
    
      Challenges of Living on Mars
    

    
      
    

    
      How to Survive on Another Planet
    

    
      
    

    
      
    

    
      Edson Schenkel
    

    
      
    

    
      
    

    
      
        [image: ]
      
    

    
      
    

    
      
    

    
      
    

    
      
    

    
      
    

    

    
      
    

    
      
    

    
      
    

    
      
    

    
      
    

    
      
    

    
      
    

    
      
    

    
      
    

    
      
    

    
      
    

    
      
    

    
      
    

    
      
    

    
      
    

    
      
    

    
      
    

    
      
    

    
      
    

    
      
    

    
      
    

    
      
    

    
      
    

    
      
    

    
      
    

    
      
    

    
      
    

    
      
    

    
      
    

    
      
    

    
      
    

    
      
    

    
      
        

      
    

    
      
    

    
      Introduction
    

    
      
    

    
      After the discovery that there is a vast world beyond Earth, humanity began to dream and imagine living on other planets and worlds. 
    

    
      With the advancement of science, this dream is becoming increasingly possible and even seen as a necessity for the survival of humanity. 
    

    
      Three worlds closer to ours make us excited to think that soon humanity may be living on another planet; these are: the Moon, Venus, and Mars. 
    

    
      The Moon is closer, but its size does not help much, while Venus would be perfect if it were not practically hell, with high temperature and pressure, in addition to the acid rains, as it is a little closer to Earth and its size is very close to that of Earth. 
    

    
      What is more exciting is the planet Mars, which is half the size of our planet, but there are many things to consider before packing your bags and heading there. 
    

    
      In this book, I will perform a mental simulation of what would be necessary to live on Mars, starting from construction to what will be necessary to survive on this planet, without relying too much on waiting for resources to come from Earth.
    

    
      
    

    
      Chapter 1: Leaving Earth
    

    
      
    

    
      The first thing we must consider on this journey is that it will be long, given the technology we currently possess. 
    

    
      It will take a considerable amount of time to reach our destination, approximately nine months. 
    

    
      So, let's think closer to our reality, and if we were traveling to a distant place that would take seven days by car, what would we need to worry about taking with us? 
    

    
      The first thing we should think about is that we need food and water because without these, we cannot survive. However, if we are going to another planet, we must also worry about breathable air, because even if a planet has an atmosphere, it may have a different gas composition which could be toxic to humans. 
    

    
      Therefore, for this journey within our planet, we will need at least water and food. On average, an adult person needs two liters of water per day, which means for a seven-day journey, 14 liters of water per person are required. 
    

    
      As for food, an average of three kilograms of food per person per day is necessary, which would be 21 kilograms of food for a seven-day trip. 
    

    
      Analyzing these two basic resources, in terms of kilograms, a person would need to carry 35 kilograms in their luggage for seven days. Depending on the "weight" of the person, it is almost half of their body mass to travel for seven days. Of course, to make this trip within our planet, we do not need to carry all this weight, as we can carry money, or a light bank card to buy what we need during the journey. 
    

    
      But a trip to Mars is different; money will not help at all, as there are no markets in space, we have to take everything we need for the entire trip. Therefore, for these nine months, we would need to carry on the rocket 548 liters of water and 822 kilograms of food per person, which would result in 1370 kilograms per person.
    

    
      If it were a journey on our planet, carrying that amount of food wouldn't be so difficult; one would simply rent a truck. However, going to Mars complicates things significantly because each kilogram of weight makes the trip more expensive due to the increased fuel required to propel the rocket from Earth to Mars. 
    

    
      To get an idea of how much fuel would be necessary just to transport these resources, excluding the rocket's own weight—as if we could send only the water and food without any rocket at all, that is, considering only the weight of these resources—we would need 27,400 kilograms of fuel for just one person's supplies. That's nearly 27 and a half tons of fuel just for the "luggage" of one person to leave Earth and reach Mars.
    

    
      This analysis did not take into account that we also need air for this journey, which would require 230 kilograms of air per person just for the one-way trip, that is, for those 9 months of travel. Of course, when analyzing this amount of resources, I disregarded the recycling of both water and air, which could reduce the amount we need to carry, but the equipment for doing so also has mass, meaning it will weigh something and must be considered in the fuel expenditure.
    

    
      
    

    
      Returning to the subject of the amount of air for the 9-month trip, it may not seem like much weight, but the problem is the space that this air would occupy if it were not pressurized, which would be 187.76 cubic meters of air. Compared to a living room of 12 square meters with wall heights of 2.6 meters, we would need six of these rooms to contain that amount of air.
    

    
      As we are analyzing, many resources are necessary just considering the trip; this does not even take into account the need for hygiene. That is, the water considered is only for drinking, not for use in bathing or sanitation, and the food is not in a quantity to be squandered. 
    

    
      It is just enough to live for those nine months. In other words, if one overindulges in eating, they might run out of food before reaching Mars. Also, the air is considered if the person remains calm and without much physical movement, because if one breathes a bit more than when at rest, there will be a shortage of air. 
    

    
      It is important to consider that the traveler must be a person with well-controlled emotions and without anxiety, otherwise, much more resources would have to be carried. 
    

    
      Concluding this chapter, considering the bare minimum necessary just for the trip, the resources to set off to live on Mars are already quite substantial, which means that this journey has to be very well planned so that it requires fewer resources from Earth and makes better use of the resources of the planet we will arrive at. To live on Mars or spend a season there, we must strive to be self-sufficient on this planet, learning how to obtain the resources we need to survive, that is, to know a great deal about science.
    

    
      Up to this part of the book, the necessary resources for the journey have been addressed, as if the traveler were merely a tourist who would arrive at the planet, take some photos, and then return. This makes the greater challenges simply to build a ship that fits the amount of water, food, and air needed for the round trip, also requiring that this food be ready to eat, meaning it doesn't need much energy to prepare.
    

    
              But as the challenge is to live on Mars, that is, to colonize Mars, greater preparation is necessary and even more thought must be given to what may be necessary and how difficult it can be to transport these essential items.
    

    
              First, we must think about food, as scientists have already discovered that some resources can be obtained on Mars, but plants and animals, for now, are known to exist only here on Earth.
    

    
              Starting with the most difficult part, for those who want to continue being carnivorous, that is, to continue having their protein-based diet from animal sources.
    

    
              Just as a human needs resources, namely food and water, the animals that are intended to be brought to later serve as food will also need these two resources and in large quantities, both for the journey and for the initial period before it is possible to grow the animals' food.
    

    
              This would mean that it would be necessary to significantly increase the size of the spacecraft and the rocket, as depending on the size of the animal, it might need much more water than a human being, in addition to oxygen and a large supply of food.
    

    
      Even small animals like chickens would require a large space to have a significant quantity, or even if a few were taken just to have for reproduction upon arrival at the planet, the amount of water and food would still be a problem, as it would add more weight to the spacecraft, requiring even more fuel. Moreover, since they are animals, they generate waste that would have to be eliminated and stored away from humans and the animals themselves.
    

    
      Another issue would be the stress of the rocket's launch, which could cause these animals, if not anesthetized, to die due to this stress.
    

    
      There are movies that show as an option for this, taking frozen embryos of the animals, but even so, one would have to take a live animal to receive and gestate the animal after arriving at the planet.
    

    
      A possible solution would be to store animal cells, some of which are stem cells, frozen, to later reproduce these cells and use the minerals from the soil of Mars to feed these cells, to produce protein, without the need for an entire live animal.
    

    
              If a mechanism for maintaining artificial gestation is not created soon, animal protein would have to be produced through the multiplication of muscle cells and other organs, using the cells of animals and their stem cells. 
    

    
      I will return to this process later in other chapters of this book. Concluding the part about taking animals, it would be a complicated and expensive process, mainly because it is necessary to keep this animal alive during the trip and for a long time on Mars, before it is possible to reproduce using the planet's resources, the food, air, and water that the animals will need until they are heavy enough to be used as food. 
    

    
      An option instead of taking an animal would be to take plants that produce the necessary nutrients for human beings to survive, that is, the colonizers of Mars would have to be vegans, living only on plant-based foods. 
    

    
      One of the advantages comes with the reduced space needed to store seeds or branches, many plants have very small seeds and these can be frozen or kept dry, meaning they do not need water during the trip, and will sprout and grow only after they receive water, that is, these seeds naturally "sleep" until there is a suitable place to grow.
    

    
      One could even take living plants, despite them needing energy and water, as they could help in recycling the air, absorbing carbon dioxide and returning oxygen, which is a great advantage on a journey where breathable air is needed. 
    

    
      Another advantage is that most plants do not need a living plant to be born, as the seed has everything necessary for this, thus being the option to consider carrying as an option for food production, of plant origin, due to the lesser need for mechanisms to keep them alive during the trip. 
    

    
      These could also be sent beforehand in a separate rocket to the planet, requiring fewer resources, meaning they do not need a reserve of air or water for the seeds, or much energy to keep their storage heated, which would be necessary to send animals, in addition to having a system to feed these animals. 
    

    
      Finally, it would be a good option to take plants rather than animals, at least for the first trips to the planet, until resources are created within the planet itself to keep the animals alive.
    

    
      Regarding the issue of what food to take, we will move on to the matter of water and air, which may not be as challenging as food, since possible ways to obtain water on Mars have already been discovered, and with water, air can also be obtained. Although air could be obtained from the atmosphere of Mars, from carbon dioxide, since this molecule is formed by the bond between one carbon and two oxygens. But later I will bring how to make this acquisition.
    

    
      Therefore, taking water and air far beyond what is necessary for the trip can be a waste of space and energy, because for this water and air even more fuel would be needed and the rocket would have to be increased even more, making the trip to Mars much more expensive and there are also other things more important to take that are even harder to obtain on Mars.
    

    
      Among these things, there are the tools that will be necessary both for construction and for manufacturing things that will also be necessary. As an example, the mechanisms for mining, both the rocks that may have water, and to obtain other minerals and chemical compounds to manufacture other necessary compounds.
    

    
      One of these compounds are those that could manufacture medicines, which will also have to be taken in a certain amount for the trip in case a situation arises where someone will need these medicines.
    

    
      Despite the preparation of the ship and the travelers, it is almost inevitable that we carry other beings with us on the journey, such as viruses, bacteria, fungi, or some "malfunction" in our body during the trip, thus needing to have basic medications, because if someone gets sick or has a headache halfway through, or worse after arriving on Mars, the trip back to the nearest pharmacy will be about nine months, and they would have to endure that pain for that time, if it does not pass much earlier. Just like diseases that do not wait nine months to reach a pharmacy or a hospital.
    

    
      Therefore, one item in the luggage for Mars is to take a truckload of medicines, trying to predict what one might encounter on this trip to Mars. 
    

    
      The issue of medicines also complicates things when moving to Mars, because even if a very large quantity is taken, they may lose their effect over time as they expire, making it important to learn how to make these medicines before moving to Mars. 
    

    
      Of course, there are people who hardly use medicines, like me who spent a season living alone in the countryside of a small town, where during the six years I spent there, I never needed to buy any medicine. 
    

    
      But suppose the change in pressure, temperature, gravity, and magnetic field causes bacteria or fungi to "gain superpowers" and affect humans more. We cannot be sure yet, as no human has reached Mars at the time of this book's publication to be certain of the effects these factors may have on human health.
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