geometric dome supports itself without needing internal columns 

or interior load-bearing walls. 

 

 

 

 

 

 

 

 

 

 

 

Fig 6.3 

Materials 

 



 
25 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 6.1- Services 
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CHAPTER 7 

Future Expansion 

After the successful establishment of Biosphere 1 of the Odyssey project (the first colony) of 

110 people, there will be further biospheres of similar size till the production and construction 

capabilities enable the production of a Mega city which will be several times larger than the 

current biosphere and will function similarly to a city, this will further be developed in other 

landing sites such as Archeon Fossae and other sites that have been deemed to be inhabitable 

and upon establishing a decent population on the red planet and establishing back and forth 

trade between Mars and Earth for the raw materials, a proper civilization will be built on Mars 

which may further be expanded in case of any scientific breakthroughs on Terraforming or upon 

finding new things during exploration that may enable us to do so. 

Fig 7.1 Future Expansion 
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