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ABSTRACT

Ever-expanding human curiosity is leading humanity further into an ex-
ploration of the universe, search for another form of life, the expansion
of the human presence further into the Solar system, and crewed mis-
sion to Mars are just a part of it. Therefore, the purpose of the thesis is
to build a base for general knowledge, explore the new and emerging
field of space architecture, and create a legacy for others to continue
further research.

Mainly knowledge about the Mars exploration was gathered by ex-
tensive literature review, existing concepts, ideas, and project anal-
ysis interviewing experts in the field, and finally exploring ideas and
concepts through the design development using knowledge analyzed
previously.

So, the thesis is collecting general information about Mars, concepts,
and ideas on how to approach the threats and complications related
to the human presence on Mars. The important part of it is the inter-
views with experts that shed a light on the way of thinking, nuances,
and new ideas in the field.

It can be seen more as an introduction to the field of space exploration
from an architectural point of view. It does not intend to point out any
particular statement or idea, even if some can be traced in the design
development chapter, but to explore existing knowledge and deliver
it to the reader.
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INTRODUCTION

After the Apollo program, an in-
terest in space exploration was at
its peak - after the successful land-
ing on the Moon, for many Mars
was the next logical step. The
Space Shuttle program was one
of such attempts, developed as
part of the Space Transportation
System (STS)". But with the eco-
nomic crisis and slow but steady
fall of interest in space explora-
tion, an enormous NASA budget
of the APOLLO missions period
get a reduction?, and many plans
had to be adjusted to way more
modest possibilities.

But with the recent progress in
rocketry development, and be-
cause of the influence of some
personalities involved in the
space exploration and rocket de-
velopment industry, interest in it
has grown significantly.

Because of the growing devel-
opment in rocketry and space
exploration, new opportunities
have emerged, and so many ar-
chitectural practices have shown
an effort to explore and exploit
those opportunities.

1 D.S. F. Portree, “Integrated Program Plan
“Maximum Rate” Traffic Model (1970)", Wired,
April 18, 2012. Retrieved on 05.07.2022 on:
www.wired.com/2012/04/integrated-pro-
gram-plan-maximum-rate-traffic-model-1970/
2 M. Tolson, “Mission Moon | Part 9, After
Apollo, Budget realities limit NASA options”,
June 27, 2019, Retrieved on 05.07.2022 on:
www.houstonchronicle.com/local/space/mis-
sion-moon/article/After-Apollo-budget-reali-
ties-limit-NASA-options-14045367.php



Reasoning

In its majority of concepts of the
near future space and Mars ex-
ploration are considering differ-
ent ways or details of how to get
to the celestial body (in this case
- Mars), fewer ideas are exploring
how to sustain the continuous or
temporal human presence on the
Martian surface (or under it).

Therefore, this thesis is one of
attempts to explore the architec-
tural constitutive of the human
exploration of deep space.



In Search of Life

The main reasoning behind now-
adays Mars exploration missions
is a search for life on the planet,
conditions where it could emerge
(as the liquid water), or traces that
it possibly left somewhere on the
surface or under it. Curiosity and
our (human) desire for exploration
are leading us toward new hori-
zons, and Mars is one of them.
Scientific interest was always a
leading force for any mission out-
side Earth’s influence. Only in re-
cent years has space exploration
become a subject of commercial
interest as space tourism or re-
source exploitation.

The secret of life on Mars was
fascinating to the scientific pub-
lic for a long time, starting from
the idea that canals on Mars
were built by an intelligent race,
prosed by Camille Flammarion,
French astronomer, in 18923, Red
planet had occupied the imagina-
tion of many. The idea of life on
Mars has faced much reasonable
skepticism and with the develop-
ment of our understanding of the
planet, of technologies for obser-
vation and exploration, this idea
has significantly changed. From
green people on the surface of
Mars, now even the idea that the
bacterial or simplest form of life
could survive the harsh Martian
environment is becoming less
believable. Any observations that
are showing a possibility that a

3 D. A. Weintraub, “Life on Mars: What to
know before we go”, Princeton university
press, 2020, p.98

10

life ever existed on Mars or could
exist* now are discussed and crit-
icized in a way to not leave any
doubts.

And a human presence is a crucial
step for a proper exploration and
research of the Martian surface
for any signs of life or traces of its
ancient existence. It will serve not
only in a proper material selection
but also in the possibility for a de-
cision making on the place, quali-
ty, speed, and mobility in research
efforts, it is making quick decision
making on the place possible and
so on. And the important part of
it is to not contaminate Mars with
the Earth's life taken together
with the explorers.

4 R. Orosei, “The Global Search for Liquid
Water on Mars from Orbit: Current and Future
Perspectives”. Life 2020, 10, 120, 2020



The Call of Adventure

In the book ‘Case of Mars’ by Rob-
ert Zubrin and Richard Wagner®,
the colonization of Mars is shown
as an analog to the colonization
of North and South America in
the XVII century. When the main
reason for people going there
was, of course, to obtain new
resources, richness, and pow-
er, but also to call for fame and
adventure®. Of course, this ad-
venture, and rush for power and
wealth destroyed the indigenous
population, local culture, and civ-
ilization. But contemporary his-
tory cannot allow repeating the
same errors done before, those
were terrible facts in human his-
tory, and they can teach us how
not to approach new challenges
and opportunities that we will
face on Mars. Luckily, today’s sit-
uation is different in many ways,
there is no indigenous intelligent
population (at least no signs of
such were found), only a possi-
ble primitive bacterial type of life;
we also have developed a law
system that prohibits a probable
extensive impact on the Martian

5 R. Zubrin, R. Wagner, “Case of Mars”,
1997, p. 144

6 T. Brown, Motivations for Colonization,
June 2, 2022, National Geographic Soci-
ety. Retrieved on 05.07.2022 on: education.
nationalgeographic.org/resource/motiva-
tions-colonization

environment’, but the exploration
and maybe, even, colonization of
Mars should follow more careful
and sustainable approach.

In its first steps, exploration of
Mars will be a dangerous endeav-
or, there are many ways how the
Martian environment can kill peo-
ple that are trying to approach it.
It will not be a gentle tour ride
for a wealthy person to see new
horizons, in its beginning phase,
when there are so many unknown
factors this ride can kill or serious-
ly traumatize those who will take a
challenge, similarly to how it was
for the first explorers of America.
Therefore, this mission will need
proper people ready to take risks
and responsibility for their au-

dacity, even if it means face their
death.

7 "Treaty on principles governing theactiv-
ities of states in the exploration and use of
outer space, including the moon and other
celestialbodies (“Outer Space Treaty”)”, Unit-
ed Nations Office for Outer Space Affairs (UN-
OOSA), 1966. Retrieved on 29.06.2022 on:
www.unoosa.org/oosa/en/ourwork/spacelaw/
treaties/outerspacetreaty.html.



Human Expansion

Reaching out to Mars and estab-
lishing a human outpost on its sur-
face potentially can create a new
branch of the economy, a new
frontier for exploration, research,
and influence establishment. This
step forward in human history
probably will lead to a new loop
of resource exploitation, proba-
ble conflicts for influence, wealth,
and power, and new technolog-
ical competition; even properly
regulated by international law
commercialization of the space
industry will eventually lead to
the break in the law or its devia-
tion towards commercial activities
support®. But together with the
economic machine exploitation
that leads human progress, fur-
ther space exploration also has a
potential for development in the
art world and enrichment of the
cultural and humanistic spectrum
of human activities.

The fact that the human race will
be present somewhere else than
the Earth’s surface already ques-
tions our perception of the Earth

8 I. Fino, “Building a New Legal Model for
Settlements on Mars”, Froehlich, A. (eds) “As-
sessing a Mars Agreement Including Human
Settlements”, Studies in Space Policy, vol 30.
Springer, Cham. 2021

12

as the only possible home for hu-
manity, it will enlarge our adapt-
ability to extreme environments
and our desire for further explo-
ration of the world around us.

Because of the complexity and
enormously high cost of transport
connection between Earth and
Mars, it can also develop as noth-
ing more than a research outpost,
as it is with the Arctic exploration.
Even more, Martian exploration
and its surface are protected
similarly to the Arctic?, where no
big city construction is possible.
Therefore, for Martian coloniza-
tion been possible law should be
changed or reinterpreted in a way
that will allow such activity to ex-
ist.

9 "Outer Space Treaty”, United Nations Of-
fice for Outer Space Affairs (UNOOSA), 1966



Rapid Rocketry Develop-
ment and Cost Reduction

As it was written previously, the
recent growth of the rocket in-
dustry with the development of
new types of reusable rockets like
Space X Falcon?9 or Starship pro-
poses a wide range of opportuni-
ties for space exploration. Of the
range of rockets that are possible
to deliver cargo to Mars Starship
rocket developed by Space X is
the most promising. Its possible
characteristics'™ (it is still under
development) like 100 tons of
cargo to Mars (with the additional
orbital refueling), size of the car-
go bay, and a possibility to land
it on the surface are proposing a
range of opportunities to look on
the Mars exploration in a bigger
scale.

These emerging factors are allow-
ing architects and engineers to
develop different ideas that are
less restricted to the weight and
size limits. But the new system of
delivery brings up new challeng-
es regarding how to adjust ideas
to it.

10 “Starship Users Guide”, Space Explora-
tion Technologies Corp., March 2020



PLANETARY

FACTORS

14

To understand the specific of
working on other celestial bodies
different than Earth, one should
surrender many facts that are tak-
en for granted here.

Those factors such as radiation,
reduced gravity, or thin atmo-
sphere not only pose a substan-
tial danger for the first explorers
stepping on the surface of Mars
but also are game-changers in
terms of the constitutive world
viewing principles. And in terms
of construction, production, and
raw materials extraction - those
factors have an actual and partic-
ular outcome.

Once occupied, it would be a dif-
ferent world, with different rules.






DISTANCE

Mars is not the nearest planet to
the Earth, Venus is a way closer,
but conditions that are present on
this celestial body require more
advanced and costly solutions
to get to the surface or to stay in
an upper atmosphere. Therefore,
Mars would be an optimal option.

But it is indeed far away. At its
closest distance to Earth, in the
so-called ‘opposition’  (termi-
nology that comes from ancient
astronomers when a geocentric
point of view still dominated the
scientific field), it is about 56 mil-
lion kilometers away, and at its

farthest, on another side from the
Sun, in ‘conjunction’ position, it is
400 million kilometers away.

1 R. Zubrin, R. Wagner, “Case of Mars”,
1997, p.59




Logistics

There is no possible propulsion
system that can connect those
two celestial bodies in a straight
line from point A to point B - all
existing now or in the near future
spacecraft need to respect plan-
etary dynamics and momentum
conservation principle (any es-
caping body from the surface of
Earth will possess Earth'’s velocity
and trajectory). Using trajectory
discovered in 1925 by German
mathematician W. Hohmann, 2 it
would require using as little as
possible energy to travel to an-
other celestial body. And in the
case of Mars, it occurs when it is
in ‘conjunction’ position with the
Earth. It is possible to deviate
from it to get to the destination
quicker, but the more one does,
the more energy is required.
In any case, it will need to trav-
el around 400 million kilometers
to get to the red planet using
the closest trajectory?, which is a
thousand times the distance that

2 A. Miele, M. Ciarcia, J. Mathwig, “Re-
flections on the Hohmann Transfer”. Jour-
nal of Optimization Theory and Applica-
tions 123, 233-253, 2004

3 Y. Wei, Y. Zhang, “The Simulation and the
Calculation of the Shortest Hohmann Transfer
Orbit to Mars”. Journal of Applied Mathemat-
ics and Physics, 7, 2384-2400, 2019

Apollo astronauts traveled to the
Moon.

Of course, it does not mean that
you will need 3000 days to get
to Mars (Apollo astronauts get
to the Moon in 3 days), but it will
take substantial time and energy
to perform.

On its way to Mars, the space-
craft needs to escape the field
of influence of Earth, to perform
it spacecraft should achieve de-
parture velocity (hyperbolic ve-
locity, about 3km/s). After it does
escape Earth’s field of influence
it flies across the solar system,
accordingly to the momentum
conservation principle, with its
departure velocity + velocity of
the Earth (which is relative to the
Sun about 30 km/s). What was
not the case for Apollo missions
on the way to Moon that had to
deal with the body in the Earth’s
gravitational field

Leaping around the solar system
with a speed 20 times bigger
than was true for the Apollo mis-
sions (relatively to the Earth) it will
still require about 150 days to get
to the destination.

Hohmann transfer between Earth
and Mars takes 258 days to per-
form®, and it is the cheapest in
terms of fuel consumption. Such
a long period in a transfer would
be fine for cargo, but to fly a crew
it would a way better to choose
a quicker option, accordingly to
Robert Zubrin Mars Direct plan®,
it doesn’t take too much addition-
al propellant to reduce a transfer
time to about 180 days.

150-day transfer discussed be-
fore is possible, but it would take
much more propellant and would
make aerobraking maneuver
more dangerous (it is the most
efficient way to slow down, us-
ing atmosphere of the planet, the
vehicle enough, so it can land on
the surface), therefore it is better
to perform the 180 days for crew
mission and 258 for cargo.

4 A Stinner, J. Begoray, Journey to Mars: the
physics of travelling to the red planet. Physics
Education, 40(1), 35-45, 2005

5 R. Zubrin,” The Mars Direct Plan” , 282(3),
52-55, 2000




Economics

ltis hard to predict what would be
an actual price for the interplane-
tary transfer about 50 years from
now, but it is clear how much it
costs now and how much it can
cost in 5 or 10 years, consider-
ing the rapid development of the
super-heavy lift rockets of Saturn
V (NASA rocket that delivered
APOLLO astronauts to the Moon)
class that is capable of Earth-Mars
transfer.

It is possible to estimate today’s
costs of such a journey from an
average price for the kilogram
from the last Perseverance rover
launch that successfully landed
on the surface of Mars in 2020.
So, the launch itself was about
243 million dollars®, while the
mass on the lunch of the rover
(without its complex landing sys-
tem and Ingenuity copter (about
1.8kg)) was about 1025 kg, which
means that the cost for each kg
of the rover delivered to Mars
was about 237 000 dollars (as the
landing system, parachutes, heat-
shield, etc. were taking part in

6 C. Dreier, "Cost of Perseverance, in Con-
text”, The Planetary Society, 29 Jul 2020, Re-
trieved on 26.06.2022 on: www.planetary.org/
articles/cost-of-perseverance-in-context

18

delivery the rover to the surface
they are assumed as a part of the
launch system).

Another limitation of such a jour-
ney is the mass capability of the
rockets, Saturn V or Ares type
rockets can deliver up to 28.6
tons to the surface of Mars’.
Meanwhile, the Space Launch
System (SLS), which is in develop-
ment by NASA since 2011, could
bring 46t in its block 2 Cargo con-
figuration to Trans-Lunar Injection
(TLI) or Mooné.

But a breakthrough will be the
development of reusable rock-
ets as SpaceX and Blue Origin
are doing. Eventually, with the
orbital refueling, SpaceX states
that their system of a Starship
upper stage and Heavy Booster
first stage can deliver more than
100 tons to Mars’. Accordingly,
to Elon Musk'® such a journey can
cost less than 500 000 dollars for

7 R. Zubrin, R. Wagner, “Case of Mars”,
1997, p.78

8 “NASA'S Space Launch System Reference
Guide”, NASA, March 2022, p. 15

9 “Starship Users Guide”, Space Exploration
Technologies Corp., March 2020

10 E. Musk, “Making Humans a Multi-Plane-
tary Species”. New Space, 5(2), 46-61, 2017

a person'! (as the ‘median cost of
the house in the United States'?),
which would be about 7000 dol-
lars per kilogram, what is 33times
less of the Atlas V price.

It is hard to base proper calcu-
lations on the cost of delivery to
the Mars surface as the informa-
tion given is vague and the rocket
system is still in development, but
it can give an approximate image
of future prices and how precious
each object can be if delivered
from Earth to the Mars.

11 D. Lyle, "Average House Price by State in
2021", 2021, accessed 28.06.2022 on: https://
www.fool.com/the-ascent/research/average-
house-price-state/

12 E. Musk, “Making Humans a Multi-Plane-
tary Species”, 2017, p. 48



GRAVITY

Mars's average diameter of 6779
km is almost twice shorter com-
pared to Earth's (12742 km). In
the case of Mars, it also means
that it has a smaller mass and
consequently weaker gravitation-
al field, which is about 38% of the
Earth’s one. ™

13 E. Musk, “Making Humans a Multi-Plane-
tary Species”, 2017, p. 47

But weaker gravitation means
not only that astronaut will jump
higher (of course, he/she will),
but also several mechanics that
we get used to here, on Earth,
will not work in the same way on
Mars, maybe, will not work at all.

Zero gravity influence on
a human body

Before talking about Mars's 0.38G
influence that we know little
about, it would be better to dis-
cuss an influence of microgravity
(almost zero gravity, like on the
ISS or other spacecraft) or zero
gravity that is quite well studied
by astronauts on ISS (Internation-
al Space Station), Mir station, Sky-
Lab. A number of them were stay-
ing in orbit for long periods, for
example, Valeriy Polyakov (437
days), Vladimir Titov and Musa
Manarov (366 days), ™ Mark
Vande Hei (355 days), Scott Kelly
(340 days) %, and harmful conse-
quences are well known.

14 R. Pearlman, “One Year in Space: A His-
tory of Ultra-Long Missions Off Planet Earth”,
26 March 2015. Retrieved on 06.28.2022 on:
www.space.com/28947-yearlong-space-mis-
sions-history.html

15 M. Garcia, “NASA Station Astronaut Re-
cord Holders”, 21 April 2022. Retrieved on
06.28.2022 on: www.nasa.gov/feature/na-
sa-station-astronaut-record-holders

Long-duration exposure to a ze-
ro-gravity environment will cause
cardiovascular deterioration, de-
calcification and demineralization
of the bones, general deteriora-
tion of muscular fitness, and de-
pressed immune system’®.

As a countermeasure to such con-
ditions, different techniques were
implemented on ISS and other
space stations before, and the
everyday extensive 3hr exercises
were proven to be good enough
measures for muscular and to
some extent cardiovascular dete-
rioration but there are no partic-
ular measures against demineral-
ization of the bones".

16 T. S. Aurora, C. Tabaresh, “Microgravi-
ty and the human body”. Physics Education,
30(3), 143-150, 1995

17 R. Zubrin, R. Wagner, “Case of Mars”,

1997, p.86
19



Artificial gravity concept

But Zero-G ramifications can be
potentially avoided - there are
several concepts and ideas for
the artificial gravity spacecraft
that can transfer astronauts to the
surface of Mars. One of such pro-
posed Dr. Robert Zubrin'®, who
separated the spacecraft into two
parts: a living habitat that then
has to land on the Red planet and
used upper stage that pushed the
spacecraft on its transfer orbit.
Both ends should spin on long
cables around a common cen-

18 R. Zubrin, R. Wagner, “Case of Mars”,
1997, p.88

20

ter of mass, creating an artificial
gravity using centrifugal force.
These physical principles can be
easily observed in a washing ma-
chine - when it's working all of the
liquids and clothes are distribut-
ed around the curved surface of
its drum, out from the axis of ro-
tation.

F=(0.001 1) W2R

Accordingly, to the equation,
where 'F' is the gravitational force
measured in G (1G = gravity on
the surface of Earth), ‘W' is the ro-
tation speed measured in rotation

per minute (rpm) and ‘R’ is the
length of spinning arm in meters.
So, there are two options: one is
to have small spinning arm and
high rotation speed, and another
is the long spinning arm and low-
er rotation speed. And the sec-
ond one is preferable as it gives
better load distribution and cen-
trifugal forces. But it makes the
tether system more complicated.



Reduced gravity influence
on a human body

Nevertheless, the main objective
which defines the livability of a
long or even permanent stay on
the surface of Mars is the poten-
tially harmful influence of the re-
duced gravity on the human body
and health.

Problem is that there are not so
many places where this affects
can be properly studied, we have
extensive data on how micrograv-
ity influences the human body
but not exactly the reduced grav-
ity. The closest such an environ-
ment to Earth to examine would

be Moon, but Apollo astronauts
spend too little time on the sur-
face of the Moon to make prop-
er conclusions about health and
wellbeing damages from being
in a reduced gravity environment
(the longest stay was done by as-
tronauts of the Apollo17 mission
that lasted for 74 hours, 59 min-
utes, 38 seconds’).

19 C. Lethbridge, "Apollo 17 Fact Sheet”.
Retrieved on 28.06.2022 on: www.spaceline.
org/united-states-manned-space-flight/apol-
lo-mission-program-facts-sheet-index/apollo-
17-fact-sheet/

21



Application in a construc-
tion industry

The reduced gravity is direct-
ly influencing the load require-
ments for the structures applied.
The problem in most cases is
not in load requirements but the
low quality of materials applied,
therefore most concepts that are
using In-Situ Resource Utilization
or 3d printing technics are also
utilizing catenary models as the
most reliable and easy to imple-
ment®.

20 T. Prater, T. Kim, M. C. Roman, R. P.
Mueller, “NASA's Centennial Challenge for
3D-Printed Habitat: Phase Il Outcomes and
Phase Il Competition Overview”, 2018 AIAA
SPACE and Astronautics Forum and Exposi-
tion, 2018

22

Raw material extraction

In-situ resource utilization (ISRU)
is a key for self-reliable and sus-
tainable development on the sur-
face of Mars, but to extract raw
materials, collect, or excavate
them from the surface one should
understand the difference be-
tween Earth and Mars conditions.

Most excavation or soil collec-
tion techniques on Earth rely on
heavy and massive machinery to
create a ‘counterweight’ for the
digging forces. There are plenty
of examples of such techniques:
backhoes, loaders, scrapers, etc.,
all of them are dependent on the
machine’s mass for effective op-
eration.

But the requirements for the work
on the surface of Mars are differ-
ent because logistics and pric-
es for the payload mass of the
extraction machinery should be
minimized, additionally weight of
the machine and the ability for its
work as ‘a counterweight’ will be
reduced by the smaller gravity of
the Mars. Therefore, alternative
designs are needed, that can be
lightweight, utilize low power,
and be robust enough for harsh
Martian conditions.

The Regolith Advanced Surface
Systems Operations Robot (RAS-
SOR)?#' can be a good example of
a concept of a robotic precursor
that can do its work while being
lightweight enough (less than
500 kg). After a proper technol-
ogy demonstration and proving
that it is possible to excavate and
utilize regolith in such a manner,
the project assumes that multiple
mini excavators can be delivered
on the surface on small landers
and then operate in a swarm
making the mission scalable and

affordable.

It is possible to assume that at a
later stage of the Mars coloniza-
tion if such stage will appear, that
industrial plants will produce their
heavy machinery from the avail-
able materials, but before it hap-
pens, those plants should be con-
structed, and feedstock needs to
be excavated, and those opera-
tions need to utilize technics de-
scribed above or alternatives that
will use similar principles.

21 "Regolith Advanced Surface Systems Op-
erations Robot (RASSOR)”, IEEE Big Sky 2013,
3 February 2013




RADIATION

Martian astronauts will be ex-
posed to two types of radiation:
solar flares and cosmic radiation
that is coming from deep space.

Solar flares are a wave of pro-
tons that burst from the Sun - this
event is irregular, unpredictable,
and happens about once per year.
The amount of radiation an un-
protected person in outer space
is exposed to is deadly, however,
a modest amount of shielding
stops it. For example, a person
on a spacecraft protected only
by its hull would receive about 38
rem, while if one stays in a shel-
ter inside, it can be reduced to 8
rem. If the person stands on the
surface of Mars inside the habitat,
because of the atmosphere and
surface shields, it will be even less
(about three rem). Such an event
can happen once a year, and the
numbers used are from the most
giant recorded solar flares (Feb-

ruary 1956, November 1960, Au-
gust 1972) %,

Cosmic rays are different - they
are composed of particles with
much higher embedded energy.
Therefore, you need much sub-
stantial shielding to stop them. It
is different from solar flares as it is
constant but small in amount of
radiation.

In outer space, an astronaut is
exposed to 20 — 50 rem per year
(depends on the solar activity -
the more active Sun is, the fewer
cosmic rays are reaching the inner
solar system) with an average of
35 rem per year. On the surface
of Mars, astronauts will already
be protected from cosmic radia-
tion from one side by the planet
itself. The other part can be cov-
ered by a shelter made of regolith
or other available material. In this

22 R. Zubrin, R. Wagner,
1997, p.84

"Case of Mars”,

‘k

.
kl {

A

way, radiation exposure can be
reduced to 6 - 7 rem per year or
even less (9 if it is unsheltered).

If we summarize the numbers to-
gether and assume that we use
the Mars Direct plan® of about
910 days long, radiation expo-
sure would be 52 rem on average
for the whole duration of the mis-
sion, with about 10 rem a year on
the surface of Mars and 43 rem
(per year) in transit between the
planets. That is the same as what
astronauts on the ISS (Interna-
tional Space Station) are exposed
to?.

23 R. Zubrin, R. Wagner,
1997, p.45

24 R. Zubrin, "Colonizing the Red Planet:
Humans to Mars in Our Time"”, Archit. Design,
84: 46-53, 2014

"Case of Mars”,

23



Radiation thresholds

That is true that exposure to sub-
stantial amounts of radiation can
and will kill. Was it the Chornobyl
nuclear reactor explosion or the
bombing of Nagasaki and Hi-
roshima - these examples show
how radiation can be deadly. But
they also provided information on
what, how much, and how long
radiation exposure will cause un-
recoverable consequences.

Studies of the victims of these di-
sasters revealed that prompt dos-
es less than 75 rem (rem — radia-
tion health effect unit?®) results in
no apparent health effects, while
between 75 and 200 rem, radia-
tion sickness will appear in from
5 to 50 percent of exposed indi-
viduals, at this point almost ev-

25 "Radiation Terms and Units”, EPA.gov.
United States Environmental Protection
Agency. 06 May 2022. Retrieved 05.07.2022
on : www.epa.gov/radiation/radia-
tion-terms-and-units

24

eryone recovers within weeks. At
300 rem deaths are starting to ap-
pear, rising to 50 percent at 450
rem and 80 percent at 600 rem,
almost no one survives 1000 rem
dose?.

As was described before, possible
exposure of the individual would
be 52 rem for a period of 910 days
with its biggest prompt exposure
about 8 rem in outer space and 3
rem on the surface. Which is less
than the prompt exposure thresh-
old of 75 rem for any symptoms
of radiation sickness to appear?.
But it is only 8 rem less than the
Nasa Permissible Exposure Limit
for an individual astronaut of 600

26 R. Zubrin, R. Wagner, “Case of Mars”,
1997, p.83
27 R. Zubrin, R. Wagner, “"Case of Mars”,
1997, p.83

mSv?® (Sv = 100 rem; 600 mSv =
60 rem?) for total career radiation
exposure astronauts.

28 "NASA Technical Standard, NASA Space
Flight Human-System Standard: Volume 1:
Crew Health”, National Aeronautics and
Space Administration, 01 May 2022, p. 29

29 M. Langford, P. A. Bieri, “Space Radia-
tion — Frequently Asked Questions”, NASA.
gov, National Aeronautics and Space Agency,
18 March 2022, Retrieved on 05.07.2022 on:
srag.jsc.nasa.gov/spaceradiation/fag/faq.cfm



Active Shielding

Even if the crew does not meet
great solar flares or any other
substantial radiation source, it will
need additional protection during
the interplanetary flight (the Mar-
tian mission phase with the most
significant radiation exposure)
and on the surface of Mars. There
are many ideas on how to protect
the crew on the surface, but they
are not applicable for an inter-
planetary phase.

But the technology of the Active
Shielding is the one that poten-
tially will serve as the protection
of astronauts in deep space trav-
el. The idea behind it is to use an
electromagnetic field to deflect
solar flares and cosmic radiation
particles®*, similar to how Enter-

30 P. Spillantini, “Superconducting magnets
and mission strategies for protection from ion-
izing radiation in interplanetary manned mis-
sions and interplanetary habitats”, 68(%9-10),
2011, p. 1431

prise’s shield from Star Track was
deflecting attacks on the space-
craft. And protection of the crew
during interplanetary flight would
be an excellent application for
the technology as the active
shielding does not produce sec-
ondary radiation as it is with the
bulk passive shielding when the
radiation particles hit a rigid sur-
face and create x-ray radiation.

But together with the significant
theoretical advantages, the tech-
nology lacks real-life applicability.
For its functioning, it needs a sub-
stantial amount of energy, and it
is massive and complex; it is hard
to manage the amount of energy
stored in the superconductor or
the electrostatic field produced

by it¥. Although, with the re-
cent progress in superconductor
development, those concepts
have become handier ¥, even if
they are still hard to implement
in the on-surface habitat due to
the complexity, this technology is
rapidly advancing.

31 D. Fry, S. Madzunkov, J. Simcic, A. W.
Hunt, Application of scaling methods to foster
ground development of active shielding con-
cepts for space exploration. Acta Astronauti-
ca, 178, 2021, p. 297

32 P. Spillantini, “Superconducting magnets
and mission strategies for protection from
ionizing radiation in interplanetary manned
missions and interplanetary habitats”, 2011,
p. 1433




Angle difference of expo-
sure

The main thing that protects an
individual on the surface of Earth
is not its magnetic field but its at-
mosphere. In terms of mass, it is
about 10 meters of water equiva-
lent, which shields us from cosmic
radiation. On Mars, with its at-
mosphere of about 1% of Earth’s
would be 0.1 meters, but it is if
looking straight up. However, if
looking in every direction where
the radiation is coming from, it
would be about 0.6 meters of
the water equivalent that creates
a powerful shield against solar
flares and cosmic rays at specif-
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ic angles. It is not protected from
cosmic rays, but solar flares will
not make it to the habitat®3.

From the previous statements, it
is seen that a significant part of
the radiation received by the indi-
vidual is from the transit through
interplanetary space. At the same
time, the average exposure on
the surface is much less while still
relatively high compared to the
Earth's average radiation back-
ground.

33 R. Zubrin, R. Wagner, “Case of Mars”,
1997, p.85

While the radiation exposure
during the interplanetary flight
is not what usually architectural
practice can solve, securing the
surface stay even more, is the
question that architects can ad-
dress.
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ATMOSPHERE AND
TEMPERATURE

The atmosphere of Mars was dis-
covered for the first time in 1780
by German-born British astron-
omer William Herschel. He also
measured the tilt of the planet’s
rotation axis and started to dis-
cuss the seasons on the Red Plan-
et3*,

34 M. C. Malin, M. H. Carr, M. J. S. Belton,
“Mars"”. Encyclopedia Britannica, 30 Jul. 2021,
Retrieved on 8.11.2021 on: https://www.bri-
tannica.com/place/Mars-planet

Composition and surface
pressure

Martian atmosphere mainly con-
sists of carbon dioxide (CO2),
which is about 95,3% by weight
ratio to the rest, which is about
nine times the quantity that ex-
ists in nowadays Earth’s massive
atmosphere; it also includes Ni-
trogen, water vapor, and noble
gases (argon, neon, krypton, and
xenon).

It is known that only a tiny amount
of water is present in the atmo-
sphere today, but it plays a vital
role in atmospheric chemistry and
meteorology. The atmosphere is
near saturation, and water-ice
clouds can be observed, often
within valleys or craters. Thin
clouds are expected at the morn-
ing terminator (the line between
the lit and unlit surface of the
planet), and orographic clouds
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can be observed in topographic
features like volcanoes and cra-
ters. And most of these clouds
are composed of water ice. Some
such features as dust devils are
observable, too, it is too small to
see from the Earth, but it was ob-
served from the Mars orbit or at
various spacecraft landing sites®.

Because of the absence of liquid
water on the surface (due to low
pressure), atmospheric water va-
por has its source in the Martian
soil. And it seems that undersur-
face layers have a great abun-
dance of ice: the 2001 Mars Od-
yssey *¢ spacecraft confirmed that
ice is present 1 meter under the
surface at latitudes higher than
60°; the Phoenix lander found ice
below the surface, but we do not
know how deep it extends, for ex-
ample, the Mars Reconnaissance
Orbiter showed some photos of
the new impact crater exposing
an ice layer about 74 cm thick *¥’.
But in lower altitudes, ice is unsta-
ble, and even in the soil, it tends
to sublime into the atmosphere.

But even though this thin atmo-
sphere is slowly disappearing, dif-
ferent constituents in the upper

35 M. C. Malin, “Mars". Encyclopedia Britan-
nica, 30 July 2021

36 N. Florent, ” Water measurements on
Mars using neutron spectroscopy data from
the Mars Odyssey orbiter”, 2020

37 Harish, S. Vijayan, N. Mangold, A. Bhard-
waj, " Water-ice exposing scarps within the
northern midlatitude craters on Mars”. Geo-
physical Research Letters, 2020
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atmosphere are losing into space.
It is also influencing the isotopic
composition of the remaining
gases. For example, hydrogen,
as one of the most volatile ele-
ments, escapes the atmosphere
very quickly, while its heavier
isotope deuterium lasts. As a re-
sult, Mars’s atmosphere contains
five times more deuterium than
Earth’s %, making it attractive
from the point of view of the fu-
sion nuclear power industry, as it
is one of the primary fuels for the
fusion nuclear reaction.

Atmospheric pressure at the sur-
face is less than 1 % (about 0.006)
of the Earth's and can change the
landscape by 15 because of sig-
nificant differences in Mars's to-
pography. Because of such low
pressure and relatively low aver-
age surface temperature, water
molecules cannot exist in liquid
form, only as ice or vapor, even if
the atmosphere is effectively sat-
urated with water vapor®’.

But it is believed that Mars once
had a much thicker atmosphere
that was ‘blown away into space
by solar wind and Sun’s ultraviolet
radiation, which were even more
intense than nowadays in the ear-
ly solar system.

38 V. Krasnopolsky, “On the Deuterium
Abundance on Mars and Some Related Prob-
lems”, Icarus 148, 597-602, 2000

39 M. C. Malin, “Mars”. Encyclopedia Britan-
nica, 30 July 2021
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Seasons

The atmosphere of Mars has sig-
nificant seasonal shifts in pressure
because of carbon dioxide. In
the winter, it solidifies, settles on
poles, and then sublimes (returns
directly into a gas) in the spring.
Because the south polar cap is
more extensive than the north-
ern one, in southern winter, the
atmospheric pressure reaches its
minimum, while in the southern
summer, it is at its maximum. It is
also a consequence that in south-
ern summer, Mars is at its closest
to Sun, and in southern winter
- at its farthest (Mars orbit is ec-
centric). Therefore, it becomes
possible for a significant carbon
dioxide cap on the south pole to
form and then receive some extra
heat that sublime the formed cap
in the summer. Because of the
extensive presence of CO2 in the
atmosphere, pressure can vary
by 26 percent as huge quantities
(7.9 trillion metric tons) of carbon
dioxide leave and reenter the at-
mosphere each year.



Dust storms

From the nineteenth century,
astronomers could observe the
seasonal shifts and existence of
dust storms on a planetary scale.
Later it was confirmed by the ro-
botic exploration by the United
States and the Soviet Union in
the 1960s. Dust storms are com-
mon on Mars - they can happen
at any time but are most frequent
in southern spring and summer.

Because of the significant at-
mospheric seasonal shifts and
a rapid rise of the atmospheric
pressure during southern early
summer (about 12 percent in a
few months), massive winds are
forming that pick up and trans-
port vast quantities due to the
higher-than-average sun heat of
the dust. Most of the occurring
storms are regional in extent and
can last a few weeks, but every
second or third year, dust storms
reach a global scale. Their peak
wind speed can be up to 100 km/
hour and be high enough to cov-
er the whole planet so that only
the highest peaks (up to 21 km
above the planet’s mean radius)
are visible.

The storms raging during south-
ern summer and gradually die
out with the approach of autumn
in the southern hemisphere.
Therefore, clean weather can be
generally expected in the north-
ern hemisphere during its spring,
summer, and fall 4°.

In 1971 Soviet spacecraft Mars 2
and Mars 3 were attempting to
land on Mars near 45° south lat-
itude. At the same time, a colos-
sal dust storm was on its rise. As
a result, none of them survived
parachute descent.

Parachuting into a Martian dust
storm is not a good idea, but it is
totally different if you are already
on the ground when the storm
hits. Because of the light atmo-
sphere (less than 1 % density of
Earth’s), the dynamic pressure of
the 100 km/hour wind on Mars is
equal only to that of 10 km/hour
(2.8 m/s) on Earth's surface felt like
a light breeze. Many robotic land-
ers serve on the surface for years
and are subject to the dust storm
yearly, which does not question
their functionality. If the storm’s

40 Zubrin R., Wagner R., “Case of Mars”,
1997 p.91

winds speed can reach up to 100
km/hour (about 28 m/s) average
speed on the ground level during
the year is about only 2 m/s #'.

Dust storms also block the sur-
face's visibility from orbit, block-
ing any radio signal coming in or
out, but local visibility on the sur-
face is not impaired much. It does
reduce light levels so that reduc-
tion in efficiency can be expected
with solar panels, but it does not
fog out the area to the observer
on the surface.

Most of the danger that dust
storms can present is objects like
parachutes or balloons with a lot
of “sail area.” Also, dust contam-
ination of the interior of habited
space can be dangerous, as the
Martian dust can be very toxic
due to its fine size and composi-
tion.

41 Zubrin R., Wagner R., “Case of Mars”,
1997, p.137
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Surface temperatures

Surface temperatures highly de-
pend on latitude and can change
drastically during the day-night
cycle. At the Viking 1 and Path-
finder landing sites (about 20°
Northern latitudes), temperature
could be low as -84 °C just before
the sunrise, or -33 °C in the ear-
ly afternoon (At = 51 °C), which
would be much larger than those
that are occurring in desert re-
gions on Earth. The temperature
difference is much more signifi-
cant close to the ground. It hap-
pens because of the thin and dry
atmosphere that allows the sur-
face to radiate heat very quick-
ly at night. An average daytime
surface temperature would be
about -20 °C, close to the values
experienced in Antarctica during
winter. However, above a very
dark surface in summer, daytime
temperatures can peak up to +17
oC 42.

42 M. C. Malin, “Mars”. Encyclopedia Britan-
nica, 30 July 2021
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METEORITES

Meteorites can impose hazards to
any Martian surface missions, and
the question is more about how
significant the probability is that
one will hit the ground equip-
ment. The mass distribution and
meteoroid flux on the Mars orbit
or the surface is now unknown.
Several simulation models and
calculations were made, but they
do not have detailed information
on the hazard’s realness towards
the ground mission .

But it is believed that meteoroid
impact probability is significantly
higher than on Earth or Moon's
surface because of the proximity
of Mars to the asteroid belt be-
cause of its thin atmosphere and
lack of a Martian magnetic field .

Even the thin atmosphere of Mars
protects the surface enough from
the meteorites, less than one ki-
logram. It also can vary with the
altitude, considering a significant
difference in the Martian land-

43 A. M. Al Husseini, L. Alvarez Sanchez, K.
Antonakopoulos, “Access Mars: Assessing
Cave Capabilities Establishing Specific Solu-
tions: Final Report”, 2009

44 C. Schroder ,”Meteorites on Mars ob-
served with the Mars Exploration Rovers”,
2008

scape. Depending on the impact-
ed surface, there is also an addi-
tional secondary fragmentation
risk.

But a thin atmosphere also sig-
nificantly slows down the impact
speed of the meteorites to the
small enough parameters for
their survivability. Together with
an arid and lifeless environment,
Mars's surface can accumulate a
great number of meteoroid ma-
terial that can be significant in
the further study of the Martian
climate or solar system history or
be a good nutritious source for a

probable agricultural purpose
46

45 P. A. Bland, T. B. Smith “Meteorite Accu-
mulations on Mars”, 2000

46 A. G. Tomkins, M. J. Genge, A. W. Tait, S.
L. Alkemade, A. D. Langendam, P. P. Perry, S.
A. Wilson, “ High survivability of micrometeor-
ites on Mars: Sites with enhanced availability
of limiting nutrients”. Journal of Geophysical
Research: Planets, 124, 2019, 1802-1818




HUMAN ACTIVITY

FACTORS

32

With the introduction of human
beings into the equation of Mars
exploration, together with it, a
significant number of factors are
starting to play a crucial role.
Support of human activity on the
planet will need many resources.
A considerable additional com-
plication of the mission architec-
ture starts to arise, the need to
protect the crew from environ-
mental threats and the necessary
infrastructure to be developed
and established. Humans that
will be lucky to be chosen for the
mission to Mars will need proper
psychological and medical sup-
port and observation. Many com-
plex interconnected relationships
start to appear when humans be-
come the center of the mission
architecture. The environment in
which this human operates plays
a crucial role in how the mission
is passing.



33



ENVIRONMENT

CONTROL

AND LIFE SUPPORT SYSTEM

The main difference between
a crewed mission to Mars and
robotic exploration is that a hu-
man-crewed mission, besides its
significantadvantages, also needs
a vital infrastructure and resource
base to be brought together with
humans to sustain a higher de-
gree of their survivability. Because
of the complexity of the endeavor
and the high degree of its failure,
and its tremendous cost, not only
in economic aspects but most im-
portantly in political and prestige
aspects, preparation for it takes a
very long time. Proper technolo-
gy advancement, methodology,
and understanding of the envi-
ronment itself should exist before
the departure of any human be-
ings on the surface of Mars.

In terms of technology and us-
ing existing local resources, the
environmental control and life
support system (ECLSS) plays a
significant role in keeping the hu-
man crew alive. Usually, it consists
of separate modules regulating
different critical components of
the atmosphere (02, CO2, N2),
water purification, its reuse and
production, and waste (organic,
human activity, or inorganic) man-
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agement. Nowadays, it appears
as a massive and complex system
that uses chemical reactions to
obtain needed elements or regu-
late the atmosphere.

The ECLSS system consists of
different categories that control
aspects of human life in isolated
and confined environments. For
example, ECLSS of the Interna-
tional Space Station has several
functions: Atmosphere Revitaliza-
tion (AR), which mainly consists of
CO2, O2 control, contaminants,
and microorganism control; At-
mosphere Control and Supply
(ACS), which also consists of atmo-
spheric composition and pressure
control, storage of main constit-
uents; Temperature and Humidity
Control (THC); Water Recovery
and Management (WRM); Waste
Management (WS); Fire Detec-
tion and Suppression (FDS); Vacu-
um System (VS). It also has a sub-
system called Crew Health Care
System (CHeCS), which consists
of categories of Food Storage
and Preparation, Thermally Con-
ditioned Storage, Whole-body

Cleaning, and Housekeeping'.
Those functions mainly focus
on supporting the environment
where a human can survive and
properly function; in general, any
ECLSS system is a recreation of
Earth's complex self-sustaining
environmental  system. Living
nowadays, ECLSSs are heavily
dependent on a supply chain that
will be able to deliver main ele-
ments (like Hydrogen) to support
chemical reactions that are keep-
ing the system going.

1 S. Do, “Towards Earth Independence —
Tradespace Exploration of Long-Duration
Crewed Mars Surface System Architectures”,

Doctor of Philosophy Thesis, MASSACHU-
SETTS INSTITUTE OF TECHNOLOGY, 2016



Bioregenerative Life Sup-
port System

The next step toward a self-sus-
taining Life Support System that
resembles the complex environ-
mental control system on Earth
is a Bioregenerative Life Support
System. The technological devel-
opment mission to Mars has a 5%
risk of mortality and 10% risk of
morbidity?, unprecedented for an
endeavor with such a high invest-
ment cost. Therefore, a self-sus-
tainable system is a crucial factor
in the possibility of the mission to
Mars.

Mainly BLSS is shown as the sys-
tems that work based on microal-
gae or bacteria life cycle. Using
microalgae or bacteria as a basis
of LSS gives a broader range for
its application, like water purifica-
tion, O2 production, N2 and CO2
fixation and regulation, and solid
waste management.

Bioregenerative LSSs look very
attractive because, from the out-
side, it looks like microalgae and
bacteria can do many things. It
seems like the same thing can
simultaneously support different

2 D. P. Hader, M. Braun, R. Hemmersbach,
"Bioregenerative Life Support Systems in
Space Research” , Gravitational Biology,
Springer Briefs, Space Life Sciences, 2018

functions. But for various tasks
like O2 generation, water purifi-
cation, etc., there is a need to use
different types of bacteria or mi-
croalgae, and they have different
conditions to thrive: some need
just light and water, and other
CO2 concentrations, some can-
not survive microgravity, some
does survive and thrive. There-
fore, such systems give bigger
self-reliance and more freedom
for Earth’'s supply. However, they
also need a proper sensitive ap-
proach when a specific type of
microalgae or bacteria is used
in particular conditions and for a
specific function 2.

BLSS also can be based on plant
growth. The greenhouse is part of
the BLSS as it produces O2 and
fixates CO2 while growing food
for astronauts. Growing food on
a board of the Martian habitat
needs a proper selection of spe-
cies, and the main factors will
be CO2 reduction, compatibility
with aquaponic and aeroponic
systems, nutrition value, and di-

3 L. J. Mapstone, M. N. Leite, S. Purton, I.
A. Crawford, L. Dartnell, “Cyanobacteria and
microalgae in supporting human habitation
on Mars”, Biotechnology Advances 59 (2022)
107946, 2022, p.6

versity .

Bioregenerative systems are giv-
ing more freedom from Earth’s
supply; therefore, its implemen-
tation will probably be a part of
the future crewed Mars missions,
but the scale and complexity
need to be adjusted accordingly
to each context. In some cases,
traditional chemical based LSS
can be preferable to Bioregen-
erative LSS, depending on the
goals required to achieve and the
conditions it is situated.

4 C. A. Mitchell, "Bioregenerative life-sup-
port systems “, The American Journal of Clin-
ical Nutrition, Volume 60, Issue 5, November
1994, Pages 8205-824S
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In-Situ Resource Utiliza-
tion

It does not matter which Life Sup-
port System we will choose, it will
need some resources to sustain,
water for an algae reactor, elec-
tricity for an environmental con-
trol system, hydrogen for chem-
ical-based LSS, etc. Therefore, it
will need some supply of primary
resources to maintain the sys-
tem'’s functioning.

A great deal in lowering the deliv-
ery mass of the needed resourc-
es is In-Situ Resource Utilization
(ISRU). Whether water ice min-
ing or fuel production from CO2
absorbed from the atmosphere,
ISRU principles would significant-
ly reduce the mass of delivery
from Earth and help sustain con-
tinuous human presence on Mars.

And Mars offers several ways
the main components, such as
oxygen or hydrogen, can be ob-
tained from the environment. But
it will need another approach
towards getting those elements
than we used on Earth. Like ox-
ygen and carbon for fuel, pro-
duction will need to be obtained
from the atmosphere, while wa-
ter and hydrogen will need to
be mined from water ice trapped
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under a layer of soil or in perma-
frost>. Martian regolith, with spe-
cial additives, can serve as a base
for greenhouse gardening®.

The martian environment offers
many ways how to sustain a hu-
man settlement, but they are
complicated and require different
ways of thinking to be obtained
and other technologies. Some of
them, such as atmospheric CO2
capture technology, already exist
and are shown to be useful also
on Earth’.

5 R. Zubrin, R. Wagner, “Case of Mars”,
1997, p.124

6 S. Bohle, H S. Perez Montafio, M. Bille, D.
Turnbul, “Evolution of soil on Mars”, Astron-
omy & Geophysics, Volume 57, Issue 2, April
2016, Pages 2.18-2.23

7 B. Metz, O. Davidson, H. C. Coninck, M.
Loos, L. A. Meyer, “IPCC, 2005. Special report
on carbon dioxide capture and storage” Cam-
bridge University Press, Cambridge, United
Kingdom and New York, USA, pp. 442. Mck-
insey & Company, 2008.



HUMAN FACTOR

The most common psychological
factors challenging astronauts in
space are isolation and confine-
ment. These factors, or environ-
ments characterized by them,
are unified under the ICE envi-
ronments abbreviation (Isolated,
Confined, and Extreme). And
these are characteristics that are
typical for nowadays or near-fu-
ture space exploration.

Communication

ICE environments influence how
people communicate with each
other during isolation, and un-
derstanding the social implica-
tions of working and living in
space needs proper attention. It
includes communication between
crew members and communica-
tion between crew and mission
control.

Mars is a pretty remote place; it
can take about 20 minutes for
the signal to be received and
20 minutes for a response to be
transferred. Such conversations
with delays are considered by
Albert A. Harrison as “sequential
monologs”®. It can be somewhat
remodeled here on Earth so that
the communication would have
the same time lag, giving a good
base for researchers to study and
for astronauts to prepare.

The problematic effects of com-
munication on crewmates and
mission control are well doc-
umented. A famous example
would be when astronauts on
Skylab IV in the 1970s turned off

8 A. A. Harrison, Y. Clearwater, C. McKay,
“The human experience in Antarctica: appli-
cations to life in space”. Behavioral Science,
34:4, 1989, p. 253-271.

any communication from mission
control for 24 hours because they
felt they were working too hard,
while the ground control crew
had the opposite perception.
Of course, it had terrible con-
sequences for the whole team
in orbit, but it also changed the
approach toward future missions
to lessen potential tensions. And
20 minutes lag will influence the
communication, which can create
another reason for a conflict or,
contrarily, work as some buffer,
giving time for a crew to “cool
down” before a response.
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Isolation and Mood

Isolation can drastically affect
mood, but current research also
shows that ICE environments
change mood and feelings incon-
sistently. Therefore, it is making it
hard for researchers to predict as-
tronauts’ responses. Even more,
focusing on negative experiences
and spirit in isolation can bias our
understanding of what happens
over a long period in ICE environ-
ments.

“The coping ability of the individ-
ual has been underestimated and
the difficulty of the environment
overgeneralized”?

During the research, isolated and
non-isolated groups from Ant-
arctica and the Arctic were com-
pared, and no significant chang-
es in anxiety levels between the
groups were found. Such findings
suggest that adverse effects of
isolation are caused more by per-
sonal experience or perception of
the space by the individual than
the environment itself.

“Positive psychology” is a rela-
tively new form of study that ac-
cordingly to Peter Suedfeld “fo-
cuses on pleasant emotions and
thoughts, constructive attitudes
about the future, etc.”'®. This
study challenges the perception
that a desire to be alone holds

9 J. Mocellin, P. Suedfeld, J. Bernadelz, M.
Barbarito, “Levels of anxiety in polar environ-
ments”, Journal of Environmental Psychology,
11, 1991, p.266.

10 P. Suedfeld, “Invulnerability, coping, salu-
togenesis, integration: Four phases of space
psychology”, Aviation, Space, and Environ-
mental Medicine, 76(6), 2005, B61-B66
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a negative interpretation of how
happy a person is. It offers a dif-
ferent perspective on ‘the harm-
ful effects of living and working in
space.

Challenging aspects of the ICE
environment attract some indi-
viduals who willingly choose iso-
lation because of the benefits
of self-growth and experience.
The astronauts can feel motivat-
ed to return to space, perceived
as a stimulus for growing and
strengthening, and remember it
with joy and pride.

The possibility of looking at the
psychological effects of the ICE
environment from both angles
gives a broader view of what
would happen with people in a
long-term space mission. More-
over, it provides hope that it may
not involve anxiety and stress.

Homesickness can be anoth-
er psychological threat that can
strike astronauts on their mission
to or on Mars, which can cause
depression, withdrawal, anxiety,
absent-mindedness, and phobic
avoidance. To feel more connect-
ed to home, astronauts on [ISS
(International Space Station) have
reported that one of their favor-
ite things to do is to look at Earth
from space "2, But what will hap-

11 G. M. Sandal, G. R. Leon, L. Palinkas,
“Human challenges in polar and space envi-
ronments”, Reviews in Environmental Science
and Bio/Technology, 5, 2006, 281-296.

12 M. M. Connors, A. A. Harrison, F. R. Akins,
"Psychology and the resurgent space pro-
gram”, American Psychologist, 41(8), 1986,
906-913.

pen when you cannot see Earth in
the illuminator? What is the case
on Mars. Should astronauts carry
a telescope with them to have
access to look back on the home
planet?

Homesickness is real for some-
one working and living in a dis-
tant place like Mars, even for a
healthy and well-balanced adult.
And until the time when the po-
tential colonies, first Martians, will
be born, those people born on
Earth and working on Mars will
need a comfortable and familiar
environment.



Importance of a Design

Some preliminary research on
the habitability of the spacecraft
shows that privacy features, ac-
cess to windows, individual pref-
erences for lighting and colors,
and the design of natural ele-
ments are essential in terms of

Culture

The essential factor that defines
the effectiveness of a long-term
mission is culture, not only be-
cause astronauts from different
ethnical and cultural backgrounds
will work together but also be-
cause Mars's surface does not
belong to any nation; therefore,
it has all chances to become a
ground for a new one to emerge.
A few factors affect multicultural
communication: language, pa-
tience, tolerance, respect towards
other cultures, gender roles, ste-
reotypes, conflict management,
and resolution.

There is no clear and generally ac-
cepted definition of culture, but
some suggestions can be made.
According to Arrindell, culture is
“the collective programming of
the mind that distinguishes the
members of one group or cate-

the psychological wellbeing of
the personnel. In addition, per-
sonalizing the living and working
areas brings a sense of familiari-
ty and access to leisure activities
like games, hobbies, and cele-
brations, bringing nostalgia and

gory of people from another.”" It
can include background, nation-
ality, native language, discipline,
career motivation, and organiza-
tional identity, encompassing dif-
ferent norms, values, traditions,
and attitudes.

It is hard to determine which
personal characteristic may be
culturally related and how the in-
fluence may influence personality
or professional and organization-
al identity. Therefore, it may be
hard to make a helpful guide on
how to ease potential cultural
conflicts. Even more, all cultural
factors mentioned before are in-
terconnected and influence each
other, making analysis more com-
plicated.

13 W. A. Arrindell, “Review of cultures con-
sequences: Comparing values, behaviors, in-
stitutions, and organizations across nations”.
Behaviour Research and Therapy, 41(7), 2003,
p.861-862.

comfort for a crew, including live
animals and plants supposed to
reduce stress and boredom as
pictures and personal items.

Negative interpersonal interac-
tions between crewmates have
been reported, and such inter-
actions led to interpersonal con-
flict, social exclusion, stress, and
loss of productivity. It is better to
predict potential problems and
choose countermeasures before
than ignore cultural differences
simply because of the complexity
of knowing if the cultural aspect is
at the root or not.

Another aspect that plays a role
within a culture is the sub-culture
that individuals are creating in
ICE environments. For example,
being professional comes with a
group identity that limits the ef-
fect on behavior. It is some adap-
tation of the individual needs to
the group needs, resulting from
a need to create stability in an
unstable and unfamiliar environ-
ment.
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Gender

Gender is an essential part of the
space industry culture, not only
due to the biological difference
but also because of the beliefs
and politics. At the beginning of
space exploration, men were the
only gender accepted for space
missions. With the further devel-
opment of society and broader
acceptance of women in differ-
ent work roles, female astronauts
showed as much competence
as their male counterparts. It
is believed that mixed-gender
crews are more stable than sin-
gle-sex groups, where women
have demonstrated a positive
influence on group interaction

14 G. M. Sandal, “Culture and tension during
an international space station simulation:
Results from SFINCSS99”, Aviation, Space,
and Environmental Medicine, 75(7), 2004,
C44-C51.
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'3, as they are more receptive to
the emotional wellbeing of other
members'e.

Despite the problems between
men and women that can occur in
the long-term space mission, it is
suggested that both genders be
present in a crew as it appears to
balance the group behavior.

Heterosexual interactions have
been most studied in space-ori-
ented research. However, there
is no empirical research on the
homosexual population  within
missions just due to a small num-
ber of cases to work with—some
examples of homosexual astro-

15 S. L. Bishop, “Evaluating teams in extreme
environments: From issues to answers”, Avi-
ation, Space, and Environmental Medicine,
75(7), 2004, C14-C21.

16 P. M. Kahn, G. R. Leon, “Group climate
and individual functioning in an all-women
antarctic expedition team”, Environment and
Behavior, 26(5), 1994, 669-697.

nauts, such as Sally Ride, for ex-
ample. However, by the time of
her service as an astronaut, she
had to hide it, as recently coming
out was a career-wrecker for an
astronaut.

And this behavior is not helping
in establishing equality, and there
is a need for more open discourse
concerning the topic to move for-
ward'’.

17 R.Slobodian, “Psychosocial Challenges of
Living in Space: Isolation and Culture”, 2012



UN Outer Space Treaty

The Outer Space Treaty was
opened for signature by three de-
pository governments (the United
States, the United Kingdom, and
the Russian Federation) in 1967.
After this year, its first two articles
become the primary document
regulating human activity rights
and limitations in outer space or
on celestial bodies, including the
Moon. The first article defines
four central freedoms regarding
outer space: freedom of use, ex-
ploration, access, and scientific
investigation, while article Il talks
about the primary limits of the ac-
tivities in outer space, such as the
non-appropriation principle of
claiming sovereignty by occupa-
tion or by any other means’®.

If the non-appropriation princi-
ple towards the celestial body is
clear, its resources’ status is vagu-
er. The UN Outer Space Treaty
Article 2 does not mention the
use of outer space resources.

18 "Treaty on principles governing theac-
tivities of states in the exploration and use of
outer space, including the moon and other
celestialbodies ("Outer Space Treaty”)”, Unit-
ed Nations Office for Outer Space Affairs (UN-
OOSA), 1966. Retrieved on 29.06.2022 on:
www.unoosa.org/oosa/en/ourwork/spacelaw/
treaties/outerspacetreaty.html.

What leads to locally introduced
legislation for the commercial
use of outer space, such as title
IV of the US Commercial Space
Launch Competitiveness Act of
2015. Which states: “The United
States does not, by an enactment
of this Act, assert sovereignty, ex-
clusive rights or ownership of any
celestial body” . But the same
act gives US citizens the right to
exploit and sell outer space re-
sources. And similar laws were in-
troduced by several other nations

like Luxemburg, Russia, UAE, etc.
20

With the further development of
the rocket industry, outer space
and its resources have become
more accessible, and the evo-
lution of the outer space law to-
wards commercialization and ex-
ploitation of outer space is the
answer to the new opportunities
that are opening.

19 "U.S. Commercial Space Launch Compet-
itiveness and Entrepreneurship Act”, Pub. L.
No. 114-9, 2015, Retrieved on 29.06.2022 on:
www.congress.gov/114/plaws/publ?0/PLAW-
114publ?0.pdf.

20 |. Fino, "Building a New Legal Model for
Settlements on Mars”, Froehlich, A. (eds) “As-
sessing a Mars Agreement Including Human
Settlements”, Studies in Space Policy, vol 30.
Springer, Cham. 2021

The existing international outer
space law in the form of the UN
Outer Space Treaty is not ideal.
With new challenges and op-
portunities arising, it should be
developed or even changed ac-
cordingly. It should not prohibit
space exploration but encourage,
sustainably and responsibly, and
for human settlement on Mars to
exist, changes in nowadays law
should be implemented.

Because of the arising challeng-
es and possible threats regard-
ing chaotic and unsustainable
exploitation of outer space, there
are many concepts and proposals
for maintaining international and
commercial relationships in outer
space. ?'

21 Fino, I. “Building a New Legal Model for
Settlements on Mars”, 2021
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MOBILITY

The main reason for a human en-
deavor to Mars is the scientific in-
terest that this planet embodies:
search for life, exploration of the
early Solar system history, and re-
search of the planet’s habitability.
And to conduct as comprehen-

Communication

To cover as much area as possible
during exploration and research
expeditions, the first Martian ex-
plorers needed proper commu-
nication to stay in touch. But the
diameter of Mars, which is about
half of the diameter of the Earth,
makes it more complicated. The
problem is that a direct radio
signal will work until the horizon,
until immediate visibility. In addi-
tion, the more prominent curva-
ture of the planet due to its small-
er diameter makes the distance of
the direct radio connection more
minor. If the surface were flat, it
would be after 40 kilometers, and
the Martian surface would be full
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sive research as possible for a
crew that will arrive on the surface
of Mars, there will be a need for
a wide range of mobility to cover
long distances from the base to a
potential research site. Moreover,
with the probable further devel-

of hills, valleys, craters, and other
obstructions.

The easiest way to overcome it
would be to use a communication
satellite on a synchronous orbit
that will “hover” on the equator,
orbiting with the same speed and
direction as the planet’s rotation.
22 Making communication easier
for researchers on the rover.

But what if the satellite will break
or will be “shadowed” by the
harsh Martian terrain? In this
case, the team on the distant re-
search mission can use a ham ra-

22 R. Zubrin, R. Wagner, “Case of Mars”,
1997, p.109

opment of the human settlement
on Mars with the foundation of
new ones, new challenges will
arise on how to connect them in
terms of communication or trans-
portation.

dio as a backup plan. Mars has an
ionosphere that can be used to
reflect radio signals, making pos-
sible short-wave radio communi-
cation. Because of the density of
the Martian ionosphere, the radio
signal can only have a frequency
of about 4 MHz during the day
and 700kHz at night, which is not
possible to make high data trans-
mission, but it enables to have
voice communication or engi-
neering telemetry?.

23 R. Zubrin, R. Wagner, “Case of Mars”,
1997, p.108



Navigation

Before a proper GPS navigation
satellite system on Mars is es-
tablished, to maintain far-reach
observations, first explorers will
need to use less elegant ways to
navigate. However, exceptionally
accurate and informative maps
of the Mars surface are already
available from orbital imaging. A
team’s main obstacle would be
finding its location, documenting
any scientific findings, or prevent-
ing getting lost in an unfamiliar
environment.

A radio beacon (a device that is
using radio signal to transfer its
location) can be a solution, but
it reaches only its horizon (about
40 km). Going forward, this lim-
ited exploring team should carry
additional beacons that they will
station on their way?, but it is the
subject of failure, which would
mean deadly danger for explor-
ers.

A magnetic compass (compass
that uses Earth’s magnetic field to
show magnetic North) works well
as a navigation tool on Earth but

24 Y. Ou, H. Zhang, “Mars final approach
navigation using ground beacons and orbit-
ers: An information propagation perspective”,
Acta Astronautica, 2017, p.490-500.

has no practical use on Mars, as it
does not have a magnetic field.

But techniques of celestial nav-
igation can be beneficial in this
case. It has several advantages:
it is an optical instrument, so it is
immune to electromagnetic inter-
ference, it is quite a reliable way
of navigation, it is pretty accurate,
and it can work all day long, as
much as the celestial reference
body is visible. On the other
hand, what can be a problem
during dust storms when dust
particles obscure the sky - it can-
not work in complex lighting con-
ditions; also, the cosmic radiation
can disrupt the work of the instru-
ment®. Therefore, an additional,

alternative system of navigation
should be established.

Different stelar orienteers should
be established as references to
determine latitude and longitude.
Finding a latitude can serve well
bright stars of Deneb and Alpha
Cephei as the celestial pole is al-
most halfway between them. To
determine longitude, you need

25 H. Liu, "Autonomous Navigation for Mars
Exploration”, in G. Pezzella, A. Viviani (eds.),
“Mars Exploration - a Step Forward”, Intech
Open, London. 2020

one of the three celestial bodies:
Sun, Martian satellites Deimos or
Phobos to be present in the Mar-
tian sky 2.

An alternative could be visual
navigation, which uses imaging,
and optical sensors to accom-
plish navigation tasks. It can use
different types of cameras in the
visible and infrared spectrum, has
high accuracy, is intuitively under-
standable for the operators, and
can be used for obstacle avoid-
ance. However, it also has minus-
es as the processing data is quite
large, as it is visually based navi-
gation, any weather effects like a
dust storm will affect the system’s
effectiveness #.

26 Zubrin R., Wagner R., “Case of Mars”,
1997

27 H. Liu, ‘Autonomous Navigation for Mars
Exploration’, 2020
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Ground vehicle

During the Apollo mission, sev-
eral vehicles were sent and uti-
lized on the surface of the Moon.
Light Roving Vehicles (LRV) was
a small unpressurized vehicle
that was lightweight and suitable
for small-range mobility®. It had
some flaws in operating in a low
gravity environment on the lunar
regolith, but it was doing its job.

Like LRV for Mars, exploration
will be a need in a small unpres-
surized vehicle for small-range
activities. Indeed, some explora-
tion was done into the design of
the proper small unpressurized
vehicle for Mars. Such types as
All-Terrain Vehicles (ATVs) and
buggies could be analogs of what
would be needed for the Martian
research outpost. It would de-
pend on the space suit wore, but
a two-wheeled, motorcycle-type
vehicle could propose an excel-
lent off-road capability if it is pos-
sible to operate it comfortably
and safely?.

To reach further points of inter-

28 G. Giancarlo, "Next Stop Mars Il Mobility
on Mars”, 2017, 218-238.

29 G. Giancarlo, "Next Stop Mars Il Mobility
on Mars”, 2017, p.224
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est that are not in the service
of the small vehicles, some me-
dium-sized  unpressurized  or
semi-pressurized cars will be
needed. Similarly, commercial or
military off-road vehicles or tracks
existed on Earth but adjusted to
the Martian environment. It will
depend on the mission’s archi-
tecture, the tasks needed to be
performed which choice of the
unpressurized or pressurized ve-
hicle will be made.

For further exploration, a long-du-
ration and long-distance missions
crew will need proper radiation
protection, enough space for
storing resources and scientific
instruments, and accommodate
the team for about 14 days. In
addition, such a rover can be a
backup habitat in an emergency,
adding to the system’s survivabil-
ity®.

In any case, a ground vehicle
should be adjusted to the Martian
environment. A standard com-
bustion engine will not work in
the Martian atmosphere; there is
no possibility of burning the fuel,

30 G. Giancarlo, “Next Stop Mars Il Mobility
on Mars”, 2017, p.228

as only the oxidizer will be trans-
ported along with the fuel. A pos-
sible solution would be the use
of the electric engine, but in this
case use of the vehicle will be lim-
ited to the latitudes closer to the
equator. In contrast, the northern
and southern latitudes will be less
acceptable due to lesser solar
gain. Unless a different source of
electricity will be used, such as a
portable nuclear reactor?'.

31 L. Hall, "Kilopower”, 2021, Retrieved on
05.04.2022 at: www.nasa.gov/directorates/
spacetech/kilopower



Long-Range Mobility

After establishing the permanent
base on the surface of Mars, there
will be a need for a long-range
mobility solution to connect sep-
arate research outposts or rap-
idly deliver a significant amount
of resources from one point on
the planet to another. Without a
well-established railway or road
system, it would not be easy to
do with surface rovers or trains (or
any other analog). The thin atmo-
sphere is becoming an obstacle to
quick air connections. However,
the Ingenuity hover that landed
together with the Perseverance
rover showed that it is possible
to have propelled transportation
on Mars®; also, balloons can be
a solution for air transport®. But
for a rapid transport system, Mar-
tian's low gravity and thin atmo-
sphere offer a great opportunity,
making a way better condition for
the propulsion system that it is on
Earth.

These could be a ballistic vehi-
cle that goes out of the Martian
atmosphere and can travel from

32 M. von Ehrenfried, “Ingenuity. In: Perse-
verance and the Mars 2020 Mission”, Springer
Praxis Books. Springer, Cham. 2022

33 G. Giancarlo, "Next Stop Mars |l Mobility
on Mars”, 2017, p.233

one side of the planet to another,
or it can be a supersonic plane.
In any case, it will need a vast
amount of propellant to be pro-
duced on the Martian base. But if
possible, a range for the research
and other activities can go 4000
kilometers away from the source
of propellant. Furthermore, this
distance can be outperformed if
the nuclear-based vehicle is in-
troduced that can feed on the
compressed CO2, in this way
eliminating the need for carrying
return propellant with it3.

34 R. Zubrin, “28th Joint Propulsion Confer-
ence and Exhibit - Methods for achieving long
range mobility on Mars”, American Institute of
Aeronautics and Astronautics 28th Joint Pro-
pulsion Conference and Exhibit - Nashville,T-
N,US.A., 06 July 1992 - 08 July 1992.
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RESOURCE

UTILIZATION
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While the factors described be-
fore are unavoidable and mainly
represented as the main threats,
a few more factors substantially
impact the decision-making pro-
cess.

The water and materials available
and many others directly influ-
ence the conditions of any mis-
sion on the surface of Mars.
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WATER DILEMMA
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Water is a crucial component for
human survival and an essential
part of the production of necessi-
ties such as fuel, plastics, building
materials, food, etc. However, it is
not a solution to transport water
from the Earth due to complex
and costly logistics, except in the
first stage of the developing Mars
base. It is possible and relatively
cheaper to transport only hydro-
gen and then make water already
on “the site,” mixing with the ox-
ygen from the CO2 of the Martian
atmosphere. But with further de-
velopment and increased human
activity requirements, finding a
local water source is necessary.



Climate influence

One of the main characteristics
of the Mars climate is the almost
absent water in its liquid form
and the low percentage of water
in the atmosphere due to the ex-
tremely low atmospheric pressure
and low surface temperatures.
But atmospheric water vapor is

Availability

The most viable option to find
water on the surface of Mars is in
its Northern hemisphere. It is be-
lieved that the depressed region
close to the Martian Arctic was a
large water basin in earlier plan-
et's history, protecting its surface
from most meteorite impacts®.
The northern hemisphere gener-
ally shows more residual traces
of hydrological activity. Further-
more, because of the inclined
orbit of Mars and subsequently,
the difference in seasons chang-
es for both hemispheres North-
ern pole cap is less covered with
CO2. Therefore, water ice is more
exposed, as it plays a significant
role in the atmosphere’s humidi-
ty®. Consequently, it is possible to

2 R. Zubrin, R. Wagner, “Case of Mars”,
1997, p.124

3 A. M. Harri, “Mars Science Laboratory rel-
ative humidity observations: Initial results”,
2014, p. 2134

believed to originate from a sub-
surface ice layer or Martian soil.
Indeed, already existing obser-
vations' show an abundance of
water ice under the Carbon diox-

1 A. M. Harri, “Mars Science Laboratory rel-
ative humidity observations: Initial results”, J.
Geophys. Res. Planets, 119,2014, p. 2132-
2147

conclude that the Northern hemi-
sphere is generally wetter than
the Southern.

It is possible to extract the water
from the surface of Mars in differ-
ent methods, but firstly it will need
to be found. Rover crews can do
it with ground-penetrating radar
that can follow more minor res-
olution radar investigations from
orbit or balloon-borne probs. For
example, the Perseverance rover
with its Ground Penetrating Radar
GPR is following previous sound-
ing from the Martian Express and
Martian Reconnaissance Orbiter;
therefore, the existence of water
on the surface, underground, or
history of the water on Mars is al-
ready well studied, and there are
existing plenty of research, pri-
marily based on orbital scans and
observations, with probable or
existing sources of water (frozen

ide layer on polar caps and under
Martian soil (regolith), especially
in the Northern hemisphere, as
well as the presence of it in the
Martian soil minerally bounded.

and liquid)“.

Mars's surface reveals a lot of ev-
idence of groundwater upwelling
in its past, which would require
the presence of a global ground-
water system®. Together with a
suggestion of theoretically exis-
tent manifested heat sources rel-
atively close to the surface in ac-
tive seismic regions (or active in
a relatively near past of about 10
million years), it provokes a pos-
sibility of existing geothermally
heated pools of liquid waters®.
Such a well will be helpful not
only as a source of water but also

4 R. Orosei, "The Global Search for Liquid
Water on Mars from Orbit: Current and Future
Perspectives”. Life 2020, 10, 120, 2020

5 F Salese, M. Pondrelli, A. Neeseman, G.
Schmidt; G. G. Ori, “Geological Evidence of
Planet-Wide Groundwater System on Mars”,
J. Geophys. Res. Planets 2019, 124, 374-395.
6 M. J. Fogg “The Utility of Geothermal En-
ergy on Mars”, Journal of The British inter-
planetary Society, Vol. 49, pp. 403-422, 19929



for geothermal power.

To date, no evident sources of
the liquid water underground
were found, even though it was
a primary scientific target for a
radar sounding, Mars Advanced
Radar for Subsurface and lono-
spheric Sounding (MARSIS) on-
board Mars Express (2003) and
higher-resolution Shallow Radar
instrument on Mars Reconnais-
sance Orbiter (MRO) (2005) have
failed to detect underground lig-
uids.” However, current geother-
mal heat estimates suggest that
groundwater's depth would be
several kilometers at low altitudes
and more significant towards the
poles®, potentially putting any
stable aquifers beyond the radar’s
reach.

The exception would be recent
evidence of the subglacial liquid
water beneath the South polar
cap obtained through orbital ra-
dar sounding by MARSIS. Ever-
more further analysis provides
evidence for other wet areas in
its surroundings, suggesting the
presence of the complex hydro-
logic system®. However, the find-

7 J. J. Wray, “Contemporary Liquid Water
on Mars?”, Annu. Rev. Earth Planet, Sci. 2021,
49:141-171

8 S. M. Clifford, J. Lasue, E. Heggy, J. Bois-
son, P. McGovern, “Depth of the martian
cryosphere: revised estimates and implication
for the existence and detection of subperma-
frost groundwater”, J. Geophys. Res.115(E7):
E07001, 2010

9 R. Orosei, “The Global Search for Liquid
Water on Mars from Orbit: Current and Future
Perspectives”, 2020
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ing still creates discussion among
researchers on its trustfulness.

Another good option would be to
find brines (saturated salt solution
can be liquid at a temperature of
-550 C) that can be present un-
der Martian soil or ice in liquid
form without the presence of the
geothermal source. Furthermore,
such brines were found by the
Phoenix lander in 2009, which
was sent to the Martian arctic to
study the habitability potential of
the ice-rich soil and the history of
the planet’s water.

The Phoenix's Wet Chemistry
Laboratory chemical soil analysis
revealed large amounts of per-
chlorates and salts that can pro-
duce liquid aqueous solutions at
Martian temperatures. Such dis-
covery can suggest that microbial
life can be possible on Mars. '

After brines, water ice can be a
good source too. As was written
above, there are vast deposits of
water ice under polar caps and un-
dersurface. There are no sizeable
permanent ice deposits southern
of 750 northern altitude, but the-
oretically, it can be found north-
ward of 400 north latitude under
a 1 meter of soil. It is also pos-
sible to find local anomalies that
preserve ice from subliming, like
in some cold crevice, lava tube,

10 Nilton Renno, “Liquid saline water on
Mars” SPIENewsroom, 18 June 2009. Re-
trieved on 20.04.2022 at: www.spie.org/
news/1661-liquid-saline-water-on-mars?S-
SO=1

cavern, or shadowed scarp. ™

Martian soil has some water in it
too, with the higher percentage
in Northern altitudes or deeper
underground, it is believed to
be about 4%, and there are pre-
sented clays and gypsum that can
have a lot bigger percentage of
water embedded in themselves.
Alpha Proton X-ray Spectrom-
eter analysis of the Mars Path-
finder Mission in 1997 revealed
that some of the examples of the
Martian soil had up to 4% of wa-
ter (H20) by weight embedded
inside it'2.

11 Harish, S. Vijayan, N. Mangold, A. Bhard-
waj, “Water-ice exposing scarps within the
northern midlatitude craters on Mars”. Geo-
physical Research Letters, 2020

12 N. Florent, “Water measurements on Mars
using neutron spectroscopy data from the
Mars Odyssey orbiter”, 2020



Cryosphere

Accordingly to Stephen M. Clif-
ford, ‘'The Martian cryosphere is
defined as that region of the crust
where the temperature remains
continuously below the freez-
ing point of water.’; ‘The zonally
averaged thickness of the cryo-
sphere may vary from 0-9 km at
the equator to ~10-22 km at the
poles’’

It is believed that 90-95% of all
Martian water is trapped in the
cryosphere as an underground
ice or the groundwater under it,
which can be heated above the
freezing point by the radiogenic
heating from the Martian core.
But recent observations by MAR-
SIS orbital sounding radar have
shown no traces of the liquid
subpermafrost groundwater, and
there can be two explanations:
that subpermafrost water does
not survive on Mars or that it is
more profound than MARSIS 3-5
km maximum sounding depth™.

13 S. M. Clifford, J. Lasue, E. Heggy, J. Bois-
son, P. McGovern, M. D. Max , “Depth of the
Martian cryosphere: Revised estimates and
implications for the existence and detection
of subpermafrost groundwater”, J. Geophys.
Res., 115, 2010, p.1

14 S. M. Clifford, ‘Depth of the Martian cryo-
sphere’, 2010, p. 14

Mining

From the point of view of the
complexity of extracting water,
it would be easier to find an al-
ready liquid water source as a
geothermal source or brine. Be-
cause there will be no need for
heavy machinery for extraction
and excavation of solid depos-
its as it is with ice and additional
power to melt it”, meanwhile, the
geothermal well can also become
a source of energy. At the same
time, any liquid source also can
be interesting from the point of
view of finding an ancient form of
Martian life. Even more, it will be
more interesting for the research
mission to Mars to find such a
source precisely because of the
reason of finding traces of past or
present life (if such ever existed
on the surface of Mars).

But the problem with liquid de-
posits is that on Mars, we know
little, and those that we found are
in small quantities or, as with the
source under the South polar cap,
it is quite disputable. So, before
any more significant source of lig-
uid water under a tangible depth
has been found - the solid ice de-
posits will be the primary water
source. It will be hard to harvest
ice deposits, and it is more prob-
able that Martian explorers will
find frozen mud or permafrost
that they will need to be cleaned
from dust contaminants.

15 R. Zubrin, R. Wagner, “Case of Mars”,
1997, p.125

16 J. J. Wray, “Contemporary Liquid Water
on Mars?”, 2021

Permafrost is rarely readily avail-
able lower than the highest lati-
tudes, but the water of hydration
in the soil is widely accessible on
the planet’s surface. By heating,
these water molecules can be re-
leased and then condensed. To
do so, you need a heater - it can
be a stationary factory or a trans-
portable heater that can work on-
site. In any case, there will be a
need for energy ranging from 9
to about 100 kW -hr/kg depend-
ing on a chosen technique’.

There also can be another ap-
proach that uses more low-tech
solutions but does not involve
significant cost to implement. For
example, using a transparent cu-
pola or tent to use a greenhouse
effect to heat the surface inside
and release some part of the ab-
sorbed humidity and then con-
densate it. The tent will be made
of lightweight and transparent
materials, so it can be moved
around easily, allowing to mine
different areas daily®®.

17 G. James, G. Chamitoff, D. Barker, “Re-
source Utilization and Site Selection for a
Self-Sufficient Martian Outpost”, NASA/TM-
98-206538, 1998, p. 21

18 R. Zubrin, R. Wagner, “Case of Mars”,
1997, p.128
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In search of Life

The main reason for our curiosity
about Mars is the search for life,
significant resources of the Mar-
tian missions are led towards the
goal of finding that we are not the
only genesis of life. A crucial role
in preserving traces of possible
ancient life on Mars or even some
examples is playing water, ice,
and by-products like clays. There-
fore, this research for finding wa-
ter on Mars is firstly initiated by a
search for life and only after sup-
porting this life in the form of the
(possible) future astronauts and
other examples of Earth’s life that
they will bring.

The universe is plentiful in
life-building blocks: mainly car-
bon, oxygen, nitrogen, hydrogen
phosphorous, and sulfur. And
Mars is rich in carbon as a back-
bone of life as we know it, as well
other four elements are present
and somewhat abundant there.
We also know that Mars was
much like Earth in its early history,
a wet and warm planet. From our
findings here on Earth, scientists
estimate that life formed in the
early history of the world, about
800 million years after its forma-
tion (that was about 4.5 billion
years ago) .

‘Without question, Mars is the
closest place in the universe
where we plausibly might find
extraterrestrial life. For centuries,

19 D. A. Weintraub, ‘Life on Mars: What to
know before we go’, Princeton university
press, 2020, p.2
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astronomers repeatedly have
claimed to have discovered evi-
dence suggesting Mars harbors
life; however, to date, all of these
findings have either been dis-

proven or become highly disput-
ed.”?®

Stable underground reservoirs of
liquid water are considered the
most promising habitat for the re-
maining life to exist on Mars or for
its traces to be found (also, its iso-
lation could prevent the spread of
any life forms). It could have been
transported by the groundwater
to a greater depth and then been
protected from radiation, harmful
chemical reactions, and desicca-
tion. At the same time, it could be
sustained by hydrothermal activi-
ty, radiolysis, degassing, and wa-
ter-rock reactions.

20 D. A. Weintraub, ‘Life on Mars: What to
know before we go’,2020, p.4

21 V. Stamenkovié, L. W. Beegle, K. Zacny,
“The next frontier for planetary and human ex-
ploration”, Nat Astron 3, 116-120, 2019, p.1



RESOURCE UTILIZATION

In general, the elemental compo-
sition of Mars is similar to Earth,
with comparatively small differ-
ences due to the parallel history
of the formation of the planets.
The smaller size of Mars made it
cool down quicker, and because

Regolith as a material for
construction

The most abundant and more ac-
cessible to find material for build-
ing a Mars base would be Martian
regolith (soil), and it is the most
optimal one to use. It can serve
as brick, with some additives as a
feedstock for 3d printing, or even
in its raw form melted by a micro-
wave 3d printer? or a laser ma-
chine? in the desired shape.

Clay-type minerals are easily
found in the Martian surface soil,
which is a good source for any
ceramics and pottery production.
Silicon oxide is the most common
mineral in the regolith, opening a

22 M. Barmatz, D. Steinfeld, M. Anderson,
D. Winterhalter, “3d microwave print head
approach for processing lunar and mars rego-
lith”, In Lunar and Planetary Science Confer-
ence, volume 45, 2014, p. 1137

23 M. Fateri, A. Gebhardt, “Process Param-
eters Development of Selective Laser Melting
of Lunar Regolith for On-Site Manufacturing
Applications”, Int. J. Appl. Ceram. Tech-
nol.,2014, p. 1-7

of its closer vicinity to the aster-
oid belt, it is different now. But it
is generally known that oceans of
liquid water existed there billions
of years ago, and even possible
that life, at least in its primitive
form, could be present on Mars

door for glass production?®. While
in the same time, calcium and
sulfur in the SNC meteorites (Ab-
breviation of 3 groups of Martian
meteorites (that are coming from
Mars after possible significant im-
pact or volcanic activity): shergot-
tites, nakhlites, and chassignites)
5 are present in the form of gyp-
sum, what can be used by itself in
the construction or baked to ob-
tain lime, what has many uses in
the building®.

24 R. Zubrin, R. Wagner, “Case of Mars”,
1997, p.134

25 A. H. Treiman, “The SNC meteorites
are from Mars”. Planetary and Space Sci-
ence. 48 (12-14): 1213-1230, October 2020
26 C. C. Pazar, “"Resource Utilization on
Mars”, Colorado School of Mines Center for
Space Resources, 2020

too. Therefore, minerals and ma-
terials broadly used on Earth can
also be found on Mars, as the
critical factors of their formation
were present in Mars's history.
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Ceramics and Glass

Bricks sound somewhat like a low-
tech solution for the Martian base,
but it is one of the most optimal
materials that can be made on-
site. Together with the 3d printers
using regolith feedstock, it can be
the first product produced on and
out of the Martian soil.

Bricks, in general, are pretty easy
to make; they have been done
since the first civilizations start-
ed to appear on the Earth’s sur-
face, and they will probably be
a base for the first human settle-
ment that will appear on Mars.
For its production, you do not
need complicated technology.
For example, in some regions on
Earth, it is still used in the form
of so-called ‘earth brick’ that is
backed in comparatively lower
temperatures than the industri-
al-produced bricks (only at about
3000C). For the process, water is
needed, and with some addition-
al modernization to the oven, we
can recover water. Together with
bricks, other ceramic products
can be made from clay-rich soil?’.

The same regolith iron-rich dust
that is the most abundant mate-
rial on the surface can be used
for the mortar. Present in the soil,
gypsum can be used for the pro-
duction of the plaster, while if it
is baked, lime can be made and
has several other uses in the con-
struction industry, which includes
cement and concrete®.

It appears that on the surface of
Mars are several crucial compo-
nents that would be needed for
masonry structures. Therefore, it

27 G. James, G. Chamitoff, D. Barker, ‘Re-
source Utilization and Site Selection for a
Self-Sufficient Martian Outpost’, NASA/TM-
98-206538, 1998, p. 21

28 G. James, 'Resource Utilization and Site
Selection for a Self-Sufficient Martian Out-
Eﬁ)st’,‘l‘?‘?& p.20

is making the catenary model an
optimal option for the first con-
structed on Mars human habitats;
keeping it compressed will make
the system stable.

But the problem is that in the
pressurized living premises main
load will be primarily tensile due
to the difference between exist-
ing Martian atmosphere pressure
and inner living space pressure
enough for the comfort of people.
If the internal pressure is about
0.3 of that one on the sea level
on Earth, which is about 34.5 kPa
or 0.3 atm (it was used for SkylLab
station), then the structure will
experience 3.5 tons per square
meter of exploding pressure?.
It can be counteracted by about
2.5 meters of the soil-filled on the
top of the structure underground
or with additional sealing of plas-
tic membrane that can bear the
tensile force. In the recent con-
cept of the 3d printed habitat by
Al SpaceFactory (MARSHA) that
won the NASA 3d printing chal-
lenge, a mix of the regolith and
bioplastics was used, which can
be another solution for the prob-
lem of tensile forces®.

Duricrete material developed by
Martin Marietta company in the
1980s is a Martian regolith-based
material that, in its original form,
consisted just of a pre-wet rego-
lith. And after the setting achieve
50% of the strength of concrete®!,
gypsum and gravel can enhance

29 R. Zubrin, R. Wagner, “Case of Mars”,
1997, p.120

30 “"MARSHA, Al SpaceFactory’s Mars Habi-
tat”, Al SpaceFactory, Retrieved on 08.06.2022
at: www.aispacefactory.com/marsha

31 R.C.Boyd, P. S. Thompson, B. C. Clarck,
“Duricrete and Composites Construction on
Mars”, Martin Marietta Planetary Sciences
Laboratory, The case for Mars 111: Strate-
gies for exploration — General interest and
overview. Sen Diego, CA, Univelt, Inc.. 1989,
p.539-550

it even further, making it closer to
the concrete by its consistency.
It can be used for 3-d printing of
wall partitions, floor slabs, furni-
ture, and even simple tools; it also
does not melt in the warm interi-
or atmosphere as the Ice printed
structures do. But it should be
treated with enzymes to neutral-
ize toxic perchlorates®2.

While at the same time, silicon
oxide is found in the Martian soil
in significant quantities®*, an op-
portunity for glass production to
develop. The problem would be
a high ferric oxide (Fe203) con-
centration in the regolith, making
the output of optical-quality glass
is more problematic as it should
be cleaned from iron oxide par-
ticles.

On one side, it would be a com-
plicated and energy-costly pro-
cess. However, from another side,
those iron oxides or what will
form after the extraction process
will be easily used for metallurgi-
cal purposes. In this case, there
will be plenty of iron-free material
for glass production.

32 T. Dzieduszynski, “Case Study 2: MARS:
10-50-150. Circular Economy of the Martian
Architecture - A 3D-Printed Ice Habitat”,
2019, p.5

33 @G. James, 'Resource Utilization and Site
Selection for a Self-Sufficient Martian Out-
post’, 1998, p.19



Metals

In terms of further developing
the Martian community and set-
tlement, the existence of metal
manufacture is necessary. And
the planet provides rich resourc-
es to support its production. Fur-
thermore, Mars is considered to
have more metals than Earth.

Steel

Ferric oxide or hematite (Fe203)
is the most accessible and abun-
dant industrial metal on the sur-
face of the Red planet and gives
its color. Soil consists of 1/5 of
iron, and about 16% of the rocks
are iron rich3*. Therefore, extract-
ing pure iron from hematite can
be a relatively straightforward
process. There can be two meth-
ods to do it suitable for the Mar-
tian conditions: one is the use of
carbon monoxide, and another
one can use hydrogen that can
be obtained by electrolysis of the
water.

Some alloying elements required
to produce carbon or alloyed
steel are standard on the Mars
surface. Carbon, manganese,
phosphorus, and silicon are abun-
dant, while chromium, nickel, and
vanadium are present in signifi-
cant enough quantities. Allowing
for proper production of any steel
desired as soon as the manufac-
ture of iron is implemented®.

34 M. D.West, J. D.A.Clarke, “Potential mar-
tian mineral resources: Mechanisms and ter-
restrial analogues”, Planetary and Space Sci-
ence 58, 2010, p.579

35 M. D. West, “Potential martian mineral
resources: Mechanisms and terrestrial ana-
logues”, 2010

Aluminum

Aluminum is quite common met-
al on Mars as well. However, it is
present in the form of alumina
(Al203). This challenging oxide
requires a complex and ener-
gy-expensive process of its elec-
trolyze in the molten cryolite at
10000C. The process is endo-
thermic, so it needs much energy
to proceed, and in Mars condi-
tions, energy will be a high value,
making the production of alumi-
num an expensive process. With
such a high value, it will be hard
to use this metal for common
structures, but it can serve well in
an exceptional use as the electro
wire taking advantage of its high
conductivity and lightweight®.

36 R. Zubrin, R. Wagner, “"Case of Mars”,
1997, p.134
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Silicon

In the production of any modern
electronics, silicon is an essential
element. It also takes part in the
production of the photovoltaic
panels that play a crucial role in
the power supply of the Martian
base.

The feedstock of the manufactur-
ing of the silicon metal as silicon
dioxide (SiO2) and as a significant
rock-forming element is in abun-
dance on the Mars surface, the
observations by the 2001 Mars
Odyssey Mission show that its
concentration varies from 18.5%
to 21.5%%.

To extract silicon, you must mix
silicon dioxide with the carbon in
the electric furnace. Carbon can
be obtained as waste material for
propellant production, but the
overall process of silicon manu-
facturing is highly endothermic®.

37 W. V. Boynton, G. J. Taylor, L. G. Evans,
R. C. Reedy, R. Starr, D. M. Janes, K. E. Ker-
ry, D. M. Drake, K. J. Kim, R. M. S. Williams,
M. K. Crombie, J. M. Dohm, V. Baker, A. E.
Metzger,8 S. Karunatillake, J. M. Keller, H. E.
Newsom, J. R. Arnold, J. Bru'ckner, P. A. J. En-
glert, O. Gasnault, A. L. Sprague, |. Mitrofan-
ov, S. W. Squyres, J. |. Trombka, L. d’Uston, H.
Wa'nke, and D. K. Hamara, “Concentration of
H, Si, Cl, K, Fe, and Th in the low- and mid-lat-
itude regions of Mars”, JOURNAL OF GEO-
PHYSICAL RESEARCH, VOL. 112, E12S99,
2007, p.9

38 R. Zubrin, R. Wagner, “Case of Mars”,
1997, p.134

56

Copper

The conditions are a bit differ-
ent with copper - its existence in
Martian crust is unlikely or rare to
find*’. Even if there is a discussion
about its possibility and quantity
on Mars, there was no significant
finding that would say that cop-
per (Cu) can be obtained in the
amounts needed.

The problem is that such a con-
centration of copper ore can be
found only where the complex
hydrological and volcanic activi-
ties took place at the same time.
Such processes have occurred on
Mars as well as on Earth, making it
possible to find copper ore®,but
this topic is highly discussed.

39 M. D. West, "Potential martian mineral
resources: Mechanisms and terrestrial ana-
logues”, 2010, p.581

40 R. Zubrin, R. Wagner, “Case of Mars”,
1997, p.136



Plastics

Today all the home commodities
are mainly made of plastics; in
general, many things are made
of plastics or have plastic com-
ponents. So while on Earth, it
becomes a tremendous planetary
scale problem, on Mars, it can be
a key to the survival or develop-
ment of the human settlement.

With the abundance of carbon
and hydrogen, it is possible to
obtain plastics on Mars. The key
is the production of synthetic eth-
ylene and syngas, which can be
done from CO2 and hydrogen,
with the extended process of ob-
taining the oxygen from the same
feedstock. After a few chemical
reactions, C2H4 or ethylene can
be produced, which is an excel-
lent fuel and a base for the petro-
chemical and plastic industries*'.

41 C. C. Pazar, "Resource Utilization on
Mars”, 2020, p.2

Ethylene is a primary feedstock
for manufacturing polyethylene,
polypropylene, and many other
plastics. Accordingly, these plas-
tics can be used to manufacture
clothing, bags, insulation, bot-
tles, etc. Numerous applications
of the plastics that are accessible
here on Earth will also be possi-
ble on Mars, offering enormous
benefits and possibilities neces-
sary for the development of the
human settlement on Mars.

‘One possible implementation
of plastics will be the production
and construction of huge inflat-
able domes that can serve as in-
habitable space. Because of the
partial atmospheric protection,
the requirements for the surface
inhabitable spaces are much
lower than, for example, for pos-
sible Moon habitats. A range of
functions that can be performed

under such a structure is pretty
broad, including habitation and
agriculture. And requirements for
the materials are dictated mostly
by the performance toward ten-
sion loads and not by radiation
protection. The greenhouse ef-
fect created by such a transpar-
ent dome is what is needed in
the harsh and cold Martian envi-
ronment. Inflatable domes made
of Kevlar can be up to 50 meters
in diameter, only 1 millimeter
thick, and support a 1/3 atm at-
mosphere, which is necessary to

support humans?*'.

42 R. Zubrin, R. Wagner, “Case of Mars”,
1997, p.120

57



Agriculture

‘On 12 March 2013, NASA an-
nounced that results from Curi-
osity revealed evidence of the
primary elements needed for sus-
taining life — carbon, hydrogen,
nitrogen, oxygen, phosphorus,
and sulfur — raising the possibility
of ancient microbial life on Mars.’
Shannon Bohle, H Saul Perez
Montano, Matt Bille and Doug
Turnbull*3.

If the soil of Mars has enough
resources to sustain ancient mi-
crobial life, it has an opportunity
to support agriculture on the sur-
face of Mars. And considering the
high cost and complexity of deliv-
ering anything on Mars's surface,
it would be evident that Martian
explorers will need to grow their

food.

And  Martian surface gives
enough conditions for it to hap-
pen. Firstly, it has all the elements
for living species, like hydrogen,
oxygen, carbon, and nitrogen.
Then the atmosphere has already
created the necessary protection
from radiation for plants to be
grown on the surface of Mars,
and the only problem is to pro-
vide adequate atmospheric pres-
sure. If this problem is solved, you
can harness enormous power for
growing plants freely supplied by
the Sun.

Plants require a tremendous
amount of energy. Artificial aqua-
ponic and aeroponic farms use
much energy to grow any ad-
equate number of crops. As a
result, not all of them are fully
grown, and only selected species
can be developed in such an en-
vironment. Crops grown under

43 S. Bohle, H. S.Perez Montafio, M. Bille, D.
Turnbul, “Evolution of soil on Mars”, Astron-
omy & Geophysics, Volume 57, Issue 2, April
gg%, Pages 2.18-2.23

inflatable transparent domes are
already protected enough from
radiation by the Martian atmo-
sphere and receive sufficient sun-
light (43% of Earth) to produce
various species in large quantities
to support Martian researchers*.
As it is on Earth, the soil fertility
on Mars varies and depends on
location. The most fertile or ap-
propriate for growing plants is
believed to be soil from the an-
cient river deltas*. Accordingly,
future Martian settlement sites
should consider the possibility of
extracting soil for agricultural pur-
poses.

To use Martian soil for growing
crops is a controversial question
as from one side, from what we
know about it, it contains enough
resources and minerals for grow-
ing crops, but it is unfertile mainly
without a proper enhancement.
Four main factors prohibit the use
of in-situ Martian soil: reactive ni-
trogen, particle size, density, and
pH. But the careful treatment of
the ground with nitrogen-fixing
bacteria, earthworms, and nem-
atodes that excrete nitrogenous
waste might partially alleviate this
problem?.

Mushrooms could be a nutrition
source, and they can grow on
food waste, transforming 70% of
it into edible protein. In addition,
it does not need light to grow,
only humid, dark, warm room,
and oxygen, making it ideal for
underground habitation.

It is little possible that cattle,
sheep, goats, rabbits, and other
domestic animals will have a place

44 R. Zubrin, R. Wagner, “Case of Mars”,
1997, p.130

45 S. Bohle, “Evolution of soil on Mars”, p.
2.21

46 S. Bohle, “Evolution of soil on Mars”, p.
2.22

in the food production on Mars or
any other celestial body as it is an
inefficient way to produce food in
large numbers. However, insects
could be a good source of ani-
mal-based protein, and they do
not need much space and not so
much nutrition, grow and breed
fast, therefore can be harnessed
continuously, they also can take
part in the recycling process,
waste management, pollination,
and be a pet giving some stress
relief and contributing to the bio-
diversity of the Martian settle-
ment®.

Another species that can effi-
ciently transform the waste plant
material into protein would be
different types of fish (tilapia,
loach fish) 8, which can thrive in
the isolated environment of the
research station. Its excrements
also can be used as fertilizer or
nutrition for plants. The problem
is that fish has an enormous loose
of muscular and bone weight in
a zero-gravity environment®. But
nothing is known about the re-
duced gravity environment and
its influence on fish. It would be
another good nutrition resource if
it survives and can thrive in it.

47 R. Kok, A. van Huis, “Insect food in
space”, Journal of Insects as Food and Feed,
2021; 7(1): 1-4

48 K. Tomita-Yokotani, S. Anilir, N. Kataya-
ma, H. Hashimoto, M. Yamashita, “Space
agriculture for habitation on Mars and sus-
tainable civilization on earth” In: Proceedings
of the 4th International Conference on Recent
Advances in Space Technologies, 11-13 June
2009, Istanbul, Turkey, pp. 68-69.

49 H. Hirata, A. lida, “Zebrafish, Medaka,
and Other Small Fishes (New Model Animals
in Biology, Medicine, and Beyond) Il Fish in
Space Shedding Light on Gravitational Biolo-
gy”, 10.1007/978-981-13-1879-5(Chapter 5),
2018, p.85-97



Growing materials

It is also possible to have trees
on the Mars surface, while how
they will react to the 0.3g, no
one knows, but at least they will
have a sense of direction., so it
is possible to survive for them in
the Martian environment. If they
do, it can serve as nutrition as or-
chards and at the same time as
construction or furniture and oth-
er commodities material, consid-
ering the rate of growth, need for
space, etc. quite expensive mate-
rial in Martian conditions, but still
possible>.

Another cellulose material that
can serve well for construction
and domestic commodities is
bamboo. It does not need as
much space, time, and conditions
as trees have, making it ideal for
its purpose under Martian base
conditions®'. However, it has little
nutritional value, so it cannot re-
place trees.

A possible alternative could be a
mushroom mycelium (the root of
mushroom) as a building materi-
al. It has an excellent ratio of its

50 R. Zubrin, R. Wagner, “Case of Mars”,
1997, p.132
51 X. De Kastelier Interview, 2022

weight to compressive strength,
even if it is much less than one
of concrete (30 psi of the myce-
lia compering to 4000psi of con-
crete) *2. Because of its porosity,
it can serve as insulation mate-
rial®* or as packaging, furniture,
and even as a structural materi-
al®*. One of the challenges in us-
ing the material for the specific
purpose of the space architecture
is that it needs some substrate or
a base to grow. Usually, mycelium
is seen as a part of the composite
material. It is hard to see it as dif-
ferent material, but it is possible
to look at it as a great additive to
more traditional materials®.

52 |. Bonnefin, “Emerging Materials: Myceli-

um Brick”, 2017. Retrieved on 24.06.2022 at:
www.certifiedenergy.com.au/emerging-mate-
rials/emerging-materials-mycelium-brick

53 Z.Zimele, I. Irbe, J. Grinins, O. Bikovens,
“NOVEL MYCELIUM-BASED BIOCOMPOS-
ITES BUILDING MATERIAL", 2019

54 Y. Hajar Arifin, Y. Yusuf, “Mycelium Fibers
as New Resource For Environmental Sustain-
ability”, Procedia Engineering 53 (2013 ) 504
-508, 2013

55 J. Jauk, H. Vasatko, L. Gosch, M. Stavric,
“MYCERA - A SUSTAINABLE FUTURE BUILD-
ING MATERIAL CONSISTING OF CLAY AND
MYCELIUM", 2021
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Algae

For a human settlement to sur-
vive, there will be a need to satis-
fy many requirements, and algae,
microalgae, and cyanobacteria in
specific can help achieve some
of these requirements. Microal-
gae (and cyanobacteria) can be
crucial in supporting human ac-
tivity on Mars. Different types of
microalgae can support a broad
spectrum of functions: it can keep
a breathable atmosphere, supply
nutrient-rich food, purify water,
recycle waste, be a source of bio-
polymers for clothing, packaging,
utilities, or 3d-printed articles; it
can have several pharmaceuti-
cal implementations, and even
take part in the fixation of some
elements from the Martian at-
mosphere, such as nitrogen, or
bio-mining of metals from the

60

Martian regolith®¢. Field of ap-
plication of microalgae is quite
broad. It typically includes dif-
ferent species to maintain vari-
ous tasks with additional needs.
For example, some do not need
lighting to survive, while others
require natural or artificial light
and more complex reactors.

An additional characteristic of
some microalgae is their resis-
tance to radiation®’, which can
make them thrive in a tank without
proper radiation shielding. Even
more, the water tank, or reactor,
together with microalgae, can
serve as some radiation shield-
ing, with an appropriate layer of

56 L. J. Mapstone, M. N. Leite, S. Purton, I.
A. Crawford, L. Dartnell, “Cyanobacteria and
microalgae in supporting human habitation
on Mars”, Biotechnology Advances 59 (2022)
107946, 2022, p.6

57 L. J. Mapstone, “Cyanobacteria and mi-
croalgae in supporting human habitation on
Mars”, 2022, p.4

insulation to protect water from
freezing. And some architectural
concepts of the future Martian
habitat, such as the Martian hab-
itat concept done by Redhouse
studio, Cleveland, USA®, are try-
ing to implement these features
of the microalgae and make it not
only part of the Biological Life
Support System (BLSS) but also
part of the habitat envelope.

58 “Mars Habitat Architectural Design Plans’,
Redhouse studio. Retrieved 22.06.2022 at:
www.redhousestudio.net/pages/research/
mars-habitat-designs



Bioplastics

As mentioned before, microalgae
and byproducts of its lifecycle
can serve as a feedstock for the
production of the biopolymers
and be a base for clothing, utility
production, or 3d printing items.
Bioplastics based on starch, cellu-
lose, and polyhydroxyalkanoates
(PHAs) are biodegradable. They
can be a good substitute for pe-
troleum-based plastics, especial-
ly PHAs, as they are similar to
ordinary plastics. It also shows a
low level of toxicity, antimicrobial
activity, etc., and it even can be
used in medical applications for
prosthetic implants, drug delivery
systems, etc. >’

There are different ways to ob-
tain biopolymers, except mi-
croalgae feedstock: it could be

59 L. J. Mapstone, “Cyanobacteria and mi-
croalgae in supporting human habitation on
Mars”, 2022, p.11

various terrestrial plants, mush-
rooms, animal-based, and food
waste. It has different properties
depending on its origin, and for
particular applications, some bio-
polymers would suit better than
others®. But generally speaking,
considering the limited condition
of the Martian settlement, algae
feedstock for biopolymers would
be the optimal choice®'.

A great example of the applica-
tion of biopolymers in construc-
tion would be a winning entry?? of
NASA's Centennial Challenge for

60 E. Shlush, M. Davidovich-Pinhas,"Bioplas-
tics for food packaging”, Trends in Food Sci-
ence & Technology 125, 2022, p.73

61 L. J. Mapstone, “Cyanobacteria and mi-
croalgae in supporting human habitation on
Mars”, 2022, p.12

62 T.J. Prater, T. Kim, M. Roman, R. Mueller,
“NASA’ s Centennial Challenge for 3D-Print-
ed Habitat: Phase | Outcomes and Phase |lI
Competition Overview”. In: Proceedings of
the 2018 AIAA SPACE Forum. Orlando, Flor-
ida. 17-110 September 2018.

3D-Printed Habitat in 2018, de-
veloped by Al SpaceFactory?,
New York, USA, which used a
composite material of Polylactic
Acid (PLA) reinforced with basalt
fiber.

63 “"MARSHA, Al SpaceFactory’s Mars Habi-
tat”, Al SpaceFactory
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ENERGY PRODUCTION

Propellant

Propellant production on the sur-
face of Mars is a crucial step to
making human settlement on
Mars possible and to doing any-
thing meaningful once it is built.
And the best feedstock for it is
the Martian atmosphere.

The most obvious and easy-to-
produce choice is the methane +
oxidizer bipropellant. To produce,
it requires hydrogen, which can
be transported from Earth at the
starting phase, but in later stag-
es, it should be sourced locally®*.
It is only 5% of the overall propel-
lant weight, so it does not require
much fuel to transport. However,
its storing will be problematic,
as hydrogen boils off from any
known enclosing material due to
its small atomic size and needs
much insulation. But it is partially

64 C. C. Pazar, "Resource Utilization on
Mars”, 2020, p.2
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solvable, and the loss rate is easy
to calculate, so the additional
reserve of the hydrogen can be
brought®. In the later phase, hy-
drogen can be extracted from the
Martian water ice or other water
sources with further development
of the Martian base.

When hydrogen is delivered to
Mars or extracted from its water
sources, carbon and oxygen are
the only elements that would be
required. And both can be ac-
quired from the 95% carbon di-
oxide (CO2) Martian atmosphere.

Once acquired, it can be reacted
with hydrogen in the so-called
Sabatier reaction (methanation).
It produces methane and water
from carbon dioxide and hydro-
gen. Then water can be sepa-

65 R. Zubrin, R. Wagner, “Case of Mars”,
1997, p.102

rated into oxygen and residual
hydrogen, which can be used
again®®.

66 C. C. Pazar,
Mars”, 2020, p.2
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Sun and Wind

There is possible to use two types
of solar power systems on Mars:
dynamic and photovoltaic. The
dynamic solar system uses a par-
abolic mirror to concentrate sun-
light on a boiler to heat a fluid
turning a turbine. Because of its
low-tech principle, it is easy to as-
semble or manufacture what can
be important for Mars base and
can be a source of heat power?’.
However, on the other side, it is
less reliable than other systems
because of the reliance on mov-
able parts and its need for clear
skies to function appropriately,
which is not the case during dusty
weather (about half of a year for
Mars).

Photovoltaic panels are more re-
liable as they can function well
even in a dusty atmosphere, typ-
ical for Mars, except for heavy
dust storms. But it would be hard-
er to manufacture this type of so-
lar panel, even if all elements are
available on the Mars surface.

Both systems will need a contin-
uous cleaning from highly con-
tagious Martian dust, especially

67 R. Zubrin, R. Wagner, “Case of Mars”,
1997, p,138

during Northern autumn and win-
ter (dust storms season on Mars).

The wind is another possibility to
generate electrical power. While
the low surface winds velocity
and low atmospheric pressure
make possible wind power sup-
ply at the height of the outpost
negligible, winds well above the
thick surface layer are high as 60
m/s®. In some regions with wind
production favoring landscape as
the narrow valleys or long low-an-
gle slopes, the wind is believed
to reach speeds high as 25-30
m/s%?. With the specific buoyant
type of wind turbine design using
an inflatable hydrogen structure
as a lifting force, it is possible to
reach stronger winds at higher al-
titudes. It would produce a mod-
est amount of energy. However,
it could be a valuable source of
energy that could be used during
dusty weather that will lessen the
effectiveness of any solar-based
system.

68 R. Zubrin, R. Wagner, “Case of Mars”,
1997, p.137

69 G. James, G. Chamitoff, D. Barker, “"DE-
SIGN AND RESOURCE REQUIREMENTS FOR
SUCCESSFUL WIND ENERGY PRODUCTION
ON MARS”, 1999, p.3

Because of their periodic and
intermittent nature, harnessing
energy during dust storms would
be useless. However, if the bal-
loon-type of windmill harnesses
the wind, it would be desirable
to have a retractable system that
can hide the balloon in a nasty
dust storm.
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Geothermal

Solar and wind power supply are
attractive because they are de-
ployable almost anywhere, but it
has a modest output in Mars con-
ditions. Therefore, it is forcing us
to seek other power sources that
can work well in Mars conditions
and still produce the desired en-
ergy for further development.

Such an option could be geother-
mal power, which uses the high
temperatures underground that
boil fluid such as water and uses
steam to turn a turbine. A geo-
thermal well would be a power-
ful source of power for a Martian
base. At the same time, it would
be a valuable source of liquid wa-
ter. The position of the geother-
mal source can determine the
placement of the future Martian
settlement or city.

It is now less sure that geother-

64

mal power supplies on Mars do
exist. However, Mars still has ac-
tive seismic areas: Tharsis, up-
per regions of Elysium, Arcadia,
and Amazonia are believed to
be still active’. If a water table
exists within a kilometer under-
ground and the area was active
in the past, this water could be
hot enough to present a practical
power source.

Accordingly to Fogg’', the
amount of territory associated
with volcanic activity within 500
million years is quite large. A few
kilometers deep for these terri-
tories will be enough to bring up
boiling water.

70 M. J. Fogg “The Utility of Geothermal En-
ergy on Mars”, 1996
71 M. J. Fogg “The Utility of Geothermal En-
ergy on Mars”, 1996



Nuclear Fission Power

One of the best ways to provide
electric and thermal power in the
early stage of the Martian settle-
ment development would be nu-
clear reactors produced on Earth.
Because of the low availability of
other efficient large-scale ways to
power human activity on Mars, it
is almost the only possible.

In 2018, a successful experiment
using Kilopower Reactor Using
Stirling  Technology  (KRUSTY)
proved that small-scale nuclear
fission reactors are not only pos-
sible but already available’. The
main task of the development of
the system was to supply a future
hard-reaching location, including
future Moon and Mars missions,
to have a possibility of the local
self-reliable manufacture or in-si-
tu resource utilization. In the case
of Mars, nuclear fission power
would be almost the only option
available for any manufacturing,
except geothermal power, if it
would be found.

72 L. Hall, “Kilopower"”, 2021, Retrieved on
05.04.2022 at: www.nasa.gov/directorates/
spacetech/kilopower

Nuclear Fusion Power

The problem with nuclear fission
power is not only the complexity
of the technology and the inabili-
ty to replicate it without a proper
supply chain but also the com-
plexity of obtaining and process-
ing the fuel material. Most prob-
able, it will need to be delivered
from Earth as the reactor itself.

A possible solution to it could be
nuclear fusion power. The com-
plexity of implementing the tech-
nology is even more significant.
Furthermore, it is still under de-
velopment. But in terms of fuel,
Mars can propose more exten-
sive accessibility than Earth has.
The atmosphere of Mars is rich (in
comparison with Earth) in deute-
rium’3, and it plays a crucial role
in some types of Fusion reactors.
Deuterium, also known as heavy
hydrogen, is one of the stable
isotopes of hydrogen. The main
difference from protium (usually
referred to as hydrogen) is that
deuterium has a neutron in its

73 V. Krasnopolsky, “On the Deuterium
Abundance on Mars and Some Related Prob-
lems”, Icarus 148, 597-602, 2000

nuclei while protium does not. It
is proven that deuterium-tritium
fuel is effective in fusion reaction
as it needs less temperature than
other elements to reach it and re-
lease more energy’“.

Therefore, developing the tech-
nology of fusion energy produc-
tion could be one of the solutions
for future Mars settlement.

74 M. Lanctot, “DOE Explains...Deute-
rium-Tritium  Fusion Reactor Fuel”, Of-
fice of Science, Retrieved on 20.06.2022 at:
www.energy.gov/science/doe-explainsdeute-
rium-tritium-fusion-reactor-fuel
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ANALYSIS

From the beginning of written hu-
man history, people were excited
about stars. Their desire to reach
it has started a lot closer to mod-
ern days.

One of the first mentions of an ex-
traterrestrial journey was in Jules
Verne's “From Earth to the Moon”
(1865) and its sequel “Round the
Moon” (1870). The book used
a gigantic cast-iron gun to send
humans to the Moon in an alumi-
num capsule. The book inspired
the first science-fiction film, “Le
Voyage Dans la Lune” (The Trip
to the Moon) (1902) by Georges
Méliés' - those were the first de-
pictions of possible human space
habitats.

1 https://badphilosopher.com/a-trip-to-the-
moon/




Long before chemical propulsion
rockets became a thing, it was an
idea that was answering the ques-
tion of existing methods at that
time, which later developed into
the concept known as “a space
gun” or "a Verne gun.” 2 It would
not be a proper way to launch
people into space, as the loads
on the missile are enormous, but
it is impressive how the XIX cen-
tury mind came up with a basic
working idea for a problem that
became on time only 100 years
after.

A big step toward space explo-
ration came during the Second
World War, with the development
of a chemical propulsion system.
Then after defeating Nazi Ger-
many, those innovations become

2 R.Petrescu, R. Aversa, B. Akash, F. Berto, A.
Apicella, F. Petrescu, “Project HARP”. Journal
of Aircraft and Spacecraft Technology. 1 (4):
249-257, 2017

available to Allies countries.

Visible changes started to appear
a few decades later, during the
Cold War, when rockets began to
be used for more scientific pur-
poses. At this time, the first arti-
ficial satellite was sent into orbit
around Earth; the first human was
sent to space. The culmination
was a Moon landing of the Apollo
11 mission in 1969. It lasted until
Apollo 17 in 1972 and eventual-
ly was canceled due to budget
cuts. 3

The fact of the Moon landing and
its possibility has inspired many
bright minds to think about more
ambitious plans to settle on the
Moon or, even further, on Mars.
At this time, many ideas came up
for the human habitats out of the

3 M. Tolson, “Mission Moon | Part 9, After
Apollo, Budget realities limit NASA options”,
June 27, 2019

Earth’s atmosphere. At this time,
SkyLab and Salut stations were
put into orbit, eventually growing
into a collaboration project that
became a Mir station and Inter-
national Space Station.

The last significant progress of
astronautics was a reusable rock-
et development done by SpaceX
*and the inclusion of the pri-
vate companies on the market
of space deliveries that made a
launch price much lower, there-
fore investing in another growth
of ideas for extraterrestrial habi-
tats that emerged further.

4 "Starship Users Guide”, Space Exploration
Technologies Corp., March 2020
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DISTANCE

As said before, the incredible
complexity of delivering things
to Mars is in its distance toward
Earth which changes from 58 mil-
lion km to 400 million km. In ad-
dition, the solar system’s planets
constantly move around the Sun,
making things even more compli-
cated.

To get to Mars using existing
technology, you would need a
giant rocket that can get a de-
livery out of the Earth's field of
influence, achieving so-called
escape velocity, and then get to
Mars, which most ideally can hap-
pen only once in 2.5 years. It will
need to break through the Mar-
tian atmosphere and safely land
on the surface to minimize fuel
usage. There is a need for a tre-
mendous amount of propellant
and expensive equipment for all
these processes. With the landing
on the Moon process being much
more accessible, there is no need
to wait 2.5 years for a transfer
window or escape Earth’s gravi-
tational influence. However, it still
requires tremendous fuel usage
and a giant rocket.

Therefore, this issue is always ad-

68

dressed in different ways in proj-
ects for extraterrestrial habitats:
some propose a huge orbital
constellation for the delivery of
materials and equipment, others
use lightweight materials for de-
livery, or in situ resources to build
a habitat or a complex of all these
solutions.

A big step towards lessening the
transfer prices came with the de-
velopment of reusable rockets,
shown mainly by SpaceX Falcon
9, Falcon Heavy, and Starship (still
under development)®. Other com-
panies present some of the other
launch vehicles, such as Blue Or-
igin with its New Glenn and New
Shepard, and many others are
still developing their concepts.

5 “Starship Users Guide”, Space Exploration
Technologies Corp., March 2020



One of the examples would be a
Hassell studio design for a Mars
habitaté, and this project does not
only explore the architecture of
the habitat itself but also the ar-
chitecture of the mission launch.
It proposes to have a prominent
orbital constellation to deliver
people, cargo, construction ro-
bots, and all needed equipment.
This constellation is quite massive
and complex but is possible to
achieve.

6 "“"NASA 3D Printed Habitat Challenge”,
Hassell studio, 2018, Retrieved on 25.12.2021
at www.hassellstudio.com/project/na-
sa-3d-printed-habitat-challenge

69



70

While the delivery system is inter-
esting and feasible, the landing
system does not show a proper
design to survive the Martian at-
mosphere entry, which is the most
probable scenario for the Martian
transfer.



Another example of a delivery
system would be the SOM Moon
Village design’. It also provides
an architecture of the launch, but
on a much smaller scale because
of the smaller distance. Each hab-
itat is going to be delivered sep-
arately and ready to use. It has
its own descending and delivery
modules that need to be coupled
similarly to how it was with the
Apollo 11 mission. It is possible
to do so, and there have been
many examples of execution of
such maneuvers before.

7 "Moon Village”, SOM, 2021, Retrieved on
25.12.2021 at www.hassellstudio.com/proj-
ect/nasa-3d-printed-habitat-challenge




Then the most execution-driven
and complexity-free mission ar-
chitecture is Mars Direct by Dr.
Robert Zubrin®. It envisions few
technological improvements in
on-site fuel production or rota-
tional mechanism for habitats
that would support artificial gravi-
ty, etc. But in terms of launch me-
chanics and delivery of anything
on Mars, it is the minor complex,
therefore most probable way to
get to the Red Planet.

8 R. Zubrin,” The Mars Direct Plan” , 282(3),
52-55, 2000
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In any case, those concepts are
way less dangerous for people
and more probable than the idea
proposed by Jules Verne in the
book “From Earth to the Moon”
in 18657, where was used a gigan-
tic gun to launch a crew of 3 men
and one dog to the orbit around
the Moon.

9 J. Verne “From Earth to the Moon”, 1865
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GRAVITY
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At the Martian surface, free-fall
acceleration would be about 1/3
g (1g = 9.8 m/s2)™°. Accordingly,
the structure’s bearing capacity
would be three times more than
the same structure on Earth.

The lower gravity on Mars also
means that much longer spans for
load-bearing structures are possi-
ble, but it also means that gravi-
ty plays a way more minor role in
anchoring structures to the soil.

The projects address gravity dif-
ferently, but all of them mention
it regarding stability. Therefore,
they are analyzed in this chapter
in terms of how they managed
both notions.

10 E. Musk, “Making Humans a Multi-Plane-
tary Species”, 2017, p. 47



In most cases, limited knowledge
of the material (regolith), its char-
acteristics, and implications in the
lower gravity environment leads
to using the catenary model.
The Hassel studio Mars habitat"
would be a perfect example. In
this case was used a structure that
is possible to construct without
the need for scaffoldings, like the
dome of Santa Maria del Fiore in
Florence.

The shape of the outer shell
structure in its base is a torus, as
it covers habitation with a circular
arrangement and creates a small
courtyard inside.

As the site conditions and stabil-
ity will be uncertain, the project
implies a plate foundation. In this
case, it looks like tiles as it serves
only for a relatively light inner

habitat.

11 “NASA 3D Printed Habitat Challenge”, |

Hassell studio, 2018, Retrieved on 25.12.2021

at www.hassellstudio.com/project/na- i

sa-3d-printed-habitat-challenge

75



The construction itself implicates
the usage of a swarm of drones or
robots that need to construct the
structure of the shell automatical-
ly'2. This new concept had never
been applied in the construction
industry. Therefore, it requires
a lot of time and investment to
have practical application.

By the idea of the construction,
the regolith has to be “baked, "3
probably by microwave “hob”
inside the drone, so it will avoid
the usage of a binder, therefore
making a mass of the delivery of
materials and tools to the Red
Planet less.

12 Gheorghiu, O; Wilkinson, S; Musil, J; De
Kestelier, X; Maddock, R; Yang, X; Dierckx,
J; (2016) Preliminary findings from a multi-ro-
bot system for large-scale extra-planetary
additive construction. In: Making Space Ac-
cessible and Affordable to All Countries. Pro-
ceedings of the 67th International Astronauti-
cal Congress (IAC 2016). (pp. pp. 8678-8689).
International Astronautical Federation (IAF):
Red Hook (NY), USA

13 M. Barmatz, “3d microwave print head
approach for processing lunar and mars rego-
lith”, 2014
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RADIATION

The thin atmosphere and lack of
magnetic field on Mars allow a
large amount of sonic flare and
cosmic radiation to bombard the
planet’s surface. And it applies re-
quirements for a design to have
shielding against various radia-
tion forms from Sun and space.
For example, high-energy cosmic
rays are heavy nuclei, protons,
and alpha particles, while solar
flare radiation consists of high-en-
ergy protons. Because of the dif-
ferent compositions, those types
of radiation also have various
penetrating depths and harmful
influences on living beings.

Collison of the high-energy elec-
tron with the metal conductors or
the shielding material can create
secondary X-ray radiation that is
more dangerous for humans than
shielded particles.
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Well thought design focused
on radiation was proposed by
CloudsAO and SEArch+ in their
Mars Ice House project'™. There
are two variations of the concept,
but the idea, in general, stays the
same, the use of the water ice as
the primary material for the out-
er shell of a habitat. This solution
protects from radiation as water
works incredibly well against it.
There is a need only for a 5 cm
thick ice layer to lower the influ-
ence of the radiation to a safe
level. The difference is in how the
idea is elaborated, and both proj-
ects are worth looking at.

14  Morris, Michael & Ciardullo, Christina
& Lents, Kelsey & Montes, Jeffrey & Ruda-
kevych, Ostap & Sono, Masa & Sono, Yuko &
Yashar, Melodie. (2016). Mars Ice House: Us-
ing the Physics of Phase Change in 3D Printing
a Habitat with H20.



The first variation' has a few con-
stitutive components: transfer
habitat, which is prefabricated
and delivered on a place lander,
then it has inner pressurized hab-
itat enveloped in the protective
ice shell and the ‘yard.” That is
another pressurized outer space
that does not have any particu-
lar function but has another lay-
er of the ice shell. A double-shell
solution allows for a proper coun-
teraction to the external envi-
ronment - the outer body reacts
and absorbs all the temperature
and atmospheric differentiations.
At the same time, the inner shell
does not lose its integrity and
unity. Separate pressurized spac-
es give a possibility that the inner
habitat will function and protect
the astronauts even if the outer
shell is damaged.

15  “Mars lce House”, CloudsAO, 2015,
Retrieved on 25.12.2021 at: cloudsao.com/
MARS-ICE-HOUSE

The design does incorporate a
solution for subliming the ice
from the shell to the outer atmo-
sphere. However, it does not en-
vision the 3d print technique by
water or ice in the thin (0.01atm)
Martian atmosphere, where no
liquid clear water can exist. It also
lacks the idea of how this amount
of ice or water should be collect-
ed or transported.
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The second variation' is more
straightforward in its design and
does not include the idea of 3d
printing for its construction. In
return, it envisions an inflatable
transparent shell filled with water
that should be extracted directly
on Mars. As it has a more straight-
forward idea for construction, it
appears to be a more viable vari-
ant than its later 3d printed op-
tion.

16 "Mars lce Home"”, CloudsAQO, 2016, Re-
trieved on 25.12.2021 at: cloudsao.com/
MARS-ICE-HOME

WATER BLADDER CONCLALED WITHIN STRUCTURAL CAP

OUTER ENVIRONMENTAL LAYER: BETA CLOTH
STRUCTURAL VERTICAL SEAMS IN DEPLOYED BETA QLOTH
HCE BOUNDARY CAVITY

MYLAR GAS BARRIERS

€O POCKETS

ATM PRESSURE RESTRAINT LAYER

LINER BLADDERS AND SCUFF LAYERS

STRUCTLIRAL HORIZONTAL SEAMS IN DEPLOYED BETA CLOTH

HVAC CONCEALED BELOW FLOOR PLATE



In the case of Star City", which
MIT researchers developed, the
solution for radiation danger
was conceptually simpler: to go
underground. Mars has many
unique features that can be used
to build safer human habitats:
caves and caverns, lava tubes,
and of course, many craters. So
the authors decided to use a
slope of the crater to cover the
circular city that goes under.

It is an obvious solution but still

17 Lordos, George & Lordos, Alexandros.
(2019). Star City: Designing a Settlement on
Mars.

leaves some unsolved questions
about the structural stability of
the Martian soil or how to exca-
vate these tunnels in a permafrost
condition'®.

18 S. M. Clifford, ‘Depth of the Martian cryo-
sphere’, 2010
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ATMOSPHERE AND
TEMPERATURE
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As the atmosphere on the surface
of Mars is about 1% of the Earth’s,
Moon does not have any, com-
bined with lower gravity, making
tension loads the main priority.
Therefore, mainly inflatable hab-
itats are shown to show an inter-
connection between structure
and its environment in this chap-
ter.




Lacus Veris Inflatable Lunar Habi-

tat, a concept proposed by NASA
in 1989, was a sphere of 16m in
diameter and was supposed to
shelter a crew of 8 people. In-
ner pressure had to be 1 atm but
could be even smaller. It consists
of 4 floors with a total area of 594
m2. The outer envelope would
weigh only 2200 kg using Kevlar
material, so it is an excellent area-
to-weight ratio.

19 Roberts, M., Inflatable Habitation for the
Lunar Base, The Second Conference on Lunar
Bases and Space Activities of the 21st Cen-
tury, Proceedings from a conference held in
Houston, TX, April 5-7, 1988. Edited by W. W.
Mendell, NASA Conference Publication 3166,
1992., p.249

A supporting structure consists
of internal beams alongside the
outer envelope’s interior like lines
of longitude and latitude on a
globe. However, this structure
is needed only in case of loose
pressure and for structural rigidity
because of the outward pressure
of 101 kPa that supports the out-
er envelope by itself. Therefore,
to protect the habitat from solar
flares, there was a proposed 3m
layer of sandbags from the Lunar
regolith with a vertical load of 7.8
kPa easily supported by internal
pressure.
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In the Moon Village project done
by SOM?, the main idea is to de-
liver an almost ready-to-use hab-
itat on the surface of the Moon,
so it needs to be stacked inside a
fairing of the delivery vehicle (SLS,
Starship, or New Glenn). There-
fore, to use as much as possible
of the practical volume, the habi-
tat is inflatable, with a steel outer
framework that works as the main
load-bearing element. On the
Moon, there is no atmosphere, so
the tensile loads from the inner
pressurized space would be the
main loads on the structure. So,
the Moon Village habitat concept
uses it to its advantage, making
the focus on flexible materials.

20 "Moon Village"”, SOM, 2021, Retrieved on
25.12.2021 at www.hassellstudio.com/proj-
ect/nasa-3d-printed-habitat-challenge




Hassell studio Mars habitat?' has
its exciting feature. As the main
outer shell faces all environmen-
tal dangers (meteorites, radia-
tion, etc.), the inner inflatable
shell does not need to be heavy
and thick. In addition, because
of the low atmospheric density,
heat loss is slight due to relatively
small heat exchange through the
walls.

Due to trim weight and dou-
ble-shell system, the inner shell
is supported mainly by internal
pressure. At the same time, struc-
tural rigidity is implemented by
the similarly inflated tubes that
encircle the cover, like longitude
and latitude lines on the globe.

21 "NASA 3D Printed Habitat Challenge”,
Hassell studio, 2018, Retrieved on 25.12.2021
at www.hassellstudio.com/project/na-
sa-3d-printed-habitat-challenge




While the MARSHA project by
Al SpaceFactory?? uses another
principle. Its shell is mainly rigid;
even with bioplastic additives as a
binder, it still implements the cat-
enary model and regolith as the
primary material. But Al Space-
Factory, in this case, encloses a
habitat in an egg-like shape, so
even with the significant tensile
forces working on the structure, it
can withstand it.

22 "MARSHA, Al SpaceFactory’s Mars Habi-
tat”, Al SpaceFactory, Retrieved on 08.06.2022
at: www.aispacefactory.com/marsha
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This is another example of the
double-shell system, where the
outer shell acts as a primary bar-
rier toward an aggressive exter-
nal environment, simultaneously
expanding, shrinking, and re-
sponding to it in one or another.
It allows the inner shell to work
separately and constantly work
as central support for the stress
loads of the floors.
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METEORITES

On the Mars surface, the precise
probability of the micrometeor-
ite impact is unknown. It is well
known that because of the less
dense atmosphere and vicinity to
the asteroid belt, it is much high-
er than it is on Earth. But it is for
sure that the probability of the im-
pact of the meteorite-destroyer is
relatively low, and it is not even
possible that the Martian habitat
would survive such an event.

In the case of the micrometeorite
impact danger, it is smaller than
the danger from cosmic and solar
flare radiation. Therefore, an out-
er shell that can protect from the
radiation or lower its influence on
the safety measures will probably
also protect from the micromete-
orite impact.
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Mainly the micrometeorite pro-
tection is shown as a stuck of
sandbags or a layer of the rego-
lith on top, which is generally
enough. But in the case of the
Hassell studio Martian habitat,
the protection from meteorites
went further®.

The structure is simple: it uses
regolith for construction as the
primary material. However, it im-
plicates a catenary model due to
uneven material behavior and a
more straightforward construc-
tion process that automated ro-
bots can use.

23 Gheorghiu, O; Wilkinson, S; Musil, J; De
Kestelier, X; Maddock, R; Yang, X; Dierckx,
J; (2016) Preliminary findings from a multi-ro-
bot system for large-scale extra-planetary
additive construction. In: Making Space Ac-
cessible and Affordable to All Countries. Pro-
ceedings of the 67th International Astronauti-
cal Congress (IAC 2016). (pp. pp. 8678-8689).
International Astronautical Federation (IAF):
Red Hook (NY), USA

But more attractive, in this case,
is its inner structure of the outer
shell that reminds a 3d Voronoi
grid or beehive cassettes. The in-
ner sandy material (raw regolith)
is enclosed in a rigid frame (melt-
ed regolith or mixed with a bind-
er). Therefore, in a moment of the
impact, micrometeorite will face
different by its consistent mate-
rials, which will effectively slow it
down, mainly by sandy regolith as
the rigid partition works primarily
to encapsulate the fine regolith.
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LIFE SUPPORT SYSTEM

For each long-staying human
mission in space, there is a need
for some environment control
and life support system. Some
types of such systems date back
XIX century when the additional
balloons of oxygen were used to
support balloonists or mountain
climbers that were exciding the
altitudes with breathable air. And
until the time of human space ex-
ploration, it was already well de-
veloped, especially considering
the use of submarines, where the
extended stay underwater was
crucial for the survivability of the
crew.

Waste

Products

Recovery

Processed
Urine

Potable

Product Water
Crew System Water Processing
Potable Hand Waste
Water \Wash/ Water

Dispenser Shaving

Regarding the space habitat, a
regulated environment and life
support systems are the most
critical parts. While systems that
control levels of oxygen, nitro-
gen, CO2, etc., do not allow the
crew to die, systems that recycle
urine and water expand the sur-
vivability of the mission without
additional delivery of the needed
elements.

Nowadays, ECLSS mainly sup-
ports good air conditions and wa-
ter recycling. Such things as food
lost parts of the oxygen, nitrogen,

Temp &
Humidity
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F|re Detection
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and water are regularly resup-
plied. But in the further develop-
ment and expansion of human
space exploration, there is a need
for a more significant specter of
things that can be resupplied in
a place and for lighter and more
efficient existing systems.

No less important part of the
ECLSS is the backup systems that
can be used in case the main one
is lost.
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One of the most prominent exam-
ples of the existing and working
life support systems operating
in space would be Internation-
al Space Station?. It has several
modules that have in its function
ECLSS systems, and most import-
ant, it has worked for decades
supporting the life and work of
astronauts in an artificial environ-
ment. It is basic in its functions:
potable water supply through

24 D.Layne Carter (2009). “Status of the
Regenerative ECLSS Water Recovery Sys-
tem  (2009-01-2352)", NASA/SAE. Re-
trieved 25.02.2022 at: ntrs.nasa.gov/cita-

tions/20090033097

water reclamation, food supply,
breathable cabin air supply (oxy-
gen generation system), air pres-
sure control (maintained at 101.
kPa), air temperature regulation
through a heat exchanger, human
waste management and waste
disposal, fire detection and sup-
pression. Another essential char-
acteristic of the LSS is its substi-
tutability; if one of the parts will
be lost because of its important
place, it should have a few ways
to be replaced or bypassed with-
out risk for a crew or the mission.
Therefore, modules of the ECLSS

on the International Space Sta-
tion are duplicated in case part of
the system is malfunctioning.




Workshop

Airlock

Storage / Medical bay

Greenhouse Sample hatch

The substitutability of the parts of
the system becomes one of the
main ideas for the Hassell stu-
dio Martian habitat®, where each
module is replaceable, and even
if one of them is lost, the system
will work because of the circular

arrangement.

25 “NASA 3D Printed Habitat Challenge”,
Hassell studio, 2018, Retrieved on 25.12.2021
at www.hassellstudio.com/project/na-
sa-3d-printed-habitat-challenge

Laboratory

Rover hatch

Privat quarters / Gym
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A similar approach is shown in the
Moon Village by SOM?. Howev-
er, in this case, replaceability is
displayed on a bigger scale when
each habitat becomes a part of
the system, with every new el-
ement making system more se-
cure. Of course, each habitat,
together with a specific function,
has its LSS system.

26 "Moon Village”, SOM, 2021, Retrieved on
25.12.2021 at www.hassellstudio.com/proj-
ect/nasa-3d-printed-habitat-challenge
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In the Science Mars City, BIG¥
went even further, as the city's
system of scale needed to have
a broader view of Environment
Control and Life Support. Most
concepts that encompass city-
scale have in mind a circular
economy. Those ideas differ in
detail on how the economy can
work, but generally, the idea al-
ways stays the same. As with the
Martian City of BIG, it does not

27 "Mars, Mars Science City”, BIG, 2017 Re-
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schemes of how it can work in the
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CASE STUDY

HUMAN FACTOR

94

One of the most discussed topics
about people going to Mars is a
human factor, more precisely, hu-
man mental wellbeing in isolated
and confined environments. And
the reason is simple: the crewed
mission that will happen on the
surface of Mars will last for years,
with the same people enclosed
in a relatively small environment,
and if a conflict occurs, it will put
at risk the whole mission and an
enormous amount of resources
that would be needed to imple-
ment it.



One of the solutions explored in
the concepts of extraterrestrial
habitats is to make appropriate
space for astronauts for work
and personal life. Martian habitat
of the Hassell studio and Moon
Village habitat of SOM? give
enough information for a proper
analysis of the internal spaces to
compare it to the human body
and assume some level of com-
fort of the inhabitants and some
characteristics that influence it.

28 "Moon Village”, SOM, 2021, Retrieved on
25.12.2021 at www.hassellstudio.com/proj-
ect/nasa-3d-printed-habitat-challenge
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In the case of the Moon Village
habitat, it has enough space for
the crew to function. It has also
designated an area for a team’s
personal life and, in comparison
to the human-scale rooms of the
habitat, has comfortable and
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In the Hassell studio Martian hab-

itat??, the movable modular furni-
ture allows the space to be mod-
ified following the needs of the
people working or living inside. In
case of need, it can be adjusted
to the function in use at a particu-
lar moment. The habitat size and
each module are big enough to
allow various actions, events, or
simultaneous work.

29 “NASA 3D Printed Habitat Challenge”,
Hassell studio, 2018, Retrieved on 25.12.2021
at www.hassellstudio.com/project/na-
sa-3d-printed-habitat-challenge

appropriate dimensions allow-
ing different actions to happen
simultaneously. Because of the
difference in structure and gen-
eral concept of the habitats, the
lunar habitat developed by SOM
is comparatively smaller than the

Martian habitat by Hassell stu-
dio. However, it still supports big
enough space for a crew to work
on a mission.



Another question that is opened
by some concepts is the role of
the natural light in the sleeping
cycle of the astronauts and their
wellbeing. Considering the harm-
ful influence of the radiation on
the human body and the ample
amount in the environment out of
the Earth's magnetosphere or at-
mosphere, it requires ingenuity to
make it possible to enter inside a
human habitat.

A good tool for it would be the
use of water or ice water as a
translucent material that allows
light rays to get through but also
protects from radiation. Exactly
such a solution for the MARSHA
project by Al SpaceFactory*® was
used for the design of the upper
window to create an ambient nat-
ural light in the habitat.

30 “MARSHA, Al SpaceFactory’s Mars Habi-
tat”, Al SpaceFactory, Retrieved on 08.06.2022
at: www.aispacefactory.com/marsha




98

A different solution was proposed
by Hassell studio®'. In their Mar-
tian habitat, they presented big
transparent windows that are
protected from the direct light
and radiation by the outer shell,
3d printed from regolith. Howev-
er, this solution allows an interior
view in an internal courtyard, al-
lowing reflected light to enter the
habitat.

31 “NASA 3D Printed Habitat Challenge”,
Hassell studio, 2018, Retrieved on 25.12.2021
at www.hassellstudio.com/project/na-
sa-3d-printed-habitat-challenge




Radiation exposure ks gradually redeced as you move down the bulldings. On the rooftops. the dome
serves as the first layer of protection. However, areas between and under the buildings and water
raaf have added protection while still allowing daylight to enter,

BIG* proposes another way to
tackle an enclosed environment
in their Martian Science city,
where the scale of the project is
playing as an advantage. How-
ever, at the same time, it propos-
es a layered structure for radia-
tion protection. While it has big
airy spaces that have a size of a
neighborhood or a small town,
giving at the same time variety
of different points of interest that
can support the wellbeing of the
citizens, it also allows natural light

32 “Mars, Mars Science City”, BIG, 2017 Re-
trived on 27.12.2021 at: big.dk/#projects-mars

to penetrate the transparent out-
er shell. By leveling the city with
the occasional use of water as a
protective layer, it lessens the in-
fluence of the radiation the lower
it goes. Such a solution allows for
various functions to be distribut-
ed on different levels accordingly
to the level of the radiation, some
of which include a short time of
exposure to natural light.
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CASE STUDY

MOBILITY
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To support the research activity
on the surface of Mars, the crew
stationed there will need some
transportation to have the ability
to observe and research at a sig-
nificant distance from the base.
It would be an essential point for
the research outpost, but it is dif-
ficult to express it in terms of a
design for an Arctic base type.

At the same time, ideas or con-
cepts that include city-scale need
to have an appropriate solution
for transportation inside the city,
outside, or between cities. And
in this case, should exist a variety
of different solutions with differ-
ent speeds and characteristics. If
transportation is situated outside
the protective environment of the
habitat, it needs to be protected
from radiation and other influence
of the extreme environment.



A great example of fast under-
ground mobility is the hyperloop
concept, which is now actively
developed by several compa-
nies here on Earth. Because it is
underground or enclosed, it can
be safe and fast transportation
on Earth and Mars, connecting
essential parts of the probable fu-
ture Martian society.

It would be possible, of course,
if the appropriate infrastructure
to build this were in place on
Mars. Therefore, a significantly
developed settlement should be
present, including the scale of the

connections and the need for this
infrastructure to exist in the first
place. But most probably, the hu-
man settlement of a city-scale on
Mars, if it exists, will be partially
or entirely underground, so the
infrastructure to dig tunnels will
be already there once such a city
appears.

101



Concepts like a Nuwa City by
Abiboo® is one example of an
underground city development
where tunnels play a central role
in residential, production, or work
functions and the connection
between them. As the concept

33 Anglada-Escudé, Guillem & Sureda,
Miquel & Detrell, Gisela & Munoz, Alfredo &
Pearce, Owen & Apostol, Engeland & Rodri-
guez, Sebastian & Florido, Veronica & Casa-
nova, Ignasi & Cullen, David & Banchs-Piqué,
Miquel & Hartlieb, Philipp & Ribas, Laia &
Torre, David & Miralda-Escudé, Jordi & Gé-
mez-Pastrana, Rafael & Soler, Lluis & Betriu,
Paula & Atalay, Uygar & Beard, Rory. (2021).
“The Niiwa Concept. A development model
for a self-sustainable city on Mars”
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makes an advantage of the steep
Martian landscape to build along
it, internal links become an es-
sential part of it, mainly horizon-
tal and vertical ones. The project
predicts that horizontal commu-
nication would happen with light
electric trains and buses, also be-
tween cities. However, it is also
possible that maglev trains will
appear with the further develop-
ment of the Martian settlement.

@30m UNDERGROUND TUNMEL
s 3]10m UNDERGROUND TUNMEL
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The Star City concept that George
and Alexandros Lordos** devel-
oped from MIT and the University
of Cyprus has also implemented
an underground development
of a city along a ridge of a cra-
ter. Again, it is a linear city, even
if encircled, where transportation
and the horizontal connection
play the central role. It is another
example of a tunnel-based envi-
ronment; therefore, all internal
communication should utilize an
underground transport system
where metro or hyperloop type
can be suitable.

34 Lordos, George & Lordos, Alexandros.
(2019). Star City: Designing a Settlement on
Mars.
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CASE STUDY

WATER DILEMMA
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Water is the essential resource
for life, as we know it, to exist,
and it will be a crucial part of the
ecosystem for a future human
settlement on Mars. It is present
on Mars in large quantities, but
not in the form it used to be on
Earth. There is a negligibly small
portion of liquid water, at least as
it is known for now, in the form of
brines and salty solutions. Mostly
it is preserved like water ice un-
der the regolith layer or covered
by CO2 ice, which holds it from
subliming into the atmosphere. It
would not be easy to extract, but
it will have numerous applications
in agriculture, production, con-
struction, etc.



Ice Sky concept by Saga Space
Architect®®s proposes a unique
implementation of the water ice
existing on the surface of Mars
as a protective shell on top of a
town-like settlement. It is not the
first idea to use ice as a translu-
cent shielding against radiation in
the Martian habitat. For example,
Cloud architects were using the
same vision for their lce House?¢,
but it is one of not many architec-
tural articulations of the idea.

35 "lce Sky”, SAGA Space Architects, Re-
trieved on 21.02.2022 at: saga.dk/projects/
ice-sky

36 "Mars Ice Home", CloudsAQO, 2016, Re-
trieved on 25.12.2021 at: cloudsao.com/
MARS-ICE-HOME
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Robert Zubrin expressed a sim-
ilar idea in one of his articles,
“Sublake settlement for Mars,3"
he proposed to use a Korolev
ice-filled impact crater for a city
under water. For this reason, it is
possible to melt the ice inside a
crater using a nuclear reactor and
create an under-ice, underwater
settlement that will be inside a
fabric cupola or an air pocket of
melted ice.

Because ice has a 92 % density of
liquid water, melting an ice col-
umn of 50m high will result in a
42 m tall column of water and 8 m
of the void. Exactly this void can
be pressurized and used for a set-
tlement, but for each cubic meter
of inhabitable space, about five
cubic meters of water will be pro-
duced from melted ice. And this
amount of water can be used for
the advantage of the inhabitants
resulting in an aquatic type of ag-
riculture and settlement develop-
ment.

37 P. Gilster, R. Zubrin, “Sublake settlement
for Mars”, 2020, Retrieved on 25.12.2021 at:
www.centauri-dreams.org/2020/05/29/sub-
lake-settlements-for-mars/




Delivering water or hydrogen
from Earth to Mars has a tremen-
dous cost for each kg of delivery.
Therefore it is crucial to find ways
how water can be found and ex-
tracted from the surface of Mars.
In his book, “Case for Mars,”
Robert Zubrin® explained some
techniques for how it would be
possible to mine water ice or ex-
tract it from the soil. Because of
the complexity of delivering any-
thing on Mars, it also needs to be
lightweight and mobile solutions,
but the most important this book
shows are that it is possible to do.

38 R. Zubrin, R. Wagner, “Case of Mars”,
1997
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CASE STUDY

RESOURCE UTILIZATION

Local resources need to be used
as much as possible to lower the
cost of constructing the Mars or
Moon habitats. And it implies not
only construction techniques and
materials but also every part of
future researcher’s and colonist’s
life. If it is possible to construct,
grow and produce every item
needed locally, the only weight
that will have a cost will be peo-
ple and resources to sustain their
transfer. In this case, it will be
possible to think about humans in
space as explorers and research-
ers and as colonists, makers, and

builders.
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Starting in the 70s, following the
successful landing on the Moon
by Apollo 11 astronauts, sever-
al ideas were developed about
the human habitat on the Moon.
One of which was proposed by
Nader Khalili*, an author of the
super adobe technique, which
now is one of the most spread
construction techniques in devel-
oping regions, where no proper
supply chain and sustainability is
the main priority. It implicates the
use of the local soil as the primary
material and uses the sandbags
technique widely used in military
purposes.

In his idea for a Lunar base, he
uses the same technique, but, in
this case, sandbags need to be
filled with the Lunar regolith. The
forms of the habitats of the Lu-
nar base are similar to the houses
built with the superadobe tech-
nique. Several prototypes were
made to show the implication of
the method. With NASA, Nader
Khalili participated in research
about materials and habitat pos-
sibilities on the Moon.

For example, later, Inflatable Lu-
nar Habitat is also using sandbag-
ging the habitat with Lunar soil to
protect it from direct radiation on
the surface.

39 “Sandbag Shelter Prototypes”, Cal-Earth
Institude, 1992
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Works of the Foster+Partners on
the Lunar® and Martian*' habitats
are good examples of the de-
velopment of the principles that
lead to Nader Khalili's works, but
with the implementation of new
technologies like 3d printing and
the use of a swarm of robots to
construct.

40  “Lunar Habitation”, Foster+Partners,
2012, Retrieved on 12.11.2021 at: www.fos-
terandpartners.com/projects/lunar-habitation/
41 "Mars Habitat”, Foster+Partners, 2015,
Retrieved on 12.11.2021 www.fosterandpart-
ners.com/projects/mars-habitat/
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The Lunar habitat by Foster+Part-
ners was one of the first imple-
mentations of the swarm robot
construction technique. Later, in
the Martian habitat, this idea was
developed further, advancing the
concept in general and each of
the robots separately. Such ele-

ments as digger get a new dig-
ging feature that was better ad-
justed to the lower gravity, and
printing machine using not a 3d
printing tool but a laser or micro-
wave emitter that was melting the
regolith instead.




A different view was shown by
the Martian habitat developed
by Hassell studio. Implementing
bamboo as a material for furniture
and floor decking in the project
represents a vision that construc-
tion materials can be grown on
Mars instead of mining them. Of
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course, it is hard to predict how
bamboo would thrive in an envi-
ronment with lower gravity, as for
some plants, gravity defines their
direction of growth. But this idea
expresses a different view on pos-
sible production and construction
on Mars.




dehydrated algae—
dormant mycelium—_ L/

Solution proposed by RedHouse
Studio use water seeded with al-
gae as the outer layer, in this way
using it as a part of the radiation
shielding layer, it also use it to in-
flate the habitat in the first stage
of its construction.

In order to protect algae it also
is having an insulation layer and
electric heating system for it.

RETURN MEMBRANE

SROWTH CELLS

SUPPLY MEMBRANE
HEATED MEMBRANE

INTERIOR FACE

Usage of algae as a part of the
life support system in the Martian
habitat allows to create an organ-
ic solution that will simultaneous-
ly clean a water and produce O2
from extensive CO2 resources
of Martian atmosphere. Algae
needs water to exist, so the con-
tainer with water, where algae re-
produce can be used also for the
radiation shielding.

CO2 SUPPLY




CASE STUDY

LANDSCAPE APPLICATION
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The surface of Mars is exposed
to extreme conditions: radiation,
thin atmosphere, high-tempera-
ture differentiations, but it still
has ‘safe heavens,’ if it is pos-
sible to call that, zones or areas
that are slightly safer or that can
propose a cover from extreme
environment. Mars has numer-
ous such landscape features. It
could be lava tubes, caves, or
crater hills that would partially or
cover possible inhabitants from
radiation, meteorites, etc. And
these landscape features were
extensively studied for a poten-
tial human habitat. Only that no
one could enter these caves, lava
tubes, or test load-bearing char-
acteristics of an indigenous rock
makes those ideas slightly vague
and blurry.



Nuwa City, developed by Abi-
boo*?, is taking advantage of
the steep hills to make a habitat
for the city. It is already under-
ground, therefore shielded from
radiation, but a Martian cliff that
the project utilizes protects from
underground radiation and gives
numerous points where the city
can interact with the outer envi-
ronment. It is vital for collecting
natural light, which would be
necessary for agriculture, urban
green, and inner inhabitants’
wellbeing.

42  Anglada-Escudé, Guillem & Sureda,
Miquel & Detrell, Gisela & Munoz, Alfredo &
Pearce, Owen & Apostol, Engeland & Rodri-
guez, Sebastian & Florido, Veronica & Casa-
nova, Ignasi & Cullen, David & Banchs-Piqué,
Miquel & Hartlieb, Philipp & Ribas, Laia &
Torre, David & Miralda-Escudé, Jordi & Gé-
mez-Pastrana, Rafael & Soler, Lluis & Betriu,
Paula & Atalay, Uygar & Beard, Rory. (2021).
“The Niwa Concept. A development model
for a self-sustainable city on Mars”




CASE STUDY

ENERGY PRODUCTION

With water extraction, life sup-
port systems, and agriculture, en-
ergy production is a core function
that will help future explorers,
colonists, and researchers sustain
future Mars settlements. Almost
every concept or idea of the Mar-
tian habitat tries to answer this
topic, mainly utilizing the solar
panels, like a Nuwa city concept
by Abiboo*® studio with a large
solar panels array. But there are
also different ideas and concepts
of geothermal, wind, and nucle-
ar power. Each has its pros and
cons. Therefore they will need to
be well balanced for an implica-
tion on Mars.

43  Anglada-Escudé, Guillem & Sureda,
Miquel & Detrell, Gisela & Munoz, Alfredo &
Pearce, Owen & Apostol, Engeland & Rodri-
guez, Sebastian & Florido, Veronica & Casa-
nova, Ignasi & Cullen, David & Banchs-Piqué,
Miquel & Hartlieb, Philipp & Ribas, Laia &
Torre, David & Miralda-Escudé, Jordi & Gé-
mez-Pastrana, Rafael & Soler, Lluis & Betriu,
Paula & Atalay, Uygar & Beard, Rory. (2021).
“The Niwa Concept. A development model
for a self-sustainable city on Mars”
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Wind and solar thermal power
are more easily adjustable for a
low-tech approach, but they are
limited in effectiveness due to the
planetary characteristics of Mars.
While photovoltaic panels can
also be produced from the mate-
rials available on Mars, itis a more
complicated process. Like all so-
lar energy plants, it has no energy
generation at night. Geothermal
has its limit in use also. Later re-
search shows a small amount of
liquid water (and only under the
South pole), and all of it is pre-
sented by salt solutions.

ae T

In contrast, the thermally heated
water due to geothermal activ-
ity is available under the cryo-
sphere (frozen Martian crust) but
will need a complicated process.
At the same time, nuclear ener-
gy proposes a reliable and stable
energy source that works day and
night. However, the complexity of
the production makes it impos-
sible to be reproduced without
a developed infrastructure and
supply chain. Therefore for the
first stages of the Martian settle-
ment development, it will need to
be delivered from Earth.




And for nuclear fission reactor to
be transferred from the Earth to
Mars, it is needed to be mobile
and lightweight enough to be
packed inside the fairings of the
chosen delivery transport. And
NASA had a long time working on
the nuclear reactor concept for a
possible Moon or Martian habi-
tat called “Kilopower.”* Finally,
in 2017 from November through
March Kilopower Reactor Using
Stirling  Technology  (KRUSTY)
experiment was conducted that
showed the reliability and readi-
ness of the system. Such a reactor
can produce up to 10 kW of elec-
tric power, and 4 of such reactors
will be enough to power future
human outposts on the Moon.

44 L. Hall, "Kilopower”, 2021, Retrieved on
05.04.2022 at: www.nasa.gov/directorates/
spacetech/kilopower
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SPECIALIST

INTERVIEWS
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The vital part of the research ef-
fort is interviews with specialists in
space architecture. With the gen-
eral understanding of the topic
conducted through the litera-
ture review and project analysis,
the interview gives an additional
depth in knowledge of nuances
and details. Moreover, it opens
a view of the thoughts and ideas
of the people behind the projects
and a glimpse of their focus and
way of thinking.
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Dmytro Khyzhniak.

| am a student of Turin Polytech-
nic. And I'm currently studying
architecture and working on my
thesis on the topic of human set-
tlement on Mars.

| would like to ask you, what are
the main differences between ar-
chitecture on Earth, and building
and constructing something on
Mars or Moon?
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Valentina Sumini

MIT researcher, currently working at PoliMi. Researcher and a
Space Architect at MIT Media Lab in Responsive Environments
and Space Exploration Initiative.

Was working together with SOM and ESA on the Moon Village.

Valentina Sumini.

There are several differences, the first one will be, that when you de-
sign for another planetary body, you have to start from the mission
itself. So you have to be very explicit in terms of how many assets you
like to bring over there, for how long people are staying there, etc.

And once you define it, you must design the habitat, all the volumes,
and then identify the technologies that will enable humans to survive
in this environment. Based on that, you will have to choose which
type of class of habitat we would like to use: pre-integrated and then
deployed and pressurizing CO2 or built using an in-situ material, re-
source utilization (ISRU).

Another difference, besides Mission Operation costs, will be environ-
mental challenges, which we can find on other planetary bodies: the
absence of an atmosphere, or a very thin atmosphere, as in the case
of Mars, the reduced gravity condition, that changes the perception of
space and change dynamics of the construction itself, our movement
changes too; extreme temperature variation, isolation, the risk of ra-
diation, galactic cosmic rays, and micrometeoroid impact and so on.

As soon as we go farther than low earth orbit, then we have to con-
ceive a long-duration mission, especially in the case of Mars, when the
entire mission can last up to two, or three years. It means that you have
to deal with the psychological aspect of isolation in a confined and
extreme environment. It is where architecture and design come in and
try to find the best way possible to help humans to recognize what we
find on Earth and what they can consider home.

| find very inspiring new processes that are computationally based,
that are taking into account different aspects, disciplines, and merging
into unique processes. Not just aesthetically guided but a collection
of different aspects: psychology, engineering, material science, aero-
space engineering and competitional design and the human factor
design principles, and so on, to lead to an output that can be aesthet-
ically pleasing, but mainly is also extremely coherent.



D. K.

Thank you for your answer. You
mentioned that the design pro-
cess is not only about aesthetics,
it is also about the process, and,
of course, architects are not sole-
ly taking part in it. But for me, as
a student of architecture, it is in-
teresting, what is the role of ar-
chitects in this process? And what
is the importance of architecture?

V.S.

A space architect has a role of a coordinator: meaning that this is the
person who helps structure the process, organize life in the extreme
environment, and coordinate the different experts in different fields to
achieve a sustainable infrastructure.

My way would be to use technology and computation to coordinate
all these aspects. And partially, my research is devoted to designing
new computational design tools that can help an architect incorporate
those aspects into the design process.

But the way we can enable autonomous construction is also a very
challenging and interesting aspect. Because of how the role of archi-
tects will be evolving over the years, going towards the direction of a
sustainable human presence, the sustainability of having robots work-
ing with the material they can find in place. Probably, also robots will
need to have a sort of autonomy during the design and construction
process, while designers will have to make some design choices ac-
cordingly to the landscape. We have the morphology mapping of the
Shackleton crater, which is a perfect location that has been identified
by NASA and other space agencies to build on, but we do not have
detailed information - it will come from robots that will be there. And
they will have to be able to optimize a structural wall when they will
be building. In this case, the architect will have the role to coordinate,
understanding, to oversee what they're doing.

And this is why | think that the role of architects will change over time,
especially the space architects since we have to deal with this autono-
mous construction issue. So won't be the architect anymore to design
a structure, but will be a designer code embedded in the robots that
will build the structure.

Another important aspect of the architecture will be how to design
interiors to avoid conflict and the negative effects of isolation and con-
finement. Because most the missions are challenged by these effects
and can lead to depression, destructive behavior, and attitudes, the
mission could fail if astronauts, for example, start fighting and some-
thing unpredictable can happen.

So how an architect can through design prevent a negative behavior
or attitude in a long-duration mission. Such design will include differ-
ent adaptive and responsive interfaces that could connect with the
user and change shape and functionality to help astronauts sustain this
long-duration mission. So we have to conceive the habitat as a ma-
chine, which is no anymore a static environment like medieval build-
ings, that we have here in Italy, but would be an interactive environ-
ment, that will communicate with us. As architects, we've been trying
to understand which type of communication we would like to have in
the habitat and which interfaces be helpful to have this interconnectiv-
ity and this responsiveness.
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D. K.

This topic is quite interesting.
What do you mean in terms of in-
teraction, do you mean interact-
ing with a sense of touch, visually,
or do you mean interacting with
the habitat like with a robot?

D. K.
In-situ resource utilization was
mentioned already, regarding,

how Martian conditions, resourc-
es, and terrain features can be
used in the design of the habitat?
And how the vernacular architec-
ture on an extraterrestrial body
can look?
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V.S.

So when we think about responsiveness in a design we think of dif-
ferent senses, but it is important to see a habitat as a multi-sensory
experience that can be customized accordingly to one’s own needs.
With the use of artificial intelligence, machine learning understands
the user behavior and tries to react. There are several projects that we
are doing at the MIT media lab and in the responsive environments
research group, where the entire environment changes color, shape,
and projections, according to the level of focus that some cameras can
perceive from a user or people passing by.

It will open up an entire field of human-computer interaction. This field
was usually devoted to a machine intended as robots, but now we are
going to a scope where the robot can become a habitat itself. That is
interesting - how we can have some interaction that creates happiness
within the habitat.

V.S.

One can think of different approaches. The first one would be to use
the environment that you can find there to optimize your habitat con-
figuration, for example, take advantage of lava tubes.

This tube allows you to inflate a pressurized habitat inside and have
protection from cosmic radiation and meteoroid, micrometeoroids, it
is a natural protection that is extremely useful.

Otherwise, the terrain immersion regolith with some additives behav-
ing like high-performance concrete can be used for 3d printing to find
a way to generate roads and bricks for a settlement.

Or one can use water like ice, it will sublimate on the Mars surface, but
water ice is present underground, so one can extract it and use it. Wa-
ter is a perfect element to protect against cosmic radiation and solar
flares, it can be used as filling material.

And one can think of other stratigraphy using glass and polyethylene
which are materials that you can generate started from the Martian
regolith. So you can think of different types of stratigraphy based on
what you can find.

But of course, to process those materials you will need energy, and
you cannot just rely on solar energy to do this. So, part of the master
plan that was used for the Moon Village will have to incorporate nucle-
ar reactor plants to generate enough energy to process materials. And
this will be one of the major challenges as well.



D. K.

In our case here, on Earth, nat-
ural lighting is essential for hu-
man wellbeing: for mental health
or hygiene, and it is interesting
how it can apply to the Martian
or Moon environment? How do
today’s experts try to answer the
dilemma when solar flares and
cosmic radiation are deadly out-
side of the Earth’s atmosphere,
but the sunlight is so needed.

D. K.

You took part in the Moon Village
project together with European
Space Agency, and SOM studio.
| would like, to ask you: What was
your role? And what were the
main goals of this project? What
interesting obstacles that you
faced and what do you have to
work on?

V.S.

If you control the material that you're going to use, you can have a per-
ception of the outer environment outside your habitat. If you use an
opaque envelope system together with regolith shielding, you won't
be able to see outside, and this might be a major psychological chal-
lenge.

Some researchers focus on projections, so you can project what you
can see outside on the inside, even if the wall is opaque, and you can
let yourself sort of translucency.

International Space Station’s cupola module is protected from galactic
cosmic rays by the Van Allen belt because it is in the lower Earth orbit.
So this is why the cupola is so effective in transparency. But if you go
further, then you will need 1.5 meters of water, and with such width,
you will not have the same transparency anymore, you can perceive
the color outside, see the blue sunset on Mars, understand what the
conditions are outside, but would not be able properly to see it.

Some researchers are considering windows, like the cupola that has
chatters to prevent any impact. Then you can open it up at some point
and close it again to be an active system.

But we have to get used to different conditions, especially if we want
to live inside a lava tube where we don’t have any perception of the
outer environment.

V.S.

This project was a multi-year effort, the first idea to participate in this
project came up in 2017. ESA commissioned SOM to develop this
project, so SOM searched for academic partners to work on it and
eventually contacted me and my advisor. We started a series of con-
versations about environmental aspects, and technological solutions,
we also discussed the concepts of an ideal city because we had to de-
sign one in a pristine environment of the Moon, where you don't have
any architectural references.

We went with the concept to follow the rim of the craters, to build sort
of a linear city that follows the morphology of the landscape, started
to generate different sections there for different types of urbanization:
the habitats, launching and landing pads, and roads to connect all of
these.

The most innovative part came when we had to brainstorm the habitat
concept. So far we have the International Space Station which is main-
ly composed of rigid modules. And there is Bigelow Aerospace which
deployed the entirely inflatable BEAM Module, which is based on pre-
vious studies from the trans-hab. Bigelow Aerospace kept evolving on
this concept with the main core and inflatable outside.

So we thought, what if we could combine the two? And we came out
with the concept of having a trilobite structure, where you have a rigid
element that can fit within the payload fairing system of the rocket,
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D. K.

What can be the reason for us
as humans to establish a human
presence on Mars, or Moon vil-
lage on the Moon, because of its
tremendous cost to do.

126

and an inflatable structure that going to be pressurized and deployed
once the habitat will be placed on the site. Floors and other systems
could be folded during the launch and then unfolded afterward to
open up floor level inside these inflatable elements.

But this solution is bringing more complexity to construction and pro-
duction, and you also need the outside ring to protect against cos-
mic radiation or micrometeoroid impact. You don’t have any outside
shielding on the Moon’s surface. Then technological aspects were cov-
ered by ESA.

And now the project is finished, in the sense that we gave it to ESA and
now they are continuing to work on some specific technical aspects
like additive manufacturing and autonomous construction systems.

V.S.

It challenges humanity to change the way we design and build struc-
tures, to prove that we can generate an ecosystem on other planetary
bodies and live there. | think that idea is not just to have “a planet B”,
but to foster our awareness and ability to live inside this solar system
and probably one day even beyond. Knowing that is possible, that we
do have the technology that will enable this and improve, that can be
a possibility for future generations. Because of course, we belong to
Earth, and we didn’t have to go and look for other planet B but having
the possibility to choose where you're going to live, | think is freedom.

And in terms of design, it will open up a new way of creativity. You
have to design in these pristine environments where nothing is there
yet. You can think of new vernacular space architecture, it can be built
easily and sustainably using new methods, and new construction tech-
niques. Prove that it's possible to automate an entire process, that ro-
bots not only can build but also design, they can be the new designers
for our future homes. We will probably see architecture that we are

not used to, something that a human being won't be able to design
or build.

For humanity, of course, it's a challenge, but it's also an opportunity
to be free and explore other worlds besides Earth. The thing is having
the possibility to do it is gives you a sense, of freedom that is unique.

And of course, all things that are learned from doing a design in this
harsh environment and understanding the state-of-the-art can be
brought back to Earth.
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Dmytro Khyzhniak.

You have participated as an ad-
visor of ABIBOO studio on Nuwa
Martian concept city, it is also pos-
sible to assume that you helped
to develop the Martian habitat
together with Hussell studio?

Can you please describe some
interesting obstacles you faced
when you were working on those
projects, and what was your role
in the process?
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David Cullen

Professor of Astrobiology and Space Biotechnology, School of
Aerospace, Transport and Manufacturing (SATM), Cranfield Uni-
versity. Was an adviser to the Hassell Mars Habitat and ABIBOO
Nuwa City.

David Cullen.

| suppose one of the points is that when coming from a science back-
ground, is getting used to the kind of thought and work processes that
architects employ, getting comfortable with a different type of work-
flow, of what people consider important, it's just a multidisciplinary
aspect.

| guess another point, and this is my opinion, and I've only reinforced
it by working with space architects. And | think that both Abiboo and
Hassell are doing the right thing. And some other space architects
perhaps are not doing that. And that is not thinking about their design
solutions in a big enough context. And what | mean by that is thinking
starting from the surface of the Earth, with nothing on Mars, or noth-
ing on the Moon, something realistic in terms of infrastructure, and
supply chains, so that any produced designs could be implemented.
In other words, the materials can be supplied sensitively, to the point
of use of the infrastructure to handle those materials, process them,
construct them, validate their construction, and maintain their use, to
power them to provide all the services you need for those habitats.

So that's another point and then offers combined to the question, what
is my role? Hopefully, | don’t design the buildings. But what | do |
am asking: “Yeah, but think about this, what are you going to use to
move that, from this position to that position? How are you going to
provide power to it? How much power do you need? What's the size
of the power system?” Trying to add that level of reality into design
workflows so that what comes out, can stand quite detailed critique.



D. K.

It is reasonable. When | did my
research, it was the first thing that
felt to my eye when projects were
not sensitive to today’s state-of-
art of technology and the possi-
bility of ours.

D. K.

If we can look even further, at col-
onization, if we can imagine it will
happen, what resources, discov-
eries, and other advantages Mars
can propose to its pioneers?

D.C.

When you say about the state-of-the-art of the moment, that doesn't
make sense. What is state-of-the-art now is relevant if you're building a
habitat now, but if you are constructing a habitat in 10, 20, or 30 years,
what you should not be doing, is making detailed design decisions
about what is the state of the art now.

What you should be doing is trying to predict what the the-state-of-
the-art will be at a relevant timescale that will then be implemented
in those structures, if not, you can make all kinds of design decisions,
which appear nonsensical because there’ll be outdated. So what you
should be doing is to ask “what if?” questions, for which you can learn
more about a concept, which you can then feed forward into future
design phases.

One of my arguments is that many good design solutions we think of
are often inadvertently directed down a certain route because of leg-
acy supply chains. So one of the benefits of trying to design a Lunar
or Mars habitat that will be implemented in 20, 30, or 40 years, is the
immediate benefit that they may have on society, if doing so correct-
ly, we can come up with innovative out of the box, kind of blue skies
thinking that actually may turn out to be very sensible solutions to us
back on Earth now to deal with different social problems.

D. C.

This is something we struggled with when we were looking at the Nuwa,
Martian city competition entry study we did with ABIBOO. Which s,
why do you need a million people on Mars? What would they do?

For the immediate goals - not a million, but 100 or even a 1000s? Then
we can use analogs of what we've got on Earth. For the idea of exploit-
ing specific local science that adds to the science argument, there is
the geopolitics argument - the national prestige, there is also techno-
logical development, and there’s the emerging thing about high-value
tourism experiences. There is also the whole aspect of inspiration, and
that so that gets you to a few hundred people.

It is starting to get almost a transient population. People are always
there, but the population is transient. It is an extreme Antarctic sta-
tion type thing: we have a bit of tourism, a bit of inspiration, science,
technology development, geopolitics, and sustains a few hundred, or
a couple of thousand people. But it's not a truly separate independent
society. But when you jump to that, which is enough to be an inde-
pendent society, like tenths of thousands, hundreds of thousands or
millions people. Then yeah, but quite a question: What is that society
doing on Mars? What are economics look like?

Let's assume that in 20 years, we have routine human missions to Mars,
possibly even with this idea of having some permanently human pres-
ence. But it's still very much the equivalent of an Antarctic base sce-
nario that requires a few tenths hundreds of people at most. And the
assumption is that it relies quite substantially on a supply chain that
has a connection to Earth. These are some of the arguments we start-
ed developing, trying to document them in the Nuwa report. If you
then start going to a million people, there’s no way we can envisage
that you could rely upon Earth for anything other than a high value,
low mass supply chain.

Remember that the big cost of sending stuff from Earth to Mars is just
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D. K.

Thank you. | would like to know
also is it possible to think that
Mars can sustain life? Does it
have all resources needed?
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the energetics of accelerating mass out of the Earth’s gravity well and,
to some extent, getting it safely on the surface of Mars. So that's why
we always think about those supply chains being to the point when
it becomes economically unfeasible to keep transporting mass from
Earth to Mars. And with a million people, there’s no way that the vast
majority of the mass needed to support those humans on Mars would
come from Earth, it has to come from local sources. And therefore, that
becomes an intriguing model, a worst-case scenario of saying what
happens if we want to grow over 20 years, 30 years, a community
from a few thousand to up to a million, where there is no existing local
supply chain. And we've got to develop that with only a minimal mass
input from Earth.

And | think that's quite an interesting question, what would that look
like? Because obviously, that could be a model for going to how we
need to always have a revolutionary approach on Earth, to supporting
societies compared to this evolutionary approach, by evolutionary, |
mean, inherently limited by the legacy we're building upon, as op-
posed to starting with a completely blank sheet of paper. So what in-
trigued me was not so much Mars, but the idea of trying to think about
a scenario where you had to locally support a million people without
building upon historic legacy supply chains.

And part of it comes down to why are people there? And what are they
doing?

D.C.

So the question is if you assume that Earth life needs a typical Earth at-
mosphere, then clearly you need domes. So then you've got the ques-
tion of two things. One is about physical infrastructure, the domes,
the infrastructure you need, you're not going to have that from Earth.
Therefore, how can you use local resources to create those domes?
That's one question. The other question is, how do you sustain life?
Assuming you have a structure that you can pressurize, how do you
keep regenerating the atmosphere?

And obviously, Mars has most of what you want. If you think about
the elements we need: we need oxygen, which has a lot of it in the
atmosphere, obviously, chemically in the form of carbon dioxide. Also,
in the ground, the near subsurface, the PSP, lots of water, ice, and
plenty more oxygen. So just with water, and carbon dioxide, you can
chemically transform them into things like polymers; there's plenty of
nitrogen in the atmosphere, not in a good chemical form, but it can
be processed.

And a lot of those processes are easily done by Earth biology. And if
you look at the Nuwa concept, the idea was there - we would harvest
Earth microorganisms to do all of those functions: do photosynthesis,
to do Nitrogen fixation. Therefore, there are plenty of local resources
for life support, even for going to a population of a million.

Broadly, is there the kind of materials present on Mars that you could
use to support life? And is there a vaguely a mechanism to try and get
them into the right form? | think the answer is yes.



D. K.

| hope you have time for one
more question. We know from
past studies that Mars had con-
ditions where life could emerge,
also we know from last scientific
research that there possibly can
be an under-ice lake under the
South pole, where the life possi-
bly could be preserved.

D. K.

Yes, and what does that mean
for humanity if we find life some-
where on Mars?

D. C.

The latest interpretation of that is no more so ambiguous. So when that
data was first released about two years ago, it was emphasized that
this could easily be a liquid. Now, some people have started saying,
well no, that perhaps is the less obvious solution to explain the radar
reflection signals. So although it’s still possible, it was deemphasized a
little bit. But there is still an argument that Mars was present life a few
billion years ago and the possibility that some of that could survive to
the present day in certain niches in the subsurface.

D.C.

The first question is, if we find Martian life, right? Is it Earth life? Be-
cause there are mechanisms in which any material on Mars, from a
few billion years ago, could transfer microbes within meteorites, and
protect them enough so they can seed the Earth? In other words, is it
further examples of a single Genesis and single evolution of life, which
is what we see on Earth? In that case, it doesn't tell us anything. It just
confirms the theory that you can transfer material between Earth and
Mars. And therefore, life emerged either on the Earth and transferred
to Mars, or on Mars and transferred to Earth. It tells us nothing about
the potential for life elsewhere in the universe.

So that's the first question, is it an example of the same single genesis
of life as we have on Earth? Or does it appear to be completely inde-
pendent? If it is? If we find a second data point saying, there is another
example of life emerging, independent of the life that we see on Earth,
then great, it's starting to kind of bias are data towards something that
feels more realistic.

But again, bring it back down to reality. At the moment, you would
never be allowed to have a million people on the surface of Mars,
because there are agreements in place to try to preserve the Martian
environment. A bit like Antarctica, that there are global political agree-
ments, that you can’t simply go to Antarctica and build towns, same
with Mars. COSPAR has agreed that if you go to Mars, you should
implement certain procedures to minimize the potential of Earth or-
ganisms, microbes, or spores being carried on the spacecraft and con-
taminating the Martian environment. It could make doing science on
Mars much more difficult because you start looking around and you're
finding this earth contamination, therefore it is difficult to ask us ques-
tions about the evolution of life on Mars. It is also an ethical one, if we
take any Earth organism there, they could kill off any indigenous Mars
life that might be there. At the moment, those agreements are such
strict that you have to be phenomenally rigorous to clean your space-
craft and show that it's clean before you fly it, so there is no way you
can easily have a human on Mars and meet those criteria.

So those criteria would have to be revised to allow a manned mission
or human mission to Mars in the future. It would have been sorted out
well before you get anywhere near the million people. But there are
the ethical aspects of what is going to be the impact of having that
society on Mars on the Martian environment? And what should we do
about that, given that we know, on Earth, how bad it is got when we

have not thought about the ethics of sustainable development?
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Dmytro Khyzhniak.

| am already familiar with the Hus-
sell studio project of the Martian
habitat and with Foster and Part-
ners Martian and Lunar habitats,
and it is fascinating how your
team is implementing technolo-
gies that are only starting to ap-
pear and how the ideas are de-
veloping through those designs.

And | would like to know your view
on the main difference between
building on Mars and Earth?

D.K.

What is the importance of archi-
tectural presence in designing a
space habitat?
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Xavier De Kestelier

An architect at Hassell studio in London, chief of innovation de-
partment, former architect in Foster+Partners, was responsible
of Lunar and Mars Habitat project there and most recent work at
Hassell on Mars Habitat (for NASA 3d printing competition).

Xavier de Kestelier.

Nothing. It is the same design methodology - you look at a site, you
look at the site conditions, at the weather conditions, you look at the
environment, and then you start from there. And then for the project
on Earth, you do the same thing - you look at the environment and the
climatic conditions, the only difference is that Mars's conditions are ex-
treme. And that is more fun because it is the environment that usually
you do not design for. But | do not believe there is a massive difference
between the design for Earth and Mars.

X.K.

| think architects are fundamentally important in this process. Look at
what would have happened without having a designer on board on
Skylab, first product design had no windows in it. Engineers did not
think it was necessary to have a window because it was just a weak
spot in the structure. Imagine being a Skylab astronaut and not seeing
Earth ever.

| think architects need to play a much more central role in designing
human habitats in space, not just choosing a color. The architect is the
one who gets the overall vision and brings all the specialists together.
For that reason, architects have a central role in space development.



D.K.

Can we speculate what will Mar-
tian vernacular architecture look
like in 100 years?

D.K.

That was one of the solutions,
your team has used in the Martian
habitat.

D.K.

An interesting feature was shown
in the Martian habitat of Hassell
studio, using indirect natural light.
Because farther Earth’s magneto-
sphere and atmosphere usually
sunlight is understood as deadly
radiation. But at the same time
on Earth, natural light is crucial
in terms of hygienic and human
wellbeing. How have you come
up with the idea to have these
openings?

X.K.

You need to start thinking of what will be easy to do on Mars, mate-
rial-wise. One of the things that | always thought of is a bit of a weird
one. If you look at sci-fi, you can see that everything is made of plas-
tics and metals. But it is hard to have an injection molding machine
in space and deal with plastics. It will be easier to grow bamboo. So,
rattan furniture could be a good virtue that would find a use. | think
that habitat might be made of materials that you can perceive as very
earthy, and not very spacey as you see them in sci-fi movies, it might
be things that people grow, so maybe made of bamboo that grows
fast. That could be vernacular.

X.K.

For the finishing series, bamboo was used for the flooring, and the
chairs were plastic, but they were made from 3d printed recycled plas-
tics from medical waste or packaging. Also, we had an idea about
clothes that could have been made from the landing parachutes. You
must think more in a circular economy, think about what will things
look like if you were recycling, upcycling, and not relying on the Earth
economy to do manufacturing. And we are used to having many things
around us with a worldwide supply chain, we can get everything from
anywhere. But what if you can only make things out of a few materials
on Mars? What if you ever could manufacture out of four materials?
What would your world look like?

We can look at an example of the log cabins built by the pioneers in
America. And just by cutting logs in a certain way, they made these
cabins without metal fixings or screws, they just stacked wood. There
was a limited amount of material, a limited manufacturing technology,
and you have a very particular vernacular.

X.K.

We just looked at courtyards used in Mediterranean countries, where
a courtyard is there to create a view across the building and to stop di-
rect sunlight from hitting. So, the Martian habitat used the same prin-
ciple, we had a courtyard that open a view to the outer environment
and allow for indirect light to enter. And this is a simple architectural
application, it is something we do everywhere in the Mediterranean.
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D.K.

| would like to ask you, what was
interesting in the projects of Has-
sell studio Martian habitat or Fos-
ter and Partners Lunar or Martian
habitat, when you were working
on it, like some obstacles or oc-
casions?

D.K.

What can be the reason for us,
humanity to establish any human
presence on the surface of Mars
despite the tremendous cost of
doing it?
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X.K.

| think, for me, the most interesting of these projects is that it is a field
that has not been looked at that much, there are only a few people
architects in the world that look at space. And the most exciting is
that you can work with many people, and everything has an influence.
| could work with psychologists, engineers, Mars meteorologists, an-
thropologists, experts in inflatable architecture, etc. | think the most
fun thing is that we were able to work with a whole heap of different
experts on this.

And we work in extreme environments, that is fun, too. There were
many constraints. There is nothing more boring than getting a client
that wants to build a beautiful villa when the budget is unlimited. There
are no constraints, no challenges.

X.K.

| do not 100% follow Elon Musk's idea that we need to have a million
people on Mars in less than 100 years. | am thinking more online if we
would go to Mars, analogy | am using, is how we go to Antarctica. You
have never been to Antarctica, we are not there to inhabit Antarctica.
We do not build cities in Antarctica, that would be ridiculous as it is a
very hostile environment, and Mars is even more dangerous. But we
would have to do research and explore it because we are humans, it is
in our genes and our blood.
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DESIGN SOLUTION

136

An essential part of the research
efforts is a meditation on the pos-
sible human settlement on the
surface of Mars. Project develop-
ment allows a more detailed view
of specific solutions and prob-
lems of work on another planet.
The design solution demonstrated
in this thesis intends to explore the
possible approach that may exist
20 or 40 years from now, when the
question of the human presence on
Mars will become a probable reality.
Therefore, a proposed project is in-
tentionally more on the abstract side
without focusing on details.
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MISSION DEFINITION
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Introduction.

To understand what type of mis-
sion is needed, one should un-
derstand why different national
administrations, private compa-
nies, and particular personalities
are striving for space exploration.
From scientific interest to re-
source exploitation, reasons vary
from mission to mission.

First missions to Mars will face
great uncertainty and risk in-
volved in such an endeavor.
Therefore the safety of crewmem-
bers will be an essential part of
the mission. It is only emphasized
more by the high political impor-
tance, where prestige and public
image play a crucial role. Losing
crewmates would be disastrous
because of the death of the living
human being but more impactful
because of the loss of the public
will to perform such costly initia-
tives'.

The first missions to Mars will be a
testing ground for different tech-
nologies, strategies, and so on to
support safety in a dangerous en-

1 D. Adler, "Why did NASA retire the
Space  Shuttle?”, 12.11.2020 Retrieved
on 12.07.2022 at: https://astronomy.com/
news/2020/11/why-did-nasa-retire-the-space-
shuttle

vironment, create an artificial en-
vironment, sustain life there, etc?.
Then, when the human settle-
ment meets safety requirements
and proven technologies are es-
tablished, the research reason will
become a priority, leading to the
development of the Martian set-
tlement towards a particular path.

2 M. B. Rappaport, C. Corbally, “Program
Planning for a Mars Hardship Post: Social, Psy-
chological, and Spiritual Services”. In: K. Szo-
cik, “The Human Factor in a Mission to Mars”.
Space and Society. Springer, Cham., 2019, p.2
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Mission Statement and
Scope.

To create a sensible and tangible
project on the surface of Mars,
one should define its purpose
and goal of it. Regarding the ex-
isting rules of space exploration,
the colonization of Mars as such
cannot be pursued®. Therefore, if
talking about human presence on
the surface of Mars, it can be ad-
dressed from a scientific interest
point of view first, and then with
the probable expansion towards
production and transportation
to support self-sufficiency and
maintenance of the Martian set-
tlement.

Regarding the safety factor, Mars
offers several opportunities to
shelter future astronauts from
radiation and meteorites: it can
be lava tubes, hills, and craters
that provide a different degree
of protection. But it is unknown
the conditions that possibly exist
there: is it suitable for living mod-
ules to be there, is it safe enough
to construct or assemble anything
around or inside it, is the soil ideal

3 "Treaty on principles governing theactiv-
ities of states in the exploration and use of
outer space, including the moon and other
celestialbodies”, 1966
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for digging and supporting ceil-
ing or any structure on top, etc.

Accordingly, the first habitat that
will appear on the surface of Mars
will appear on the surface, not un-
der. But with further observation
and research of the Martian land-
scape features, those settlements
can expand, or new can arise,
also under the surface. Therefore,
it would be preferable to use a
flexible structure for the habitat
to be appliable in both options.

The surface placement of the
habitat also supports the research
scope as it provides better mobil-
ity options and easier access to
the surface and outside environ-
ment.
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Mission Parameters.

To find out the needed parame-
ters for the mission, one should
define an approximate number of
the crew that will be sent to the
surface of Mars. To do so, one
should ask the question: What
will those people do there? How
are they going to do it?

There can be two options: a mis-
sion for 2-3 years that will send
one or a few crews that will return
to Earth. Another option would
be similar to International Space
Station or any arctic station when
you have a transient population.
However, it is ever-changing with
people arriving and going back
to Earth.

Choosing between conjunction
and opposition trajectories for
the arrival of Mars for the project
is better to choose the one that
affords more time to stay on the
surface. Therefore, a conjunc-
tion trajectory would suit better.
In this case, the rules should be
changed or interpreted to allow
an extended stay on Mars.

For a crew of 4 people that will
follow a conjunction trajectory
for arrival and return journeys,
the need for consumables (for a
stay and transfer periods) will be
next: 160 kg of Oxygen, 3200 kg
of food, and 2080 kg of water, in-
cluding partial Oxygen and water
recycling. Then habitat, power
generator, solar panels, etc., will
have their mass.

For option 2, it is possible to use
the same reference for the cal-
culations but try to extrapolate
it for the double amount of stay
days to have at least two crews
overlapping. Therefore, for one
crewmember, it would be 1 kg of
Oxygen per day, with about 0.8
of it recycled, it would be 1 kg of

food, 4 kg of potable water with
0.8 of it recycled, and the rest
used for washing, and 26 kilo-
grams of wash water with 0.9 of it
reclaimed. *

Accordingly to the Mars Direct
approach proposed by Robert
Zubrin®, option one would require
about 180 days for the trans-
fer from Earth to Mars and the
same back from Mars to Earth,
with about 550 days of staying
on the surface of Mars. While the
option two mechanisms are a bit
different, for a crew that will ar-
rive the first, arrival and departure
transfer will be the same, but the
staying period will extend more
than twice - from 550 days to
1330 consecutive days. It is be-
cause the second crew will have
a possibility to depart from Earth
to Mars only on the next transfer
window that will follow in about
780 days®. Therefore, to achieve
a constant presence on the sur-
face of Mars, the staying period
for crew one and crew two would
need to overlap, so crew one will
need to wait for crew two arrival
and departure back to Earth on
the next window. Such a system
will allow crew one and crew 2
(crew two and 3, etc.) to stay to-
gether for about 550 days before
crew one departure. Then for
crew 2, it will be 550 days with
crew 1, 230 days alone, and an-
other 550 days with crew 3.

In this way, a transient population
on the surface of Mars can be
achieved. However, for it to hap-
pen, humanity should understand
the influence of the reduced
gravity on the human body and
how to fight its potentially harm-
ful effects.

4 R. Zubrin, R. Wagner, “Case of Mars”,
1997, p. 70

5 R. Zubrin,” The Mars Direct Plan” , 282(3),
52-55, 2000

6 Sydney Do, Towards Earth Independence
— Tradespace Exploration of Long-Duration
Crewed Mars Surface System Architecture,

2016 p.54
P 141



SITE SELECTION
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After the definition of the mis-
sion’s architecture, reasons, and
tasks, it becomes clearer which
exact characteristics of the site
to respect and their hierarchy. In
most cases, they follow general
rules based on safety require-
ments and common sense. How-
ever, the final site location can
vary dramatically depending on
the functions, main reasons of the
mission, type of the settlement or
base, type of the chosen struc-
ture, etc.



Main Criteria

While each specific function and
task of the mission will dictate
more detailed characteristics for
the site, there are more general
criteria that those sites should fol-
low.

Scientific Interest

Each of the locations on Mars
possesses some scientific interest
starting from the basic one as an
experimental site for the tech-
niques and methods for building
a human settlement and follow-
ing with a search for signatures
of ancient life. The second one
has become a primary reason for
previous robotic missions to Mars
and will probably be a driving
force for future crewed explora-
tion missions.

The site's scientific characteristics
are mainly of two types: geolog-
ical and astrobiological’. In the
case of geological, features of
the landscape as the meteorite
impact sites, ancient glaciers, or
ice covers, can reveal the history
of the early solar system and the
history of the Mars formation. On
the other hand, astrobiological
features of the site can disclose
the secrets of the origin of life.

It is possible to assume that sci-
entific tasks that will be important
for a crew mission to Mars will be
the same tasks defined for previ-
ous robotic missions such as Cu-

1 J.F. Mustard, Report of the Mars 2020 Sci-
ence Definition Team, 2013, p. 16

riosity or Perseverance. One can
explore an environment that ap-
pears to have once been capable
of supporting life as we know it
or sustaining pre-biological pro-
cesses leading to the origin of
life. For example, it could be an-
cient river deltas or underwater
volcanic features. It could also be
a deep ice sheet under the polar
caps that still can store valuable
information about life traces and
the history of climate formation
on Mars?.

Search for biosignatures can be
another scientific orienteer that
will define a site's preferability. In
this case, the site location should
accommodate a wide array of
habitable environments and bi-
otas that can differ dramatically
from what we find here on Earth.
An essential role of the environ-
ment that is valuable from a sci-
entific point of view is its poten-
tial for preserving biosignatures®.

Mars contains many mysteries
about the history of its formation
and climate change, and many

2 J.F. Mustard, Report of the Mars 2020 Sci-
ence Definition Team, 2013, p. 16
3 J.F. Mustard, Report of the Mars 2020 Sci-
ence Definition Team, 2013, p. 16

geologically interesting features
can collect information about it.
Therefore, the future settlement
site should have several different
geological characteristics that
will allow a proper investigation
on topics of potential for past
or present life, water presence,
crater records and ages of Mars,
igneous  processes, surface-at-
mosphere interactions, chemical
and mineralogical composition
of the crust, tectonic history and
present activity, determination of
processes of regolith formation,
crustal magnetization, and im-
pact effects on the Martian crust®.

4 International Space University, ACCESS
Mars Assessing Cave Capabilities Establishing

Specific Solutions, 2009, p. 32
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Safe Landing Conditions

The capabilities of different Earth-
Mars transport systems dictate a
set of engineering constraints on
the safety of the landing site and
the quality of the surface mission
after landing, which is a crucial re-
quirement for the crewed mission
to Mars. Several factors can play
a critical role in the safety of the
landing site, which will determine
the applicability of one potential
settlement site.

One could be elevation and at-
mosphere - the big difference
in atmospheric pressure accord-
ingly to Martian seasons will sig-
nificantly influence the ability of
the parachute system or an entry
profile of the spacecraft (depend-
ing on the landing approach and
type of the spacecraft) to slow it
down efficiently.

Another parameter that plays
an essential role is safe landing
conditions: simply a slope of the
landing site can trick the space-
craft’s automatic landing system,
which will cause accuracy and
safety problems and can cause an
increase in loads during the land-

ing.

Such parameters as rocks size
and density, the reflectivity of the
surface, etc. influence the land-
ing conditions: rocks can damage
the landing gear, not reflective
enough surface will trick the ra-
dar, and dusty ground could not
bear the load of the spacecraft
standing on it®.

5 M. P. Golombek, Selection of the Mars Ex-
ploration Rover landing sites, 2003 p.6
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Habitability

As soon as the spacecraft arrives
on Mars's surface, it will need to
charge its batteries to function
and protect the crew and the cru-
cial parts of the spacecraft during
the night. The most probable
leading resource of electricity for
the spacecraft, for a crew, and
the source for the research base
during the starting period will be
deployable solar panels. There-
fore, proper solar irradiance for
the site will be a crucial param-
eter. Of course, using portable
nuclear reactors will expand the
area of the possible site locations.
However, this energy source is
very complex to reproduce, cost-
ly to construct and deliver, and
therefore limited in use.

A base supplied only by solar
power needs to be located be-
tween the 10° South and 10°
North latitudes because, in this
case, the solar panels will receive
enough energy to support the
station®.

Water and hydrogen availability is
another factor that will be import-
ant for choosing the site, not only
for a necessary supply of drink-
able water but also for fuel, en-
ergy production, and manufactur-
ing. That means the potential site
will probably be located in the
northern hemisphere. There are
no sizeable permanent ice reser-
voirs south of 75° Northern lati-
tude, but it will also be possible
to find ice deposits covered with
about 1 m soil and dust until 40°
of North latitude’. Some regions
as, such as Terra Sabaea, around
the Elysium volcanoes, and the
northwest of Terra Sirenum ice
concentrations (about 18% of ice)

6 M. P. Golombek, Selection of the Mars Ex-
ploration Rover landing sites, 2003 p.6

7 R.Zubrin, R. Wagner, “Case of Mars”, 1997
p. 125

still can be found, even if their
locations are close to the planet
equator with the closest one of 2°
North latitude®.

The potential site also needs to
support some manufacturing
activities, as the Earth-indepen-
dence is necessary for a sustain-
able presence on Mars. For that
to be accomplished number of
the resources, including water,
should be available in the ap-
proximate vicinity.

Different terrain features not only
possess a scientific interest, but
they also can partially protect
future Martian astronauts from
the extreme conditions that are
present on Mars. Most discussed
are lava tubes, as they support
substantial protection from solar
and cosmic radiation, meteorites,
and dust storms. But it also en-
compasses some additional risks
connected to the cave instability
(skylights are one of the repre-
sentations of it). However, it can
be controlled mainly through ap-
propriate training, prior research,
and site assessment. Another risk
involved with using the Martian
caves is the danger during extra
vehicular activity (EVA), when as-
tronauts can get into trouble due
to unstable ground conditions or
rugged terrain surrounding the
entrance of the lava tube.

8 M. Nazari-Sharabian, Water on Mars—A
Literature Review, 2020 p.12
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Graphical Representation

It is possible to assume that the
Northern hemisphere of Mars is
more suitable for any human base
because it has several advantag-
es: more humid conditions, which
means that it has a more signif-
icant amount of water in the at-
mosphere and soil, it has lesser

Water availability map
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temperature swings in compar-
ison with Southern hemisphere,
because of the highly inclined
elliptical orbit of the Mars, and
it has lesser amount of the dust
storms as they form mainly in
the southern hemisphere. There-
fore, the Northern hemisphere is
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where it should be looked at if we
are choosing the settlement site.

To understand better areas that
are more suitable for a future
Mars settlement, several criteria
that have a bigger priority and
that can be assessed on a plane-
tary scale need to be established.
If we look at safe landing condi-
tions, it is a local characteristic
of the landing site. The same
can be said of scientific interest
- it is more likely that some local
features will possess more scien-
tific valuable data than a whole

region. The availability of natu-
ral resources is a feature of each
particular site. While we already
know the general composition
of the soil and atmosphere, the
study of the concrete parameters
of a definite region cover only the
outer soil layers.

At the same time, the available
amount of water in the soil and
atmosphere is very well studied®.
The same can be said of solar

9 R.Zubrin, R. Wagner, “Case of Mars”, 1997
p. 125

irradiance’ - considering the at-
mosphere density, visibility, and
distance to the sun - it is possible
to predict approximate solar ra-
dioactivity on a specific site. And
those parameters are crucial for a
sustainable Martian settlement to
exist. It is possible to predict the
approximate region or latitude of
the potential site that will satisfy
those two parameters. lIts local
features distinguish which one
will be more suitable for the rest
of the parameters.

10 M. P. Golombek, Selection of the Mars Ex-
ploration Rover landing sites, 2003 p.6
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Solar irradiance and water availability map
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List of the Sites

Regarding the scientific interest
of the research site, it is vital to
have a specialist vision, it is still
valid to have a general under-
standing of the reasons behind
one or another decision, but
those decisions should be based
on a deep knowledge of the top-
ic. Therefore, the list of regions of

interest listed below is supported
by existing research.

With the water distribution and
solar irradiance maps as a refer-
ence, it is possible to manage the
given sites regarding their suit-
ability for a crewed mission.

Coordinates lce / Water Terrain features | Science Interest | Science Interest
availability / Caves (Geology) (Astrobiology)
Olympus Mons 18°39°N It has been speculat- | An enormous shield [ The mountain may | Potential springs or
ed that the detach- | volcano with a height | still be volcanically ac- | seeps around the vol-
0190 ment along the weak | of over 21.9 km' tive, though in a very | cano would offer ex-
Northern flank 226°12°E layers was aided quiescent and epi- | citing possibilities for
by the presence of sodic fashion? detecting  microbial
high-pressure  water life.®
in the sediment pore
spaces
Terra Sirenum 39.7°S Concentric crater fill, | Terra Sirenum is a|The Mars Global | Evidence of deposits
like lobate debris | large region in the [ Surveyor (MGS) dis- | of chloride based min-
150°W aprons and lineated | southern hemisphere | covered magnetic | erals, This suggests
valley fill, is believed | of the planet, an up- | stripes in the crust | that near-surface wa-
to be ice-rich.* land area notable for | of Mars, especially in | ter was widespread in
massive cratering. | the Phaethontis and | early Martian history,
A low area in Terra | Eridania quadrangles | which has implica-
Sirenum is believed | (Terra Cimmeria and | tions for the possible
to have once held a | Terra Sirenum)® existence of Martian
lake.® life.”
Alba Mons 40.5°N High potential for Alba Mons is notable | Boundary of volcanic | Potential for organic
shallow subsurface for the remarkable terrain and North- molecules/cells pre-
250.4°E ice length, diversity, and | ern Plains, Alba’s served in ice (
) crisp appearance of | well-preserved lava
its lava flows, 8area flows and faults
with high concentra- | provide an excellent
tion of lava tubes photogeologic record
of the volcano’s evo-
lution.?

1 J. B. Plescia, "Morphometric Properties of Martian Volcanoes”. J. Geophys. Res. 109 (E3): E03003, 2004
2 L. A. Soderblom, J.F. Bell, “Exploration of the Martian Surface: 1992-2007 in The Martian Surface: Composition, Mineralogy, and Physical Prop-
erties”, Cambridge University Press: Cambridge, UK, 2008, p. 15
3 McGovern, PJ. (2010). Olympus Mons: A Primary Target for Martian Biology. Astrobiology Science Conference, LPI, Abstract #5633.

4 J. Levy, "Concentric crater fill in Utopia Planitia: History and interaction between glacial “brain terrain” and periglacial processes”. Icarus: 202.

462-476, 2009

5 R. Irwin, "Geomorphology of Ma'adim Vallis, Mars and associated paleolake basins”, J. Geophys. Res. 109(E12), 2002
6 N. Barlow, “Mars: An Introduction to its Interior, Surface and Atmosphere”, Cambridge University Press, 2008

7 "NASA Mission Finds New Clues to Guide Search for Life on Mars”. Jet Propulsion Laboratory. 2008-03-20. Retrieved on 30.05.2022

8 M. H. Carr, R. Greeley, K. R. Blasius, J. E. Guest, J. B. Murray, “Some Martian Volcanic Features as Viewed From the Viking Orbiters”. J. Geophys.
Res. 82 (28): 3985-4015, 1977
9 K. L. Tanaka, “Tectonic history of the Alba Patera—Ceraunius Fossae Region of Mars”. Lunar. Planet. Sci. Conf. 20: 515-523, 1990
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E|ysium Fossae 24.8°N Possible subsurface Yes - identifed lava Extensive anicent Scientists are excited
ice remnents tubes fluvial activity about finding hydrat-
o ed minerals such as
213.7°W sulfates and clays on
Mars because they
are usually formed
in the presence of
water.  Places that
contain clays and/or
other hydrated min-
erals would be good
places to look for ev-
idence of life.™®
Gusev Crater 14.5°S Evidence of small | The crater is about | at first the region | Itis believed that Gu-
amounts  of  briny | 166 kilometers in di- | proved disappointing | sev crater may have
175.4°E (salty) water," Thin | ameter and formed | in its lack of available | held a lake long ago,
’ dust cover contains | approximately three | bedrock for study on | but it has since been
a small amount of | to four billion years | the flat lava plains of [ covered by igneous
chemically bound wa- | ago. the crater materials.'?
ter.
Jezero Crater 18.38°N Unknown Besides having a del- | From a study of the | Clay minerals have
ta, the crater shows | delta and channels, | been detected in
77 58°E point bars and invert- [ it was concluded | and around the cra-
’ ed channels.” that the lake inside | ter. Clays form in the
the crater probably | presence of water,
formed during a pe- | so this area probably
riod in which there | once held water and
was continual surface | maybe life in ancient
runoff. times."™
Nili Fossae 22.57°N Unknown potential Volcanic area Horst-graben struc- Methane plumes of
for shallow ice ture, large area of unknown origin and
° exposed olivine otential for traces of
76.8°E P ﬁfe in water related
minerals (carbonates
and phylosilicates)
Margaritifer 15°S Unknown The area reveals “cha- [ Some of the imag- | Holden and Eber-
os terrain”, outflow | es from this region | swalde, craters in
Terra 22 5o\ channels, and alluvial | display layers. Many | Margaritifer Terra,
) plains that are indica- | places on Mars show | are thought to have
tive of massive flood- | rocks arranged in lay- | formerly held lakes
ing. A region within | ers.”™ because they con-
the terra shows some tain deltas and iron/
of the highest valley magnesium smectite
network densities on minerals which need
the planet. water to form.
Mawrth Vallis 22.6°N Channel formed by | Presence of phyllosil- | Potential  for pre-
massive flooding icate (clay) minerals | served biosignatures
o which form only if wa- | in the clay minerals
16.5°W ter is available
Melas Chasma 10.4°S Possible subsurface No lava tubes - un- Access to geological | Potential for traces of
ice and transient lig- | known potential for strata, evidence of life in water related
72.7°W uid water at depth dissolution/tectonic water-cut channels, minerals (sulphates
: caves landslides and phylosilicates),
strong indications of
magma/water interac-
tions likely conducive
to hydrothermal
activity and habitable
conditions

10 “Target Zone: Nilosyrtis? - Mars Odyssey Mission THEMIS". themis.asu.edu. Retrieved on 30.05.2022

11 "Aqueous processes at Gusev crater inferred from physical properties of rocks and soils along the Spirit traverse”. AGU. Archived from the
original on 2012-02-04. Retrieved on 30.05.2022

12 R. V. Morris,S. W. Ruff, R. Gellert, D. W. Ming, R. E. Arvidson, B. C. Clark, D. C. Golden, K. Siebach, t"Identification of Carbonate-Rich Outcrops
on Mars by the Spirit Rover”. Science. 329 (5990): 421-4, 2010

13 T. Goudge, “Stratigraphy and Evolution of Delta Channel Deposits, Jezero Crater Mars”. Lunar and Planetary Science 48 (2017), 2017

14 J. Bibring, "Global mineralogical and aqueous Mars history derived from OMEGA/Mars Express data”. Science. 312 (5772): 400-404, 2006

15 J. Grotzinger, R. Milliken, “Sedimentary Geology of Mars”, SEPM, 2012
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Solar irradiance and water availability
map with the potential sites indication
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CONCEPT DEFINITION

This question is trying to address a core issue of architecture. Before
creating a human environment, one should know or imagine what a
human environment is? For example, a cave, palm leaves shed, wild
and diverse natural habitat, social contacts, fast and always in rush
city, homemade cake, etc. It is a pretty complex and abstract ques-
tion, it is not a topic of this thesis, and many architects and philos-
ophers were trying to answer it, including Christopher Alexander.
The point of this question is not to have a proper and defined an-
swer, but the attitude towards sensitive design, towards a par-
tial understanding of what the human mind and body need.

If one wants to think about Mars the same way as we think about the
urban environment on Earth, it is the wrong way to go. But, it is possi-
ble to think about human beings that will stay on the Martian surface
in terms of conditions that they are used feeling, seeing, and so on.

There is already the answer to those questions: we (as humans)
will be aliens on this planet. Therefore, we will need to bring a 'hu-
man’ environment to Mars, but it will need to be adjusted and
modified to suit Mars and the strict requirements for delivery.

The Martian surface is an example of a natural and pristine environment
that hasn’t changed much for millions of years. A massive contrast with
the ever-changing and full-of-life Earth. This contrast is what will be
constituted by the human presence on Mars. We will bring (back) life to
this lifeless (possibly not) planet. But how will it be expressed?

156

How to create a human (-istic)
environment on Mars?

How to create an artificial en-
vironment that will express the
diversity and freedom that we
have moving through nowadays
city or town?

What would be Martian vernac-
ular or Martian and human ref-
erence together?

What will an expression of life
in a pristine environment look
like?
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BUBBLE IDEA

This idea or concept answers the
question of the support of diver-
sity, the one familiar to the human
being used to the city environ-
ment.

What if we imagine an environ-
ment created like a soap bub-
ble, or maybe a better example
would be the chemical reaction of
the Mentos candies thrown into
a Cola bottle. What if we could
imagine a small amount of reac-
tive substance that will react with
the environment or another sub-
stance and quickly create an en-
closed, pressurized space.

Bubble drawings =

Charlotte X. C. Sullivan

Coca Cola e Mentos contro il Coronavirus

Rosa Zagni, May 18, 2020
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This method would allow to fill in
different spaces, whether a Mar-
tian lava tube or dunes of the
Martian desert. It would be possi-
ble to inhabit spaces of different
volumes.

And in the end, it would create a
space constellation similar to the
Voronoi grid.

Such a way of constructing a
Martian habitat can support the
creation of the enclosed space.
However, this enclosure cannot
be a load-bearing structure (de-
pends on the final material of the
outer layer, of course, but it is
doubted that it would be possi-
ble). Therefore it will need some
interior structure that will support
floors and all the equipment and
people needed. Also, if there is a
need for some vertical constella-
tion, it will need to have a sepa-
rate load-bearing structure.

The final material of the shell
should be robust enough to with-
stand all the environmental dan-
gers that Mars possesses. But,
simultaneously, it should not be
brittle to resist the tension forces
of the pressurized space.
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Due to the novelty of the idea
and disassociation of the bubble
as a fragile and transient event
with the notion of the house
or inhabited space, no particu-
lar reference or example were
found. It could be Archigram’s
experimentations’ with the inflat-
able architecture or Buckminster
Fuller's contribution to geodesic
domes? as examples. However,
those ideas dealt with prefabri-
cated shells or membranes that
then were inflated or constructed
in the dome-like structure.

Therefore, to explore the idea of
the inhabitable space formation
through the process of chemical
reaction, indirect references were
used?.

1 “Davide Green's Living Pod”, Archigram 7
Magazine, 1966

2 D. Lopez Perez “R. Buckminster Fuller Pat-
tern Thinking”, 2021

3 C. Clark, “Physics of Giant Soap Bubbles:
Emory scientists burst a secret of fluid me-
chanics that may help the flow of oil through
pipes”, 2020, Retrieved on 12.07.2022 at:
news.emory.edu/features/2020/01/phys-
ics-of-bubbles/#article

upper  Archigram 7 p. 16
middle Spherical Atlas by D. Lopez Perez
bottom  Emory physicist J. Burton experi-

ments with giant soap bubble
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Accordingly to the physics of
bubble formation, they follow
the so-called Plateau’s Law, mak-
ing the sum of the surfaces of the
merged bubbles as tiny as possi-

ble 4.

Therefore, each soap bubble
constellation follows particular
geometric rules that can predict
its formation.

At the same time, the power and
frequency of the airflow deter-
mine the form and dimension of
the bubble or a bubble’s cluster®.

These rules area explaining the
surface tension of water, but on
the surface of Mars, liquid water
cannot sustain for a long time.
Therefore, a different solution
should be applied. For example,
synthetic polymer like nylon and,
more specifically, its membrane
formed during the polymeriza-
tion process® can serve as a sub-
strate for water surface tension.
But it will need an additional heat
source in the Martian conditions.

4 R.|. Saye, J. A. Sethian, "Multiscale Mod-
eling of Membrane Rearrangement, Drainage,
and Rupture in Evolving Foams”. Science,
340(6133), 2013, 720-724

5 S. Ramakrishnan, R. Kumar, N.R. Kuloor,
“Studies in bubble formation—I bubble for-
mation under constant flow conditions”,
Chemical Engineering Science, Volume 24,
Issue 4, 1969, P. 731-747,

6 S. Ramakrishnan, R. Kumar, N.R. Kuloor,
“Studies in bubble formation—I bubble for-
mation under constant flow conditions”,
Chemical Engineering Science, Volume 24,
Issue 4, 1969, P. 731-747,

upper Soap bubble cluster
middle Bubble formation

bottom Nylon polymerization
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RANDOMNESS

Questioning the notion of a de-
signed order Bubble idea gives
a degree of freedom and variety
in the space division. However,
even if the concept also predicts
a planned approach toward bub-
ble creation, when all ingredients
are well calculated and sorted to
create a bubble or cluster of bub-
bles of desirable shape and di-
mensions. There will always be a
degree of uncertainty and variety
due to the explosive character of
the process.

This way, it is possible to create a
diversity of enclosed spaces that
will create an exciting environ-
ment. That can be more familiar
to people that are used to the
variety of the full of life streets of
the human city or wilderness of
nature.
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SPACE FILLER

VERTICAL TOWER

Bubble Idea is also a way to cre-
ate enclosed, pressurized space
that adapts to different environ-
mental conditions. Would it be
a lava tube, the hills of the crater
or just the ever-changing face of
dunes, a constellation of bubbles
can adapt to the given landscape.

o \
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CONSTRUCTION TECHNIQUE

If we look more closely at the ex-
ample of the reaction between
Mentos and Soda, we can see
that liquid in the bottle is only a
substrate for the Carbon Dioxide
and the surface of the Mentos
candy in this reaction. The outer
surface of the foam is a soda that
encloses tiny bubbles of the CO2
released during the process. So,
the reaction is created by the in-
teraction of the Mentos itself with
the CO2 dissolved in the Soda,
while the liquid serves as the ma-
terial for the outer shell.”

It is possible to create a similar re-
action using other reagents. For
example, it could be Citric Acid

7 Lucy Bell-Young, 2021, ‘Why Do Mentos
React with Coca-Cola’ accessed on 01.07.2022
on: www.reagent.co.uk/why-do-mentos-react-
with-coca-cola/

and Sodium Bicarbonate %or any
different reaction that, in the end,
would create a cloud of gas that
will inflate the bubble.

The reaction itself will need to
happen in a substrate, liquid, or
rigid that will serve as the material
for the outer shell of the bubble.
It can be a polymer, but for it to
expand, it will need a higher tem-
perature than is available on the
surface of Mars. So the reaction
should be exothermic (producing
heat during the process).

Afterward, the material should
stabilize itself.

8 Webb, Penelope; Sumini, Valentina; Go-
lan, Amos; Ishii, Hiroshi (2019). [ACM Press
Extended Abstracts of the 2019 CHI Confer-
ence - Glasgow, Scotland Uk (2019.05.04-
2019.05.09)] Extended Abstracts of the 2019
CHI Conference on Human Factors in Com-
puting Systems - CHI EA 19 - Auto-Inflat-
ables. , (), 1-6.

One of the possible applications
for it in the Martian environment
would be using walking drones
that will be able to crawl in
hard-reaching environments such
as lava tubes or on top of another
bubble.

It can contain inside Martian Poly-
meric Soda that will serve as one
of the reagents and at the same
time as a substrate, and also a
critical quantity of the Martian
‘Mentos’ that will react with Soda
after triggering the start mecha-
nism. After ‘Mentos’ are realized,
those kamikaze drones will ex-
plode during the reaction.
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There are few hypothetical possi-
ble applications of this technique.
One of the options would use sev-
eral drones that, after the release
of “Mentos,” will create separate
bubbles each. If triggered simul-
taneously, it can create a vertical
wall between bubbles.

Another option wit-sse—ere-oie
kamikaze drone that will create
not one bubble but a constella-
tion with random enclosed space
that will need to be discovered
and inhabited accordingly to the
form and dimensions of the given

bubble.
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SPACE DIVISION
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RESIDENTIAL

BUBBLE

FUNCTIONAL
BUBBLES

OFFICE

A dome-like space without de-
fined dimensions and particu-
lar form will need an adaptable
space division that can be autom-
atized and applied to different
rooms.

The space division concept uses
the same idea of bubbles but
now to define a sphere for par-
ticular activity inside the already
formed cluster.

BATHROOM



CCCCCCCCCCC
TTTTTTTTT



HUMAN REFERENCE

£ Laboratory
.'.:....:........-.....) /Offi(;es
.....»> Communication
Greenhouse

>» Common space

T > Workshop

........... Dinning place
i / kitchen
i Living quarters

......... > / toilets

*t1eee...» Exit hatch

Martian human settlement will be
isolated from the Earth’s supply
chain, so having to rely only on a
delivered with crew resources or,
ideally, totally self-sustain.

Reminding the self-sustained or-
ganism analog of which can be a
human body.
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GROWING AN INTERIOR

The safe and warm interior of the
Martian habitat will be the princi-
pal place where the future astro-
nauts will live.

The question is how to create a
human environment expressing
chaotic human nature and not
sterile hospital-like rooms.

What material and technique
would support such an environ-
ment and, simultaneously, be
simple enough to maintain and
less sensitive to the laboratory
conditions.

It could be related to the crystal
growing when the elements (car-
bon, for example) are absorbed
from the environment into a crys-
tal-like structure.

Another option could be us-
ing mushrooms or bamboo as a
building material, naturally grow-
ing but led by artificial intelli-
gence and robots that it controls.

The question would be the use of
it in the laboratory, where the en-
vironment should be clean from
any sign of the Earth’s life.
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STRUCTURE

The structure of the interior spac-
es adopts the idea of growing it
from the local soil resources with
needed additives and nutrition.
Then, after the system is devel-
oped and carefully led into its
form by automated machines,
nutrition can be gradually taken
away to consolidate the grown
structure.

Then the space between branch-
es and around open walls can be
filled with substrate infected by
mycelium, creating a proper in-
sulation layer. Then after reaching
its desirable thickness, mycelium
should be consolidated as well °.

9 Vallas, Thomas; Courard, Luc (2017). Using
nature in architecture: Building a living house
with mycelium and trees. Frontiers of Architec-
tural Research, $2095263517300353-.

This way, the proper In-Situ Re-
source Utilization will be achieved,
decreasing the delivery mass sig-
nificantly. It also will contribute to
the bibliophile and diversity of
the habitat spaces, potentially re-
ducing psychological stress due
to isolation and confinement.

The question here would be how
to create a good base or sub-
strate from which the tree struc-
ture will grow and how to protect
the inflated bubble from the po-
tential damage from the tree's
root system or mycelium growth.
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STRUCTURE STABILIZATION

TREES PLANTING
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PROJECT DEVELOPMENT

From the list of possible sites for a potential human outpost on Mars, three candidates have the most po-
tential to support human activities and have significant research potential. But to finally decide the most
appropriate one, the main reason and target for the mission should be defined. As for a research purpose,
the site with the most potential should be chosen. For example, a Jezero crater, where now the Mars 2020
mission landed with the Perseverance rover, or it could be Mavrth Vallis, with the extensive reserve of clay
and sediment materials, has the potential for a search for life purpose.

While the Elysium Fossae propose good conditions for developing the human outpost in terms of water ice
and lava tube availability, it is a more modest site compared to the other two regarding research potential.
Additionally, despite an extensive area and rich volcanic landscape, it seems to be isolated from other po-
tentially interesting sites in proximity. Simultaneously, the rich volcanic landscape that makes it distinctive
from other candidates makes it more dangerous for a landing.

Extensive colorful variety of the Big river delta on the hills of Jaze- Volcanic and erosion landscape
clay deposits in Marvth Vallis ro Crater (Mars 2020 landing site) features of Ellysium Fossae




Terra Sabaea
(highland region)

catchment area of
Neretva Vallis and
Sava Vallis

Syrtis Major

(volcanic province)

Jazero Crater in Context

The decision for a Jezero Crater
to be a Perseverance landing site
had several advantages over oth-
er options'. As for the potential
human outpost site, it has a par-
ticular advantage in the context
where the crater is situated. In
South West, it is a giant volcanic
area with the potential for a lava
tube to be found for geological
research. Jezero is also between

10 “Jezero Crater through the Eyes of the
Mars Express” The European Space Agency,
esa.int, 16.02.2021, Retrieved on 11.07.2021
at: www.esa.int/Science_Exploration/
Space_Science/Mars_Express/Jezero_crater_
through_the_eyes_of_Mars_Express

Neretva ~
Vallis -

Mars 2020

Jezero
- Crater

the highlands of Terra Sabaea and
the basin of Isidis Planitia, which
allows studying different contexts
and exploring the planet’s history
from various perspectives.

All distances between mentioned
area exceed 400 km, which makes
it accessible only for multi-day
expeditions. Therefore, a proper
mobility infrastructure becomes a
priority for the outpost.

The decision of the Jezero crater
for a site for a human outpost,
in the context of the thesis, was
chosen because of the extensive

Isidis Planitia

(impact basin)

availability of the research mate-
rial, landscape photos, and anal-
ysis.

But it does not mean that other
potential sites are less valuable.
On the contrary, the chosen loca-
tion seems more suitable for the
study.

175



<2000

<2000

Site 1 has a hill of about 2km on
its South side, while also being
sited between the northern ridge
of the crater makes it optimal in
terms of the wind speed and dust
contamination. At the same time,
the vicinity of the ancient river
delta makes it more plausible for
research opportunities.

2nd site is inside an impact crater,
protecting it from all sides by the
hills of the crater. But the unsta-
ble conditions of the crater ridge
make it undesirable from a mobil-
ity support point of view.

176

The 3rd site is situated in the
southwest part of the crater, it is
well protected from any wind by
the southern flank of the Jezero
crater and mild hills in the North
of the site. However, it is blocked
and isolated by the steep crater
ridge making it less comfortable
for outgoing expeditions.

Jezero crater features rough ter-
rain with steep hills on the south-
west ridge, a primarily flat (rela-
tively) basin, and a mild North
East flank.

Because of the predominant SE
and NW winds'", those directions
will need additional protection
from dust contamination and dust
storms. Unfortunately, few sites in
the basin of the Jezero crater can
offer such protection by the land-
scape features.

11 J. Pla-Garcia, S. C. R. Rafkin; G. M. Mar-
tinez; A. Vicente-Retortillo, C. E. Newman, H.
Savijarvi, M. de la Torre, J. A. Rodriguez-Man-
fredi, F. Gémez, A. Molina, D. Viidez-Morei-
ras, Ari-Matti Harri, “Meteorological Pre-
dictions for Mars 2020 Perseverance Rover
Landing Site at Jezero Crater”, Space Science
Review, 2020



Master Plan

Therefore, site n1 would be a
good option for the potential
human outpost site. However,
the habitat should be far from
the southern hill to eliminate any
possible obstruction to the rocket
landing.
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EXPANSION
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OPTION 1

There are a few possible ways
this system can create even more
prominent constellations and
clusters of habitats that will gen-
erate small research settlements.

One option is using more regular
distribution of habitats across the
line, a corridor, or a street.



OPTION 2
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