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An entirely robotic mission is deployed on the site of the chosen lava tube.
The main goal of this phase is the creation of the needed infrastructures for the establishment 
of a first habitat of a vast, auto sufficient and permanent colony.

• Two landing pads;
• Roads;
• Excavation of the tunnels (in order to connect the surface and the underground);
• ISRU Area (Fuel, Water and Oxygen and Construction Materials);
• Power area (Nuclear + Solar, brought from Earth);
• Excavations in the lava tube;
• Creation of the first underground habitat (Housing, Farm, Work);
• Research of geothermal resources.

After 10 years, the basic infrastructures are built, geothermal energy resources are found 
and the first habitat is completed and inhabited by the first 77 dwellers. The main objective 
of this second phase is the expansion of the existing infrastructures and the construction of 
the second habitat.

• Construction of a third landing pad;
• Expansion of the ISRU facilities;
• Expansion of the power area (both nuclear, brought from Earth, and geothermal);
• Construction of the second habitat

15 years later , the colony has two centers, fully auto sufficient and developed , with 
extensive infrastructures both on the surface and underground. The main goal of this third 
phase is the construction of the third habitat, while expanding the existing infrastructures.
 
• Extension of the existent ISRU facilities;
• Construction of the third habitat;

After 20 years, the colony has three fully developed and auto sufficient centers and great 
infrastructures both on the surface and underground. The main objective of this phase 
is to construct the fourth habitat and complete the first lava tube colony along with the 
expansion of the infrastructures.

• Expansion of the existent ISRU facilities;
• Construction of the fourth habitat;
• Completion of the first lava tube colony.
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Mars Global Cave Candidate Catalog (MGC3)
APC Atypical Pit Craters.

Crk Candidates with the shape of a dark and deep fracture.

End The candidate is located at the end of an elongated hollow 
(lava channel, graben, ecc).

Flr The candidate is located at the base of a channel or a hollow.

Kst The candidate is located in lands of karst origin.

Lat The candidate is a lateral entrance (often associated to scarps)

Pin The candidate is little in dimensions.

Pit The candidate is represented by a generic collapse, little in dimensions 
compared to an APC and usually it is not circular shaped.

Pol The candidate is located in polar regions.

Rim The candidate is located on the external rim of a structure such as a 
lava channel, structural hollows, etc...

Sky The candidate is a potential skylight of a lava tube.

Srp The candidate is a little and shallow collapse which hasn’t a well de-
fined external rim
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Overcrusted lava tube north west of Arsia Mons. Picture taken by the High Resolution Imaging Science 
Experiment (HiRISE on Mars Reconaissance Orbiter) 0,3m/pixel, HiRISE: ESP_064568_1770_RED

Inflated lava tube South of Arsia Mons. Picture taken by the High Resolution Imaging Science Experiment 
(HiRISE on Mars Reconaissance Orbiter) 0,3m/pixel, HiRISE: ESP_011677_1655_RED

Deep inflated lava tube Corona, Lanzarote. Picture taken from Google Earth. Image by CNES/ Airbus.

Deep inflated lava tube Corona, Lanzarote. Picture taken from Google Earth. Data by SIO, NOAA, U.S 
Navy, NGA, GEBCO; Image by Terrametrics.

Mars Global Cave Candidate Catalog (MGC3, Cushing et al. 2016) plotted upon MOLA Shaded Relief NW 460 m/pixel (on Mars Global Surveyor; Smith et al., 2001) blended with HRSC MOLA Blended 
DEM 200m v2.

Lava Tubes on Earth and Mars.

Lava tube Formation: overcrusting

Typologies of Caves

Rendered axonometric viewl of the Tharsis region, made with the 3d model shared by NASA at: https://nasa3d.arc.nasa.gov/detail/tharsis. The 
model was rendered with a 6x vertical exaggeration by the authors.

Mars Global Cave Candidate Catalog (MGC3, Cushing et al. 2016) plotted upon Mars Orbiter Laser Altimeter (MOLA, on Mars Global Surveyor) colorized elevation map, 460m/pixel.
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1. An hot lava flows into an existing 
channel.

On Mars, numerous caves of different 
morphologies can be found, due to 
past volcanic activities. These features 
are identified and classified in the 
Mars Global Cave Candidate Catalog 
(MGC3), an ongoing database curated 
by the scientist Glen E. Cushing. The 
data shows that the volcanic region of 
Tharsis, which comprehends the biggest 
shield volcanoes of the Solar System, is 
rich in caves.
The three main categories, related to 
different genetic mechanisms, are:
Pit Craters, Skylights and Atypical Pit 
Craters (APC).
• Pit Craters (fig.1) are associated with 

long narrow fault valleys or grabens 
that along with associated fissures 
were once filled with magma and 
then drained causing collapse and pit 
formation.

• Skylights (fig.2) are collapses related 
to lava tubes, which are defined as  
“roofed conduits of flowing lava, either 
active, drained or plugged” (Halliday, 
2004). These features are of particular 
interest for human exploration and 
search of past life signs, providing an 
entrance to a shelter from radiations, 
easy access to several resources and 
water ice (Cushing, 2012).

• Atypical Pit Craters (fig.3) are circular 
shaped pits which origin is still 
uncertain (Sauro et al. 2020) and 
under debate.

2. The upper layer starts to cool, creating 
a roof.

3. The flow stops and the lava is drained, 
leaving an empty tube.

“The process of overcrusting is based 
on the principle that the outer surface 
of an active lava flow chills quickly 
because of the temperature difference 
between the molten lava and the 
atmospheric air. The cooling surface 
becomes progressively more viscous 
and finally solidifies”  (Dragoni et al., 
1995), so that an empty tube may be 
formed after the eruption is finished. 
Since they formed inside pre-existing 
lava channels, once the overcrusting  
phenomena happened, the channel 
benches can still be observed, if not 
covered by a successive lava flow, so 
that the lava tube can be recognised 
and classified.

The Regions of Tharsis, which last 
volcanic activity dates back to 100 
million years ago (Hartman, 2005, 
2007; Malin et al. 2006; Hartmann 
et al. 2008), is where are located 
the biggest volcanoes on Mars. The 
most of the skylights that have been 
mapped in the MGC3 catalog  are 
located there. The region in analysis 
in this thesis is around Arsia Mons. 
On the N/W and S/W flanks on 
the volcano, skylights have been 
observed and related to two different 
typologies: on the S/W flank, wide 
cave entrances and large collapses 
have been related to the inflated 
lava tube typology, while on the N/W 
flank, smaller skylights and surface 
expression have been related to the 
overcrusted type (Catena, 2020).

Lava tubes are insulated subsurface 
conduits that allow, or once allowed, 
flowing lava to maintain high 
temperatures, and thus low viscosity, 
as it travels from a source vent to 
distant flow margins (e.g., Wentworth 
and Mac-Donald, 1953; Greeley, 
1971a, 1971b, 1972; Keszthelyi,
1995; Sakimoto et al., 1997). They 
are also present on the Moon and 
the Earth, with similar morphologies 
and genetic mechanisms, but 
significant differences in sizes. 
Pyroducts are often associated with 
shields volcanoes and are common 
structures in basaltic “pa¯hoehoe” 
type lava flows and their presence 
on Mars appear to follow this rule.
Lava tubes can be recognised and  
classified by the observation of 
their surface expression and their  
skylights. The two main typologies 
that have been observed on Mars 
are the “Overcrusted” and “Inflated” 
type, which differ from each other 
due to the processes that led to 
their formation. Inflated tubes are 
generally wider and deeper than the 
overcrusted, but they are also less 
stable and present large collapsed 
area due to the stress induced by 
gravity on the wide overhanging 
roof. The overcrusted, are smaller in 
diameter and are thought to be more 
stable, from observations on Earth 
analogs. This typology is the one of 
interest to this thesis. 

Skylight, 
HiRISE: ESP_016767_1785

APC, 
HiRISE: ESP_033355_1635

Pit Crater, 
HiRISE: ESP_014380_1775

Glossary
HiRISE: High Resolution Imaging 
Scientific Experiment Camera 
(0,3m/ pixel) aboard Mars 
Reconnaissance Orbiter. 
MRO: Mars Reconnaissance 
Orbiter
ESP_xxxxxx_xxxx: specific stamps 
retrived by HiRISE, always 
associated to specific coordinates. 

Skylights North West of Arsia Mons
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1. ESA astronauts Luca Parmitano and Pedro Duque, at Geoparque Lanzarote, in the Canary Islands, 2016. Credits: ESA, L.Ricci
2.DAEDALUS Robot entering a lunar lava tube. Credits: Julius-Maximilians-University

Wd= Width of the minor axis of the skylight

Lava Tube Catalog
Name A1 A2 B1 B2 B3 C1 C2 C3 D1 D2 D3 D4 E1 E2 E3 F1 F2 F3 F4 G1 G2 H1 H2 H3 H4 H5 I1 I2 I3 J1 J2

Visible (%) 100 45 28 52 48 35 42 100 61 100 76 55 55 58 69 67 50 51 45 0 72 47 15 41 76 0 61 53 48 100 72

Not Visible (%) 0 55 72 48 52 65 58 0 39 0 24 45 45 42 31 33 50 49 55 100 28 53 85 59 24 100 39 47 52 0 28

Av. Width (m) 42 18 46 60 48 40 41 42 38 22 26 48 39 43 40 47 38 60 41 25 39 41 39 30 ? 44 40 29 28 64 44

Length (km) 59 10 99 11 28 60 115 14 83 3 8 4 73 109 98 43 9 10 3 3 61 64 11 65 14 11 90 69 15 33 110

Lava tube mapping plotted upon Context Camera (CTX) data from the Mars Reconnaissance Orbiter (MRO), 6 m/px.

* The data was acquired by the observation of the remote imaging obtained through CTX camera: measurements of the skylight and the lenght of the tubes is an interpretation of those images and may be approximated in excess due to the definition (6 m/pixel) of the instrument. 
Extensive observations with instruments of a better definition like HiRISE (0,3m/pixel) and more precise processes of calculation would be necessary for more realistic observations.

Mapping the Lava Tubes

*This data is enough for the purpose of this work, 
but would need to be analised and validated by 
professionals of the fields for further use outside of 
this research.
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In order to recognise and map the lava 
tubes in the area N/W of Arsia Mons, 
an analysis was conducted with the 
planetary GIS “JMARS” developed 
by the Arizona State University. The 
software gives access to the remote 
sensing data acquired by different 
cameras. The ones consulted for the 
purpose of this mapping are “HiRISE” 
(High Resolution Imaging Scientific 
Experiment, with a definition of 0,3m 
/pixel) and “CTX” (Contex Camera, 
6m/ pixel). Both the instruments 
operate aboard the “MRO” (Mars 
Reconnaissance Orbiter), with 
different purposes: CTX provides 
a broader view of entire sectors of 
Mars, while HiRISE allows for specific 
and detailed stamps. The analysis of 
the skylights of the MGC3 and the 
surface expressions that were visible 
resulted in the mapping of 31 lava 
tubes in the area. The measurement 
tools of the software allows to make 
some assumptions on the average 
widths of the tubes, their lengths and 
the percentage of their paths that are 
visible/ not visible. On the basis of 
this data, it is possible to select the 
conduits that are more interesting due 
to their visibility and possible integrity 
for a local exploration with a robotic 
mission. The proposed methodology 
merges the advantages of the large 
scale remote imaging with the in situ 
exploration of the selected tubes, 
which would be the only way to 
confirm the previous assumptions.

On the left a scale comparison 
between the skylight and the cross 
section of a Martian lava tube and 
a block of the city center of Bologna.
It is noticeable the size that these 
geological structures might have.

As mentioned before, lava tubes 
have different sizes depending on the 
planetary body: Martian and Lunar 
tubes are 1 to 3 orders of magnitude 
more voluminous than on Earth 
(Sauro et al., 2020). However, the 
direct observation and the study of 
these structures on Earth amplifies our 
comprehension of the analogies and 
the critical issues that manned and 
robotic missions would face on the 
Moon and Mars. On this topic, the 
European Space Agency (ESA) has 
undertaken a significant effort with 
the PANAGEA and CAVES programs, 
which provide astronauts with the 
necessary skills for being effective 
field scientist for future missions on 
the Moon and Mars. More recently 
ESA, along with researches at Julius-
Maximilians-Universität of Würzburg
(JMU) have developed a robotic 
concept “DAEDALUS” for the 
autonomous exploration of the lunar 
underground structures.

On Earth

On Mars

Wd<20m

20<Wd<60m

Scale comparison Earth - Mars

1

2
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1. ESA astronauts Luca Parmitano and Pedro Duque, at Geoparque Lanzarote, in the Canary Islands, 2016. Credits: ESA, L.Ricci
2.DAEDALUS Robot entering a lunar lava tube. Credits: Julius-Maximilians-University

Wd= Width of the minor axis of the skylight

Lava Tube Catalog
Name A1 A2 B1 B2 B3 C1 C2 C3 D1 D2 D3 D4 E1 E2 E3 F1 F2 F3 F4 G1 G2 H1 H2 H3 H4 H5 I1 I2 I3 J1 J2

Visible (%) 100 45 28 52 48 35 42 100 61 100 76 55 55 58 69 67 50 51 45 0 72 47 15 41 76 0 61 53 48 100 72

Not Visible (%) 0 55 72 48 52 65 58 0 39 0 24 45 45 42 31 33 50 49 55 100 28 53 85 59 24 100 39 47 52 0 28

Av. Width (m) 42 18 46 60 48 40 41 42 38 22 26 48 39 43 40 47 38 60 41 25 39 41 39 30 ? 44 40 29 28 64 44

Length (km) 59 10 99 11 28 60 115 14 83 3 8 4 73 109 98 43 9 10 3 3 61 64 11 65 14 11 90 69 15 33 110

Lava tube mapping plotted upon Context Camera (CTX) data from the Mars Reconnaissance Orbiter (MRO), 6 m/px.

* The data was acquired by the observation of the remote imaging obtained through CTX camera: measurements of the skylight and the lenght of the tubes is an interpretation of those images and may be approximated in excess due to the definition (6 m/pixel) of the instrument. 
Extensive observations with instruments of a better definition like HiRISE (0,3m/pixel) and more precise processes of calculation would be necessary for more realistic observations.

Mapping the Lava Tubes

*This data is enough for the purpose of this work, 
but would need to be analised and validated by 
professionals of the fields for further use outside of 
this research.
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In order to recognise and map the lava 
tubes in the area N/W of Arsia Mons, 
an analysis was conducted with the 
planetary GIS “JMARS” developed 
by the Arizona State University. The 
software gives access to the remote 
sensing data acquired by different 
cameras. The ones consulted for the 
purpose of this mapping are “HiRISE” 
(High Resolution Imaging Scientific 
Experiment, with a definition of 0,3m 
/pixel) and “CTX” (Contex Camera, 
6m/ pixel). Both the instruments 
operate aboard the “MRO” (Mars 
Reconnaissance Orbiter), with 
different purposes: CTX provides 
a broader view of entire sectors of 
Mars, while HiRISE allows for specific 
and detailed stamps. The analysis of 
the skylights of the MGC3 and the 
surface expressions that were visible 
resulted in the mapping of 31 lava 
tubes in the area. The measurement 
tools of the software allows to make 
some assumptions on the average 
widths of the tubes, their lengths and 
the percentage of their paths that are 
visible/ not visible. On the basis of 
this data, it is possible to select the 
conduits that are more interesting due 
to their visibility and possible integrity 
for a local exploration with a robotic 
mission. The proposed methodology 
merges the advantages of the large 
scale remote imaging with the in situ 
exploration of the selected tubes, 
which would be the only way to 
confirm the previous assumptions.

On the left a scale comparison 
between the skylight and the cross 
section of a Martian lava tube and 
a block of the city center of Bologna.
It is noticeable the size that these 
geological structures might have.

As mentioned before, lava tubes 
have different sizes depending on the 
planetary body: Martian and Lunar 
tubes are 1 to 3 orders of magnitude 
more voluminous than on Earth 
(Sauro et al., 2020). However, the 
direct observation and the study of 
these structures on Earth amplifies our 
comprehension of the analogies and 
the critical issues that manned and 
robotic missions would face on the 
Moon and Mars. On this topic, the 
European Space Agency (ESA) has 
undertaken a significant effort with 
the PANAGEA and CAVES programs, 
which provide astronauts with the 
necessary skills for being effective 
field scientist for future missions on 
the Moon and Mars. More recently 
ESA, along with researches at Julius-
Maximilians-Universität of Würzburg
(JMU) have developed a robotic 
concept “DAEDALUS” for the 
autonomous exploration of the lunar 
underground structures.

On Earth

On Mars

Wd<20m

20<Wd<60m

Scale comparison Earth - Mars

1

2

The Underground
Methodologies and Mapping of the Lava Tubes
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- la componente vegetale; 
- l’acqua; 
- la terra, il suolo.
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The presence of the landing 
pads prevents the expulsion 
of rocks from the ground, but 
the dust that is deposited by 
the wind on their surface can 
cause serious damages to the 
surroundings (Metgzer et al., 
2012)

Due to Martian ballistics,  
the most of the particles do 
not travel as far as 600m. 
Setting the landing area at an 
adequate distance from the 
colony and the ISRU plants is 
fundamental for the correct 
functioning of the facilities, 
even after many landings 
occurred (Metzger et al., 
2012).

For the establishment of the 
colony, factories are required 
to produce water, fuel and 
materials from local resources. 
These kind of factories are 
called ISRU plants (In Situ 
Resource Utilization) and the 
main are: fuel, water and 
materials.

In space, redundancy and 
expansion of the infrastructures 
is an important thing to take 
in account. The number of the 
factories grows along with the 
colony increasing demand for 
water, materials and fuel.

After the first factories are set 
up, it is fundamental to create 
a reliable access to the lava 
tube. Since the skylight isn’t 
an ideal access for machines 
and construction robots, an 
alternative has to be found.

Excavating two tunnels, 
connecting the surface to 
the extremes of the selected 
segment of the tube, allows 
a safer and better connection 
for the transportation of 
people, machines, goods and 
materials.
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An entirely robotic mission is deployed on the site of the chosen lava tube.
The main goal of this phase is the creation of the needed infrastructures for the establishment 
of a first habitat of a vast, auto sufficient and permanent colony.

• Two landing pads;
• Roads;
• Excavation of the tunnels (in order to connect the surface and the underground);
• ISRU Area (Fuel, Water and Oxygen and Construction Materials);
• Power area (Nuclear + Solar, brought from Earth);
• Excavations in the lava tube;
• Creation of the first underground habitat (Housing, Farm, Work);
• Research of geothermal resources.

After 10 years, the basic infrastructures are built, geothermal energy resources are found 
and the first habitat is completed and inhabited by the first 77 dwellers. The main objective 
of this second phase is the expansion of the existing infrastructures and the construction of 
the second habitat.

• Construction of a third landing pad;
• Expansion of the ISRU facilities;
• Expansion of the power area (both nuclear, brought from Earth, and geothermal);
• Construction of the second habitat

15 years later , the colony has two centers, fully auto sufficient and developed , with 
extensive infrastructures both on the surface and underground. The main goal of this third 
phase is the construction of the third habitat, while expanding the existing infrastructures.
 
• Extension of the existent ISRU facilities;
• Construction of the third habitat;

After 20 years, the colony has three fully developed and auto sufficient centers and great 
infrastructures both on the surface and underground. The main objective of this phase 
is to construct the fourth habitat and complete the first lava tube colony along with the 
expansion of the infrastructures.

• Expansion of the existent ISRU facilities;
• Construction of the fourth habitat;
• Completion of the first lava tube colony.
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An entirely robotic mission is deployed on the site of the chosen lava tube.
The main goal of this phase is the creation of the needed infrastructures for the establishment 
of a first habitat of a vast, auto sufficient and permanent colony.

• Two landing pads;
• Roads;
• Excavation of the tunnels (in order to connect the surface and the underground);
• ISRU Area (Fuel, Water and Oxygen and Construction Materials);
• Power area (Nuclear + Solar, brought from Earth);
• Excavations in the lava tube;
• Creation of the first underground habitat (Housing, Farm, Work);
• Research of geothermal resources.

After 10 years, the basic infrastructures are built, geothermal energy resources are found 
and the first habitat is completed and inhabited by the first 77 dwellers. The main objective 
of this second phase is the expansion of the existing infrastructures and the construction of 
the second habitat.

• Construction of a third landing pad;
• Expansion of the ISRU facilities;
• Expansion of the power area (both nuclear, brought from Earth, and geothermal);
• Construction of the second habitat

15 years later , the colony has two centers, fully auto sufficient and developed , with 
extensive infrastructures both on the surface and underground. The main goal of this third 
phase is the construction of the third habitat, while expanding the existing infrastructures.
 
• Extension of the existent ISRU facilities;
• Construction of the third habitat;

After 20 years, the colony has three fully developed and auto sufficient centers and great 
infrastructures both on the surface and underground. The main objective of this phase 
is to construct the fourth habitat and complete the first lava tube colony along with the 
expansion of the infrastructures.

• Expansion of the existent ISRU facilities;
• Construction of the fourth habitat;
• Completion of the first lava tube colony.

ISRU
Area

Landing
Area

Power
Area

Underground
Habitat

Tunnel Cupola

Solar

Nuclear

Geothermal

Martian
Air mix

Cupola Colony
Air mix

Regolith RASSOR

To the Regolith

To the colony

O2 

CO2 

H2O

Ar

CO2

CO2

ECLSSN2

Ar

95% 2,7%

1,6%
O2 N2

H2O Soil
(waste)

WastewaterEnergy 24/7 
All year long

Enviroment
Influenced

Daylight
only

Loss during
dust storm

Colony
Phases Of Growth

Final Synthesis Laboratory in Landscape Architecture a.a 2020/2021
Professors: Arch. PhD Luca Emanueli, Arch. PhD Gianni Lobosco, Ing. Massimo Tondello, 
Ing. Michele Bottarelli, Carmela Vaccaro.
Tutors: Arch.Lorenzo Tinti

Graduation Session 19/11/2021 
Student: Francesco Axel Pio Romio
Supervisors: prof. Arch. PhD Luca Emanueli, prof. Arch. PhD Gianni Lobosco 
Correlatori: prof. Ing. Sante Mazzacane, Arch. Cory Brugger

0 6

= = = =0 People to 76 76 People to 161 162 People to 284 284 People to 407

Scale 1.8000

Phase_1 Phase_2 Phase_3 Phase_4

O2 

CO2 

H2O

Ar

CO2

CO2

ECLSSN2

Ar

95% 2,7%

1,6%
O2 N2

H2O Soil
(waste)

Wastewater

O2 

CO2 

H2O

Ar

CO2

CO2

ECLSSN2

Ar

95% 2,7%

1,6%
O2 N2

H2O Soil
(waste)

Wastewater

1. 2. 3. 4. 5. 5.

1000m

450m

O2 

CO2 

H2O

Ar

CO2

CO2

ECLSSN2

Ar

95% 2,7%

1,6%
O2 N2

H2O Soil
(waste)

Wastewater

1

3

2

2

4

5

O2 

CO2 

H2O

Ar

CO2

CO2

ECLSSN2

Ar

95% 2,7%

1,6%
O2 N2

H2O Soil
(waste)

Wastewater

O2 

CO2 

H2O

Ar

CO2

CO2

ECLSSN2

Ar

95% 2,7%

1,6%
O2 N2

H2O Soil
(waste)

Wastewater

O2 

CO2 

H2O

Ar

CO2

CO2

ECLSSN2

Ar

95% 2,7%

1,6%
O2 N2

H2O Soil
(waste)

WastewaterO2 

CO2 

H2O

Ar

CO2

CO2

ECLSSN2

Ar

95% 2,7%

1,6%
O2 N2

H2O Soil
(waste)

Wastewater

O2 

CO2 

H2O

Ar

CO2

CO2

ECLSSN2

Ar

95% 2,7%

1,6%
O2 N2

H2O Soil
(waste)

Wastewater

O2 

CO2 

H2O

Ar

CO2

CO2

ECLSSN2

Ar

95% 2,7%

1,6%
O2 N2

H2O Soil
(waste)

Wastewater

O2 

CO2 

H2O

Ar

CO2

CO2

ECLSSN2

Ar

95% 2,7%

1,6%
O2 N2

H2O Soil
(waste)

Wastewater

O2 

CO2 

H2O

Ar

CO2

CO2

ECLSSN2

Ar

95% 2,7%

1,6%
O2 N2

H2O Soil
(waste)

Wastewater

O2 

CO2 

H2O

Ar

CO2

CO2

ECLSSN2

Ar

95% 2,7%

1,6%
O2 N2

H2O Soil
(waste)

Wastewater

O2 

CO2 

H2O

Ar

CO2

CO2

ECLSSN2

Ar

95% 2,7%

1,6%
O2 N2

H2O Soil
(waste)

Wastewater

O2 

CO2 

H2O

Ar

CO2

CO2

ECLSSN2

Ar

95% 2,7%

1,6%
O2 N2

H2O Soil
(waste)

Wastewater

O2 

CO2 

H2O

Ar

CO2

CO2

ECLSSN2

Ar

95% 2,7%

1,6%
O2 N2

H2O Soil
(waste)

Wastewater

O2 

CO2 

H2O

Ar

CO2

CO2

ECLSSN2

Ar

95% 2,7%

1,6%
O2 N2

H2O Soil
(waste)

Wastewater

O2 

CO2 

H2O

Ar

CO2

CO2

ECLSSN2

Ar

95% 2,7%

1,6%
O2 N2

H2O Soil
(waste)

Wastewater

O2 

CO2 

H2O

Ar

CO2

CO2

ECLSSN2

Ar

95% 2,7%

1,6%
O2 N2

H2O Soil
(waste)

Wastewater

O2 

CO2 

H2O

Ar

CO2

CO2

ECLSSN2

Ar

95% 2,7%

1,6%
O2 N2

H2O Soil
(waste)

Wastewater

O2 

CO2 

H2O

Ar

CO2

CO2

ECLSSN2

Ar

95% 2,7%

1,6%
O2 N2

H2O Soil
(waste)

Wastewater

O2 

CO2 

H2O

Ar

CO2

CO2

ECLSSN2

Ar

95% 2,7%

1,6%
O2 N2

H2O Soil
(waste)

Wastewater

O2 

CO2 

H2O

Ar

CO2

CO2

ECLSSN2

Ar

95% 2,7%

1,6%
O2 N2

H2O Soil
(waste)

Wastewater

O2 

CO2 

H2O

Ar

CO2

CO2

ECLSSN2

Ar

95% 2,7%

1,6%
O2 N2

H2O Soil
(waste)

Wastewater
O2 

CO2 

H2O

Ar

CO2

CO2

ECLSSN2

Ar

95% 2,7%

1,6%
O2 N2

H2O Soil
(waste)

Wastewater

O2 

CO2 

H2O

Ar

CO2

CO2

ECLSSN2

Ar

95% 2,7%

1,6%
O2 N2

H2O Soil
(waste)

Wastewater

O2 

CO2 

H2O

Ar

CO2

CO2

ECLSSN2

Ar

95% 2,7%

1,6%
O2 N2

H2O Soil
(waste)

Wastewater

O2 

CO2 

H2O

Ar

CO2

CO2

ECLSSN2

Ar

95% 2,7%

1,6%
O2 N2

H2O Soil
(waste)

Wastewater

O2 

CO2 

H2O

Ar

CO2

CO2

ECLSSN2

Ar

95% 2,7%

1,6%
O2 N2

H2O Soil
(waste)

Wastewater

Year 2040 Year 2050 Year 2055 Year 2060

Yes

Yes

Yes

No

No

No

No

No

No

No

YesYes

An entirely robotic mission is deployed on the site of the chosen lava tube.
The main goal of this phase is the creation of the needed infrastructures for the establishment 
of a first habitat of a vast, auto sufficient and permanent colony.

• Two landing pads;
• Roads;
• Excavation of the tunnels (in order to connect the surface and the underground);
• ISRU Area (Fuel, Water and Oxygen and Construction Materials);
• Power area (Nuclear + Solar, brought from Earth);
• Excavations in the lava tube;
• Creation of the first underground habitat (Housing, Farm, Work);
• Research of geothermal resources.

After 10 years, the basic infrastructures are built, geothermal energy resources are found 
and the first habitat is completed and inhabited by the first 77 dwellers. The main objective 
of this second phase is the expansion of the existing infrastructures and the construction of 
the second habitat.

• Construction of a third landing pad;
• Expansion of the ISRU facilities;
• Expansion of the power area (both nuclear, brought from Earth, and geothermal);
• Construction of the second habitat

15 years later , the colony has two centers, fully auto sufficient and developed , with 
extensive infrastructures both on the surface and underground. The main goal of this third 
phase is the construction of the third habitat, while expanding the existing infrastructures.
 
• Extension of the existent ISRU facilities;
• Construction of the third habitat;

After 20 years, the colony has three fully developed and auto sufficient centers and great 
infrastructures both on the surface and underground. The main objective of this phase 
is to construct the fourth habitat and complete the first lava tube colony along with the 
expansion of the infrastructures.

• Expansion of the existent ISRU facilities;
• Construction of the fourth habitat;
• Completion of the first lava tube colony.
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An entirely robotic mission is deployed on the site of the chosen lava tube.
The main goal of this phase is the creation of the needed infrastructures for the establishment 
of a first habitat of a vast, auto sufficient and permanent colony.

• Two landing pads;
• Roads;
• Excavation of the tunnels (in order to connect the surface and the underground);
• ISRU Area (Fuel, Water and Oxygen and Construction Materials);
• Power area (Nuclear + Solar, brought from Earth);
• Excavations in the lava tube;
• Creation of the first underground habitat (Housing, Farm, Work);
• Research of geothermal resources.

After 10 years, the basic infrastructures are built, geothermal energy resources are found 
and the first habitat is completed and inhabited by the first 77 dwellers. The main objective 
of this second phase is the expansion of the existing infrastructures and the construction of 
the second habitat.

• Construction of a third landing pad;
• Expansion of the ISRU facilities;
• Expansion of the power area (both nuclear, brought from Earth, and geothermal);
• Construction of the second habitat

15 years later , the colony has two centers, fully auto sufficient and developed , with 
extensive infrastructures both on the surface and underground. The main goal of this third 
phase is the construction of the third habitat, while expanding the existing infrastructures.
 
• Extension of the existent ISRU facilities;
• Construction of the third habitat;

After 20 years, the colony has three fully developed and auto sufficient centers and great 
infrastructures both on the surface and underground. The main objective of this phase 
is to construct the fourth habitat and complete the first lava tube colony along with the 
expansion of the infrastructures.

• Expansion of the existent ISRU facilities;
• Construction of the fourth habitat;
• Completion of the first lava tube colony.
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materiali
i materiali a disposizione nel progetto di architettura del paesaggio

- la componente vegetale; 
- l’acqua; 
- la terra, il suolo.
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1.Human Needs 

In order to establish a human 
presence on Mars, it is important 
to consider the experience 
that was gained through years 
at the International Space 
Station. Long duration missions 
show that an overall wellbeing 
and productive environment, 
is only achieved if the daily 
routine is balanced between 
work and leisure time and if 
the environment is designed 
properly to increase human 
interaction within themselves and 
the surroundings. Being in an 
underground colony on a desert 
planet, far from home, demands 
the creation of a proper habitat 
and a new landscape.

Activities are located in the tube 
in accordance of their lighting 
requirements. In fact, researches 
show that in an underground 
environment, the connection to 
the outside is fundamental for 
an overall wellbeing (Endicott 
et al., 2020). Functions like 
habitats, farms and parks 
have a greater need of natural 
illumination and for this reason 
are located near the skylights, the 
most enlightened places, while 
other functions like workplaces 
and labs, have less natural 
light requirements, so they are 
located in the darker zones. 
With the purpose of increasing 
the natural lighting in this areas, 
solar concentrators like the 
“NTU Daylight Harvester” can 
be used, which collect and relay 
daylight to the underground.

The different sections of the lava 
tube are located at different 
heights, but a connection is 
needed. The solution is to 
create artificial hills which are 
partly excavated in the slope 
of the bottom of the tube and 
partly printed with the crushed 
waste rocky material. 

In order to create a  more gentle 
and Earth-like landscape, the 
hills are modelled to look like 
organic formations inspired 
by Indonesian paddies, each 
one different from the other.

Finally, to improve the overall 
illumination of the functions 
located within the hills, light 
wells are created. The final 
design provides both an 
high quality and natural 
environment and a continuous 
connection between the 
centers of the colony.

The design of the hills 
is obtained through a 
generative design process 
with the grasshopper plug-
in “Biomorpher”, by John 
Harding. Starting from a 
design idea, alternatives are 
generated through a process 
which mimics natural selection 
and introduces randomness, 
providing different outputs. 
The desired result is then 
adapted and manipulated 
into the final configuration.
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- la componente vegetale; 
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- la terra, il suolo.
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The benefits of space 
exploration and settlement 
account to many fields. The 
International Space Station 
(ISS) has demonstrated over 
the course of more than two 
decades the benefits that 
a joint effort has both on 
research and in the relations 
between countries. In space, 
the “Overview Effect”20seems 
to change the perception of 
the world once for all:

“If everyone could go into 
space and look at Earth from 
up there, I am convinced that 
we would commit ourselves 
more consciously to the care 
of our planet, adopting a 
more responsible behaviour 
at the environmental level, 
carefully monitoring the 
changes we are causing and 
better controlling the evolution 
of rivers, lakes, volcanoes, 
oceans ... of all Nature”.

(Paolo Nespoli, Italian 
Astronaut).
 
Going to space causes a 
paradigm shift: it enhances 
equality, the feeling of 
belonging to a united 
human race, but also an 
environmental consciousness 
regarding the one and 
only planet where life is 
know to exist. International 
cooperation, equality, 
sustainable consumption, 
environmental control are all 
recognized objectives of the 
United Nations Sustainable 
17 Development Goals.21 
Going to Mars can only 
be achieved together, each 
nation with its excellences and 
competences. In addition to 
that, the concepts that have 
been developed for Mars can 
have a synergistic relationship 
to the ones already known on 
Earth. For example, In Situ 
Resource Utlization (ISRU) 
can help to change the 
mindset about material usage 
in constructions: innovative 
science and traditional 
knowledge can couple in 
creating a more sustainable 
present and future. On 
Earth, the illusion of infinite 
resources has led to polluting 
behaviours, but in  this sense, 
the Closed Loop Life Support 
Systems25 that are currently 
researched to be implemented 
for space missions can bring 
great benefits in buildings 
and cities, converting waste, 
wastewater and polluted air 
into resources again, locally. 
These technologies are also 
of a vital importance for 
less developed counties and 
extreme environments, where 
clean water reservoirs and 
food security are everyday 
problems to deal with. 

Thank you for reading this 
dissertation.

2024 20262004

6/ 9 Months

2030

400 million km

385000 km
3 Days

Renewable Energy
Sources

Nuclear Solar Geothermal

In Situ Resource
Utilization

Global Resources 
Transportation

Fossil Fuels Carbon Free

More
CO2

More
CO2

Local Resources 
Utilization

Less
CO2

Closed Loop 
Systems

Affordable
Housing

New
Technologies

Water

Food

Fresh Air

Extreme Enviroments CitiesSpaceship Earth

People

Organic Waste

Wastewater

Human Waste

Stale Air

Biodigester Fertilizer

Bioreactor Water

Plants Food

Fresh Air

Water

"Our third goal, is to return to 
the Moon by 2020 [...] With the 
experience and knowledge gained 
on the Moon, we will then be ready 
to take the next steps of space 
exploration: human missions to 

Mars and to worlds beyond.”
(Vision For Space Exploration 

program, 2004)

George W. Bush Administration Donald Trump Administration Elon Musk NASA’s Journey to Mars
“NASA is developing the 
capabilities needed to send 
humans to an asteroid by 
2025 and Mars in the 2030s“ 
(bipartisan NASA Authorization 

Act of 2010).

“If things go super well, might be 
kind in the 10 year time frame” 
(The International Astronomical 

Congress, 2016)

“[...] President Trump made the 
policy of this administration to 
return to the Moon by 2024[...] 
Our objective will be to establish a 
permanent presence on the lunar 
surface. There we will develop the 
capabilities to journey to Mars.”

(Mike Pence, the birth of the 
Artemis program, National Space 

Council)

Protagonists and Official Timeline for Mars Technology Transfer and Terrestrial Applications
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Conclusions
Timeline & Benefits



materiali
i materiali a disposizione nel progetto di architettura del paesaggio

- la componente vegetale; 
- l’acqua; 
- la terra, il suolo.
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