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1. In Situ Resource Utilisation (ISRU) 

ISRU consists on utilizing the resources naturally available in a certain location in 

order to produce valuable consumables for a mission. The objective is to reduce 

IMLEO by reducing landing mass, to enhance exploration capabilities and to 

provide redundancy. Propellant and life support consumables for a long surface 

stay are very heavy, therefore, bringing a system capable of generating them from 

available resources at Mars could represent huge savings. In fact, it could even be 

mission enabling. ISRU involves any hardware or operation that harnesses and 

utilizes ‘in-situ’ resources to create products and services for robotic and human 

exploration 

There are five major areas of ISRU: 

• Resource Characterization and Mapping 

• Mission Consumable Production 

• Civil Engineering & Surface Construction 

• In-Situ Energy Generation, Storage & Transfer 

• In-Situ Manufacturing & Repair 

So, ISRU involves multiple technical discipline elements and does not exist on its 

own. By definition it must connect and tie multiple uses and systems to produce 

the desired capabilities and products.  

Targeted products from ISRU at Mars are the Mars Ascent Vehicle (MAV) 

propellers (CH4 and O2), and life support and EVA consumables (breathing air). 

However, the mass of all the hardware needed for ISRU, which includes extra 

power system elements, the total volume and the risk of LOM and LOC associated 

to such addition must be considered.  

The main sources for ISRU available at Mars are atmospheric resources (CO2, N2 

and Ar), water present in the surface regolith and ice water that could be mined.  

One important problem of producing MAV propellants in situ is that it completely 

eliminates the abort to orbit (ATO) capability. This was initially a big concern, but it 

is currently believed that ATO would have been possible only in the last stages of 

EDL, when almost all risky procedures associated to the landing manoeuvre would 

have already passed. The new approach is to trust in the EDL capabilities and 

perform an abort to land (ATL) strategy instead.  

An EDL manoeuvre with a fully fuelled DAV may be prohibitive, thus ISRU may be 

mission enabling. Production of breathable air leads to mass savings in the Surface 

HABitat (SHAB) and enables closure and redundancy for the Environmental 

Control and Life Support System (ECLSS). Producing just the O2 for the MAV leads 

to mass savings of more than 25 t. This extra room can be used for increased 
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payload, larger power plant, or additional margin. Production of methane from 

water extracted from the soil is very promising but apparently still to immature to 

consider it a viable approach for the first human missions to Mars. These mass 

savings lead to fewer launches, which significantly reduces the overall risk and 

cost of the mission.  

According to DRA 5.0, nuclear power is significantly more mass and volume 

efficient and less operationally complex in meeting with ISRU propellant 

production. 

Two beneficial effects are obtained from ISRU in terms of propellant mass savings. 

In the one hand, it reduces the mass of the lander, which have direct implications 

to the IMLEO mass; in the other hand, it reduces propulsive needs for both Mars 

capture and Mars departure, which enables higher rendezvous orbits and 

produces more propellant savings.  

1.1. DRA 5.0 ISRU Trade Study 

1.1.1. Ground Rules and Assumptions 

With the objective to calculate system option mass, power and volume, the 

following GR&A where established for DRA 5.0 

• All mission consumable production must be completed previous to crew 

departure, this gives a total of 330 sols of operation of the system, 300 plus 

10% contingency.  

• Production must be enough to sustain a crew of 6 for 550 sols.  

• Redundancy of ISRU must be provided. Systems must be single fault-

tolerant and previously demonstrated.  

• Nuclear options will operate continuously while solar will operate only for 8 

hours per sol.  

1.1.2. Mission consumables, resources, and Earth feedstock required 

The two different approaches that can be considered (productions of consumables 

for ECLSS and EVA only or ascent propellant for the MAV with consumables) have 

very different demands in terms of materials. The sources considered (Martian 

atmosphere and Martian soil) also impact this particular aspect.  
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Table 1: Mission consumable and feedstock needs in kilograms (Drake 2009) 

 

The amount of O2 and CH4 required for ascent propulsion can vary depending on 

the lander size and payload, so the numbers specified in the table should be 

considered an approximation.  

1.1.3. Mars atmosphere-based options 

If H2 is supplied from Earth, production of CH4 and H2O is possible using the 

Martian atmosphere. O2 and buffer gases are possible to produce without 

hydrogen from Earth.  

The benefit of using this resource is that it is globally available at known 

concentrations. Ni and Ar are good buffer gases for crew breathing as well as purge 

gases for science experiments, CO2 is a good source of oxygen and carbon for the 

production of methane and other hydrocarbons that could be of interest. The gases 

could also be used, regardless of the composition for inflating habitats and 

structures, science experiments, and cleaning dust.  

The low ambient pressure at Mars makes it necessary to treat it before it can be 

processed. It must be collected, separated and pressurized; typically, at or above 

Earth ambient pressure to increase the efficiency of CO2 processing methods. This 

requires either mechanical pumps, micro-channel absorption, or cryogenic 

separation.  

To achieve Earth pressure, the compression ratio must be bigger than 100:1, which 

requires a two-stage compressor that can be very heavy and power intensive. 

Furthermore, pumps cannot work independently to separate carbon dioxide from 

other gases in the atmosphere, they just compress the whole package.  

Microchannel absorption uses small beds with rapid absorption/desorption cycles 

to minimize pressure drop and diffusion-limited capacity loss during collection, 

separation, and pressurization of CO2 from the atmosphere. This allows for rapid 

heat exchange and high surface area to volume beds to make this approach 
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feasible. It is both very mass and power efficient and provides separation of carbon 

dioxide. It is compatible with habitat and EVA LSS operations and designs.  

Cryogenic separation is based on the fact that the temperature difference between 

solid and gaseous CO2 is very close at night time conditions in the Mars surface. 

A CO2 freezer with active cooling can lower the temperature below -123 ºC and 

solidify carbon dioxide. The frozen material can then be heated in a controlled 

volume and brought to the desired pressure for processing. Such system is 

attractive for its small-volume and high-pressure carbon dioxide delivery. It can 

potentially simplify the system design and development cost by sharing the 

cryocooler hardware with methalox propellant liquefaction and storage system.  

There are three considered alternatives to convert carbon dioxide into oxygen, they 

are shown at Table 2; solid oxide CO2 electrolysis (SOCE), Sabatier conversion of 

CO2 to CH4 (with subsequent H2O electrolysis), and reverse water gas shift 

(RWGS) conversion of CO2 to CO and H2O (with subsequent H2O electrolysis).  

Table 2: ISRU atmosphere process options and reactions (Drake 2009) 

 

Note that in the case of RWGS, hydrogen required for the reaction is obtained from 

the subsequent electrolysis, however, for Sabatier, only half of the hydrogen 

necessary is produced in the electrolysis. As Sabatier reaction is the only capable 

of producing methane, if CH4 production is desired from Martian atmosphere alone, 

H2 feedstock must be brought from Earth. That being the case, oxygen and 

methane would be produced at a 2:1 oxygen to methane ratio, which means that 

excess methane would be produced.  

Table 3, shows mass, power and volume estimates based on the combination of 

systems and reactions named above, both for nuclear or solar options. In DRA 5.0, 

a combination of the rapid cycle absorption pump (RCAP) with SOCE system was 

deemed the best, but because of the technology development risk and its 

potentially better commonality with LSS development, RWGS with WE was 

recommended as a backup option.  
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Table 3: Atmosphere processing subsystem sizing estimates (Drake 2009) 

 

In any case, all these systems achieve a great mass and volume advantage in 

comparison with bringing the consumables from Earth, even considering the 

hydrogen feedstock required, which is the main mass and volume contributor.  

1.1.4. Mars surface water-based options 

Utilizing H2O extracted directly from the planet (hydrated minerals or even water 

ice) is another attractive possibility. However, buffer gas and methane production 

are not possible from this resource alone.  

Water in the form of hydrated minerals is proven to be found globally across the 

surface. In equatorial regions, it has been measured between 1% and 3% mass, 

while higher latitudes can have up to 8% or even 10% of water content in the top 

1 m. What might be even more interesting is the presence of subsurface ice within 

few meters in some localities in the mid latitudes, that gets closer to the surface 

the higher the latitude.  

In the DRA 5.0, only hydrated minerals where considered as a source of water and 

calculations were made for both 3% and 8% content to understand H2O content 

impact in the system sizing. Since H2O can be electrolyzed, it can be used to obtain 

O2 for life support and propulsion without requiring atmospheric resources.  

Like atmospheric resources, before such water can be processed (electrolyzed), it 

has to be collected and separated from the soil. This is done following a two-step 

process: excavate and deliver soil to the processing plant, and process the soil to 

separate and collect H2O present on it.  

The first step can be performed with a simple bucket excavator, that would 

autonomously extract the hydrated minerals and bring them to the processing 

plant. If the water is used for production of propellant and consumables, excavation 

and processing of 77 kg (3% H2O content) to 30 kg (8% H20 content) is required 

every hour.  

Soil would be delivered to a water extraction unit. This unit consists of an inlet/outlet 

hopper, inlet/outlet auger, two soil reactors, two gas clean-up modules, and two 
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H2O condensers. Soil from the excavator vehicle would be received by the 

inlet/outlet hopper and transferred in and out from the reactors with assistance from 

the inlet/outlet auger. Inside the reactor, soil is heated to approximately 600K and 

an inert gas flow fluidizes the soil to aid desorption of H2O. Then, the inert gas is 

sent to the gas clean-up modules to remove any contaminants resulting from the 

process. Water is collected on a condenser and actively cooled by a cryocooler. 

After that, water electrolysis is used to obtain oxygen and, in this scenario, 

hydrogen is vented.  

Mass, volume, and power that are associated with the hardware for excavation, 

transportation and soil processing for both nuclear and solar concepts are 

summarized in Table 4.  

Table 4: Soil/Water processing subsystem sizing initial estimates (Drake 2009) 

 

1.1.5. Mars atmosphere and water-based options 

Utilizing both of the sources considered previously allows for the production of 

oxygen, buffer gases, methane and water all together. The system would consist 

of the excavator and soil processor units, and an atmospheric collection and 

Sabatier/water electrolysis unit.  

This is a considerably more complicated structure that requires more hardware and 

power supply than either of the options alone. However, it provides much more 

flexibility and much more mass/volume savings. Atmospheric based options alone 

are limited in the amount of water they can produce by the hydrogen brought from 

Earth. Soil processing alone would not allow for the production of methane for fuel 

cells, surface hopping or ascent Mars orbit. Even assuming low concentrations of 

water in the surface, this option is very competitive, as seen in Table 5. 
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Table 5: Combined atmosphere and soil/water processing subsystem sizing estimates (Drake 2009). 

 

1.1.6. ISRU trade study results 

Three main ISRUs for production of all consumables where selected in DRA 5.0 

(Drake 2009), as candidates for the Mars missions.  

• Production of O2 and H2O from the atmosphere and Earth H2 but bring CH4 

fuel.  

• Production of O2, H2O, and CH4 from Mars atmosphere and Earth H2.  

• Production of O2, H2O, and CH4 from Mars atmosphere and soil/H2O.  

The first option is the highest mass, as it requires methane to be brought from 

Earth, but it also requires the lowest volume and power impact on the mission. 

Production of oxygen and methane with Earth hydrogen requires lower mass 

than oxygen production alone but volume is significantly higher due to the low 

density of hydrogen to be brought. Production of both oxygen and methane 

with Martian soil/water as a source of hydrogen is the lowest mass and highest 

power option. This last option is also very sensible to changes in water 

concentration in the Martian soil. These three options are summarized in Table 

6.  
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Table 6: ISRU process mass, power, and volume (Drake 2009) 

 

It is clear that there is a trade between the mass required to be brought from 

Earth and the power that needs to be supplied at Mars. This trade also applies 

to the risk involving several launches and the risk of failures in the ISRU 

facilities that could lead to LOM. The more complex the ISRU system is, the 

lower mass it requires from Earth, the higher power it demands, the fewer 

number of launches but the bigger risk of problems in the operation arising. 

The simpler the ISRU system, the higher mass it requires from Earth, the lower 

power it demands, the more launches it requires and the lower risk of problems 

in its operation. This can be seen visually in Figure 1. 
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Figure 1: Mass, power, and volume of the ISRU strategies 

Other aspects to consider when selecting the ISRU for the future human 

exploration missions are technology readiness and  resource uncertainty. 

In that sense, Mars atmosphere processing technologies and systems have 

been studied for long. The greatest example of these technologies is the 

MOXIE, that will demonstrate its capabilities during the Mars 2020 rover. 

Another advantage for atmospheric resources is that they are globally available 

at known compositions. Although more and more information about soil 

properties and water content on Mars is being found lately, much more 

information about soil physical and mineral characteristic, compaction, density, 

excavation forces and water content as a function of type, depth, and local 

distribution is required before it can be considered realistically a resource. 

These additional trades are explained clearly in Table 7. 

Table 7: ISRU atmosphere and soil resource processing strengths and weaknesses (Drake 
2009) 

 

These led the study of DRA 5.0 to the following conclusions. First, all options 

requiring the creation of methane from the atmosphere were dropped because 

of the size of the hydrogen tank required and the increased number of 



 

10 
 

launches. Secondly, solar power was considered not to be viable for ascent 

propellant production, given the power requirements and the 8-hour duty cycle 

assumed, which is a detriment to ISRU system operability. Third, options 

requiring soil processing were dropped because the complexity of such 

operations is not yet understood.  

The study chose a combined atmosphere collection and processing system, 

an RCAP with SOCE with a small amount of Earth-supplied H2 for production 

of buffer gases, H2O, and O2 for life support, EVA, and ascent propulsion was 

chosen. Ascent methane would be brought from Earth. Waiting for further 

evaluation of the Mars soil/water characteristics and soil excavation and 

processing. The goal was to swift to a RCAP with Sabatier and WE processing, 

and Mars soil/water extraction and incorporating this into future missions.  

In any case, applying a strategy that includes ISRU was considered a 

favourable approach. As it reduces the mass requirements, it reduces the 

number of launches required. Fewer launches have the greatest effect on 

bringing down both risk and cost.  

For both ascent propellant and ECLSS consumables, the ISRU necessitates 

greater power, which comes at the cost of mass. This might be seen as an 

advantage of not using ISRU, however, as we will see in the power system 

chapter, the power required to sustain surface activities and infrastructures is 

only a little bit smaller that power required for ISRU. Likewise, landing a fully 

fuelled MAV would make operations simpler and more mass efficient, but it 

might not be even possible to do so due to its mass.  

Another important factor is flexibility. ISRU gives the ability to produce fuel for 

roving, EVAs, and other activities that would otherwise be limited by the 

feedstock available.  

In terms of risk and cost, ISRU increases the risk of component failure on some 

of the specialized systems but decreases the risk of launch and assemble, 

which is one of the greatest risk contributors to the mission, by requiring fewer 

launches. For costs, the same argumentation can be made.  
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Figure 2: ISRU FOM summary (Drake 2009). 

 

1.2. Mars Collaborative Study 

A more recent study was made in 2012 with the objective to evaluate potential 

collaboration between key areas of Mars human subscale technology 

demonstrations with future science mission opportunities and precursor 

measurements. The Mars Collaborative Study was initiated to understand the 

scalability of EDL, ISRU and MAV concepts. The ISRU trade study had three 

objectives:  

1. Evaluate Mars ISRU technology and system options for sample return 

mission considering both atmosphere and soil resources.  

2. Examine the impact on scale to human mission needs on technology and 

system selection.  

3. Examine the state-of-the-art (SOA) of Mars ISRU with potential 

development cost/risk of current and future technologies.  

The study focused on examining the impact of a range of possible propellant 

production rates on ISRU system mass and power, as well as different system 

concepts in accordance to DRA 5.0. For soil processing to extract water, two 

approaches where considering; soils at 4% water content (hydrated soils), and at 

12% water content (icy regolith). Results from development hardware testing were 

available to help anchor the analytical models. Power necessary in the excavation 

process was considered, but power and mass associated with mobility platforms 

were not.  
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Table 8: Mars ISRU Collaborative Study Sizing Results (Sanders et al. 2015).  

 

Results from the study shown at Table 8 add a new system concept based on Solid 

Oxide Electrolysis (SOE) to the ones considered in Mars DRA 5.0. Other attributes 

regarding these systems are included at  

Table 9: Mars ISRU Subsystem/System Attributes Assessment (Sanders et al. 2015).  

 

For CO2 collection, Rapid Cycle Absorption Pump (RCAP was preferred over the 

carbon dioxide freezer concept from a mass/power perspective, but scaling it down 

to fit the Mars 2020 rover was extremely difficult, so the latest was selected for that 

mission. For production of oxygen alone, both the SOE and the Revers water Gas 

Shift/Water Electrolysis were similar in terms of mass and power, the SOE was 

slightly lighter and simpler but it was less mature at that point in time. It was less 

synergistic with life support systems but more synergistic with solid oxide fuel cell 

technology. SOE was deemed to be more likely to be scalable to fit with the Mars 

2020 mission requirements. The microchannel design for carbon dioxide collection 

(RCAP) and processing (RWGS) was deemed the best packaging, scalability, and 

ability to rapidly turn on/off if using power and daytime only mission operations.  

If both fuel and oxygen are considered to be made from the atmosphere and soil, 

both Sabatier/WE and SOE/Sabatier systems were comparable in terms of mass 

and power. The pros and cons are similar than for SOE vs microchannel 

processing. It was noted that for low production rates, a soil excavator and possibly 

the soil processor could fit within the sample cache rover needed for the mission, 

eliminating the need for a separate ISRU rover. Another possibility for both carbon 
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dioxide collection and processing was ion liquid technology, but it was too 

immature for the study.  

The MCS concluded that when considering only mass and power of the ISRU   

system concept, atmosphere-only vs atmosphere/soil were comparable to each 

other. Even though it was expected that the atmospheric option would be lighter 

and take less power, the carbon dioxide collection system has to be 4 times larger 

for oxygen-only production due to the chemistry of the reactions. One oxygen 

molecule can be obtained from CO2 vs three oxygen molecules from CO2 and H2O. 

This offsets some of the additional mass and power associated with processing 

both soil and the atmosphere. Due to the production of carbon monoxide, oxygen-

only production is also less synergistic with LSS than oxygen/fuel production.  

Advancements in technologies such as microchannel reactors, heat exchangers, 

water/gas separators, and carbon dioxide absorption pumps can provide 

significant mass/volume improvements over SOA technologies mentioned in the 

study. In the end, both atmosphere-only and atmosphere/soil ISRU alternatives are 

comparable in mass and power if the mobile platforms for excavations are not 

included.  

1.3. ISRU Payload Study for Supersonic Retro Propulsion 

More recently, in May 2014, NASA Johnson Space Centre, studied a precursor 

mission with the objective to demonstrate supersonic retro propulsion (SRP), 

considered a key capability in order to land crew and cargo on future human 

exploration missions to the Mars surface. The ISRU study team used this mission 

to achieve three primary objectives:  

1. Determine the highest production rate/scale possible to fit within the 

payload constrains of the SRP vehicle.  

2. Provide 3-D packaging concepts for atmosphere processing, soil 

processing, and combined atmosphere/soil processing, including 

liquefaction and storage of ISRU products.  

3. Determine the payload’s applicability to future human mission needs.  

Due to mission constraints, the ISRU payload needed to be self-sufficient in power, 

so an independent power system that could fit into the payload envelope was 

designed. It was assumed a landing site latitude of 15º north and a landing near 

LS 180 to maximize solar power generation capabilities. Using data from the 

manufacturer of Megaflex 5.5, ATK, and considering 6 m arrays, a conservative 

power estimate of 6.5 kWe was assumed. However, due to the previous work of 

MCS, the ISRU team spent minimum time to evaluate technology and process 

advancement and updating the previously developed ISRU components, 

subsystems and systems models.  
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Efforts were punt into developing representative subsystem schematics with single 

fault tolerance in all major active components, and finding existing or 

developmental hardware examples that could be scaled to the processing grates 

estimated from the available power. For the soil processing unit, estimates of size 

and power considered a 5% water by mass soil content and soil was heated 

between 400 and 450ºC, based on results from the Curiosity rover Surface 

Analysis on Mars (SAM) instrument, that showed that over 85% of the water is 

released below 450ºC. The mass and power of the excavators was estimated using 

the Resource Prospector mission (with a capability of 120 kg). The combined 

atmosphere/soil processing unit used the same carbon dioxide freezer in 

combination with Sabatier and WE or SOE CO2/H2O and Sabatier subsystems, as 

both options showed promise in the MCS. The WE was also used to support the 

Soil-only ISRU payload concept.  

Table 10: Results from Mars ISRU Payload Study for SRP Mission (Sanders et al. 2015) 

As seen in Table 10, the mass of the combined atmospheric/soil option is 25% 

higher than the atmosphere-only unit, but is significantly less than the addition of 

the separate atmospheric-only and soil-only units together. The power for this 

system is less than either the atmospheric-only or soil-only while achieving a higher 

production rate. Assuming 24 hr operation for 480 days, the production rate of 

oxygen for a human mission must be around 2,2 kg/h, so the ISRU payload for the 

SRP mission is around ¼ scale for the human mission. If three of the same units 

were flown, only a small scale up would be required, while achieving redundancy 

of the system.  

Packaging associated with atmosphere-only ISRU payload had more than 

sufficient volume, including the O2 storage for the complete 120-sol mission. 

Combined atmosphere/soil payload fits the SRP payload but the size of oxygen 

and methane tanks must be reduced.  
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Figure 3: Atmosphere-Only ISRU Payload (left) and Combined Atmosphere/Soil IRU Payload (right) 
(Sanders et al. 2015). 

1.4. ISRU technologies 

1.4.1. Evolution 

Significant amount of work has been performed in a non-continuous fashion since 

the early 1990s into the development of ISRU technologies. By the end of 2000, 

several concepts were well developed and Reverse Water Gas Shift with Water 

Electrolysis and Sabatier with Water Electrolysis systems had already been built 

at JSC, KSC, and Pioneer Astronautics. Solid Oxide Electrolysis of carbon dioxide 

had begun to be studied at University of Arizona as well as GRC. Microchannel 

chemical and thermal technologies had been demonstrated at the Pacific 

Northwest National Laboratory and the Mars In situ propellant production 

Precursor (MIP) flight experiment had been built and was flight certified for the 

Mars 2001 Surveyor Lander. The Production of Resources on Mars In Situ for 

Exploration (PROMISE) ISRU experiment had also been selected for Mars 2003 

Surveyor Lander.  

Unfortunately, failures on the Mars 1998 orbiter and lander missions led to the 

cancellation of the Surveyor missions, in detriment of ISRU technology and system 

development, that declined rapidly after that. The minimal work performed until 

2005 was part of the NASA Small Business Innovation Research (SBIR) program.  

A more intensive ISRU development effort begun after the release of the Vision for 

Space Exploration by US President Bush in 2004. Although such efforts were 

centred around lunar polar ice/water prospecting and lunar regolith excavation and 

processing to extract oxygen, there is significant synergy between the Moon and 

Mars with respect to the technologies and subsystems required to excavate, 

transfer and process their resources.  

In 2011, the Mars Atmosphere and Regolith Collector/PrOcessor for Lander 

Operations (MARCO POLO) project was initiated at NASA JSC and KSC. All major 

subsystems were built and testing and integration with cryogenic fluid 

management, life support systems and power continue as funding allows. 
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Technologies regarding atmospheric collection, separation and processing also 

continue to advance at ¼th human mission scale under the SBIR program.  

Mars Oxygen In situ resources utilization Experiment (MOXIE) will be the first ISRU 

demonstration to land in the red planet as part of the Mars 2020 rover mission. The 

payload will utilize SOE technology to produce O2 from CO2, and either CO2 

Freezer of mechanical pump for CO2 collection and pressurization. Even though 

the rate of production will be less than 1% the needed for human exploration 

missions, MOXIE is an important first step in demonstrating ISRU technologies on 

the surface of Mars and in better understanding potential environmental impacts 

on long term ISRU hardware performance.  

1.5. ISRU Options and Impacts on Human Mars Architectures 

The relevance of ISRU production of oxygen and methane fuel for ascent 

propulsion with the production of life support consumables has been clear since 

the Mars Design Reference Missions. Such technologies are considered to be 

enabling for human exploration of Mars.  

The debate now is centred around two main options for Mars ISRU: process the 

Martian atmosphere for only making O2, or process the atmosphere and obtain 

water from the soil to make both O2 and CH4.  

Mars atmosphere-only option provides a highly focused ISRU research and 

development program. Minimal mission hardware and infrastructure are required, 

but it provides limited ISRU products and mission benefits.  

The combined atmosphere/soil pathway is way more ambitious and requires a 

wider scope and focus for ISRU R&D. But the rewards are bigger, as the increased 

number of primary and secondary products, which include oxygen, methane, 

water, ammonia, alcohol, plastics, fertilizers, and more, leads to increased mission 

benefits.  

From a practical point of view, it is extremely important to understand the form, 

concentration, depth, and distribution of water resources at potential landing sites 

as the whole ISRU strategic trade revolves around water accessibility. The form 

and concentration of water on the Martian surface can vary a lot from the low 

concentrations of the equatorial hydrated soils to the dirty ice with high 

concentrations in the polar regions. This factor impacts greatly on the ISRU 

infrastructure required for extracting and processing water resources and on the 

amount of material needed to be processed.  
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Figure 4: Mars Soil Excavation for Water Based on Water Concentration (Sanders et al. 2015). 

Figure 4 is an analogy widely used by NASA to illustrate the impact of water 

concentration in the amount of material and area that must be excavated and 

processed. The image shows that the amount of water needed to be processed 

over 480 sols to sustain human activities on Mars can be found within the area of 

an American football field. The amount of material and area that must be excavated 

reduces rapidly with increasing water concentration. 

 

ISRU impacts several aspects of the mission such as mission/lander mass, power, 

and volume, mission and architecture flexibility and life cycle cost, risks due to 

complexity, failures, failure recovery options, and delayed logistics, and near-term 

and long-term human exploration and space commercialization objectives. 

Processing both atmosphere and soil resources provides both a large number of 

strengths and weaknesses compared to atmosphere processing alone.  

Therefore, when planning for a mission, ISRU developers should consider: 

• The implication of phase implementation of ISRU processes vs an all or 

nothing selection process on mission mass, power and risk.  
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• The implications of ISRU process options on other mission systems and 

concepts of operation.  

• The common technologies and processes between ISRU atmosphere-only 

and combined atmosphere/soil processing, life support, and regenerative 

fuel cell power systems to minimize costs, reduce logistics, and increase 

mission flexibility.  

Table 11 shows the strengths and weaknesses of atmosphere-only resource 

processing and atmosphere/soil resource processing which need to be considered.  

Table 11: Mars ISRU Atmosphere and Soil Resource Processing Strengths and Weaknesses 
(Sanders et al. 2015). 

 

 

 

 

 


