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Introduction

NASA plans to send a crewed mission to Mars in the year 2040, as it will give ample
time for necessary research and technologies to complete as well as the shortest path to the planet
(Williams, 2017). The mission to Mars will build on many existing technologies used for lunar
missions, however, some aspects are far more complex. One such problem will be the radiation
exposure of a longer journey through space as well as Mars’ thin, unprotected atmosphere that
allows for radiation values up to 700 times the average found on Earth (European Space Agency,
2019). Another treacherous part of the Martian environment is its thin atmosphere that allows for
very fine dust particles to be spread around constantly, blocking the astronauts' views and getting
caught in their suits (Hille, 2015). There are global phenomena on Mars where the dust picks up
speed to over 60 mph and covers the entire planet. Thus it is important to create habitats that can
withstand these storms should they be an issue at the time of the mission.

In order to verify that Mars as a planet is fit for human life and research, the presence of
water is essential. Although it has been found that Mars used to have much more similar
characteristics to Earth such as oceans covering large portions of the now desolate cratered lands,
that is no longer the case (Sanders, 2024). Liquid water once existed on Mars 3 billions years
ago, but since then it has all frozen into ice, mostly found on the poles. Depending on the season,
the ice caps shrink and evaporate into the air. The abundance of clean, usable water should not be
of concern for these missions, but the techniques can vary. There are 4 main ways to get water:
melting the ice, collecting the water vapor, combining carbon dioxide with hydrogen, or heating
the water out of the soil (Davis, 2022). Along with water being available, carbon dioxide is

plentiful making up 95% of the atmosphere. However, oxygen makes up much less than 1%,



meaning it must be found through other methods such as extracting it from water or carbon
dioxide (NASA, 2023).

Some research regarding Mars that still needs to be investigated is a feasible plan to
allow crop growth in Mars’ harsh environment (NASA’s Space Technology Mission Directorate,
2024). The geological makeup of Mars is the closest to that of Earth in the solar system. There
are many resources on Mars that will have to be manipulated in order to recreate essential
survival sources for living organisms. The crops are an important topic of research in the
exploration of Mars, as it will reveal the extent to which Mars can nurture life. The crops that are
grown can also serve as a fresh source of food and vitamins for the crew that will be surviving
off dried food packages. Due to the many Earth-like qualities of Mars, a portable crop growing
habitat will be designed and implemented for future Mars missions.

Technical Topic

The overall design of a crop growing habitat on Mars has been researched prior to this
study. All of the designs considered have been for long term habitation solutions, however, and
the unique quality of the proposed design will allow for an easier temporary setup. One factor
that increases the complexity of a lightweight design is the need for radiation protection. There
are simply 2 methods for decreasing the impact of radiation, which is through passive and active
shielding. Passive shielding, as shown in Fig. 1, is the very basic idea of putting materials
between the radiation waves and the protected section. It follows the principle that denser
materials and increased thickness of a material decreases the total radiation that makes it through
(Slaba et al, 2013). For permanent habitats on Mars, Martian regolith (the soil made up of
numerous different materials) can be used as a construction material (Kim et al, 1998). The more

useful but less explored active shielding for radiation protection is the use of magnetic fields to



slow down the radiation waves to safer levels (Frazier & Hatfield, 2015). This significantly
decreases weight concerns but leads to an increase in power usage for the mission. A successful

example of this phenomenon can be found naturally created by the Earth, Fig. 2.
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Figure 1: Passive Shielding through Different Materials and Thicknesses

Figure 2: Magnetic Field of Earth Protecting from Radiation Waves



The construction of the habitat can be assumed to be made on the planet rather than be
sent as payload on a rocket. Recent developments in large-scale 3D printing devices have
allowed for a realistic path for constructing outside of Earth (Pender, 2019). A creative aspect of
the design will be to utilize the abundant source of craters on the Martian surface to simply add a
roof to one of them and create a pressurized environment with minimal structure. This will create
an easy to print design as well as eliminate the effect of the high winds from potentially
damaging the structure as it is now parallel to the ground. Within the thick roof will be a
pressurized environment contained by an innovative lightweight fabric technology (Brown et al,
2003). Although there is a high proportion of carbon dioxide in the air, it is so thin that it is not
enough to support plant life. Thus the pressurized environment will need to simulate increased
carbon dioxide levels.

On the inside of the habitat will be a pressurized, Earth-like environment where the crops
will grow in the Martian regolith. The soil itself is highly nutritious apart from containing many
toxins that can simply be washed off with water. More information can be gathered about the
makeup of Martian regolith as it is made of many different elements (Shi et al, 2024). The
proposed solution to the issue of creating an environment for crop growth on Mars is essentially
combining the technologies discussed prior. The unique grouping of radiation protection,
pressure vessel, flat roof, water extraction, and crop growth lead to a good solution to this
problem. Once humans begin terraforming Mars in the foreseeable future, the research and
development of this technology will become of increasing importance.

STS Topic
In order to understand how such a solution has come about, one must look further beyond

the immediate problem. Why do humans want to test the ability for crops to grow on Mars?



There is a belief that it is not the technologies that dictate social changes, but rather social issues
that mold the development of technologies (Hughes, 1987). The problem starts on Earth from
problems being faced by the average person. For decades the high rate of emissions has led to
increasing temperatures, natural disasters, and unpredictable climates. The effects of this are
being seen by many concerned people who have lost shelter, food supplies, and/or lives. They
are looking for solutions to the problem, one being to enact regulations to reverse the effects and
sustain the health of the planet. The other more extravagant idea is to terraform another planet to
sustain the lives of future generations.

Space exploration has reached the point of technological momentum for decades now. In
the 60’s there was the space race where the US bolstered its knowledge, interest, and
infrastructure in space technologies. A crewed mission to the moon has not occurred since 1972,
over 50 years, as there was not much left to benefit from extensive research on the desolate rock.
The agenda for Mars exploration has become inflated due to the need to reach a new milestone
with the technology that is prevalent. On one hand Mars does in fact have the best liveable
conditions outside Earth, and it is reasonably close. However, colonization as it has been
advertised will be incredibly hard and Martian exploration may meet the same fate as the moon.
This mission was bound to happen purely for the minimum outlook on conducting experiments
to understand the Martian environment better.

There are many stakeholders involved in the colonization of Mars including citizens and
businessmen trying to inhabit the planet. The third group would be the aerospace industry that is
always striving to reach new heights in research and development. They do work in the interest
of the people, however, without their influence they would’ve surely tested the Martian

environment for scientific studies. Inadvertently these two incentives lead to the same goal of



confirming whether Mars can be colonized or not. Hughes’ also suggests that technologies go
through various stages of development: invention, development, innovation, transfer, growth,
competition, and consolidation. One clear example of the stage that this problem has cleared is
the consolidation of power, as there are many organizations and groups that are backing NASA’s
program to colonize Mars by 2040. They are still in competition with opposing countries to
conduct research before them, helping push such an optimistic timeline.

To bring validity into the desires of the common person, many scientists have been
optimistic about their feelings towards Martian colonization. The Martian environment has been
described as harsh, but the truth is that it evidently has many similarities to Earth (Plant-Weir,
2021). When one looks at the other options within the solar system, there are none better than
Mars to transform into a habitable environment (Smith, 1989). Especially when compared to the
moon’s environment, Mars is exponentially better having an atmosphere, water, and nutritious
soil as a few examples (Zubrin, 1996). On the other end of the spectrum, however, one can
predict that without solving the climate problems that Earth faces, humans won’t survive long
enough to inhabit Mars long term (Risen, 2017). This culminates in the essential question that
must be answered before the technology can be designed: Should humanity put emphasis on
colonizing Mars or focus attention on saving the Earth’s environment?

Research and Methods

Are long term habitats for crop growth on Mars a useful solution to sustain human life?
That is a question the stakeholders must ask themselves before jumping to such a complex and
expensive solution. It would be irrational if the agenda of terraforming Mars was pushed heavily
while not being an effective solution. To research this topic on an STS level, the timeline and

economic cost of such an infrastructure to be created on the planet will be looked into through



prior literature. The beginning of Mars colonization is set to be the year 2040, however, it will
take years after that to instill more and more permanent infrastructure. The technical design for
this solution is a temporary crop growing habitat, which would look very different from
permanent large-scale farms. The ideal design and implementation of permanent farms will be
further in the future, and a date can be estimated. From this, the necessary production of crops on
Mars can be calculated based on the scenario that carbon emissions regulations stay the same.

The other area of research to collect data and sources for is the economic factors that play
into both solutions (Black, 2022). A deeper look into the pros and cons of solving climate change
and terraforming Mars will be pragmatically compiled. Terraforming Mars will be no easy feat
financially; creating these farms would require more resources than manipulating the Earth for
similar crop output. However, trying to naturally reverse the root of the problem for climate
change and food shortages would implement constraints on most of the existing infrastructures
seen around the world. Thus it is not simply a comparison of the cost of creating new farms on
either planet, but rather the losses in profits of all industries from stricter carbon emissions
policies compared to the cost of Martian colonization.
Conclusion

Will terraforming Mars be the solution for future humans to survive? The proposed
solution to this problem is to create an Earth-like habitat on the Martian surface to grow edible
crops on. This solution could help yield additional crops in a future where the Earth loses ideal
habitable characteristics. Prior literature reviews would yield the result that Mars colonization
will occur far in the future after the effects of climate change will be disastrous for humans. It
would also reveal that it is not an economically viable solution; if the main drive was wide-scale

crop production, then solutions on Earth would reap better results. This should take away the



STS question as the driving problem for the solution and pivot it towards a fail-safe solution

alongside reversing climate change.
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