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Primary restrictions for a Mars colony location, 
were latitude and elevation limits. Low elevation 
minimizes the challenge of landing large mass-
es on Mars, and reduces the radiation exposure. 
Latitude is restricted due the launches and orbital 
mechanics. Furthermore the level of heavy met-
als in the soil and strong radiation make a loca-

tion unsuitable for establishment.  

Numerous (>40) potential locations sites has been 

considered. 

1. Location

Fig.1. Latitude & elevationrestrictionfor Mars settlement 

location

Each one of them included a 100 km radius circle Exploration Zone (EZ), with centralized landing 

site, which defines its boundaries.

Main Areas contained within Exploration Zone 

(black circle):

1. Region of scientific interest (red circles)
2. Habitation Area (yellow dot)

3. Landing Zone (blue dot)

 a.Primary

 b.Secondary

4. Resources regions (green circles)

 a.In-Situ Resource Utilization  Zone

 b. Mining Zone

After the in-depth analysis of all potential regions 

accessible data, Jezero Crater was chosen. It is a 

well-studied region with an extensive literature sup-

porting an exceptional geological formations with 

astrobiological significance. It is located, between 
early Hesperian volcanic units (eHv) and late Hes-

perian lowlands (lHl) from the south, highland units 

(mNhm, mNh) from northwest and transition units 

(eHt, lHt) from northeast, on Hesperian and Noachian 

transition unit (HNt). Geological diversity increase 

the probability of finding minerals and metallic ores 
undetected yet.

Fig.3. Geological variety of rocks depending on history of 

each region  :         - eHv,         - mNh,       - lHt,      - HNt,                    

         - mNh,      - eNh,      - mNhm,     - AHi [*])

The additional advantage is easily found there nat-

ural resources. The most important minerals detect-

ed in surroundings are pyroxene, magnesium and 

iron rich olivine, amphiboles, feldspar, sulfates, 

carbonates and phosphate. Occurrence of hydrated 

minerals were observed north andsouth of selected 

location. In the mentioned there is a high probabil-

ity of encountering ice; ferric oxide is a common 

compound across the area.

Fig.2. Detailed description of specific areas of interest in 
Jezero Creater and Syrtis

Fig.4. Location & quantity of specific material necessary  for 
Mars settlement
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Additional reason for selecting this region is the possibility to acquire large amount of data from Mars 

2020 mission, for which both Syrtis and Jezero regions- marked as excellent in terms of suitability 

- are supposed to be main areas of analysis. The rover will not only seek signs of asigns of potential 

habitability – and past microbial life – but will also collect rock and soil samples and store them in a 

cache on the planet’s surface, which would become a huge burden to retrieve back to Earth, without a 

Mars colony settled nearby. 

We utilise multi-scale parametric design and analysis to aid decision-making process. This gives us 

the ability to create custom tools with high level of flexibility. For this purpose we use Grasshopper 
3D software.

Grasshopper’s Ladybug addon component is used to calculate and visualize the number of hours of 

direct sunlight received by localization mesh during the Mars year. Sun angle data is extracted from 

Mars Trek and then converted from azimuth and elevation degrees to vectors. Data contains hourly 

sampling on particular Sol each month through the Martian year.  The geometric center of each face of 

the terrain model mesh is used as a test point. The total quantity of connected vectors is 290. 

Final localization conclusions based on analysis of existing data and parametric calculations:

- Based on geological and geographical criteria Jezero crater was selected as Habitation Area, 

- Jezero crater being the lowest point in the area is preferable localization of the Space Port

- Ancient river delta in Jezero Crater with its landscape allows for easiest access to nearby plateau rich 

in Resources Regions of Interest and Science Regions of Interests as well as access to the Space Port 

- Based on MarsTrek data analysis northern slopes of ancient river delta in Jezero crater receives least 

sunlight hours, therefore, less potential solar flares exposure. Usage the landform of the delta to our 
advantage is an example of landscape-based radiation protection for the colony.

- Locating residential area on northern slopes allows for verticality of architecture and panoramic 

views of the landscape without sacrifice in radiation protection.
- Verticality of architecture allows for reflected natural martian sunlight being used in a residential area.

1.1 - The parametric aided analysis of selected Habitation Area

Fig.6. Sunlight hours analysis output. A colored mesh representing the number of hours of direct sunlight received by local-

ization, out of the total number of connected sun vectors 

Northern slopes of ancient river delta 

in Jezero Crater

Fig.5. Sunlight hours analysis script

Verdict: The first colony will be located northern slopes of ancient river delta and will be called Twardows-
ky, in the name of the sorcerer Jan Twardowski, a character derived from the old Polish folklore legend who 

was the first polish space traveler.
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The number and geometry of mirrors arrays are derived from parametric design.  Mirror geometry is 

generated on the selected area, concentrically around chosen BIOMe. Orientation of each mirror is 

generated by calculation of plane normal from sunlight and reflection vectors. Overlapping is analyzed 
by checking if rays, reflected from mirror vertices and center, aren’t blocked by other mirrors. Then 
geometry is colored accordingly to the amount of collisions. The distance between rows and mirrors 

inside each row can be adjusted till the results of analysis is acceptable. The graph depicted on fig. 10 
represents the number and type of scripts used.

Fig.7. Twardowsky - Artist’s vision

Fig.8. Twardowsky - chosen localisation

2. Architecture

Fig.9. Mirror array overlaping anaysis

Fig.10. Mirror array overlaping anaysis and BIOMs 

placement scripts

Following the decision about the colony’s loca-

tion, the position of Space Port is determined. 

To prevent the possibility of the harmful impact 

caused by rocket accident during the landing, 

the 3-5 km safe zone radius is set. A very flat 
area in the south-east direction from the colony 

within the permittable distance was considered 

best from multiple possible choices. Finally, 

it was decided that Space Port will be located 

5km south east from the base for extra precau-

tion. It will consist of 5 landing pads as well 

as an administrative building and a warehouse. 

The fuel will be produced and transported to the 

Space Port from the colony. 

The next designing step was to determine how 

to provide the colony with as much natural light 

as possible by using a system of 6000 mirrors. 

The light reflected by mirrors will be a compen-

sation to the artificial sources of light used in 
the base and will be essential to the growth of 

the plants.
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Fig..11 Twardowsky - section

fig..12 Twardowsky - plan

The colony’s structure will be divided into three main sections: residential with food production, lo-

gistics and production. The first part located in the slope will consist of 6 living units – biomes – each 
providing housing for 200 inhabitants and integrated with various food production structures. Next 

two partitions are situated on flat terrain. The logistics will include the main hangar, connected by air-
locks with a maneuver zone, passengers’ terminal, cargo bay, technical service and multiple warehous-

es. The producing section will have its own hangar and will involve all the production processes. The 

most crucial parts being: a mill for the regolith pre-processing, a smelter connected with silicon and 

plastics acquiring, three main production and assembling halls, a construction workshop, prototype 

shop, tool warehouse, laboratory and two ECLSS dedicated halls.

86000m2 31000m2 37500m2
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Housing units - BIOMs were designed by using parametric design methods, based on analysis 
and optimizations made at the urban design stage, from which the appropriate parameters were 
extracted, such as the length of the object, the direction of turning towards the world sides, po-
sitioning in the slope space of individual BIOMs. The other parameters that make up the whole 
structure, but those coming from outside the urban assumptions are the functions included in each 
unit, their number and areas.
The script shown in the Fig.13. takes the inputs in the form of the above-mentioned parameters 
and generates the appropriate function distribution in the object. We can specify any number of 
different functions, assign them to the appropriate storey, and we can also specify their area and 
height. The script automatically breaks down all functions by placing them on the appropriate 
storey, and also calculates their areas and dimensions in relation to the length of the entire BIOM 
structure. After the function has been divided, the script creates connections between them in 
the form of communication and shared spaces. After performing the operations generating the 
distribution of functions and their connections, the script places the entire structure in the urban 
space defined in the urban design stage, with the optimal orientation towards the world sides and 
the optimal opening angle of BIOMs wings. The advantage of using the parameterization in the 
design of the BIOM structure is that you can change the input parameters at any time or add new 
ones and, as a result, get the output geometry without having to change the entire structure of the 
object.

The population of the colony is estimated at 1100 people and will be divided into 6 individual 
living units called BIOMs, five of which will be populated by groups of 200 settlers each. The last 
unit will be unique because it will serve as a hotel for around 100 potential hotel guests  as well 
as offer many public spaces and services for their entertainment. The structure of each standard 
BIOMs were divided into three sections: private (housing and sanitary facilities), public (ser-
vices, recreation, kitchen, common rooms, offices and sport facilities) and technical maintenance 
spaces (technical rooms, airlocks) including food production related areas (ECLSS warehouses, 
technical rooms, planting seedlings etc).

Fig.13. BIOMe’s Function and layout scripts

Fig.14. BIOMe: functions and layout
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One of the most crucial life-sustaining challenges in the Mars Colony project is to mimic an Earth’s at-
mosphere. To achieve this ultimate goal, one has to generate and maintain sufficient levels of nitrogen 
(78.08%), oxygen (20.95%) and other essential components of Earth’s atmosphere in the same ratio 
and balance the pressure and temperature of the colony. 
The issue is not trivial, taking into consideration the Mars atmosphere composition, volume of the Col-
ony’s BIOMes and the requirement of the constant generation of oxygen and nitrogen while getting rid 
of excess carbon dioxide and other unwanted gas components. To tackle issue the Massachusetts In-
stitute of Technology and University of Copenhagen collaborated with NASA on the concept of Mars 
Oxygen ISRU Experiment or MOXIE. The system is aimed to be tested onboard the rover during Mars 
2020 mission. This is a device capable of generating oxygen from CO

2
, in the electrochemical-based 

catalytic process. Carbon dioxide will come from the Mars atmosphere of which it constitutes more 
than 95%. The process utilise solid oxide electrolysis cell doped with yttria-stabilized zirconia in ele-
vated temperature (800 oC). The product of this process is oxygen (produced on cathode) and carbon 
monoxide (on anode). Afterwards one has to filter through the carbon monoxide using the outtake and 
pump oxygen into the colony’s BIOMes. 
The current prototype of MOXIE has dimensions: 23.9 x 23.9 x 30.9 cm, weights approximately 15 
kg and has 300 W of operational power. It is capable of generating about 10 g of pure oxygen which 
is equivalent of 7.52 dm3 in NTP (293.15 K, 1013 hPa). According to Earth’s atmosphere, the O

2
 level 

make 21% of volume so i.e. to fill the necessary amount with oxygen for 40 x 40 x 10 m (living quar-
ter) MOXIE would take couple of months. However, the scientists are currently trying to drastically 
elevate the efficiency of the process and the next iterations of MOXIE could be incorporated on the 

3. RECLSS

Fig.15. BIOMe: section

steel trusses

steel trusses

fish tanks
concrete  prefabricates

ELEvATION DETAIL

concrete  prefabricates

concrete  prefabricates

hinge

reflective surface

polyethylene tiles

MOXIE

glass

BIOMe main structure will be made of concrete prefabricates and steel trusses created in the con-
struction workshop and assembled on site. Landmass excavated for BIOMe would serve as a raw ma-
terial deposit for constructing its components. Inside free spaces inside trusses food production with 
aquaponics water tanks will be placed creating additional radiation shielding. On the trusses external 
elevation will be placed with 25 cm polyethylene tiles radiation shielding together with MOXIE sub-
system described in detail in the next section. Above windows, shutters will be installed that will both 
additionally shield from radiation and reflect mirrored sunlight into the colony. In case of danger i.e. 
dust storm, dethermalization or solar flare shutters could be closed.

2.1. Structure

3.1. Atmosphere subsystem



8  TWARDOWSKY - Wroclaw University of Science and Technology 

Water subsystem will distribute water in the water network developed in the Base, for crew purposes 

such as potable water and hygiene water. It is estimated that over 24 kg·crewmember-1·day-1 water will 

be used for human needs. As system will be working in closed loop its aim will be to recover water and 

nutrients from wastewater streams created in the Base. There will be three main wastewater streams: 

urine, condensate (as the crew condensate and transpiration water from biomass cultivation) and grey 

water. Hybrid wastewater processing is chosen for wastewater treatment. It includes application of 

both, physicochemical and biological treatment. Urine processing will start in residential units. There, 

the streams of urine and faeces will be separated in the diversion toilet. Faeces will be distributed to the 

solid waste subsystem and subjected to further processing. Urine pre-treatment is provided by monop-

ersulfate oxidation and solid sulfuric acid. Then, urine will be combined with other two wastewater 

streams: grey water and condensate from crew. Combined wastewater streams will go to the biological 

treatment unit. Dilution of urine, which is nitrogen rich, prevents the process from being inhibited 

due to the high concentration of NH
3
. In this stage nitrification and/or denitrification is performed and 

recovery of nutrients occurs. This stream could partially feed aquaponic cultivation of plants (as nitro-

gen in form of NO
3
 is the most efficient to absorb by plants) . After biological treatment, wastewater 

will be sent to the unit of reverse osmosis. In this stage two streams will be created: permeate (treated 

wastewater) and brine (highly concentrated mixture). The final step will be catalytic oxidation and wa-

ter supplementation with minerals. Water storage and suitable mineral components supplementation 

will be realized in pressure tank. Supplementation in water tank will be controlled automatically and 

supported by mechanical stirrer.

Water transpired from plants and cultivation bed in aquaponic system will be captured by rotor ex-

changer. Water is condensed and returned back to the system. Whole water subsystem will be equipped 

with water quality and quantity monitoring (parameters such as: conductivity, temperature, pH, iodine 

level, TOC, odor control). System will provide microbiological control and mineral components anal-

ysis derived by conductivity measurements.

3.2. Water subsystem

3.3. Biomass production subsystem
According to accepted standards amount of calories, which must be delivered per person is 3072 

kcal. It means that the total amount of produced calories should be approximately 3,800,000 kcal a 

day. This amount can cover the daily demand and create a supply, that will allow the colony to grow, 

feed the tourists and help survive in the case of failure of any of the nutritional modules. About 40% 

of colonists’ calorific demand will be provided by plants. In each residential module there will be 4 
greenhouses of 2,500 m2 each. In order to provide a varied diet in greenhouses, 18 species of plants 

will be grown (Cabbage, Carrot, Chard, Celery, Green Onion, Lettuce, Onion, Pea, Radish, Red Beet, 

Rice, Soybean, Spinach, Strawberry, Sweet Potato, Tomato, Wheat, White Potato).  Plants will be 

divided into 4 greenhouses per BIOMe according to the length of the growth cycle and the possibility 

of feeding with salt water as a nutrient solution. The use of 4 greenhouses will be aimed at limiting 

damage in the case of a system failure or the appearance of plants disease which might damage crops. 

Plants will be grown in the aquaponic system. This system was chosen because of the smallest demand 

for nutrients supplied outside the system. Fish will provide another source of calories. 3 greenhouses 

in each living module will contain freshwater aquaponics, and one saltwater aquaponics. Beehives 

will be placed in the area of cultivation to provide honey and to pollinate plants. Fish farmed in fresh-

water systems will be: tilapia, carp, blue gilland catfish. Organisms grown in saltwater systems will 
be: prawns, saltwater bivalves, urchins and algae. Algae, due to the high content of micronutrients and 

vitamins, can complement the diet of colonists. 

dome of the colony in racks consisting of multiple units to maintain the sufficient level of oxygen.
 Multiple systems shall be installed onto the building’s scaffolds.
The nitrogen will be generated in larger quantities while treating the biological waste in the Colony as 
described in the ECLSS chapters of this report. The pressure and temperature will be constantly con-
trolled with a system utilising O

2
, CO

2
, CO and N

2
 sensors and a set of pumps, gas-specific filters and 

heat exchangers for cleansing and equalizing the atmospheric conditions and to detect any anomalies.
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In addition, they can be a source of food for fish at the early stages of plant growth. Another source of 
food is meat grown in vitro, in laboratories. In order to ensure the most varied diet pork, poultry, beef 

and lamb will be grown. For a security reasons, greenhouses will be closed to residents. However, 

small ornamental hydroponic installations will be located in the colony and in apartments on colo-

nist’s demand. In the public area will be grown bamboos as a raw material, dandelion, ficus elastica 
and rubber tree in order to obtain a natural rubber. Dandelions are not very efficient, but will provide 
access to the rubber at an early stage of development, a ficus  that will  take over the role of dandelions 
and rubber trees, which will have been the main source of rubber after about 10 years and will have 

replaced the dandelions and ficus. Ficus will remaind as a decorative plants. 

Due to the daily production of organic waste, at the level of more than 5 tons per BIOMe, designing 

a biorefinery that would be able to convert biomass into valuable products was very crucial. All tech-

nological processes, used in this concept, are selected in order to availability substrates or catalysts on 

Mars. What is more rare chemical elements, used as catalysts, can be gathered from the main LFTR. 

These elements are waste products of conducted reaction. Non edible part of plants, which will be main 

part of all organic wastes are very rich in valuable substances, which can be extracted and processed 

to obtained high valuable products. These products can be use in all aspects of colony’s operations. 

What is more obtained products are characterized by biodegradability, thanks to which we eliminate 

the problem of waste storage. In the proposed colony model, 3 refineries would be created. Each of 
them will have an universal apparatus, easily adjustable for current needs of products. The first stages 
of processing, for each installations would be identical: biomass grinding, and subsequent placing the 

material on the filter press and separation into 2 products: green juice-rich in nutrients, such as sugars, 
proteins, minerals and press cake, mainly containing lignin, cellulose and hemicellulose. Due to its 

composition, juice would have to be purified on chromatographic columns or filtration technique to 
remove undesirable compounds, and can be used as a dietary supplement for residents. The filter cake 
creates many more possibilities of development, hence the need to build 3 installations.

Celluloses and hemicelluloses are polymers composed of glucose monomers. Enzymatic hydrolysis 

allows us to achieve sugar platform C6, C5/C6 for further synthesis. For instance it is possible to ob-

tain ethyl alcohol using microorganisms and sugar - glucose (under anaerobic conditions). Due to the 

high water content in product of fermentation, distillation is a necessary step, and recycled water can 

be used for the next technological cycle. Obtained ethanol can be used as a disinfectant, fuel, and also 

for commercial purposes - for the production of Martian vodka. Ethanol can be used for polyethylene 

production. However it is possible to achieve methane from another type of fermentation and use it as 

substrate along with chlorine to obtain polyvinyl chlorine. Due to the presence of significant amounts 
of cellulose, it is possible to produce paper, using small scale installation, due to low demand. Cellu-

lose is also a raw material for the production of biodegradable textiles - modal, lyocell, viscose, which 

will be used in the production of everyday-use clothing. Textile production together with the sewing 

room represent second installation. The third installation makes possible to obtain an additional source 

of energy from biomass and semi-finished products for further syntheses. Pyrolysis of biomass, in 
which synthesis gas is produced, and the Fisher-Tropsch reaction, allows to obtain liquid fuels and 

water as a by-product.

3.4. Waste management subsystem

4. Human healthcare system

4.1. Medical Care

Every habitat will have their own medical point which will provide fundamental aid.  Telemedicine 

will displace standard medical visits; all prescribed medicaments and supplements will be transported 

to individual patients by courier. It is crucial to monitor health of habitants to predict abnormalities or 

future diseases. Measurements of human physiology can be done by using wearable sensors, which 

results will be stored in medical database for further analysis. Complete database of medical exam-

ination will be fundamental element in earlier detection of not significant pathological changes. That 
should be done once a week, to find the balance between the fastest possible reaction to negative phys-

iological changes and decreasing a sensation of no privacy. 
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Once per 3-6 months should be made, listed below, medical imaging which will give us valuable in-

formation for research purposes.

● Metabolomic NMR - obtaining information about the metabolic profile of body fluids, tissue 
extracts, tissues.

● Hybrid SPECT/MRI NP – will allow imaging of structure and function organs at subcellular 
levels and for targeted imaging of the disease.

● Brain Diffusion Tensor Imaging, Diffusion Weighted Imaging & Tractography (Fiber Track-

ing) – will allow to tract-specific localization of white matter (WM) lesions, localization of tumours in 
relation to the WM tracts and localization of the main WM tracts for neurosurgical planning.

 

In case of surgical intervention necessity in hospital operating theatre will be two surgical robots, for 

abdominal surgeries and orthopaedical one. Surgical robots have greater range of motion than human 

hands, magnifies view of the procedure and translates surgeon’s movements into smaller, more precise 
robotic movements. Besides that, rehabilitation time is shorter due to reduced invasiveness of the sur-

gery in comparison to traditional methods.

4.2. Decompression sickness
Providing adequate alveolar O

2
 pressure in the hab-

itat and suit, to reduce the risk of fire and to prevent 
decompression sickness from, is one of the most sig-

nificant factors. The presence of Ar significantly in-

creased a risk of DCS; it has comparable solubility to 

O2. The proper N
2
-Ar concentration ratio in habitat 

is 1.68 N
2
/1.0 Ar.

Tab.1 The best option evaluated for a martian habitat 

atmosphere

Before wearing low-pressure (3.75 psi; ~259 hPa) suit it is necessary to use pre-breathe cabin (100% 

O
2
) for several hours. Nonetheless those conditions do not reduce the risk of DCS completely, but 

some actions would be necessary to reduce the risk of DCS to an acceptable level like several hours of 

pre-breathing 100% O
2
, a higher suit pressure, or exercise during pre-breathing.

4.3. Medicines

Experiments on the ISS showed that the pharmacokinetics of drugs are changed in microgravity. Due 

to the NASA research, it was found out that some pharmaceuticals have a shorter shelf-life and de-

graded potency in space. It is required to achieve higher stability of pharmacotherapeutics with longer 

shelf-life or with higher resistance to unique ambient conditions. It can be provided inter alia by phar-

macokinetics and pharmacodynamics research, specialized therapeutic monitoring for spaceflight-re-

lated pathophysiology. New alternative formulations and innovative packaging will provide slower 

degradation as well. However, if it is not in our reach to prolong shelf-time of some medicaments it 

can produce them on Mars.

4.4. Gravitacional Issues

The most efficient way, to prevent muscle atrophy and bone loss, is everyday exercising. What is more, 
lower gravitational forces cause that fluids are shifting to the upper part of the body, so it is highly 
recommended to wear soft mechanical counter pressure suit not only during exercising but for a few 

hours during normal day activities as well. Such repeatable activity can be diversified by VR actions 
which will help for boredom and entertainment. Some of inhabitants will have aggravating symptoms 

of space sickness and the only working treatment are pharmaceuticals. 
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5.1. Production and distribution of energy
Energy system for colony will consist of few technologies combined to achieve high redundancy. 

Liquid Fluoride Thorium Reactor (LFTR) will be used as a main energy source and it will be capa-

ble of producing output power up to 100 MW of electric energy. 

Advantages of using LFTR for Mars colony:

●   Reduced dimension and weight 350 kg of  
fuel for 100 MW configuration,
●   Reactor installation has long lifetime 
without significant renovation up to 30 
years, dependent of energy output density,
●   Safety: reactor chamber operates on rela-
tively low pressure which completely reduc-
es the risk of radioactive leak,
●    Fuel can be added to reactor liquid salts 
solution without need of temporarily shut-
ting down the system,
●   Only starting fuel batch needed, 
●   High efficiency: estimated 100 kg of tho-
rium for one year of operation,
●   Pressurised CO

2
 used as a energy ex-

changer using Brayton cycle,
●   Thorium can be obtained from Martian 
soil.

Fig.16. Electrical and thermal energy production system

Fluoride liquid salts in LFTR are good heat transporter, therefore reactor will also be a source of ther-

mal energy. 100 MW electric power reactor will be capable to generate up to 250 MW of heat. 

In normal situation, most of the energy consumption will be appeased by LFTR but critical subsystems 

as life support for habitats, communication and control will be supplied by Scattered Kilopower Reac-

tor power grid, where single module will be able to generate 10 kW of electrical power. In emergency 

where LFTR is not able to produce output, Kilopower grid will maintain base in emergency mode 

until LFTR malfunction is not fixed. Electrical and thermal energy production will be driven by en-

ergy control system where optimization algorithm will be able to adapt  electrical and thermal energy 

production for each module actual request, where distribution of Kilopower modules will depends on 

each sector energy consumption potential. In case of sector breakdown, main control system is able to 

redirect power stream to a specific location using power lines, which will be placed in pipes parallel 
to base connection tunnels. 

To achieve higher redundancy, power system will have backup energy in separated hydrogen and ox-

ygen stored in regenerative fuel cells (RFCS) by process of electrolysis. In case of emergency it will 

be combined into water. Energy up to few kilowatts per unit will be extracted and transferred into the 

grid. Solar panels will be used to power up process of electrolysis and as a support energy source for 

base to reduce Kilopower necessary constant output to extend modules lifetime. It will be placed flat 
on the top of plateau in form of long, modular stripes that are able to roll on reel in case of sandstorms. 

Solar panels will be constantly produced in base’s factory.

Synergy of LFTR, Scattered Kilopower Reactor and backup fuel and solar cells will provide not only 

significant power output for colony fast growth, but also high safety and backup in every condition.

5. Production
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5.2. Open pit mine and atmosphere processor
The Raw materials for production in the colony will be taken from two sources - the ground and 

the atmosphere. Acquisition of compounds for further processing into metal, ceramic and polymer 

semi-products will be carried out by means of open pit mines from the colonies, from which spoils 

will be transported using an autonomous transport system. After that, the spoil minerals will be thrown 

into the container and after passing through the airlock unloaded onto the pre-processing line. In the 

industrial part of the colony, water will be extracted from pre-prepared (i.e. ground / sifted) spoil (in 
the first place), and then the spoils will be transported to obtain the desired compounds from it. The 
second source of resources is Martian atmosphere, from which carbon dioxide will be taken, as well as 

nitrogen and argon. Those will be mixed with oxygen and pumped into the life support system. Carbon 

dioxide itself will have a much wider application in production processes and will be used to produce, 

among others, carbon monoxide needed for steel production.

5.3. Transport
Transport will be carried out using vehicles that will be fully adaptable to the tasks set before them. 

They will consist of a universal chassis module and one of the six basic functional modules: transport 

of people, goods, spoil, liquid substances, prefabricated elements and a special module for the collec-

tion of regolith water. There exists a possibility of redesigning or designing new functional modules 

as well as adapting the drive module to existing needs. The airlocks have the same dimensions in the 

whole transport system, thanks to which the standardized dimensions of the vehicle will allow free 

access to every building in the colony regardless of the type of functional module. Large-size items can 

be transported between individual production departments using gantries. To improve the mobility, 

residents of the colony will have at their disposal generally accessible single-person electric vehicles 

(eg. segways or scooters) to navigate on specially designated paths.

5.4. H
2
O production

● The first method consists in separating frozen water by evaporating it from regolith during 
pre-processing of regolith, which is extracted in open-cast mines. This is the most reliable and prom-

ising source of water that can be exploited while extracting other needed resources. It is a method that 

due to the low water content (or unknown - presence of water is certain, but exact percentage depends 

on the place) becomes efficient only when processing a large amount of spoil.
● The second method is intended for use in areas with a slightly greater share of frozen water in 
the ground. It involves drilling a hole and introducing a source of heat, evaporated water is collected 

in tanks of autonomous vehicles. Boreholes would be made near the colonies in specially designated 

zones with higher frozen water share.

● The third method is Rodwell’s method, which consists in drilling a well where a device is then 
introduced to melt the water and create a so-called. “melt pool”, this water is then pumped to the tank 

on the surface and transported to the colony. This method only makes sense when large clusters of 

water are found in the form of relatively pure ice.

All these methods can complement each other, it all depends on how much water will close the soil 

near the colony and how much it will be concentrated. In the project, we assume as the main source of 

water extracting it directly from regolith as one of the first stages of the regolith processing.

One of the most important raw materials necessary to create any human colony is water. On Mars, 

there exists a possibility of acquiring water in three ways depending on the degree of its occurrence on 

and under the surface.

5.5. Sabatier reaction and Electrolysis
In order to obtain oxygen and hydrogen, it will carry out electrolysis of water. The oxygen obtained 

will serve, among others for the oxidizer in the arc furnace in the production of metals and will be used 

to produce air for the life support system. Hydrogen will also be used in the RWGS process and will 

be a component of the gas mixture allowing the deposition of iron on the chamber walls in the DRI 

process. Thanks to the use of Sabatier’s reaction, it will also be used for the production of methane, 

which in turn can be subjected to a pyrolysis process in order to obtain coal, eg. for the production of 

electrodes.
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5.6. Rocket propellant 
The most common rocket propellant solutions are mixtures of methane and oxygen as well as hydro-

gen and oxygen. Storage of hydrogen in liquid form is problematic due to the very low temperature 

of 20 K (-253 °C). There was made a decision that production of fuel will be based on methane and 

oxygen. Methane is easier to store than hydrogen, it only requires lowering its temperature to 111 K 

(-162 °C). Methane will be obtained thanks to the methanation reaction (CO
2
 + 4H

2
 = CH

4
 + 2H

2
O) 

taking place in the Sabatier Reactors. Ps. SpaceX engines are driven by this mix.

5.7.Plastics

Plastics are a group of materials necessary for the production of: housings, casings, packaging, furniture, 

insulation of electrical wires, clothing, thermal insulation, seals, and partly for anti-radiation protection 

(PE). The production of plastics will be based mainly on raw materials taken from the atmosphere and 

organic waste from colonies in the form of biomass (ECLSS). At the initial stage of colony development, 

production will be limited to only a few types of materials, which will include : PE, PA, PvC, PHB as 

well as resins and silicones. Additives for polymers that will be used in quantities below 10 kg per year 

will be imported from Earth, but in the future we assume the total self-sufficiency of the colony.
5.8. Metals

The production of steel in the colony can be carried out by the mean of a direct iron reduction process. 

In the furnace for direct reduction, iron oxides are reduced at a temperature below the melting point of 

iron, which results in the lack of formation of slag. This process does not require the addition of fluxes. 
The free iron atoms then combine with the carbon monoxide co-pressed with hydrogen as a mixture 

known as syngas and formed iron pentacarbonyl is forced into a chamber in which it dissociates on 

walls heated to about 120 oC leaving a layer of almost pure iron (> 97.5%). The released carbon mon-

oxide is forced back into the first chamber and the cycle is repeated. The process works best for ore 
with high iron content (> 60%).

The content of aluminum oxide in the regolith is around 8%. It occurs in the form of corundum which 

can be dissolved in a cryolite and then electrolyzed with consumable carbon electrodes. As a result, we 

get the reaction Al
2
O

3
 + 3C -> 2Al + 3CO. This process requires large energy inputs, as much as 70 MJ 

of energy to produce 1 kg of aluminum. It will not be used in the construction, but rather in elements 

in which a small mass will be crucial, and in the case of problems with obtaining copper in electrical 

wires and other parts of the energy consumption and transmission system.

5.9. Manufacturing

The independence of the Colony from deliveries from the Earth is a key issue. However, at such an 

early stage of development as a colony with only 1,000 people, it is not possible to produce all the 

things necessary for the functioning of the colony and to ensure development opportunities. Materials 

such as electronics, some medications and substances for which it is not profitable to build a special in-

frastructure due to small quantities of demand will be transported from Earth. The production part will 

therefore be adapted to facilitate the easy retooling of workstations in order to produce as much detail 

as possible (after it is ina). The use of state-of-the-art manufacturing techniques will be necessary for 

production, this is to reduce the number of necessary technologies needed for production. The most 

modern production techniques include technologies such as incremental technologies (3D printing) 

and laser technologies (cutting, finishing, layering, joining materials). However, it is necessary to use 
conventional machines for processing plastics and metals, such technologies as thermoforming, extru-

sion or turning or milling. We do not assume full automation of production because it is an expensive, 

complicated and insufficiently flexible solution. It is not possible to create so many different detailed 
parts without using dedicated lines and devices.
Production begins with the initial processing of input raw materials in the form of excavated coal from 

the opencast mine, Martian atmosphere and waste from colonies. In the case of spoil from the mine, it 

is poured into a container, which then passes through the lock. The next step is a milling / grinding ore 
and rinsing it to remove the perchlorate, the next step is to transport the feed through conveyor system 

(belt) to the selected four hangars, including steel mills (each shed has an instrumentation dedicated 

to recovering / extracting the substance or group of substances such as steel, aluminum, ceramics and 
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5.10. Science and Development

The workshop is one of the most important and one of the first objects created in the colony, its main 
task is to provide the colony with the possibility of continuous development and adaptation to the 

existing needs by introducing necessary modifications to existing systems. It is divided into such de-

partments as prototyping, construction workshop, hangar, and laboratory & administration. Solutions 

developed on Earth may become insufficient in the Martian reality, the solution to this problem is to 
develop new solutions and improve existing ones. All repairs, improvements and production of vehi-

cles and research equipment takes place in a prototype shop, which has dedicated workstations where 

work machines are placed. You can distinguish the position of 3D printers (in various technologies and 

with a different working field, which, for example, allows you to print entire vehicle frames), you can 
also extract positions with laser technologies, welding workshop and assembly part. In order to facili-

tate the handling of large components, overhead cranes, hoists and platforms / trolleys will be used. In 
addition to the prototype lab, a laboratory is located where research is conducted on the processes used 

in production, the design of new construction solutions and the development of methods for their pro-

duction (laboratories for constructors and technologists). In addition, the laboratory is equipped with 

chemical laboratories, laboratories for materials research and computer laboratories. During the de-

sign, technologies such as vR and AR are widely used to visualize and to better look at the problems. 

Hangar is a common part of the prototype and construction workshop, it performs mainly logistics 

and service functions, it is also a complement to the transport system. The last object is a construction 

workshop whose main goal is the production of precast construction elements.
5.11. Prefabrication

Precast concrete and steel for the construction of new structures will be manufactured in a specially 

designed construction workshop with hangars, which at the same time serve as air locks on the surface 

of Mars. This allows the rapid transport of these elements to the construction site without interfering 

with the basic transport system, which are part of the hangars used by the main terminal. The transport 

will take place using vehicles with a functional module for transporting prefabricated elements. In the 

case of relatively heavy components, running modules with doubled wheels will be used.

All colony warehouses are part of a large smart storage system that remotely controls the flow of ma-

terials to and from warehouses and within them. Goods are coded and entered into the system by the 

operator, which are then transported by special carts to their destination. The transport is fast and col-

lision free because the individual carts are contacting with each other. They operate within the whole 

colony, where only transport routes are designated for them.

others). In the case of metals, it is necessary to transport them to further halls in order to re-melt them 

and cast and / or plastic work, the result of these processes are semi-finished products, among others 
in the form of sheets, profiles or powders needed for 3D printers.)
The materials will be transported on production in the form of eg granules or “dough” (silicone). The 

infrastructure allows for the production in significant quantities of glass and materials intended for the 
construction of prefabricated buildings. For the production of photovoltaic panels and lighting, the 

colony will produce and process semiconductors. Unfortunately, at this stage of colonization, we have 

a lot of restrictions related to the availability of selected technologies. There will be no large variety of 

products and alloy additions will have to be imported from Earth.

The largest part of the entire production system are three large production halls, in which production 

machines are located from selected manufacturing technologies. These halls are connected with each 

other by a transport system, which consists of transport trolleys and overhead traveling gantries. The 

gantries connect the production halls and the logistics part, which in turn connects with the construc-

tion workshop, prototype and hangars.

Materials in the form of semi-finished products from metals, ceramics and plastics go to the afore-

mentioned logistic part, from which they are then transferred by cranes to the indicated work stations.

5.12. Warehouse
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6. Martian society overview 
The fundamental problem will be to avoid the social anomie. The anomie leads to the break-ups of 

societies, enforces undesirable behaviors like suicides or rebellion. Because of that, it is necessary to 

create a society that reflects the earth society as closely as possible however, taking into account the 
specificity of the colony. The martian society will live in a political system which will have its dem-

ocratic representation in decision-making institutions and organizations. We call these castes guilds, 

because their members will be selected based on their professional qualifications and competences.  
On the other hand the economic system of the martian colony will be a free market economy excluding 

some rare goods ex real estate, which turnover will be regulated  by the administration of the colony. 

Martian society will be open, however,  first colonizers, should show tolerance for other cultures, who 
live and accept the lifestyle of a globalized and unified society as much as possible. The aim of such 
a model is the possible minimization of social conflicts at least at the initial stages of colonization. It 
reduces the risk of conflicts: at the political, economical and social level. The overall goal of the colony 
is to expand, and basic is to survive.

7.  The systemic concept of the Martian colony

To determine to determine the status of the colony, three establishment was adopted :

● Together with the rapid development of space technology, nowadays cosmic law is outdated 
and therefore the colony status cannot be determined on its basis

● On Earth, there were no changes in geopolitical forces in military and economic terms.
● The richest countries (G8 group +  representation of the European Union but also corpora-

tions) will finance the colony at the early stages. 

7.1.  Colony status relative to the Earth. 

Bearing in mind the above assumptions, the optimal solution is to provide the Martian colony with an 

autonomous status, while guaranteeing its status and maintaining basic economic functions. Given the 

common position of G8, their economical and political position and military strength , they are able to 

bear the necessary costs of functioning of the colony on early stages, and above all, ensure its security 

against possible aggression. At the same time, the Martian colony will be obliged to pay a fixed interest 
tax to the financing countries from the moment the net profit is obtained, until the investors guarantee 
a rate of return established at the time of signing the contract adjusted for deflation or inflation rate.
7.2.  The systemic concept of the Martian colony
In the colony, civil liberties and democratic decision-making mechanisms should be provided. Howev-

er the knowledge of experts from various fields will have an important role for the survival of settlers. 
In order for the position of these experts to be ensured, and the area of their knowledge will not be 

the subject of voting, a guild system will be established. The guilds will delegate their representatives 

to the Martian Council of colony - which is a collegial law body. At the same time, narrow ranges of 

specialization will be resolved only by guilds. In the event of a crisis caused by a threat, a specific guild 
will be able to take over most of the power during this crisis - but only with the consent of the Council. 

In addition, guilds will be responsible for organizing work, generating profit, and also education (sec-

ondary school and university level).

Guilds will exercise executive power in colony. The Council, when adopting resolutions, will have to 

indicate in them the guild responsible for implementing the law in force. In addition, the colony will 

be headed by a Presidium composed of the President of each Guild. The Presidium will represent the 

colony in dealing with the Earth or be, for example, an instance of appeal against each of the colony’s 

decisions, manage and carry out elections to the Council, etc.
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In the first phase of colony existence, 5 guilds will be created for the survival, development and 
functioning:

7.3.   Age structure and sex of colonizers 
The unstable social structure was chosen, but in a way that it would naturally become a stationary 

structure after certain amount of time.

The same number of women and men is assumed. This will ensure the possibility of pairing between 

colonizers, which in turn will provide sexual needs, self-fulfillment, etc. There are no sociological 
premises for the sex life of the Martian colony to look differently than on Earth. Taking into account 

the fact that sexual needs are one of the basic human needs, and to reduce the stress level and possibil-

ity of conflict occurring in the sexual abstinent societies. As for the fulfilling of the basic sexual needs  
the dating application ErOS (Erotic Operating System) will be created. This kind of idea is way easier 

and more efficient than classical prostitution because it doesn’t require special space and staff. Algo-

rithms used in the application will help to find the best available partner and help in arranging the meet-
ing. The application can be also extended into other modules that will not consider sexual activities 

but will be plainly romantic or platonic just as the application used right now on Earth. These will help 

establishing new relationships inside the colony or with the people arriving to the colony as tourists.

7.4.   Education and competences
Education and skills factor is much more important than age and nationality or sexual orientation of 

colonizers. Harsh conditions of extraterrestrial colony demand specific, usually specialist knowledge 
and set of skills. Colonizers experience and education character will directly affect on described previ-

ously guild system, because it will be census based on which they will be assigned to different guilds. 
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It is important to take into consideration, that 15% of population will be children and teenagers.

The most numerous Guild is the “Life sustaining and health care” guild. These are specialists who pro-

vide the basic needs of the colony - without their satisfaction, development and proper functioning are 

impossible.  It is assumed that specialists will constitute 30% of the whole society. Around the same 

population percentage will be occupied by the Engineers’ Guild. Right after that we have Logistics and 

Scientific Guilds both with 15% of population and lastly the Administrative Guild.

The main goal is to create a colony economically inde-

pendent of  Earth investors, which will develop gradu-

ally through the production and  development. To this 

purpose, a business model based on the free market was 

set up. Guilds can both  trade with each other and sell 

their products to other colonists, but mainly, the cus-

tomer of the colony will be buyers from Earth.

8.  Economy and market

On Mars, it will be possible to conduct world corpo-

rate investments. Apart from income, it will provide 

two benefits: the investor will be responsible for his 
investment, and the presence of corporations and their 

employees will contribute to the development of the 

colony.

8.1.  Earth companies as the investors and ser-

vice operators.

Existence of Earth companies will positively influence the civilians of a colony on Mars because they 
will know them - it is connecting them with their life on Earth.

Providing service space to terrestrial companies and conducting tenders for the provision of services 

will ensure the participation in the profits of operators and reduce the costs of running them. Thanks to 
this, the company that wins the contracts will bear the costs, not the colonists.

At the level of the report, it is difficult to determine what profit we are talking about, however, with the 
estimated assumptions of:

We can predict an full annual income of $ 16.1 million which means that the colony that provided 

the operator with access to the investment on the 10% revenue rate , obtains a total  profit of
 $ 1,612,000 a year.

However, the cost depend on the standard of apartment and the hotel is only one tourist object and it 

is an example of profit from the service license itself. In addition, the hotel must pay - as an external 
entity, for example, purchase of energy from the colony and purchase of other goods. The hotel will be 

equipped with a range of world-wide entertainment such as spa, wellness, gyms, bowling alleys, and 

massage rooms.

8.2.  Export of goods to earth and its production on Mars.
Because of uncompetitive costs of good’s  transport to and from Earth, a strategy should be applied 

that will minimize the consequences of the law of supply and demand. In this case one of the sectors of 

activity will be the production of very limited products, eg Martian vodka with filings of cosmic rocks. 
For this kind of goods important value resulting from their acquisition is not the material value of the 

object and the resulting prestige.
However, the production of limited products may not provide sufficient income for colonies. In the 
initial phase of the colony’s existence, a thorough market analysis will be carried out to determine the 

niche of Martian products and their export to the ground. We can assume that products, created by both 

the logistics guild and minor activities carried out by the residents, will meet the optimal conditions 

for export profitability when they meet several establishments. Standard products exported from Mars 
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should be, relatively light, small and their production should be relatively inexpensive and, if possible, 

take place using the maximum number of resources obtained on Mars and in the colony.

Based on the chart above, we can try to pre-estimate and generally estimate the possible income from 

the above products annually in the first phase of colony development. 
Among the products that meet these expectations there are:

It is difficult to estimate the level of production and export of cosmetics at the level of the report. We 
are planning to prepare a production line ready for the production of approx. 100,000 tons of cosmet-

ics. Each ton should bring about $ 10,000 in profit. This means that a profit of $ 1 billion is planned in 
the first year of production.
These data are not overestimated at all, currently the cosmetics market is very large. The increase in the 

value of the market of cosmetics for skin care in the years 2014 - 2019 amounted to over $ 20 billion, 

at the same time to hair care another 7 billion, mouth 7 next. Thus, Martian production despite high 

profitability will initially constitute a small share of global cosmetics production 

8.2.1. Cosmetics:

We will export two types of alcohol: vodka, which will be an expensive, luxurious product and mead, 

which will be a cheaper mass product. 

We estimate costs of production, transport, packaging and advertising to calculate cost of production 

of one bottle of alcohol (vodka or mead).

8.2.2.  Alcohol

With the estimated production scale of around 10,000 liters (20,000 bottles ) we can calculate: 

The scale of mead production should increase by ca. 10% each year, therefore the profit in the follow-

ing years from the year of commencement ( the n-th year ) of production

To sum up - from the above estimates -  the profit from alcohol over first four years of production  will 
be around $ 7,088,200.

8.2.3.  Jewelry
Jewelry is a good whose value is estimated primarily on the basis of the value of the metal from which 

it is made, in this case, material coming from another planet. That’s why we can bet a big price for 
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this jewelry. It is estimated that the colony should produce about 10,000 kilograms of jewelry a year, 

with a profit of around 5,000 $ per kilogram of consumed minerals. Annual profit should amount to 
approximately USD 50,000,000 million.

8.2.4.  Sculptures and figurines from Martian rocks
Regolith sculptures are a difficult thing to price, which is why we accept the price for 1 kg the same as 
in the case of jewelry. A standard sculpture of 20/20/20 cm will weigh a maximum of 12 kg - it means 
a transport cost of 2,400 $, including the value of creative work should be priced at about $ 1000. The 

assumed market value of the regolith will be around $ 60,000. So the minimal cost of the figure is: 63 
400 $. It is estimated that the sculptures will be about 500 pieces a year, which gives us income of $ 

31.7 million and a profit of 30,000,000.
8.3.  Small and medium companies
Residents of the colony will also be able to conduct their own activities: production, service or artistic. 

Such action will allow not only additional income, but also colony development. Own activities will 

be financed only from the resources of the person running it and will be taxed.
8.4.  Regulated goods 
The free market on Mars will not be like on Earth, because as a result of capital accumulation of a giv-

en good there will always be more space for development, for example. The acquisition of real estate 

by individuals will be regulated by the administration. Space and energy are the most expensive goods 

on Mars. Among the rationed goods will also be alcohol In addition, only the logistics guild will be 

entitled to import goods from land to the colony.

8.5.   Currency
We assume that the Martian society will create a system of exchange of goods itself, because it is a 

natural process of community development. Nevertheless, the proposed currency in the first stage will 
be the exchange of goods for electricity units that one can use, for example for entertainment devices 

(due to lack of bullion and unprofitable gold import we want avoid fiat money).

The payment will take place by means of downloading the energy limit to be used

The basic benefits of energy-based currency:

● basing the currency on a physical economic good will allow real valuation of work and avail-
able products

● based on the used energy, the colony authorities will know the demand for it and manage its 
quantity at the same time ensuring the minimum necessary for the functioning of the colony with the 

necessary reserves

● basing the currency on energy allows easy exchange of different Earth currencies by tourists - 
they simply buy and top-up a payment card

● colony development leads to an increase in energy resources - therefore the richer the colony 
the richer its inhabitants will be.



20  TWARDOWSKY - Wroclaw University of Science and Technology 

However, the creation of the currency will be necessary to preserve commercial relations with the 

Earth, and first of all to be able to pay off the investment costs of building a colony. Another important 
economic element is the presence of a colony on the Earth’s stock exchange, at least at the initial stage 

of development, until the investment costs are repaid. Such stock exchange shares would be very at-

tractive for investors from Earth.  

8.6.  Economic independence
To sum up, the colony can get financial independence because it will continue to be from the sources 
of profit from production and export, trade in the internal market, licensing and taxing operators and 
taxes on small and medium enterprises. At the report level, it is only possible to estimate production 

and export profits.

9.  Social Life

Martian education will be divided into two stages: basic and guild. At the first stage, children and ado-

lescents learn  principles of social life, basic science and technology and take part in practicing in each 

guild (ex semi-annual internships). Then, after completing this stage, the youth will choose a guild in 

which one wants to learn the profession. It is worth noting that specialist knowledge will be taught 

in the last year of education which will end with a special exam checking the candidate  adequacy to 

perform in specified profession. Thanks to this fact we ensures continuity of the guild system and edu-

cating young people in occupations that are necessary for the survival of the Martian colony.

9.1.  Education

The issue of the distribution of culture and art will be left to the market - it will be based on the law 

of supply and demand regulating what culture and at what price will be purchased by the inhabitants 

of Mars. However, in order to ensure the contact with the Earth’s culture, free digital collections will 

be made available: with films, recordings of performances, music and literature. The formation of a 
separate Martian culture will naturally come after with new generations, however it will be a long and 

unregulated process.

9.2.  Culture & art

The social and administrative guild will be responsible for the social order in the colony. However, 

punishing dangerous criminals can be a problem in the form of a waste of human resources. Therefore, 

for offenses of a lower order their perpetrators will be punished by additional work or material fines. 
In turn, serious crimes such as rape or murder means confiscation of the colonial property of the per-
petrator and deportation to the ground at his expense, where will be judged according to the law of the 

country of origin. In this case, it should be taken into consideration that someone does not have enough 

money to allow such transport. The solution to this problem is “crime insurance” operating as an or-

dinary Civil Liability insurance. Having such insurance will be a condition of consent to the colony. 

In addition, this insurance will allow to return to Earth people who will stop wanting to live on Mars.

9.3.  The Penal Code and the law enforcement authorities
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