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Urania, muse of astronomy 

 Name choice is very important in any domain, thus we paid close attention to this aspect 

and finally decided on the name “URANIA”, inspired by one of the nine Muses in Greek 

Mythology, the goddess of astronomy. We believe this name perfectly characterizes our 

settlement and is, at the same time, a powerful name that draws attention.   

1 

 
 

“Urania, o'er her star-bespangled lyre, 
With touch of majesty diffused her soul; 

A thousand tones, that in the breast inspire, 
Exalted feelings, o er the wires'gan roll— 
How at the call of Jove the mist unfurled, 

And o'er the swelling vault—the glowing sky, 
The new-born stars hung out their lamps on high, 
And rolled their mighty orbs to music's sweetest 

sound.” 
 

—From An Ode To Music by James G. Percival 

 

 

 
1 Image source 

http://www.alisonhabens.com/Urania.html
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Survey 
As our goal is to create a manned space settlement, the public opinion is crucial when 

it comes to taking decisions. Therefore, our team assesed that the most efficient way to put this 

into practice would be to distribute a survey regarding life inside our base to people of all ages 

and further analyse their views by plotting the data into charts.  

The survey consisted of 12 questions, which enabled us to take critical decisions 

regarding our project design, especially when it came to the Education & Medical Systems, as 

well as Population Distribution, where we have included the survey analysis in the respective 

section of our project.    

Below we have presented the general conclusions of our social study, but we kindly 

invite you to consult the complete work on our website: https://vianuprojects.com/space-

settlement-survey-analysis/ (the password is: URANIA_space_settlement_2022).   

 To begin with, the first defining question that came to mind was the intention to live or 

at least visit Space. The responses clearly show a general trend of acceptance, with ony 4.5% 

of interviewees that would definitely not like to go to Space. On the other hand, over 61% were 

not even skeptical and picked a sure “Yes!”.  

 

Figure 1: Intention to live in Space 

   When it comes to the length of their stay in Space, almost 60% opted for tourism 

only, whilst only 7.5% chose long-term/lifetime living. Thus, this question enabled us to notice 

that having facilities for tourists would be crucial when we want to expand our base to the 

general population, not just scientists or engineers.  

 

Figure 2: Length of stay 

https://vianuprojects.com/space-settlement-survey-analysis/
https://vianuprojects.com/space-settlement-survey-analysis/
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 Analysing Figure 3, we conclude that, despite SpaceX’s recent contribution to Space 

tourism, no votes were expressed for the possibility of living in a space settlement before 2025. 

On the contrary, almost 18% believe that this would still be impossible in 50 years. Still, most 

of our respondents say that some of us will be living in Space in less than 30 years.  

 

Figure 3: Time horizon 

Finally, the size of our space colony directly impacts the social structure, design and 

costs. Studying our interviewees’ answers, we note that more people would prefer a small 

town/city instead of a metropolis. Still, opinions diverge, almost 36% chose to leave among 

less than 1.000 people, whereas 27% opted for a colony size of 10.000-100.000 people.  

 

Figure 11: Colony size 

 In a nutshell, the majority of our respondents would like to live in a space settlement 

for a short period of time, in a quite small colony and they state this will be possible in less 

than 50 years from now. 
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Location 
 

A decisive point in launching our space settlement and making it viable for a long-term 

stay is choosing the best location from all points of view. 

        What do we mean by” best location”?  

In order to even consider a potential location suitable for our settlement we think it 

should fulfill the following criteria: 

• Lower radiation levels 

Even though our radiation shielding system keeps inhabitants safe, the amount of 

radiation specific to each potential location is an incredibly important factor in choosing the 

proper place. Along with higher radiations come bigger costs and significantly bigger material 

usage.  

• Constant and dependable solar energy 

As it is on Earth right now, solar energy represents a really useful energy source. Having 

that in mind, our starting goal was set to find a location closer to the Sun, which can also offer 

our settlement a continuous exposure to the Sun’s heat.  

• Good source of materials and minerals 

Arguably one of the most dominant factors in choosing our location is represented by the 

materials, minerals and elements found in the vicinity of the settlement. Knowing that places 

like the moon, or the asteroid belt are able to provide spatial colonies with all kinds of 

resources, including lots of construction materials, we narrowed our potential location 

contestants to those that have access to one of this great material sources. 

• Distance from Earth 

Because of the clear impact this factor has on many aspects of our space settlement, the 

choice of a location as close to the Earth as possible is obvious. First of all, transporting 

supplies, especially in the beginning, is much easier, faster and cheaper for closer to Earth 

locations. Another benefit is better communication with our beloved planet. Moreover, placing 

our settlement closer to Earth makes inhabitants’ accommodation much easier knowing they 

are not that far away from their past homes. 

At first, our list of potential locations for the settlement consisted in orbits and vicinities 

of all the planets in our planetary system. From obvious reasons (including safety issues and 

great distances from Earth) we had to cut down our list to just Earth’s and Mars’ vicinity. 

Undergoing a more in-depth analyze on both of these locations’ hot and cold spots, we 

have decided that placing our space settlement on one of Earth’s orbits or Lagrangian points is 

a way better choice than the other remaining option. Being close enough to any of these 

potential locations, the moon also comes in handy material wise. Because of the greater control 

on pseudo-gravity, closer distances to Earth and ease of transport and communication, our 

decision was final. 
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Unfortunately, our proper location search didn’t end here. Knowing our four possible 

orbits around the Earth(LEO,GEO,HEO,MEO), as well as the five Lagrangian points,  we 

started thinking wich of these offers better conditions for a long-term space settlement.  

Starting of with Earth’s orbits, a first criteria of choosing the most suitable one was 

seeing wich of the four protects our settlement from the Van Allen radiation belts. Considering 

that solar flare and radiation itself can damage not only human cells, but electronic devices too, 

avoiding high exposure and high material costs is a must. The inner Van Allen belt extends 

from an altitude of aproximately 1000 km to 12000 km and the outer Van Allen belt is located 

aproximately between 13000 km and 60000 km. 

Knowing that the MEO, GEO and HEO orbits are very exposed to radiation (being 

situated at altitudes similar to the two Van Allen radiation belts) and also the distances to Earth 

and required delta-v are greater, the best choice for an orbital settlement is LEO. More exactly, 

an equatorial Leo is far superior because of the lower inclinations and smallest delta-v 

requierments.  

 

The next step was analyzing the five Lagrangian points formed by Earth and its natural 

satellite, the moon. 
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Firstly, what does a Lagrangian point represent? 

   Well, in a three-body system, let’s say Earth, Moon, and URANIA, our space 

settlement, where the mass of the third is significantly smaller than the other two, there are five 

special points, named Lagrange points, in which our settlement could maintain a gravitational 

equilibrium. 

Even if these points look promising, being important contenders for our desired 

location, we can’t decide if they really are suitable or not until we analyze and compare them 

to the current best location, the equatorial LEO. So, in order to get a better idea on whether 

these locations are indeed favorable, we examined the distances between Earth and each of its 

Lagrangian points in the calculus below. 

Notations we use:  

• M- Earth’s mass 

• M’-Moon’s mass  

• m- Our settlement’s mass, which is way smaller than the other two, so it doesn’t affect 

the system. 

• 𝑟𝑀⃗⃗⃗⃗ , 𝑟𝑀′⃗⃗ ⃗⃗  ⃗  , 𝑟𝑚⃗⃗⃗⃗    - Position vectors of the three objects relative to the center of mass between 

Earth and the Moon 

• 𝜔  - Angular velocity, equal value for each of the three objects. 

• k- Newton’s gravitational constant. 

Conditions for the center of mass:  

                                                                  M 𝑟𝑀⃗⃗⃗⃗   +  M’𝑟𝑀′⃗⃗ ⃗⃗  ⃗  = 0⃗   (1) 

Equilibrium condition for mass M:     

                                                                  -M𝜔2𝑟𝑀⃗⃗⃗⃗    =  
−𝑘𝑀𝑀′

|𝑟𝑀⃗⃗⃗⃗⃗⃗  − 𝑟𝑀′⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ |  3
 (𝑟𝑀⃗⃗⃗⃗  − 𝑟𝑀′⃗⃗ ⃗⃗ ⃗⃗ )  (2) 

Equilibrium condition for mass M’:    

                                                                   -M′𝜔2𝑟𝑀′⃗⃗ ⃗⃗  ⃗   =  
−𝑘𝑀𝑀′

|𝑟𝑀⃗⃗⃗⃗⃗⃗  − 𝑟𝑀′⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ |  3
 (𝑟𝑀⃗⃗⃗⃗  −  𝑟𝑀′⃗⃗ ⃗⃗ ⃗⃗ )  (3) 

Equilibrium condition for mass m:    

                                             -𝑚𝜔2𝑟𝑚⃗⃗⃗⃗    =   
−𝑘𝑀𝑚

|𝑟𝑀⃗⃗⃗⃗⃗⃗  − 𝑟𝑚⃗⃗ ⃗⃗  ⃗|  3
 (𝑟𝑀⃗⃗⃗⃗  − 𝑟𝑚⃗⃗⃗⃗ )  +   

−𝑘𝑚𝑀′

|𝑟𝑀′⃗⃗ ⃗⃗ ⃗⃗  ⃗ − 𝑟𝑚⃗⃗ ⃗⃗  ⃗|  3
 (𝑟𝑀′⃗⃗ ⃗⃗  ⃗  −  𝑟𝑚⃗⃗⃗⃗ )   (4) 

From (2) and (3):     

                                                                   -𝜔2𝑟𝑀⃗⃗⃗⃗    =  
−𝑘𝑀′

|𝑟𝑀⃗⃗⃗⃗⃗⃗  − 𝑟𝑀′⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ |  3
 (𝑟𝑀⃗⃗⃗⃗  − 𝑟𝑀′⃗⃗ ⃗⃗ ⃗⃗ ) 

                                                                  -𝜔2𝑟𝑀′⃗⃗ ⃗⃗  ⃗   =  
−𝑘𝑀

|𝑟𝑀⃗⃗⃗⃗⃗⃗  − 𝑟𝑀′⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ |  3
 (𝑟𝑀⃗⃗⃗⃗  −  𝑟𝑀′⃗⃗ ⃗⃗ ⃗⃗ )   

By subtraction:     

                                        -𝜔2(𝑟𝑀⃗⃗⃗⃗  − 𝑟𝑀′⃗⃗ ⃗⃗ ⃗⃗ )=   
−𝑘𝑀′

|𝑟𝑀⃗⃗⃗⃗⃗⃗  − 𝑟𝑀′⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ |  3
 (𝑟𝑀⃗⃗⃗⃗  −  𝑟𝑀′⃗⃗ ⃗⃗ ⃗⃗ )  -  

−𝑘𝑀

|𝑟𝑀⃗⃗⃗⃗⃗⃗  − 𝑟𝑀′⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ |  3
 (𝑟𝑀⃗⃗⃗⃗  −  𝑟𝑀′⃗⃗ ⃗⃗ ⃗⃗ )   
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By dividing on both sides:      

                                           𝜔2  =  
𝑘(𝑀+𝑀′)

|𝑟𝑀⃗⃗⃗⃗⃗⃗  − 𝑟𝑀′⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ |  3
   (5) 

From (4) and (5):      

           0⃗     =   
𝑘𝑀𝑚

|𝑟𝑀⃗⃗⃗⃗⃗⃗  − 𝑟𝑚⃗⃗ ⃗⃗  ⃗|  3
 (𝑟𝑀⃗⃗⃗⃗  − 𝑟𝑚⃗⃗⃗⃗ )  +  

𝑘𝑀′𝑚

|𝑟𝑀′⃗⃗ ⃗⃗ ⃗⃗  ⃗ − 𝑟𝑚⃗⃗ ⃗⃗  ⃗|  3
 (𝑟𝑀′⃗⃗ ⃗⃗  ⃗  −  𝑟𝑚⃗⃗⃗⃗ )  + 

𝑘𝑚(𝑀+𝑀′)

|𝑟𝑀⃗⃗⃗⃗⃗⃗  − 𝑟𝑀′⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ |  3
 𝑟𝑚⃗⃗⃗⃗     

By dividing on both sides: 

                  0⃗     =   
𝑀

|𝑟𝑀⃗⃗⃗⃗⃗⃗  − 𝑟𝑚⃗⃗ ⃗⃗  ⃗|  3
 𝑟𝑀⃗⃗⃗⃗  +  

𝑀′

|𝑟𝑀′⃗⃗ ⃗⃗ ⃗⃗  ⃗ − 𝑟𝑚⃗⃗ ⃗⃗  ⃗|  3
 𝑟𝑀′⃗⃗ ⃗⃗  ⃗  + [ 

𝑀+𝑀′

|𝑟𝑀⃗⃗⃗⃗⃗⃗  − 𝑟𝑀′⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ |  3
  -  

𝑀′

|𝑟𝑀′⃗⃗ ⃗⃗ ⃗⃗  ⃗ − 𝑟𝑚⃗⃗ ⃗⃗  ⃗|  3
  - 

𝑀

|𝑟𝑀⃗⃗⃗⃗⃗⃗  − 𝑟𝑚⃗⃗ ⃗⃗  ⃗|  3
] 𝑟𝑚⃗⃗⃗⃗     

There are two cases:  

1. 𝑟𝑀⃗⃗⃗⃗ , 𝑟𝑀′⃗⃗ ⃗⃗  ⃗  , 𝑟𝑚⃗⃗⃗⃗    are not collinear 

2. 𝑟𝑀⃗⃗⃗⃗ , 𝑟𝑀′⃗⃗ ⃗⃗  ⃗  , 𝑟𝑚⃗⃗⃗⃗     are collinear 

• Case 1: The sum of two noncollinear vectors is 0. This means that those two vectors 

are the null vector: 

      
𝑀

|𝑟𝑀⃗⃗⃗⃗⃗⃗  – 𝑟𝑚⃗⃗ ⃗⃗  ⃗|  3
 𝑟𝑀⃗⃗⃗⃗   +  

𝑀′

|𝑟𝑀′⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  − 𝑟𝑚⃗⃗ ⃗⃗  ⃗|
  3 𝑟𝑀′⃗⃗ ⃗⃗ ⃗⃗   =   0⃗   (6) 

     [ 
𝑀+𝑀′

|𝑟𝑀⃗⃗⃗⃗⃗⃗  − 𝑟𝑀′⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ |  3
  -  

𝑀′

|𝑟𝑀′⃗⃗ ⃗⃗ ⃗⃗  ⃗ − 𝑟𝑚⃗⃗ ⃗⃗  ⃗|  3
  - 

𝑀

|𝑟𝑀⃗⃗⃗⃗⃗⃗  − 𝑟𝑚⃗⃗ ⃗⃗  ⃗|  3
 ] 𝑟𝑚⃗⃗⃗⃗    =  0⃗      (7) 

From (1) and (6): 

   
𝑀

|𝑟𝑀⃗⃗⃗⃗⃗⃗  – 𝑟𝑚⃗⃗ ⃗⃗  ⃗|  3
 𝑟𝑀⃗⃗⃗⃗    +   

𝑀′

  |𝑟𝑀′⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗  − 𝑟𝑚⃗⃗ ⃗⃗  ⃗|
  3  * 

−𝑀

𝑀′
 𝑟𝑀⃗⃗⃗⃗   =  0⃗  

   [
𝑀

|𝑟𝑀⃗⃗⃗⃗⃗⃗  – 𝑟𝑚⃗⃗ ⃗⃗  ⃗|  3
   -  

𝑀

|𝑟𝑀′⃗⃗ ⃗⃗ ⃗⃗  ⃗ – 𝑟𝑚⃗⃗ ⃗⃗  ⃗|  3
 ] 𝑟𝑀⃗⃗⃗⃗  =   0⃗  

    
1

|𝑟𝑀⃗⃗⃗⃗⃗⃗  – 𝑟𝑚⃗⃗ ⃗⃗  ⃗|  3
   -  

1

|𝑟𝑀′⃗⃗ ⃗⃗ ⃗⃗  ⃗ – 𝑟𝑚⃗⃗ ⃗⃗  ⃗|  3
   =   0 

    |𝑟𝑀⃗⃗⃗⃗  – 𝑟𝑚⃗⃗⃗⃗ |   =   |𝑟𝑀′⃗⃗ ⃗⃗  ⃗ – 𝑟𝑚⃗⃗⃗⃗ |    = 0       (8) 

From (7): 

   
𝑀+𝑀′

|𝑟𝑀⃗⃗⃗⃗⃗⃗  − 𝑟𝑀′⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ |  3
     -    

𝑀′

|𝑟𝑀′⃗⃗ ⃗⃗ ⃗⃗  ⃗ – 𝑟𝑚⃗⃗ ⃗⃗  ⃗|  3
   -   

𝑀

|𝑟𝑀⃗⃗⃗⃗⃗⃗  – 𝑟𝑚⃗⃗ ⃗⃗  ⃗|  3
  = 0 

Considering (8):  

   
𝑀+𝑀′

|𝑟𝑀⃗⃗⃗⃗⃗⃗  − 𝑟𝑀′⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ |  3
     =   

𝑀+𝑀′

|𝑟𝑀⃗⃗⃗⃗⃗⃗  − 𝑟𝑚⃗⃗ ⃗⃗  ⃗|  3
      

   |𝑟𝑀⃗⃗⃗⃗  − 𝑟𝑀′⃗⃗ ⃗⃗ ⃗⃗ |  =  |𝑟𝑀⃗⃗⃗⃗  −  𝑟𝑚⃗⃗⃗⃗ |  =  |𝑟𝑀′⃗⃗ ⃗⃗  ⃗  − 𝑟𝑚⃗⃗⃗⃗ | 

Since |𝑟𝑀⃗⃗⃗⃗  −  𝑟𝑀′⃗⃗ ⃗⃗ ⃗⃗  | is the distance from Earth to Moon, |𝑟𝑀⃗⃗⃗⃗  −  𝑟𝑚⃗⃗⃗⃗ |  is the distance from 

Earth to m and |𝑟𝑀′⃗⃗ ⃗⃗  ⃗  −  𝑟𝑚⃗⃗⃗⃗ | is the distance from the Moon to m, the three masses describe an 

equilateral triangle. There are two positions that satisfy this condition, so we determined two 

of the Lagrangian points (L4 and L5). 
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• Case 2: 

We will replace all the vectors with:  

   𝑟  =  𝑟𝑀⃗⃗⃗⃗  −  𝑟𝑀′⃗⃗ ⃗⃗ ⃗⃗    (9) 

   𝑟0⃗⃗  ⃗ =  𝑟𝑚⃗⃗⃗⃗   -  𝑟𝑀′⃗⃗ ⃗⃗  ⃗   (10) 

 0⃗     =   
𝑀

|𝑟𝑀⃗⃗⃗⃗⃗⃗  − 𝑟𝑚⃗⃗ ⃗⃗  ⃗|  3
 𝑟𝑀⃗⃗⃗⃗  +  

𝑀′

|𝑟𝑀′⃗⃗ ⃗⃗ ⃗⃗  ⃗ − 𝑟𝑚⃗⃗ ⃗⃗  ⃗|  3
 𝑟𝑀′⃗⃗ ⃗⃗  ⃗  + [ 

𝑀+𝑀′

|𝑟𝑀⃗⃗⃗⃗⃗⃗  − 𝑟𝑀′⃗⃗ ⃗⃗ ⃗⃗ ⃗⃗ |  3
  -  

𝑀′

|𝑟𝑀′⃗⃗ ⃗⃗ ⃗⃗  ⃗ − 𝑟𝑚⃗⃗ ⃗⃗  ⃗|  3
  - 

𝑀

|𝑟𝑀⃗⃗⃗⃗⃗⃗  − 𝑟𝑚⃗⃗ ⃗⃗  ⃗|  3
 ] 𝑟𝑚⃗⃗⃗⃗     

   0⃗     =   
𝑀

|𝑟  − 𝑟0⃗⃗⃗⃗ |  3
 (𝑟  −  𝑟0⃗⃗  ⃗)   -   

𝑀′

|𝑟0⃗⃗ ⃗⃗  ⃗ |  3
 𝑟0⃗⃗  ⃗  +  

𝑀+𝑀′

|𝑟  |  3
𝑟𝑚⃗⃗⃗⃗  

We express  𝑟𝑚⃗⃗⃗⃗   depending on 𝑟 , 𝑟0⃗⃗  ⃗ and then we replace it in the equation. From (1) and 

(9): 

    𝑟   = - 
𝑀′

𝑀
 𝑟𝑀′⃗⃗ ⃗⃗  ⃗  -  𝑟𝑀′⃗⃗ ⃗⃗  ⃗   

    𝑟   = - (1 + 
𝑀′

𝑀
 ) 𝑟𝑀′⃗⃗ ⃗⃗  ⃗   

    𝑟𝑀′⃗⃗ ⃗⃗  ⃗  = 
−𝑀

𝑀+𝑀′
 𝑟    

From (10): 

    𝑟𝑚⃗⃗⃗⃗  = 𝑟0⃗⃗  ⃗  - 
𝑀

𝑀+𝑀′
 𝑟    

Replacing  𝑟𝑚⃗⃗⃗⃗ ∶ 

    0⃗     =   
𝑀

|𝑟  − 𝑟0⃗⃗⃗⃗ |  3
 (𝑟  −  𝑟0⃗⃗  ⃗)   -   

𝑀′

|𝑟0⃗⃗ ⃗⃗  ⃗ |  3
 𝑟0⃗⃗  ⃗  +  

𝑀+𝑀′

|𝑟  |  3
 (  𝑟0⃗⃗⃗⃗   - 

𝑀

𝑀+𝑀′
 𝑟   ) 

   0⃗     =   
𝑀

|𝑟  − 𝑟0⃗⃗⃗⃗ |  3
 𝑟   -  

𝑀+𝑀′

|𝑟  |  3
 * 

𝑀

𝑀+𝑀′
 𝑟    - (

𝑀

|𝑟  − 𝑟0⃗⃗⃗⃗ |  3
  + 

𝑀′

|𝑟0⃗⃗ ⃗⃗  ⃗ |  3
  -  

𝑀+𝑀′

|𝑟  |  3
 )  𝑟0⃗⃗⃗⃗  

    0⃗     =   ( 
𝑀

|𝑟  − 𝑟0⃗⃗⃗⃗ |  3
   -  

𝑀

|𝑟  |  3
) 𝑟   - (

𝑀

|𝑟  − 𝑟0⃗⃗⃗⃗ |  3
  + 

𝑀′

|𝑟0⃗⃗ ⃗⃗  ⃗ |  3
  -  

𝑀+𝑀′

|𝑟  |  3
 )  𝑟0⃗⃗⃗⃗  

We consider the notation: 

   e =  
𝑀′

𝑀
 

    𝑟0⃗⃗⃗⃗   = x𝑟  

   0⃗     =   ( 
1

|𝑟  − 𝑟0⃗⃗⃗⃗ |  3
   -  

1

|𝑟  |  3
) 𝑟   - (

1

|𝑟  − 𝑟0⃗⃗⃗⃗ |  3
  + 

𝑒

|𝑟0⃗⃗ ⃗⃗  ⃗ | 3
  -  

1+𝑒

|𝑟  | 3
 ) x𝑟  

This reduces to: 

   0 =  
1

|𝑟  −x𝑟 | 3
   -  

1

|𝑟  |  3
 – (

1

|𝑟  − x𝑟 | 3
  + 

𝑒

|x𝑟  | 3
  -  

1+𝑒

|𝑟  | 3
) x 

   0 =  
1

|1−𝑥| 3𝑟3
   -  

1

𝑟   3
 – (

1

|1−𝑥|  3𝑟3
  + 

𝑒

|x | 3𝑟3
  -  

1+𝑒

𝑟  3
) x 
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By amplifying on both sides: 

   0 =  
1

|1−𝑥| 3
   -  1 – (

1

|1−𝑥|  3
  + 

𝑒

|x | 3
  + 1 + e )x 

   0 = x (e+1) – 1 -  
𝑥−1

|𝑥−1|  3
  - 

𝑒𝑥

|x | 3
 

Because of the moduli, we made a discussion about the signs: 

 

 

If x∈(0,1), then: 

   |𝑥 − 1|  = 1 − 𝑥  

                                              | x | = x 

So: 

   0 = x(e + 1) – 1 + 
1

(1−𝑥)2
  -  

𝑒

𝑥2
 

                                            
𝑥2

(𝑥−1)2
  = e + 𝑥2 - 𝑥3(1+e) 

Since 𝑥 ∈ (0, 1), this is the equation for point L1. We continued the calculations in order 

to get an approximate value of the distance from Earth to L1. For this, we considered the 

function: 

                𝑓: ℝ → ℝ, 𝑓(𝑥) = 
𝑥2

(𝑥−1)2
 

We also calculated:  

   𝑓’(𝑥) = 
2𝑥(𝑥−1)2−2𝑥2(𝑥−1)

(𝑥−1)4
 = 

−2𝑥

(𝑥−1)3
 

   𝑓’’(𝑥) = 
2(1+2𝑥)

(𝑥−1)4
 

   𝑓’’’(𝑥) = 
−12(𝑥+1)

(𝑥−1)5
 

Using the Taylor series, we can approximate: 

  (𝑥) ≈ (0) + 𝑓’(0)x + 
f ′′(x) 

2!
𝑥2 + 

f ′′′(x) 

3!
𝑥3 

  (𝑥) ≈ 0 + 0 + 
2 

2
𝑥2 + 2𝑥3 = 𝑥2 + 2𝑥3 

But: 

   (𝑥) = e + 𝑥2 - 𝑥3(1 + 𝑒) 

   𝑥2 + 2𝑥3 = e + 𝑥2 - 𝑥3(1 + 𝑒) 
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   x = √
e 

3−𝑒

3
 ≈ √

e 

3

3
 

We made that approximation because 𝜆 = 0.0123. The distance from the Moon to L1 (r 

is the Earth – Moon distance): 

   𝑑1 = 𝑥𝑟 = 𝑟√
e 

3

3
 ≈ 61,460 km 

The distance from the Earth: 

   𝐷1 = 322.540 𝑘𝑚 

Analogue for L2 and L3: 

   𝑑2 ≈ 𝑟√
e 

3

3
= 61,460 𝑘𝑚     𝐷2 = 445.460 km 

  𝑑3 ≈ 𝑟 (2 − 
7e 

12 
) ≈ 765,245 𝑘𝑚     𝐷3 = 381.245 km 

Knowing that L4, and L5 form an equilateral triangle with the Moon and Earth, D4 and 

D5 are equal to the distance between the Moon and Earth, which is 384.400 km. 

Knowing that L1, L2, and L3 are not stable, the slightest perturbing influence being 

able to break the equilibrium, we cannot consider them a good contender for our space 

settlement. 

The final question remaining to answer is “Should we settle on an equatorial LEO, or 

should we travel further to L4 or L5?” 

While the ELEO offers better radiation protection and is closer to Earth, the idea of 

building our settlement closer to the moon is better material wise. Another plus of these two 

points are their librations. If our settlement is not placed exactly where the forces cancel, its 

trajectory will describe oscillations around the equilibrium point (called librations) with really 

low fuel costs. 

The drawbacks of placing our settlement in an ELEO are mainly the high amount of 

space debris which could lead to ship damages, so a settlement that could home a lot of people 

it’s improbable. 

Even if transport costs and radiations are way higher on the L4/L5, because of the 

enhanced stability and material abundance we decided to stick with one of these two 

Lagrangian points as our final location.    
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Radiation Shielding 
 

The biggest challenge of launching a successful space settlement is preventing radiation 

from reaching to the astronauts and altering mechanical design. Compared to Earth (which is 

protected by its magnetosphere), radiations in space are much more powerful and dangerous.  

Judging by its nature, we can split space radiation into the following: 

• Non-ionizing radiation 

Basically, we call non-ionizing radiation, energy waves formed by magnetic and 

electric fields that travel at light speed. This type of radiation is often found also on Earth (UV 

and visible light, infrared, etc.) While constant exposure to non-ionizing radiation can be 

harmful for human beings, designing a shield for this kind of radiation wouldn’t be much of a 

problem, so our real concern caries on to the next type of radiation. 

• Ionizing radiation 

By definition, ionizing radiation is an incredibly powerful type of radiation, because of 

the fact that it has enough energy to remove an electron from its atom, forming ions (from here 

the name). To study ionizing radiation closer, we decided to take a look at each of its 

representatives individually. 

• Alpha Particle Radiation  

When two protons and two neutrons are launched from the nucleus of an atom, an alpha 

particle is formed. The main characteristic of alpha particles are that they represent a dangerous 

radiation type if coming in contact with materials, interacting with atoms. Another important 

fact is that alpha particles cannot penetrate the dead layer of the skin. However, if they are 

inhaled, alpha particles can provoke serious damage to our inner tissues and organs. Alpha 

particles are easily shielded against and can even be stopped by a single paper. 

• Beta Particle Radiation  

A beta particle is formed when from a radioactive atom’s nucleus, an electron detaches. 

Compared to alpha particles, this radiation type doesn’t produce that much of a damage to 

materials, being smaller and not as charged. Some beta particles can enter up to one half of an 

inch into the skin, so if reaching people on the settlement they could represent a real danger. 

Basic metal shielding is able to stop beta particles. Regarding human interaction, beta particles 

are very dangerous, also having the ability to damage our body externally. 

 

• Gamma Ray Radiation  

         Being very similar to light or microwaves, gamma rays are electromagnetic radiations, 

but their energy is much greater. Compared to the previous two types, gamma rays have no 

mass and are not that dangerous for materials, but are way harder to shield.  The only way to 

reduce and eventually block gamma rays is using metals with a very high atomic number, like 

lead. Just as the alpha and beta particles, gamma rays are extremely harmful to the human body. 
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•  X-Ray Radiation 

If speaking about the way that x-rays are formed, the process is really similar to gamma 

rays. The only difference is that x-rays are not ejected from the nucleus of the atom in a 

radioactive decay state. While space x-rays are higher in intensity, the materials used for 

shielding are as well very dense metals.  

• Neutron radiation 

This radiation type is based on free neutrons, which are neutral electrically. A key 

characteristic of neutron radiation is that it can slice through materials way easier than the other 

types. So, in order to stop this kind of radiation, it takes a huge mass of hydrogen-rich shielding 

to stop it. Travelling at a very high speed, this type of radiation is very dangerous, affecting 

materials that it collides with and representing a big threat to humans in our space settlement. 

The materials that can be used for stopping neutron radiations are water, polyethylene, 

or substances with a big concentration of hydrogen atoms in their molecule. 

Because of their incredibly harmful effect on humans and also on raw material, we aim 

to protect our settlement from these deadly radiations as much as we can, while keeping the 

average total cost on the lower side.  Another criteria that we considered when choosing the 

final shielding system was the mass of the settlement, which should be also as low as possible.  

Knowing that the halving thickness of lead metal against gamma rays is about 1 cm, a 

radiation shield that is able to diminish gamma rays to approximately 1/1000, would have a 

thickness of about 10 cm. 

Because alpha and beta particles are way easier to stop and x-rays are similar to gamma 

rays regarding shielding requirements, a 10 cm layer of lead metal would be the best choice 

from each point of view.  

When speaking about neutron radiation, lead isn’t the best choice for shielding. 

Materials that contain a high percentage of hydrogen are better.  

So, in order to shield this type of radiation, our best thoughts were choosing water, 

because it’s cheap and relatively light weighted or a more advanced structure like hydrogenated 

BNNT’s (boron nitride nanotubes). 

Due to the fact that pure water is rather hard to use, because it’s aggregation state isn’t 

stable, our final choice for shielding the settlement against neutron radiation was the 

hydrogenated BNNT. Some superior characteristics of this material are good structural 

functionality, great heat resistance, while being able to effectively shield radiation.  

In order to achieve a pretty good shielding display our final decision was building a 

two-layer shield, one consisting in lead metal (which has a high atomic number in order to stop 

alpha, beta, gamma radiations) and the other one consisting in hydrogenated boron nitride 

nanotubes (for stopping neutron radiation). 

We are aware that this current shielding system isn’t able to entirely protect humans 

from radiation, but it will still diminish a significant percentage.  
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Because our settlement will be placed at a small distance from the Moon, we plan on 

reinforcing our current shielding, in time, with another layer of lunar regolith (which is very 

promising regarding radiation shielding).   

 

Space debris 
 

 Seeing as the location of the settlement would be in L4/L5 (Lagrange point), space 

debris shouldn't be as big of a problem as in Earth's orbit. That being said, even small impacts 

can lead to disasters, so precaution is the key to survival.  

 The first thing that comes to mind when thinking of how to deal with collisions is 

shielding. It is undeniably vital, and the most brute force method (we let ourselves get hit and 

try to minimize the damage). A better option (when possible) is avoiding impact. This can be 

split up in two parts: detecting and tracking objects that are set on course to collide and 

manoeuvring out of the way. Manoeuvring can be done with the use of the same systems that 

keep the spacecraft in its designed location. Radar and optical detectors are heavily used for 

tracking space debris with sizes as low as 1 cm. Radio waves and keeping track of already 

known objects are also used methods. 

 Since the settlement would be far from Earth or the Moon, land telescopes and other 

devices stationed on one of them aren’t viable for tracking smaller debris, so all of the tracking 

needs to be done from the settlement, except bigger meteors or asteroids that have more stable 

orbits, which can be calculated. 

 With that, the biggest threats are covered, but debris smaller than 10cm could remain 

unobserved, so proper shielding is still needed. For the ISS, there have been many shield 

variants, but all of them can be divided in three basic categories: Whipple bumper, stuffed 

Whipple bumper and mesh double-bumper. 

 The Whipple bumper is the simplest configuration, being made of a plate of metal, 

usually aluminium, used to break-up, melt, vaporize or slow down the impact object, and the 

module wall, usually called the catcher. After the bumper breaks down the object, the 

remaining parts spread in the distance between the two plates and the remaining energy is 

distributed over a larger area of the catcher. This configuration works best on high velocity 

objects, it is the cheapest and least safe shield variant, but still effective. 

 The stuffed Whipple bumper is similar to the normal Whipple bumper, but in-between 

the two metal plates there are multiple layers of stuffing, typically Nextel cloth and Kevlar 
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fabric, used to slow down even more the broken parts of the impact object, some remaining in 

the layers, and the rest getting through to the catcher.  

 

 Using the mesh double-bumper shield everywhere on the ship would be inefficient and 

expensive, so depending on the probability of collision and importance of the module, one of 

the three tiers of shield will be used. This combined with object detection and evasive 

manoeuvres should be sufficient to protect the settlement from space debris. Unavoidably, 

damage will occur, so either specialized robots or crew engineers will have to go out on EVA 

walks to do any necessary repairs.  

 

 



Urania 

 18 

Construction & 
Materials 

Choosing a design 
Finding the right design for our settlement is very important, as it will directly influence 

variables such as cost, mass or available living area, and thus the feasibility of our space station. 

The shape and dimensions we choose for our settlement will be determined by several 

requirements it will have to fulfil, the most important two being: living space availability and 

artificial gravity. 

Living Space Availability 

Taking into consideration the results of our survey, we have decided to set ourselves 

the goal of accommodating up to 1000 people at all times on Space Station Urania. According 

to a NASA study[1], about 155.2 m2 should be allocated for every inhabitant of the settlement, 

in order to account for all the facilities needed for a self-sustaining colony. Out of these, 94.2 

m2 per person would be inhabited, being taken up by homes and other buildings, as well as 

public spaces such as parks. The rest of 61 m2 per person would be used for agricultural 

purposes. Thus, we will need at least 155200 m2 of inhabitable space in our settlement for our 

desired population capacity. This could potentially be organized on multiple levels, in order to 

optimize the size of the space station and quantity of materials needed for its construction. 

Artificial Gravity 

Thanks to research performed in Earth orbit, we now know about some of the 

physiological effects of long-term exposure to microgravity on the human body. These include 

spatial disorientation, caused by the lack of gravity to serve as a reference point and space 

motion sickness, characterized by headaches, pallor, fatigue, nausea, and vomiting, which 

occurs when the sensory information from the vestibular system in the ears conflicts with the 

information from the eyes and muscles. While these only appear during the first few days in 

space, before the body has had a chance to adapt to microgravity, other effects are much more 

permanent. The most notable of which being muscle atrophy, the loss of muscle strength and 

volume, which increases the likelihood astronauts may not be able to perform physically 

demanding tasks on EVAs or upon returning to Earth [2]. 
 

Even though we have found temporary solutions to mediate some of these effects, such 

as constant physical exercise, these are only viable in the short term, and that is only the tip of 

the iceberg. There is still no way to accurately tell how the human body will react to exposure 

to weightlessness for longer than a year. Thus, in order to avoid all of these problems, our space 

settlement should be able to generate artificial gravity comparable to what would be 

experienced on Earth. 
 

With current technology, the best way of achieving this is by harnessing the centrifugal 

force. This apparent force acts outwards from the centre of rotation upon bodies in a spinning 

environment, observed from a non-inertial reference frame. Thus, we could create the illusion 

of gravity by rotating our space settlement around a central axis at just the right speed, such 

that the perceived outwards acceleration generated by the centrifugal force matches the 
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gravitational acceleration on Earth. Since this centrifugal acceleration is directly proportional 

to the radius and the square of the angular velocity, in order to maintain constant artificial 

gravity throughout the settlement, the entirety of the habitable area should be at equal distance 

from the rotation axis. 
 

However, a rotating environment also comes with certain disadvantages. In particular, 

at high angular velocities and small radii, even small changes in the distance from the centre 

of rotation can result in noticeable differences of the centrifugal force. This, along with the 

more pronounced effects of the Coriolis force can lead to disorientation and motion sickness. 

It has been found that rotation speeds of up to 3rpm are easily tolerable while for higher angular 

velocities, up to 6 rpm, visitors can adapt within only a couple of days [3]. Taking all of this into 

account, we should minimize the rotation speed of our settlement in order to reduce the adverse 

effects on our colonists.  
 

Generally, when building in space, there are no major external forces to consider, so 

there is often little to no need for strong support structures. Unfortunately, because of the 

centrifugal force, the structure of our space settlement will have to withstand extra stresses 

which will require reinforcements, and thus more materials and higher costs. 

Possible Shapes for The Space Settlement 

Arranging The Colony on Multiple Levels 

A very good way of increasing the usable surface area for any of these possible designs 

would be to arrange our space settlement on multiple levels. The main advantage of this is that 

it would create more space for our colony, without the need to expand the initial shape. 

Unfortunately, the number of levels we add to our space settlement will be limited by the 

variation in artificial gravity as we build closer or further away from the axis of rotation. It has 

been shown that humans are comfortable with a small decrease in artificial gravity, though that 

is not the case for higher g levels [3]. Thus, we will limit artificial gravity variation throughout 

the settlement to 20% of 1g. 
 

Choosing The Shape for The Habitable Area 

The need to spin our settlement around a central axis narrows our choices of design for 

the inhabitable area. Thus, the most promising potential shapes are the sphere, the cylinder and 

the torus. In order to arrive at the optimal design to suit our goals, we will analyze the 

advantages and disadvantages of each shape individually. 

The Sphere 

The sphere not only provides by far the largest surface area of all the shapes for the 

same radius, but also, thanks to the lack of sharp corners, is able to disperse loads as evenly as 

possible throughout the surface, reducing the need for structural reinforcement. That being said, 

the actual inhabitable area, where enough artificial gravity is generated, for a spinning sphere 

represents only a fraction of the total surface. At the equator, the centrifugal force would be 

perpendicular to the surface, making it the ideal place for living. However, as we move towards 

the poles, the centrifugal force decreases, and the inclination between the surface and the 

centrifugal force increases. 
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The Cylinder 

The main advantage of choosing a cylindrical shape, is the consistency of the simulated 

gravity throughout the inhabitable area, represented by the inside edge of the cylinder. 

Furthermore, this shape also allows for a potential future expansion of the settlement 

lengthwise if needed. Unfortunately, if we are to pressurize the entirety of the cylinder, the 

generated forces acting on the top and bottom faces would be very big because of their large 

surface areas which would call for much reinforcement. However, we can minimize this effect 

by using two concentric cylinders and only pressurizing the volume in between them. 

The Torus 

The torus manages to keep the structural advantages of the sphere, while also having 

relatively consistent artificial gravity within its inhabitable area. Its disadvantage comes from 

the curvature of the floor, which limits the surface available for settling. Still, the torus remains 

the most favoured shape for space settlements in specialty literature. 
 

Taking all of this into account, our team has decided that a torus shape would be the 

best choice for the basic form of our settlement. However, in order to solve the problem of the 

floor’s curvature, we will modify the cross section of the torus, by using a flatter outer edge, 

completed by a hyperbolic arch shape for the inner edge, as seen below. 
 

Based on the shape chosen above, in order to accommodate the desired amount of 

people in our space settlement, we have chosen a total radius of 250 m. Thus, 20% or 50 m of 

this will be taken up by the habitable area which we will organize on two levels 20 m apart (a 

1g level and a 0.9g level). In order to achieve the minimum surface described earlier in the 

document, the habitable area will need a width of about 60 m. Taking this into account, we 

arrive at a total usable surface of about 160,692 m2. We can then calculate that our space 

settlement will have to rotate with an angular velocity of about 0.198 rad/s (1.89 rpm) in order 

to generate exactly 1g of artificial gravity on the outermost level of the inhabitable area. 

Constructing The Space Settlement 

The structure of our settlement can be separated in two parts: a structural component, 

which will have the job of keeping the space station together even at the high loads generated 

by rotation, and a so-called functional component, which will include the radiation shielding, 

solar panels, thermal insulation, etc. 

Designing the structural component 
In order to find the optimal design for the structure of our space settlement, we should 

first analyze the forces it will have to withstand. Thus, there are two main factors we will need 

to consider: centrifugal forces and pressure forces. The centrifugal forces will act outwards 

from the axis of rotation, on the whole of the structure, generating tension tangential to the 

rotation. Detailed calculations of the tangential tension per unit length can be found in annex 

3. The forces generated by pressure acting on the hull of the space settlement, will create 

meridional stresses and circumferential hoop stresses. 
 

Since the effects of centrifugal forces will be the strongest, we will start by designing a 

way for our structure to withstand them. For this application, the fist material that came to mind 
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was carbon fibre, as it is extremely strong when it comes to tension, while being much lighter 

than the more traditional metals which would be used for this application. Carbon fibre has a 

tensile strength of about 4137 MPa compared to 2617 MPa for steel or 414 MPa for Aluminium 

2[4], . Multiple sets of carbon fibre cables will wrap around the outside of the space settlement. 

Every 20 m, these cables will be kept in place relative to each other by aluminium separators 

which will trace the contour of the torus’s cross section, as shown in figure 1. 

When it comes to dealing with the forces generated by pressure, the rounded shape of 

the hull will help distribute them as evenly as possible throughout the structure. 

Designing the functional component 
The parts included in the so-called functional component will be attached directly to 

the structural framework described above. Thus, these parts (except for the pressure hull) will 

not need to withstand any significant stresses. Creating our design this way ensures we can 

focus on the primary function of each part, without needing to make compromises. 
 

In order to maintain an airtight environment inside the inhabitable area, a 10 cm thick 

layer made of a high strength aluminium alloy will cover the bare structural framework. We 

have chosen this thickness as we believe it should be enough to withstand the meridional and 

circumferential hoop stresses, given an inside pressure of 1 atm. After the pressure bearing 

layer there will be a thermally insulative blanket. For this we will use multi-layer insulation 

(MLI) which will reduce heat loss by thermal radiation. MLI is widely used for the thermal 

insulation of satellites and even on the ISS. Moving outwards, the MLI blanket will be followed 

by both a layer of radiation shielding and a layer of protection against micrometeorites and 

space debris. The structure of these last two layers has already been further detailed previously 

in this paper.  

3 

Figure 1: Cross-section of the habitable area 

 
2 These numbers are only for orientation purposes, as they can vary widely depending on alloy composition and heat treatment 

(in the case of steel and aluminium) or the fibre variety (for carbon fibre). It should also be noted that the shown values for 

steel and aluminium represent the yield strength and not the ultimate tensile strength. In the case of carbon fibre, which does 

not permanently deform before reaching its ultimate tensile strength, yield strength is not relevant. 
3 All settlement renderings are designed by us in Blender. 



Urania 

 22 

Docking to the space station 
In order to make access to our space settlement easier, there will be a special docking 

module in the centre of the space station. It will be held in place with the use of ten carbon 

fibre wires which will connect it to the habitable area. Access to the docking module from the 

outer ring will be provided by two diametrically opposed elevators moving along the carbon 

fibre wires. In order to attach to the docking module, a capsule would only have to match the 

angular rotation of the space settlement and then translate linearly to the forward docking port. 

From there the capsule could be moved to a side mounted docking port with the use of a robotic 

arm in order to make room for the next vehicle. 

 
Figure 2: Docking to the space settlement 

Microgravity modules 
We quickly realized the scientific and recreational potential of using rotation to 

generate artificial gravity, giving us the unique opportunity to generate different microgravity 

levels. Since the centrifugal force is directly proportional to the distance from the axis of 

rotation, a microgravity module capable of traveling radially relative to the centre of our space 

settlement could be used to simulate almost any g level. Thus, four microgravity units will be 

placed along the remaining cables connecting the docking module to the inhabitable area. 

These would function similarly to the elevators described above, but on a much bigger scale. 

The modules will be traveling in synchronized pairs such as not to create an imbalance in the 

space settlement’s rotation and will stop at precise distances from the centre, where they may 

remain for prolonged periods of time. In order to provide access to microgravity for both 

scientific and recreational purposes, we will devote one pair of modules exclusively to research 

while the other two units will be used by everyday colonists. Uses for these modules might 

include playing different sports in microgravity or even long-term living in order to study 

human physiology at different g levels. In order to have enough room for these activities, the 

microgravity units will be cylindrical in shape, with a 10 m diameter and 20 m long. 
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Construction phases 
The construction of our space settlement can be split in three major phases as follows: 

1. Deploying the docking module 

First, a docking module will be placed at the L4 or L5 point. This will be the “core” of 

our space station, and will give us something to build upon. Since the docking module will be 

entirely built on Earth, it will only measure about 4 m in diameter and 10 m in length, in order 

for it to fit inside the fairing of a rocket. This core will be further expanded with the bigger 

main docking module which will be constructed in space, mainly from metals sourced from 

our moon base. Its main purpose will be housing the few astronauts which will oversee the 

construction of the space settlement, while also providing a stable base on which to build the 

main structure. 

 
Figure 3: Phase 1 of construction 

 

2. Building the outer ring 

The second step in the construction of the space settlement will mainly focus on the 

inhabitable ring. For this, the modules installed in the first phase of construction will start a 

rotation of 1.89 rpm around their long axis. Then, the first two radial carbon fibre wires will be 

put in place on opposite sides of the core unit and the elevators will be constructed. Work on 

the inhabitable rings will start at the ends of the wires simultaneously and symmetrically, so as 

not to disrupt the stability of the rotation. During construction, the angular momentum of the 

structure will be adjusted in order to maintain a constant rotation speed. The outer ring of the 

settlement, which will eventually form the inhabitable area, will be autonomously constructed 

by hundreds of robots, with astronauts only being present in the case of a malfunction. 

 
Figure 4: Phase 2 of construction 
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3. Finishing 

At this point, the inhabitable area will be pressurized, and people will be able to start 

moving to the outermost layer of the torus, while the second level will still be under 

construction. Lastly, eight more radial cables will be added, along with the four microgravity 

modules. 

 
Figure 5: The finished space settlement viewed from the back 

 
Figure 6: The finished space settlement as viewed from the front 
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Choosing the right materials 
Choosing the right materials is a very important step in any construction project. This 

is especially true in space, where transportation costs can quickly add up. Moreover, the 

centrifugal force, which will be the main source of stress within our settlement’s structure, is 

directly proportional to mass. Thus, reducing this value will not only lower transport costs, but 

also reduce the amount of reinforcement needed to hold the space station together. Another 

important criterion will be the strength of the materials, more specifically, the yield strength 

(the amount of stress a material can take before starting to permanently deform) and the tensile 

strength (the amount of stress a material can take before breaking). Last but not least, we will 

also need to take into consideration costs. If a material is both strong and light, but expensive 

or too hard to produce in large quantities, it will sometimes be more cost effective to replace it 

with something cheaper even if it might have worse properties.  
 

Taking all of this into consideration, we realized that one of the best materials to use 

would be carbon fibre, for its extremely high resistance to tension relative to its mass. However, 

carbon fibre also comes with one main drawback: the complexity and high costs associated 

with its mass production. Carbon fibre has only started seeing widespread use in the past few 

decades and is still mostly regarded as an exotic material, because of its high costs which make 

it impractical for many applications. However, much research and development are currently 

being devoted to improving this material and optimizing its manufacturing methods. In the 

coming decades, as technologies advance, carbon fibre is set to become cheaper and more 

widely available. Another limitation of this material is its lack of resistance to compression 

loads. Thus, we also considered some metals which would be more conventionally used for 

this application such as steel or aluminium. Both of these are very strong and relatively easily 

produced, already being extensively used in the aviation and space industries. That being said, 

aluminium is the more promising choice for its lighter weight. 

Sourcing the materials 
When building in space, reducing mass is always a high priority. Since we will be 

placing our space settlement in the L4 or L5 points of the Earth-Moon system, the costs per 

kilogram of bringing materials from Earth will be incredibly high so we should only take as 

much as absolutely necessary. However, bringing materials from the Moon would be much 

more feasible requiring a much less significant 𝚫v budget. This is especially promising as the 

Moon’s regolith is rich in many metals such as iron, titanium or aluminium, very useful for 

making the structure of our space settlement, but also silicon, which could be used to make 

solar panel arrays or glass [5]. These materials would be extracted at our lunar base. There, they 

would also be fabricated into the required components by making use of different 

manufacturing techniques such as casting, machining or large-scale 3D printing, before being 

sent to the space settlement for assembly. Methods for extracting metals from the lunar regolith 

also produce oxygen as a byproduct[6]. Thus, we can use this not only for initially pressurizing 

the inhabitable area of our space station, but also as an oxidiser for rocket engines. 

Unfortunately, elements such as carbon (used for making carbon fibre and within high strength 

steel alloys) or nitrogen (needed for agriculture) can only be found in trace amounts on the 

Moon. Thus, we will have to take these from Earth. 
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Interior Design 
 

• Kitchen & Eating Area:  

 

• Living room: 

4 

• Bedroom: 

 

 
4 All images regarding interior design are rendered by us in Fusion 360.  
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• Bathroom: 

 

• Storage Space: 
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Moon Base 
Description 

 

The main base will be on L4/L5, but we will have one on the moon from where we will 

get most of the materials. The secondary base will house 50 people, including computer 

scientists, engineers, medical staff and others. At both bases, scientists will perform tests and 

experiments, trying to increase the maximum number of people who can live in space.  

LOCATION: We aim to build our lunar base near the lunar south pole, where 

lava tubes would be the enclosure of human habitat. Our top priority was to find a spot with 

decent living conditions for the astronauts who will accommodate the moon camp. Therefore, 

our choice was limited to the poles, where temperatures range from -50 ° C to 0 ° C, people get 

constant sunlight, and, inside the lava tubes, temperatures are bearable. The decisive argument 

in favour of the south pole was the presence of water ice out of which we could obtain liquid 

water, indispensable for the people living on our moon base. What is more, the craters in the 

south pole area block the sunlight from going inside (a strong point so as the astronauts would 

be able to sleep well) and contain a fossil record of hydrogen, which we could use for breathable 

air, but most importantly, for fuel. 

PURPOSE: The base purpose of our moon base will be scientific, but our team 

has designed the settlement so that it could easily be repurposed once human presence would 

inevitably start growing on the lunar surface. After considering the risks, we have decided that 

our first settlers should be scientists and engineers. We believe they will be best suited to 

properly run the daily experiments while also maintaining and upgrading the complex systems 

of the settlement. As there will be more and more human moon missions, costs will go down, 

and technology will progress, becoming more efficient and reliable. Once this happens, the 

moon base can simply be expanded to accommodate more people, some of whom could even 

be tourists, thus expanding humanity’s presence on the moon.  

WATER: In order to get water, the astronauts can remove water ice from the poles 

then, they will use a drill with solar panels on top of it. In this way, the tool will heat and 

penetrate inside the thick layer of the moon. Thus, we'll be able to use other solar panels to 

melt it after we extract the ice. With the aid of professional equipment, we can then filter the 

water and generate healthy drinking water. We intend to perform this process twice a week and 

collect the remaining water in a reservoir. We can also use the water recycling system on the 

International Space Station for filtration. A part of the obtained quantity will be transferred to 

the space settlement. 

FOOD: Food is another vital resource since it provides us with energy. To begin 

with, food sent into space must be light-weight, compact, tasty, nutritious, and durable for long 

periods of time without refrigeration in order to be as efficient as possible. However, no amount 

of food brought to the moon by astronauts will be sufficient. Therefore, we'll have to grow food 

on the moon as well. Our concept includes an essential lunar greenhouse to cover the lack of 

atmosphere or natural water and protect the plants from high temperatures. 

POWER: Power is also essential for the human habitat. We first thought of solar 

panels, but the problem is that the moon nights last for too long, so we wouldn’t have enough 
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time to gather energy. Though, there are some spots on the moon such as the rim of the 

Shackleton crater on the South Pole, which are permanently lighted by sunlight. Because we 

could only put solar panels there, we need some rovers to bring energy to the base. We can 

store solar power in fuel cells, which can last 17 days straight when fully charged. In this way, 

we also avoid the problem of lunar eclipses on the moon, when sunlight is fully blocked by 

Earth. 

AIR: Another important thing that man cannot live without is air, so we had to think 

seriously about this part of the project. First of all, before we leave Earth, we're going to make 

some "supplies" with enough oxygen for the first few days on the moon, and we're going to 

start getting it once we reach our destination. Plants are a means of generating air and can be 

used for both air and food. However, as they take up quite a lot of space by electrolysis, we can 

use the water left in the reservoir as well. Regolith, the land on the moon, can also be used with 

the aid of drills. We plan to heat the soil and filter it with the help of International Space Station 

equipment, then place it in the air conditioning. 

 

 

5 

Figure 2: Front of the base 

 
5 All images are designed by us in Fusion 360. 

Figure 1: The moon base 
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Figure 3: Top view of the base 

 

Figure 4: Drill with solar panel on top 

 

Figure 5: The rover 

 

Figure 6: Water tank 
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Food- Case Study 
A highly debated topic nowadays is “Can legume plants 

develop root nodules in microgravity?”. This discovery could be a 

great achievement and would have significant benefits for future 

long-term missions in outer space, with astronauts needing fresh 

food. 

Studying ways of providing our settlers with fresh food, we 

came to the conclusion that this experiment would be the best 

choice, together with the food we will obtain from the moon base. 

Thus, we immediately put this idea into practice and started a school 

trial by planting clover seedlings inside a special device, whilst 

closely watching an analogue ISS experiment as well. As we know 

evidence is crucial, we performed two experiments to confirm our 

findings. 

 To begin with, this experiment is based on the symbiotic relation 

between the clover seedlings and the nitrogen-fixing rhizobia 

bacteria, but we wanted to explore different work hypotheses and 

thus came with the following ideas: 

• Tube #1: Magenta Light + Rhizobia  

• Tube #2: Blue Light + Rhizobia 

• Tube #3: White Light + Rhizobia 

• Tube #4: Natural Light + Rhizobia, Double Magnetic Field 

• Tube #5: Natural Light + Double Rhizobia 

• Tube #6: Natural Light – No Rhizobia  

We have performed some of the experiments twice to get a better view of the results, 

so regard below our most important findings: 

Tube I – Magenta Light 

• This tube was the first to achieve root nodules, the event 

happening on Day 14. 

• The biggest advantage for the plants that had Magenta Light 

was the very large size of the nodules, which is why we 

stand that Tube #1 was our most successful experiment and 

could therefore be a top candidate for providing our settlers 

with nutrients.  

• Height: 16 cm  

• Roots: 8 cm 

• Number of nodules: 32 

 

 

 

 

Figure 1: Plants don’t grow 

only in pots! 

Figure 3: Magenta Light Tube – 

Root Nodules 
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Tube II – Blue Light 

• Height: 20 cm 

• Roots: 10 cm 

• Number of nodules: 26 

From our observations, the blue light 

enabled the plants to be more elongated, while the 

nodules were less and smaller in size compared to 

the magenta light.  

*Note: In the Munsell colour system, 

magenta is called red purple. The additive 

secondary colour magenta, as noted before, is 

made by combining violet and red light at equal 

intensity; it is not present in the spectrum itself. 

Tube III – White Light 

At a height of 16.5 cm and counting 25 nodules, 

the white light experiment exceeded our expectations. 

To continue the study, we also did a microscopic 

analysis on the plants.  

 

 

 

 

 
 

 

Tube IV – Double Magnetic Field 

 In the tube with a larger magnetic field B, one of the plants has not grown vertically 

upwards, the stem actually made a loop. Another interesting aspect is that one of the seeds 

germinated only around week 6, but, unfortunately, remained at that germination stage up to 

the end of the project. 

When looking carefully at our plants through the magnifying glass we saw that there 

were actually a lot of small points protruding from the root. These points protruding from the 

root could have turned into real-size nodules if they would have been allowed to grow for a bit 

more than our 55-day experiment window. 

Figure 1: Blue Light Tube – Clover Plant 

Figure 5: Nodules - plant from White Light Tube –

x4 microscope 

Figure 6: Nodules - plant from Magenta Light Tube – 

x40 microscope 
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Tube V – Double Rhizobia 

Although we initially thought that a double content of Rhizobia would lead to the 

appearance of several nodules, still the plants with this double amount have had the roots on 

the air-agar separation surface, not inside the growth medium, during the whole period of our 

ground trial. That is probably why the plants did not achieve serious root nodules. Also, another 

possible factor could have been the dimmer light.  

 

Tube VI – No Rhizobia 

This final hypothesis fully lived to our expectations. By starting it, we wanted to prove 

that Rhizobia directly impacts the appearance of root nodules and therefore did not add 

Rhizobia to these plants. As a results, none of the seedlings has achieved root nodulation. 

Chlorophyll Analysis 

Our analysis was extended by using a Raspberry Pi for taking pictures of our plants and 

further processing with the help of the infragram.org platform (an online tool for analysing 

plant health with near-infrared imagery). Regard below some detailed images showing the level 

of chlorophyll of the plants that had Magenta and White Light respectively. 
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Our conclusion on this topic is that the chlorophyll is very similar in both situations, 

maybe just a bit better for the Magenta Light.  

 
 

 

Figure 7: Measuring the Clorophyll level by coding on a Raspberry Pi  

Water 
Another aspect we have been paying close attention to is how we will have water on 

space settlement, more exactly, obtaining and preserving the water. We will use the carbon 

dioxide released by plants to achieve the Bosch reaction. We will also get water from the 

reaction of oxygen with hydrogen, and the resulting methane will be broken down into carbon 

and hydrogen and will be used in the next reaction. 

• Water synthesis 

𝐶𝑂2 + 2𝐻2 → 𝐶 + 2𝐻2𝑂 (Bosch reaction) 

2𝐻2 + 𝑂2  → 2𝐻2𝑂 + Q 

• Water recycling 

𝑂2 + 𝐻2 
𝑟𝑒𝑠𝑝𝑖𝑟𝑎𝑡𝑖𝑜𝑛 
→        𝐶𝑂2 + 2𝐻2 + 2𝐻2(added) → 2𝐻2𝑂 + 𝐶𝐻4 (Sabatier reaction) 

𝐶𝐻4
Ct

→  𝐶 + 2𝐻2 
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Solar Power 
 

The main power source for our settlement will be represented by the solar panels 

located in the middle of the ring. In the beginning of our space settlement, when the cylinder 

has the minimum specified height (200m), we should have about 200,000 square meters of 

solar panels placed all around the environment. Due to the location of our base, we will 

constantly orbit around the sun so the panels can convert sunlight to electricity all the time. 

 Considering that each square meter can generate us 1367 W, we get that in our first 

development stage we should be able to produce about 273,400,000W or 273.4 MW. 

 If we get to the point where the power generated through the solar panels is not enough 

to sustain the activity on the space settlement anymore, we could consider the possibility of 

having small satellites6 around the settlement that are always oriented towards the sun and 

transmit energy through lasers. 

Population Distribution 
 

We estimate that our space settlement will be the home of 1050 people at the beginning. 

The chart below details the ratio of the population by age since the beginning of the launch. 

 

 
6 Reference: https://www.esa.int/gsp/ACT/doc/POW/ACT-RPR-NRG-2004-IAC-SPS-for_space_applications.pdf  

18-29 years old 10%

30-39 years old 40%

40-49 years old 30%

50-59 years old 15%

60+ years old 5%

AGE DISTRIBUTION ON THE MAIN BASE

18-29 years old

30-39 years old

40-49 years old

50-59 years old

60+ years old

https://www.esa.int/gsp/ACT/doc/POW/ACT-RPR-NRG-2004-IAC-SPS-for_space_applications.pdf
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We carefully chose the number of people that will initially arrive in the space settlement 

to guarantee that all jobs are filled and that enough space is available for everyone. There will 

be 1000 people on the main base, and there will be 50 people on the moon base. 

On the space settlement will be: 

• Scientific research personnel: 140 

• Computer operators: 140 

• Engineers: 140 

• Technicians: 140 

• Food production: 60 

• Cleaning staff: 60 

• Medical staff: 40 

• Other: 280 

 

On the lunar base will be: 

• Scientific research personnel: 13 

• Computer operators: 10 

• Engineers: 10 

• Technicians: 5 

• Food production: 5 

• Cleaning staff: 5 

• Medical staff: 2 

20-29 years old 35%

30-39 years old 35%

40-49 years old 20%

50-55 years old 10%

AGE DISTRIBUTION ON THE LUNAR BASE

20-29 years old

30-39 years old

40-49 years old

50-55 years old
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7 

Education System 
 

 Our education system will be divided into the following age groups: 

• 3-6: kindergarten 

• 7-12: primary school 

• 13-18: high school 

• 19-21 (at least): university (mandatory)8 

Primary school students will receive absolutely no grades, though our teachers for that 

age level will be very well trained and they will make sure the pupils thoroughly understand 

the key concepts that they are going to study in depth in high school.  

In our native country, Romania, it is often debated that students have too many subjects 

which will most likely not benefit the future adults. Thus, our philosophy will be to focus on 

less subjects (8, to be more exact), but at a high level, as we want to educate as many 

professionals as possible.  

 

Figure 1: Survey Results regarding the high school curriculum 

 
7 Image rendered by us in Fusion 360. 
8 A citizen will be considered of age when turning 21.  
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Our social study confirmed our expectations, the top 8 subjects being: Computer 

Science, Mathematics, Physics, Chemistry, Psychology, Biology, English & Physical 

Education. Exact sciences are very important in our industry, thus 5 of the subjects come from 

this area. Additionally, it goes without saying that being fluent in English will be a necessity. 

On the other hand, we go by the saying “mens sana in corpore sano” (a healthy mind in a 

healthy body), thus our students will be physically active, and they will also gain empathy and 

self-knowledge by studying Psychology.  

 We are going to support both excellence and a healthy, balanced lifestyle, as we believe 

education is the most important and it is what will define our future leaders. Still, our students 

will be able to choose from a wide range of extracurricular activities, so they can still pursue 

passions like Arts or Music. 

The teaching method will be based on a balance between theory and practical 

experiments, while also making great use of the available technology. One academic year will 

have two semesters and grades (the 1 to 10 system) will be mandatory in all subjects except for 

Psychology and Physical Education, where we only assess the wellbeing of our students. In 

addition, the weekly schedule will vary from student to student, everybody having to choose 2 

majors that they would spend more hours studying.  

Moreover, both academic and sports competitions will be held, and our brightest 

students will be encouraged to organize captivating activities, events, and even teach their 

younger colleagues.  

 

9 

Figure 2: Lab 
 

 

 

 
9 Image rendered by us in Fusion 360 
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Medical System 
 

Our primary focus is on the safety of the colonists, so undoubtedly the medical system 

is crucial. As we saw in our survey, people agree that it is the most important aspect after only 

food, water and radiation shielding. Also, the use of robots for lighter injuries was agreed by 

more than 60% of the participants in the survey. 

 

 

According to data.worldbank.org, in 2017, in the world there were 1.75 physicians per 

1000 people. On the other hand, in Italy, in 2019 the number was closer to 8. That being said, 

on a space colony, with a relatively small population, and a long way from Earth, we think 

there should be a medic for every 40 colonists, to ensure that even if something happens, there 

are enough for even a larger scale emergency. Also, the more medics there are, the easier it is 

to train future ones. That brings the number to about 25 medics per 1000 people.  

If we put the use of robots for more common, milder injuries in consideration, the 

medical crew of 25 humans seems too big for our colony, so we plan to have some of the 

medics specialize in other jobs too and have them help only when needed. 

Because of the big ratio of medics per colonists, we can do regular check-ups to ensure 

the well-being of our population. 
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Physical activity 
 

It is well known that exercising is important. If done correctly and in moderate amounts, 

it has a big impact on the physical and even mental health, reducing stress and anxiety, among 

other things. Keeping that in mind, a minimum amount of exercise will be mandatory. The gym 

will have mostly cardio equipment like treadmills and bicycles, but also more specialized ones. 

Every colonist will have to exercise at least 3 hours a week, either daily or only on some days, 

depending on personal preference. 

On the moon base, the physical equipment and the workouts will be more similar to the 

ones on the ISS, to help with the side effects of weaker gravity. 

10 

 

 

 

 

 

 

 

 

 

 

 
10 Image rendered by us in Fusion 360 
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Estimating costs 
 

In order to better gauge the feasibility of our space settlement, we will try to 

approximate the costs needed for sourcing its materials and building the structure. However, 

this will only be a broad estimate of the actual value, given the many uncertainties regarding 

transportation and the costs of new and unproven technologies such as mining the lunar surface. 
 

Item Cost (usd) Quantity Total cost (usd) 

Carbon fibre 18 usd/kg 716,172 kg 12,891,096 

Aluminium 3.24 usd/kg 99,957,820 kg 323,863,337 

Lead 2.3 usd/kg 250,712,514 kg 576,638,782 

Solar panels 75 usd/kg 196349 m2 14,726,175 

MLI 0.1 usd/kg 266,249 m2 26,625 

Other 
  

100,000,000 

Total 
  

1,028,146,015 

Annex 1: Angular rotation 

 

Annex 2: Inhabitable area height 
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Annex 3: Tangential tension within the 

space settlement’s structure 
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