


A project by  
Francesco Maio (Fg) and 

 Linda Raimondo (To) 
ITALY  



The goal of mankind is to become a multiplanet 
species, otherwise the alternative is to remain on 

Earth forever and head straight for an eventual 
extinction event. 



 First of all we have to remember that our Solar System is composed 
of eight planets. Four of them (Jupiter, Saturn, Uranus and Neptune) 
are gaseous planets, so it is impossible to think about a touch down 
there. 

We could take some of 
their moons in to 
consideration, but 
they are too far out 
and it would be a lot 
harder to get there. So 
we need to think 
about the remaining 
three planets:Mercury, 
Venus and Mars. 



 Mercury is too close to the Sun, it has no atmosphere and the 
temperature leap is very big. It would be impossible to live 
there. Venus, on the other hand, is similar to Earth in 
dimension and it is not that far… 

 
It could have been 
the best planet to 
colonize but, 
unfortunately, it has 
a very thick 
atmosphere and it 
has the distinction of 
being the hottest 
planet in the Solar 
System. 



 The atmosphere of  Venus is made up almost completely of 
Carbon Dioxide (96%), while Nitrogen exists in small doses 
(3.5%). This composition causes a very strong greenhouse 
effect which heats the planet. We could consider our Moon, 
but it is small, it has no atmosphere and it is not as rich in 
resources as Mars. 

Mars is the best planet that mankind can 
colonize. 



Mars  Earth 

Atmosphere 
(composition) 

Carbon dioxide (95.32%) 
Nitrogen (2.7%) 

Argon (1.6%) 
Oxygen (0.13%) 

Water vapor (0.03%) 
Nitric oxide (0.01%) 

Nitrogen (77%) 
Oxygen (21%) 

Argon (1%) 
Carbon dioxide (0.038%) 

Atmosphere 
(pressure) 

7.5 millibars (average) 1,013 millibars (at sea level) 
 

Equatorial Radius 3,397 kilometers 6,378 kilometers 

Gravity 0.375 that of Earth 2.66 times that of Mars 

Length of Day 24 hours, 37 minutes 24 hours 

Length of Year 687 Earth days 365 days 

Surface Temperature -63°  C 14° C 

Tilt of Axis 25° 23.45° 



  Technical restrictions: 
 Because of the peculiar  surface of I.T.S. solar panels, it is 

impossible, after the installation, to modify their grade for an 
efficient solar pursuit. For this reason we have to select some 
suitable landing zones. The best area for a touch down is 
close to the planetary equator where the solar path is 
constant during the all year and its peak is always close to 
the zenit.  

- Blue: Climate too freezing 
and absence of Sun in 
winter; 
-Green: Mild climate, but in 
winter the Sun is too low on 
the horizon; 
-Yellow: Warm climate 
during the all year and Sun 
always present on the 
horizon. 



 The local production of fuel enables the landing to be in a 
water rich territory. Thanks to the most recent and detailed 
maps, realized by Mars Odyssey, it is possible to select the 
most interesting zones from this point of view. 



 The best sites: 
 

-25°< Latitude <25° 
 Water >5% 



 The finalist sites: 
Site Latitude Water 

Availability 
Geological 

interest 
Biological 

interest 
Final 
mark 

Gale 
Crater 

-5.4° ≈7% 9/10 8/10 8 

Gusev 
Crater 

-14.5° ≈10% 8/10 10/10 9 

Planum 
Meridians 

≈0° ≈5% 7/10 6/10 7 

 Planum 
Meridians 

Gale 
Crater Gusev 

Crater 



 Gusev Crater is an ancient crater which took shape during 
the first half of Noachian period, when Mars was still damp 
and with a thick atmosphere.  

 Its geographical 
location is 
situated inside of 
a volcanic zone; in 
fact it is located a 
bit than 
Apollinaris Patera. 



 During the late Noachian period, water collected inside the 
crater, forming a lake of medium size and depth, with a 
possible hydrothermal activity on the bottom.  

 After the planet cooled 
down in the Hesperian 
aeon, the lake dried out 
and the geological 
activity increased, giving 
life to the view similar to 
the “El Tatio” on Earth: 
cold but rich of Geysers 
and hot puddles. 



 Ma'adim valley: 
 The Ma'adim valley was an outflow 

channel probably due to the melting of 
subterranean glaciers. This fact caused 
the release of a big amount of water 
that, briefly, dug a gargantuan canyon, 
700 km long, 20 km wide and 8 km deep.  

 For a long time the channel has been the 
fundamental tributary of Gusev lake and 
engendered a structure similar to a delta 
on the shores of the ancient lake. 



 Columbia Hills: 
 The Columbia Hills (dedicated to the Shuttle OV-102 and to 

the crew that passed away during the mission STS-107) are 
what remains of the crater central peak, eroded and 
submerged by lava flows more recently. Surely it is the most 
interesting point because it is the oldest still exposed.  



 Home Plate: 
 The geological basement of "Home Plate“ (located in Columbia 

Hills), rich in silicates, has been interpreted by planetary scientists as 
what remains of a hydrothermally active area. 

  
 Probably this area was  
characterized by a 
landscape full of colored 
thermal springs and a  
pungent smell of sulfur. 



 The surrounding areas, near the ”Home plate" are very rich in silica 
structures like: white sand, very rare on the red planet, and 
branched and complex concretions. We need to concentrate our 

attention on the second 
(Elizabeth Mahon): they have 
enormous similarities with 
biological structures present 
on Earth in similar conditions. 
A site analysis with dedicated 
instrumentation could confirm 
the biological nature of the 
possible fossilized bacteria 
colony. 



 Goddard Crater: 
 The elliptical depression called "Goddard" (located in Columbia 

Hills), according to many scientists, is actually an ancient 
hydrothermal vent, at the beginning buried by debris and "recently" 
restated in surface by erosion. A very interesting element is the 
presence of pyroclastic sediments, eroded and  arranged, around 
the crater.  



 Pingo or rootless cone: 
 Recent satellite observations have identified interesting geological 

structures in the north of Gusev Crater area. Analyzing the size and 
shape is possible to think that it could be: 

-Pingo: hills made from  
mud and ice, very com- 
mon in periglacial soils; 
-Rootless Cone: hills with 
a morphology such as a 
volcanic one but without lava  
flow, the crater is made by  
melting ice caused from the 
 internal heat. 
 

 



 The Interplanetary Transport System (ITS), also known as the 
Mars Colonial Transporter (MCT), is the name of a project 
funded by the private company “SpaceX”.  



 The ITS is projected for a possible human settlement on 
Mars and it includes reusable launch vehicles and spacecraft. 
Its technology can also support some eventual exploration 
missions to other locations of our  Solar System.  

Length 49.5 m 

Max Diameter 17.0 m 

Propellant Mass Ship:             1950 t 
Tanker:        2500 t 

Dry Mass Ship:             150 t 
Tanker:        90 t 

Cargo to Mars 450 t (with transfer on orbit) 



1. It comes from a private agency, so 
everybody can use it (international); 
 

2. It is reusable, so it is not that expensive; 
 

3. It can carry an heavy payload to Mars; 
 

4. It is possible to modify the inner part. 
 



 Crew: 6 People (3 man and 3 women); 
 
 Stay on Mars: 40 Days; 

 
 Crew Launch:   6 February 2031 
 
 Targets:  -Install a first human outpost on Mars; 
                       -Search traces of Life; 
                       -Study the past of the Gusev Crater; 
 
 

 



 Phase I: Cargo and Base 

5x 

orbital refueling 

E.D.L. 

recycling 

lay down 
 

304 days trip 

launch 

Mars 

Earth 

Launch 
29/11/2028 

Landing 
09/11/2029 



 Immediately after the landing of the Base/Cargo module, will begin 
the operations of resources production in view of crew settlement in 
2031.  

The base will be powered by 
only Radioisotope 
Thermoelectric Generator 
(similar to that of Curiosity 
and Mars 2020 rover), only the 
section for the production of 
water, oxygen and methane 
will powered. After the crew 
arrive, it will install solar 
panels. 
 



 Water extraction: 
-Soil mining: 
The soil is composed of a 10% ice; 
heating soil is possible to let ice 
evaporate and, therefore, 
separate and conserve Water. 
For each Kilogram of regolith you 
can extract 100 g of water. 

heat 

condenser 

- “Salt extraction”: 
Another method is capture 
Martian humidity by the 
atmosphere via salts, that after a 
prolonged exposure at Martian 
atmosphere they are heated and 
dried, separating the captured 
water. 

condenser 

heat 

Martian air 
 H2O H2O 



 Oxygen Production: 
 To keep alive a crew during a Martian mission we need not only 

water, but we use also the Oxygen! The production is not very 
complex and doesn’t even need a large amount, as it can be 
recirculated through the transformation of Carbon Dioxide 
through photosynthesis which occurs in plants. 

 The first part of Oxygen, however, can be generated from 
Martian CO2 through this reaction:  
 
 

 that is catalyzed by a series of Electroceramics, which detach an 
atom of Oxygen  using electric current.  

     The excess CO is expelled to the outside atmosphere 

 

2CO2          2CO + O2 



 Fuel (Methane/ Oxygen) production: 
 To allow the astronauts to return on Earth after the mission is 

necessary to use other fuel, take him from Earth is very 
expensive, so it's cheaper to produce it on Mars! The procedure is 
very long, so the cargo section should arrive on Mars more than a 
year before the crew. 

 The procedure is based on water electrolysis and on the Sabatier 
reaction: 

4H2O          2O2 + 4H2 

4H2 + CO2          2H2O + 4CH4 

electrolysis 

Sabatier reaction 



 Phase II: Crew round trip 
 
 

5x 

orbital refueling 

recycling 

313 days trip 

Crew launch 

E.D.L. Mars 

Earth 



 The base is divided into three floors 
plus a service: 

      S.F.) Here there are installed: the 
life support, resources extraction 
systems and recycling of Water and 
Oxygen; 

        G.F.) On this floor there 
are: beds, gym, VR room, 
bathroom and kitchen; 
1st F.) This plan is the 
work area: laboratories, 
greenhouses and airlock; 
2nd F.) Control Room. 
 



 the Greenhouse: 
 Since that the greenhouse is located in the inner of the base 

in a totally closed space, it is possible to provide light using 
pulsed light LEDs. 

 
 This system has been used  
on board of the International  
Space Station (ISS) where,  
in 2015, astronauts tasted  
for the first time a crop of red  
romaine lettuce sown and  
grown in the orbiting laboratory. In the picture: 

Red romaine lettuce sown and grown on the ISS using 
a LED panel light source 
 
Credits: NASA 



 Fresh food, such as vegetables, provide essential vitamins and 
nutrients that will help enable sustainable deep space 
pioneering. But a vegan diet is not a balanced diet because 
human body needs also proteins, carbohydrates, fats and 
sugars. A good amount of proteins is given by insects, so it 
would be possible to think to bring on Mars some insect eggs… 

In the picture: 
NASA plans to grow 
food  on other planets 
as a food supplement 
for astronauts. 
 
Credits: NASA 

In the picture above:  
Insects, a possible 
solution for the 
introduction of proteins 
in an astronaut diet. 



 VR Room: 
 Like the holodeck in Star Trek, 

our Martian base will have a 
room to simulate a walk on 
Earth, or to play a very 
interactive video game. Our 
room of virtual reality is very 
similar to the latest gamer 
stations with a computer that 
runs a virtual reality headset 
and a platform to record the 
movements. 

 



 The crew will have a rover with which will realize 3 trips, each 
towards a Region Of Interest (ROI): 

B 

A 

C 

Landing Site 
 

Site Distance 
 

Travel 
Time 

Coordinates 

Landing 
Site 

 
0 Km 

 
0 hours 

14°47’ 25” S 
175° 51’ 54” E 

Columbia 
Hills (A) 

 
22 Km 

 
1 hours 

14° 35’ S 
175° 31’ E 

 
Pingo (B) 

 
33 Km 

 
1.65 hours 

14° 14’ S 
175° 57’ E 

Ma'adim 
delta (C) 

 
40 Km 

 
2 hours 

15° 20’ S 
175° 31’ E 

The travel times are based on 
the maximum speed of the 
rover 20 km/h 



 Phase IV: Crew return trip 
 
 
 

308 days trip 
Crew launch 

Landing 

Mars 

Earth 



 We have to take in consideration a lot of problems that arise 
during a so long mission. Indeed, a human that leaves for a 
space long mission, heads for some physiological and 
psychological set of problems.  

      Let’s analyse some of the problems due to the changes in  
g-force: 

 1) Space sickness (or SAS - Space Adaptation Syndrome) 
2) Loss of muscular and skeletal mass 
3) Osteoporosis 
4) Cardiac problems 
5) Space blindness 

 
 
 



 Crew: 6 People (3 man and 3 women); 
 
 Stay on Mars:  more than a year; 

 
 Crew Launch:   2033 
 
 Targets:  -Extend the Martian Base; 
                       -Characterize the environment of  Gusev        
                         crater on the Long period; 
                       - Search traces of Life; 
 
 



  The crew 
    The crew is composed by 6 people (3 man and 3 women). 

For the mission success it is necessary that they are 
specialize in different subjects. For this reason the crew 
must be composed by: 

 
 2 aerospace engineers 
 1 medical doctor (who has some knowledge in biology) 
 1 biologist (who has some knowledge in medicine) 
 1 geologist (who has some knowledge in astrophysics) 
 1 astrophysicist (who has some knowledge in geology) 



But, this is another story… 
 
 
 
 

Thank you 
 
 



 http://phoenix.lpl.arizona.edu/mars111.php 
 

 https://marsnext.jpl.nasa.gov/workshops/2014_05/36_Rice%202020%20
Rover%20Gusev.pdf 
 

 https://eps.utk.edu/faculty/burr/pubs/06Bruno_etal_JGR.pdf 
 

 http://www.nature.com/articles/ncomms13554 

 
 https://www.flickr.com/photos/136797589@N04/ 
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