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6. EPISODE SIX – RESEARCH, BUSINESS AND EXPANSION
“This is not Star Wars, asteroids aren’t our enemies.”

6.1. BUSINESS OF THE FUTURE

I believe there is a completely new and incredible domain in human evolution, and that is space.
Space is now to us what the Atlantic Ocean was to Christopher Columbus. A new horizon.
Therefore, the future in business, evolution and expansion consists first of all in asteroid mining.
Asteroids are mainly all around us, and, unlike in Star Wars, they are not our enemies, and instead
of simply destroying them, Solaris uses a whole new philosophy, using asteroids as the primary
source of money in order to cover costs.
Most Near Earth Asteroids, Great Belt Asteroids, etc. reveals asteroids rich in metal and other
substances, while no legal issues (such in the case of terraforming the Moon, Mars or building
anything on a surface) constrain us. Solaris must ensure coverage of all costs in construction and
further living expenses, as well as repairs, research or further space exploration.
Therefore, all space resources available must and will be used. A wide range is available, from
Lunar Mining, Space Exploration, Hydrogen and Oxygen Management for Fuel-HOMF and,
probably most efficient of all, Asteroid Mining.
Apart from being a great opportunity for obtaining resources, rather infinite and various metal,
substances, etc. being available, the domains above may become Business Sectors of Solaris
Industries, and will offer thousands and thousands of jobs. Progress in technology must not be
omitted from the long list of advantages when considering future jobs in outer space.
Mining of asteroids will take place by following the next steps: localization of asteroid, telescopic
spectroscopy, profit calculus, mining, sending back to Earth. The first two parts blend in each other,
localization being realized with the help of telescopic spectroscopy, which analyses the sunlight
reflected by the mineral grains on each asteroid, and thereby determines the average composition.
More than 1000 asteroids have been discovered
this way. The profit brought by each asteroid
depends on the quantity of metal and platinumlike metals.
Mining process was already described in
Episode One. Materials will be purposely
crashed to Earth is small quantities or be
deposited on Moon’s orbit in order to use less
space. Material obtained this way is most likely
to be used in Solaris’ construction.
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Moreover, a clear procedure will be respected whenever working in space, maneuvering space
shuttles and satellites and other space objects.
Satellites will be controlled from Solaris, and will help move asteroids away from Solaris’ orbit and
mine the resources available. A great example of how rich an asteroid can be (in resources) is
Amun. Another option for space economy boost is the creation of perfect crystals in microgravity
and the usage of microgravity as a crucial factor in order to create rare objects and then sell them to
Earth.
6.1.1. BUSINESS AND EXPANSION

Business is an important part of evolution, and financing Solaris is most important. A settlement as
big as Solaris would require tremendous resources and it would deplete Earth from metals and other
materials. Therefore, the main business on Solaris is asteroid mining, but human services are still a
very important part.
People will have jobs on Solaris in order to keep the community growing, and help Solaris work.
The settlement will run as a giant mechanism. Therefore, Solaris does not have a specific currency,
inhabitants working for the settlement’s well-being. Since the only motivation is common safety
and harmony, Solariens process of selection must be carefully completed. Food and goods will be
bought with earned electronic points. In the situation a resident breaks any of the Solaris law; a
penalty measured in points will be applied.
Finally, in order to keep Solaris going, a wide variety of workers and specialists are required, in
domains such as: Accounting/Finance, Administrative, Biotechnology, Science, Architecture,
Education, Engineering, Human Resources, IT/Software, Media, Medical and Health Jobs. Their
structure is described in the diagram presented below.

Jobs
Accounting/Finance
Administrative
Biotechnology
Science
Architects
Education
Engineering
Human Resources
IT/Software
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Unqualified jobs were not be available or required on Solaris, as the robots take care of such tasks cleaning, construction sequences, both exterior and interior, and so on.

6.2. MAIN INDUSTRIES

Industries are very important on Solaris, and will be placed throughout the settlement, as described
in the table below.

Area discussed
Industrial zone

Industry
power and energy

Location
Rays, Research torus 2

Percentage 1
20

glass
metal processing
the textile
fiber
robotics
ceramic
paper
pharmaceutical
food processing

Research torus
Rays, Research torus
Research torus
Research torus
Research torus
Research torus
Research torus
Research torus
Research torus, Plant
Floor, Residential Torus²
Research torus, Plant
Floor, Residential Torus²
Research torus²

5
20
5
5
10
10
5
5
10

sugar
water purification

5
10

Even more important is the fact that each torus is able to sustain itself for a 6 month emergency
period, in case of damage brought to Solaris. Each of the industries mentioned above has a lower
percentage of production made directly in the torus. Each industry is highly automazed, but human
workers are necessary. Workers are hired in domains such as Accounting/Finance, Administrative,
Biotechnology, Science, Architects, Education, Engineering, Human Resources, IT/Software,
Media, Medical and Health Jobs. Industries each have a coordinator, a central administrator that
makes sure that on the overall, the industry produces enough metal, etc. Each industry is split up in
domains, ruled by a local administrator. This way, productivity is ensured.

1

of total area allocated for industries
extra batteries are placed all around Solaris in deposit levels, in order to ensure that each torus may sustain life on it’s
own for an emergency period of six months

2
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6.3. OFFICES

Solaris is organized in two main residential tori
and those are each made of three floors: one for
residential use, one for entertainment and one
for offices. Any segment of the industries
presented in the chapter above that are not held
in the Solarien “rays” have their headquarters in
the office floor. Offices are meant to make
people more productive in a socially safe and
relaxing environment.
They are built considering needs and
productivity issues and this will be done so only
if there is sufficient requests. If Solariens choose to work from home, the space available will be
used in order to enlarge both entertainment and residential zones. Depending on their domain,
Solariens may work on different parts on Solaris.
The office floor is mainly designed for engineers, scientists, IT and Software specialists, Media
staff, Human Resources, Architects and Administrative staff.
Offices are meant for engineers to practice, invent, etc., scientists to coordinate various procedures,
experiments, etc., architects to design houses considering the constraints implied when living on a
space settlement, and the administrative staff solving all these issues.
Areas not used for office purposes will be allocated for extending residential and entertainment
zones.
It may not seem effective or realistic regarding space settlements, but one of the Solaris’ primary
purposes (besides safety) is to perfectly
reproduce the Earth’ environment, and
therefore houses are not organized in space
modules, but are real homes, and people have
the option of working in an office.
Overall, the most important goal is that
residents enjoy and like spending their lives
on Solaris.
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6.4. POLITICS AND LEADERSHIP

Solaris will be based on a democratic system, similar to the ones on Earth. Still, a Central
Committee will lead the settlement, having a member from each area of expertise (a doctor, an
engineer, etc.). The decisions will be mainly taken by the committee, but all important decisions
will be voted by all residents over the age of 19.
Politics will not exist in the real terms of the word, no politic views will be present on Solaris since
the residents’ only purpose is to live a comfortable life, and help at the expansion of the human race
into space.
Leaders are encouraged to freely express opinions and Solariens are strongly advised to come up
with new, innovative ideas, which they will send to the Central Committee for evaluation and
approval. Emphasis is put on the fact that on Solaris, people work to sustain their own lives, to keep
the settlement going, and to keep all of them safe. Moreover, the Central Committee has more
administrative than leading objectives and purposes, since people enjoy equal rights and are all
regarded to as leaders and architects of their own lives.
On Solaris people are guided by rules. To issue a new rule/law, each member of the Central
Committee must vote while if the rule has a broader impact on Solariens, a majority of 75% must be
achieved.

Domain
Medical and Health
Care
Engineer
Aerospace Engineers
Central
Committee

Software Engineer
Architect
Economist
Administrator
Administrator of Solaris
structure and well being
Representative of
citizens on torus One
Representative of
citizens on torus Two

Description
The delegate will take the final decisions regarding
medical training, medical schools, application in
hospitals, etc. It is crucial that the delegate has
medical training.
This delegate takes the decisions regarding inside
Solaris engineering.
Aerospace engineer delegate has a very important
part in deciding adjustments to orbits, construction
of spacecrafts and shuttles, etc.
Software engineers cover robotics and software
domains.
Architects design the buildings on Solaris
considering height and area restrictions.
Economists and Administrators ensure Solaris’
economic stability and general well-being.

Representatives are the people’s voice, bring up
problems in residential sectors.
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6.4.1. TRADE, ENERGY HELP TO EARTH

Since Solaris produces enough energy to sustain life through the solar panels and through the
functioning power plant, it is highly probable that extra energy will be produced. This will be stored
in high-voltage batteries, and any extra-energy is sent to Earth, to a country not able to produce its
own energy, who needs, etc. Being in space, besides a huge help in exploration and evolution,
Solaris will provide resources for Earth, ranging from the energy waves mentioned above to rough,
metal materials from asteroids. These are described in the first chapter of this episode.

6.4.2. FINAL COST OF SOLARIS

Labour Expenses
Domain

Number

Final Salaries

Engineers

1000× 20 years × salary

$2 491 000

50×20 years × salary

$300 000 000

100×10 years × salary

$20 000

Aerospace Engieers
Doctors
Financial Advisors
Counselors

2000× 20 years × salary
100×10 years × salary

$2 491 000

$20 000

FINAL COST LABOUR EXPENSES: $305,022,000

An engineer’s salary per year is considered to be: $124,550, a doctor’s per year: $300 000, a
counselor salary per year: $20 000.
Area covered by Materials=Total Area of Tori-Area of Windows(100,000𝑚2 )– Area of Solar
Panels (780800𝑚2 )
Total Tori Area=2640112𝑚2 + 329700𝑚2 +439600𝑚2 =3409412𝑚2

Area covered by materials=3409412𝑚2 -780800𝑚2 -100000𝑚2 =2528612𝑚2
The price for sealant gel is considered equal to the one for aerogel.
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Materials
Material

Ceramic plates

Layer thickness

Quantity

Price

0,2m

505 722,4 𝑚3

Could not be found

Reinfroced C-C
𝟐

$10/ 𝒎

0,17m

~429 064,04 𝒎𝟐

$429 0640

0,15m

379 291,8 𝑚3

Total Al+Ti

0,15m

379 291,8 𝑚3

0,15m

379 291,8 𝑚3

Al, Ti, Mg alloys

Aluminum
$1.43/kg
Titanium
$12.35/kg
Carbon fibres

758 583,6 𝑚3

0,3m

Aramid
37.6/ 𝒎𝟐

0,1m

2528612 𝑚2

0,1m

2528612 𝑚2

Kevlar

37.6/ 𝒎𝟐

Beta Cloth

Solar Photovoltaiv
Cells

$4 684 253 730

$95 075 811.2

$95 075 811.2

1 770 028,4 𝑚3

Could not be found

0,1m

25289771.42 𝑚2

-

780800 𝑚2

$19 520 000

0,7cm

Sealant gel
$53/ 𝒎𝟐

$542 387 274

FINAL COST of MATERIALS: $ 6,780,961,130

140

$1 340 357 863

Interior Expenses
Interior Expense

Quantity

Price

House Construction

3000

$300 000 000

Hospital Costruction

10

$10 000 000

Transport Sequence
Constrcution

-

$ 2 000 000 000

Entertainment

-

$20 000 000

Solaris Zoo

1

$2 000 000

Solaris Observatory

3

$3 000 000

Parks, etc.

30743.4𝑚2

$439624.9

To build a Maglev Train, the cost arises to $1.2 000 000 000. Adjacent cost is estimated for the
railway construction. Cost of green zones is $14.30 per square meter.

FINAL COST INTERIOR EXPENSES: $23,354,396, 200

Construction and Research Expenses
Quantity

Cost

Falcon Heavy

10

$4 350 000 000

Falcon 9

30

$1 500 000 000

Structure

-

$150 000 000 000

Launch Facility

1

Not found

Nuclear Power Plant

2

$ 14 000 000 000

Research

-

$2 000 000 000

Control and Communication

-

$2 000 000
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ELI

-

$10 500 030

Robots

2000

$2 000 000 000

Moon and Asteroid Mining

-

$25 000 000 000

Unexpected Expenses

-

$10 000 000 000

CONSTRUCTION AND RESEARCH EXPENSES: $208,862,500,030

Cost of one Falcon Heavy Launch is $435 000 000.
Cost of one Falcon 9 Launch is $50 000 000.
Structure cost is estimated through comparison with the ISS.
Robots price us estimated through comparison to the prices of Honda’s Asimo Robots. One robot is
worth $100 000 000.

TOTAL SOLARIS COST: $239,302,879,360

6.5. LABORATORIES

Laboratories are mainly located in the research torus, though some particular ones, working with
dangerous or hazardous substances, etc. may be situated in a Solaris “sun ray” and controlled from
the research torus. One of Solaris’ goals is to help uncover the mysteries of space and therefore,
laboratories are a very important part of the settlement.
Laboratories have their own floor allocated, explained in Episode One, Floor Allocation. Labs in
asteroids are discussed in the Asteroidal Base chapter. In case of complicated experiments,
laboratories may be built and placed outside of Solaris as independent space modules. They may
surround the settlement or orbit around the Sun along with it, but the thrusters powering them are
man-controlled from either the settlement or the laboratory itself if the mission has a crew as well.
Laboratories are divided considering the domain in which research is done. Laboratories are
actually independent modules, endowed with everything necessary for research, observations, and
long-term experiments. Laboratories independent modules are classified regarding size and purpose.
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Domain

Locations

Physics

Research Torus, Office Floor Residential Torus,
Asteroidal Bases, Lunar Base, Space Research
Modules

Chemistry

Research Torus, Office Floor Residential Torus,
Asteroidal Bases, Lunar Base

Biology

Research Torus, Office Floor Residential Torus,
Asteroidal Bases, Lunar Base

AI and Engineering

Research Torus, Office Floor Residential Torus

6.5.1. LASERS

ELI, standing for Extreme Light Infrastructure, is a “European Project, involving nearly 40
research and academic institutions from 13 EU Members Countries, forming a pan-European Laser
facility that aims to host the most intense lasers world-wide.”(http://www.extreme-lightinfrastructure.eu/).
Aside from the various applications both in research and in real life, ELI has a wonderful potential.
The one of melting vacuum. When lasers strong as 100-200 PW are concentrated all in one μ𝑚2
with the help of mirrors, vacuum may be brought to a so-called melting point (Source: “Science and
Technology Magazine”, July 2011).
Lasers and working with lasers, as well as research in this domain imply high effectiveness when
taking Defense, Automation or even Medical Care into consideration.

6.5.2. HYDROGEN FROM THE SUN

In December 2006, a powerful blast of hydrogen atoms lasting for 90 minutes was detected by
NASA, with pure oxygen atoms flowing (heavy irons being delayed because of the Sun’s
electromagnetic field). Such a powerful blast, one of the most powerful explosions, leaves remnants
of hydrogen atoms on satellites, etc. such as the hydrogen traces found on the Moon from the solar
flares.
Finally, hydrogen being one of the primary sources of fuel in chemical thrusters, further research in
capturing hydrogen atoms resulting from similar blasts would be both extremely cost effective and
useful, considering hydrogen as a green fuel source, and taken into account it’s effects on Earth’s
economy.
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6.5.3. ROBOTS AND ARTIFICIAL INTELIGENCE

Another very significant subject to be exposed to further development is Artificial Intelligence
(probably already created by the time Solaris would be fully built) and robotics development. Most
important is that the robots will function according to Mr. Isaac Asimov’s Three Rules of Robots
and the other three adjacent ones.
As robots make up a very important part of the settlement, constant improvement made by the
engineers on Solaris is required. Robots have various applications on Solaris, form construction to
medicine, health, media, etc.

6.5.4. GRAIL PROJECT

The Grail Project’s target is to determine the interior structure and composition of the Moon, as
well as to map the structure of the lithosphere, determine the sizes of interior inner core and
understand Moon asymmetric thermal evolution.
Since Solaris is built around Earth and materials are obtained from the Moon as well, the GRAIL
Project comes in handy when discussing composition or other important parameters.

6.6. EXPANSION

Expansion is one of the main purposes for which Solaris is launched. Human race can not be limited
to Earth, and therefore, colonization of the Solar System is vital and must be started immediately.
Expansion of Solaris consists of two main steps.
Phase One represents building other space settlements, orbiting the Sun, the Moon, Mars, etc.
Phase Two is much more complicated and ambitious: terraforming. Terraforming refers to dramatic
changes in a planet’s or a satellite’s compositions, structure, etc. in order to obtain Earth like
conditions and therefore make life possible. Terraforming is probably the most effective way of
ensuring survival of the human race.
So far, terraforming may be applied either to the Moon, or to Mars, both options having their
advantages and disadvantages.

PHASE ONE
Phase one consists of building a smaller settlement around the Moon, another one around Mars,
both of these serving to terraforming, and a third one past the Great Belt frontier, orbiting Jupiter.
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The first settlement to be built will be the one around the Moon. It will be built using asteroidal and
lunar materials, with the purpose of granting further assistance to Solaris. Moreover, the settlement
will probably have a circular, stable orbit, very useful regarding materials, etc. A settlement around
the Moon is relatively cost-effective, as well. Moreover, since the Moon is close to Earth, the
building and final location will be the same.
The second settlement will be built orbiting Mars. The problem here is that Phobos’s orbit grows
smaller by the day and 50 million years from now it will crash or be broken up into a ring. Before
building any settlement orbiting Mars, Phobos must be either mined of all materials or suffer a
change in orbit in order to prevent future threats.
Mars is far from the Sun, so very good solar panels must be used in order to catch any ray of light.
Still the settlement will have a complete darkness period. Still, a satellite orbiting Mars may be the
start to terraforming, to creating a new world similar to Earth. This may be taken as a base for Phase
Two.
A third, much smaller settlement, more likely a space shuttle resembling the ISS, must be taken
around. The main problem when deciding to go orbit Jupiter is the fact that one must pass the Great
Asteroid Belt in order to get to Jupiter. This makes the mission probability of succeeding close to 0.
Still, a small enough space shuttle that’s well protected may come to orbit Jupiter. As for the fuel
used, a solution is the one developed by the Voyagers, the use of a gravitational slingshot, very
cost-effective. Finally, when around Jupiter, the small explorer may gather further data in order to
decide whether to orbit Jupiter itself or one of its satellites.

Orbital locations

Advantages

Jupiter

Planet; circular orbit;

Ganymede

Callisto

Europa

Disadvantages
Many asteroids, other
moons to avoid; big
“darkness” period.

Circular orbit around
Jupiter, quite stable;
presence of water;
presence of a
magnetosphere1
Stable orbit, rock and
ice composition, a
silicate core2
Stable orbit, silicate
rock composition with
an iron core, icy
surface 3

Moon, orbits around
Jupiter; must avoid
other moons, etc.

Conclusion

Considering the
advantages and
disadvantages
presented above,
Europa will probably
be the best satellite for
the settlement to orbit.
Europa provides both
basic materials and is a
great oxygen and water
source.

Besides the advantages presented above, Ganymede also has a thin oxygen atmosphere, composed of O, 𝑂2 and
possibly𝑂3 .
1

2

It is presumed that an ocean of liquid water exists underneath the surface of Callisto.
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PHASE TWO
Terraforming represents the more complicated alternative to human expansion into space,
colonization of the Solar System. It is very important to choose the final to-be-terraformed planet or
satellite right, as terraforming implies huge costs and effort.

Potential
terraforming objects
Moon
Mars

Advantages

Disadvantages

Conclusion

Close, oxygen-rich soil

Small mass, can not hold
an atmosphere
Atmosphere is “stolen”
by solar flares

Mars is the most
adequate

Large mass, small
independent
“atmospheres”

When deciding on the planet that should be terraformed, the following criteria are to be observed:
the object must be quite close to Earth, the presence of a slight atmosphere or the presence of water,
solid, liquid or the fact that they both have metals in their composition, even a liquid metallic core,
etc.
Another important aspect is mass. Neither the mass of the Moon, nor Mars’ are big enough to keep
an atmosphere. Thus, this excludes the Moon.
Mars has lots of small atmospheres rather than a big one, but the absence of a magnetic field make
it easy to be taken away by solar flares.
If there was to discuss terraforming of one of Jupiter’s moons, two very good options would be
Ganymede and Europe. Ganymede is the largest of Jupiter’s moons, it is composed of silicate rock
and water ice, and it was and iron-rich liquid core which endows it with a magnetosphere. This
ensures the ability to retain an atmosphere. It is also believed that Ganymede has a salty ocean
somewhere beneath the surface, between various layers of water ice.
Europe has frozen water, a thin, Earth-resembling atmosphere; therefore, if it wasn’t so far away
from Earth, it would be the perfect terraforming candidate.

3

Europa has an oxygen atmosphere. Moreover, there is a theory according to which there exists a liquid ocean beneath
the surface of Europa.
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6.7. ASTEROIDAL BASES

“<<As the nation seems to be turning to environmental threats to our planet, a mission to a nearEarth asteroid to asses their nature for good or ill would also seem to be a real winner>>, says
Huntress.”(http://www.aviationweek.com/aw/generic/story_channel.jsp?channel=space&id=news/ASTER01188.xml
&headline=null&next=0)

Since a great percentage of Solaris’ construction materials are asteroid-obtained, and the main
financing for Solaris is achieved by asteroid mining, it is obvious that asteroids play a great role in
the space settlement. Moreover, since space exploration is an important part of Solaris and one of its
main objectives, bases on asteroids are the next step to the colonization of the Solar System.
Asteroids may appear unstable, but large asteroids have a circular, safe and stable orbit around
Earth, the Sun, etc. Since they are so rich in resources, important mining centers could be situated
on large asteroids. Considering the complete absence of gravity, asteroids make the perfect medium
for low gravity experiments and development in new mining technologies. Moreover, human
missions to asteroids orbiting Earth, etc. are already considered.
Yet another advantage when taking asteroids into consideration is the fact that they are abundant
and one may link more asteroids into a complex base-system. To begin with, only non-human
missions on asteroids will be considered.

6.7.1. DESIGN AND LAYOUT BASE ONE

The first base is designed mainly for non-human
automazed missions, focusing on further mining
technology development and research.
The spheres imply a particular thickness of the
material coat, therefore ensuring protection from
radiation.
The area inside the sphere is distributed in floors,
each sphere being divided into three floors. The
connection pipe between the two is situated on the
second floor.
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Since asteroids have zero gravity, the base is fixed with pylons to the asteroids’ surface.

Component

Radius

Length

Sphere

20

-

Tube

5

7

Pylons

1

8-10

Floors
Research Floor
Inhabited Floor
Materials Floor
Connection between
spheres One and Two
-

The first floor is made up of three main sectors, each allocated for research modules. There is a
module for asteroidal geology, a module for mining development and an adjacent research module.
The second floor is a storage and possible inhabitance in case of a human mission.
The third floor is situated directly on the asteroidal soil. It is made exclusively for mining and
storage of mined metals and minerals. Mining tools and extraction machines are placed here. Since
the mining is done magnetically, the metals and minerals are first excavated from below the asteroid
surface. After all resources are used up, metals from other sides and areas of the asteroid are mined.
The tube is meant to connect the two spheres.

6.7.2. DESIGN AND LAYOUT BASE TWO

The second base type is designed for much larger asteroids and made for inhabited missions. The
central component is a chemical thruster that may adjust the asteroid’s location and therefore avoid
any smaller asteroids or space debris. The torus surrounding it is split into two separate levels, one
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being designed for human inhabitation and research of human missions’ success on asteroids, and
the other is the storage level and the location of life support systems.

Component

Radius

Length

Torus

Minor
Major
Radii=10m Radii=80m

-

Spokes

7m

40m

Fuel Tank

20m

-

Floors

Height

Research Floor
Residential Floor
Mining and Life Support
Floor
Connection between sides
of torus
-

10m

3-5m
50m

The Main Solaris Asteroidal Base (MSAB) has
also a green house both for life support and for
the study of plants evolution in space in zero
gravity environments.
It is expected that the plants will grow faster
and have an improved evolution, since simply
reducing the gravity produces an accelerated
growth.
Furthermore, radiation protection for plants
while still ensuring natural sunlight will prove
to be a great advantage in bio-engineering.

6.7.3. LIFE SUPPORT

Inhabitance is a crucial phase in space exploration and asteroidal geology, composition, mining
technology & engineering, and further research. Therefore, in order to bring humans safely to
asteroids and not bring damage to neither the human space shuttle, nor the existing base, larger
manned spacecrafts will only bring crew to a small distance from the base, the rest being covered in
small modules that will attach themselves to the base’s docking system.
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Life support on a base on an asteroid is
going to be similar to the life support
techniques on the ISS, only the
asteroidal base is meant to produce its
own food, water and supplies. Food is
going to be produced in the same way
it is on Solaris, through aeroponic
systems, hence the absence of gravity
on asteroids. Meat will be grown in
vitro as well. Obtaining water is quite
challenging. All water must and will
be recycled in order to optimize
resources. Still, water can be created
chemically from hydrogen and
oxygen, but since both are available in quite small quantities, the safety and well-being of the crew
must not be based on this procedure. Recycling follows the same protocol on Solaris.
Since the bases are meant for research, a day-night alternation, natural sunlight, etc. are not created.
Asteroidal bases are secure and ensure well-being but are not comfortable and do not provide a 1g
environment. Therefore, a crew will
not spend more than two continuous
months on the base.
Probably the most important and the
most challenging of all life support
systems generation is the artificial
creation of pressure and oxygen. In
the eventuality that a base is not
pressurized, astronaut costumes
would be required. The air needed in
order to create pressure will be
calculated in the same way it was
obtained in Technical Engineering
Episode, for the Solaris inhabited
and research tori.
Pressure will be induced by the gradual increase of air (under pressure).
Using the equation PV=νRT (1),
where P equals pressure, V volume, T temperature, R is the universal constant of the ideal gas and
is equal with 8314,472 m3 Pa K-1 kmol-1, and ν is the mol number,
𝑚

Knowing: ν= =
molar mass,

𝜇

𝑁

𝑁𝐴

(2), m being the mass, N the number of mol, 𝑁𝐴 Avogadro’s number and 𝜇 the
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𝑃𝑉

Considering (1), ν= , and (2)
𝑅𝑇

𝑅𝑇 𝑚
𝑃𝑉

= =

𝑁

𝜇 𝑁𝐴

Given the values: R=8.3142 J/kmol, P=101.325 kPa, T=25°C = 298.15K, 𝑁𝐴 =6.023 and μ=28.98
g/mol.
Finally, we must induce m=

𝛍𝐏𝐕
𝐑𝐓

.

Section

Volume

Air Volume

Base One

67536.16𝑚3

954093.377

Base Two

50240𝑚

3

709747.952

6.7.4. DESIGN AND LAYOUT BASE THREE

The third base is mainly a concept and too science fiction to be built, as it implies several tunnels at
the safety and protection of the asteroid itself, coating the base from radiations and protecting it
from impacts.
Perhaps it will become more than a concept in the near future, but until then, the attention will be
given to the first two bases.
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6.7.5. CONSTRUCTION

Bases are built from radiation proof materials and coated with strong insulating ones. Whipple
shields will also be placed around the asteroidal bases in order to ensure protection from smaller
asteroids or space debris.

Material

Characteristics

Tensile strength;
Melting point;
Density
Tensile
strength=2760MPa

Aramid

Stable compound
Strong synthetic fibers

Nitinol

Very stable TiO2
Nickel titanium alloy
May be super-elastic,
shape memory(recovers
shape upon heating)

Titanium density=
4.50, Aluminum=
2.63

Ceramic plates

Heat resistant; Stable
under compression;

Five times more
resistant than steel;
same weight

Carbon fibers

Ultimate tensile
strength= 2757;
Density= 1.44.
900MPa;

Arguments

Width

Heat, chemical,
impact resistant

7cm

Radiation
protection layer
elasticity

10cm

Heat
resistance=1,260°C

Heat resistant;
Stable under
compression;
HRSI tiles

17-20cm

Ultimate tensile
strength= 1600 for
Laminate,
4137 for fiber
alone; Density=
1.75

Five times more
resistant than
steel; same
weight

30cm

Sealant gel

Used in between coats

40MPa

Used in
between coats

3cm,
between
every two
layers

Kevlar

Lightweight, high
strength, may be
replaced with Twaron;
used in woven ropes and
cables

Tensile strength=
3620; Ultimate
tensile strength=
2757; Density=
1.44.

Lightweight,
high strength,
may be replaced
with Twaron;
used in woven
ropes and cables

10cm

Graphene

200 times as resistant as
steel, electricity
conducting, thin layers

Ultimate tensile
strength=130000;

When needed,
in electrical
equipments*

-

Density= 1.0
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The coat protecting the bases from radiations is
made out of several layers, alternated by sealant
gel. After the heat resistant, thermal insulating
ceramic plates, nitionol, carbon fibers, aramid
and finally Kevlar protect the bases.
All fixing pylons are made of nitinol and carbon
fibers.

Base One
A main body is brought to the asteroid consisting of one of the spheres, pylons attached. Next, if
expansion of the base is needed, the cylinder and adjacent sphere is constructed by the use of
asteroidal materials. It is important that the base is not very well attached to the asteroid and is
semi-mobile—in the eventuality the base must be moved or separated from the asteroid. Not being
very large, based can be moved and re-used on other asteroids.
Since Base One is the smallest and the most likely to be built, a construction sequence is displayed
below. Anyhow, only a skeleton of the base is brought to the asteroid, the rest being constructed
there using local materials.
Construction sequence
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Base Two
Base Two type is probably the most
important of all, being a premiere for manned
missions on asteroids. If the asteroid is large
enough, frictionless bearings may enable the
torus to rotate, artificially generating gravity.
Still, the fuel tank and thruster are the first to
be fixed on the base. Surrounding it are the
spokes, brought in by segments and
assembled in space.
Finally, the torus is constructed, by both
brought materials and asteroidal materials.
The torus is built layer by layer, by separate
segments.

6.7.6. ENERGY

Since the bases consume a large amount of energy, it is very important to thoroughly power them.
Hydrogen in space and remnants on asteroids surfaces may be a relevant fuel source, but it is only
available in quite small quantities. Other asteroid resources may make up for part of the energy
needed, but as more is required, Solaris turns once again to solar power. Adjacent solar panels will
be placed close to the asteroid and send energy to power up the base.

6.7.7. MINING FUNCTIONS

Typical asteroidal composition is fully explained in the Materials and Mining Section of the
Construction Episode. Mining philosophy applied in this case as well.
Still, very important is the expansion of bases, attaching smaller asteroids to the existing one and
endowing each base with the ability of enlarging itself.
Therefore, a percentage of mined materials is kept aside in the eventuality of the encounter with a
metal and silicate rich smaller asteroid. This one will be attached with pylons and secured to the
initial asteroid. Mining procedures and mining robots will take over the second asteroid as well.
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6.7.8. RESEARCH

Microgravity crystals
There is no gravity on asteroids. When leaving an asteroid, jumping is really enough to beat its
gravitational attraction. This must be taken advantage of. Therefore, all research that can not or is
not conducted on Solaris by any means or reasons will be conducted on one of the asteroidal bases.
Moreover, microgravity will have a positive effect both on Solaris’ and on Earth’s economy, since
perfect rare minerals crystals can be created in microgravity.

Plants base one is base two
Further research will be conducted on plants and bioengineering. Although the evolution and
growth of plants in low gravity has been already studied by NASA in the “Plants in Space” project,
the growth and adaptation of plants in asteroidal soil that is nitrified, etc. are of great importance
regarding space colonization and expansion of the human race.
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