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A common tool for the evaluation and comparison of life support systems is Equivalent 
System Mass (ESM). ESM is used to identify, analyze, and more easily compare systems when 
selecting a solution from a group of system alternatives. ESM specifically addresses and 
quantifies the resources required to deploy a system, including: mass, volume, power, cooling 
required, and crew time. ESM provides a framework for the aggregation of these various 
categories to one number for easy comparison. Analysis of these categories provides a detailed 
depiction of the requirements or impacts of any one system. However, ESM only addresses 
specific aspects of the overall system. In order to expand the set of characteristics used for 
comparative evaluations, a set of criteria is proposed as a supplement to the ESM framework. 
These additional categories and processes, termed Life Support Multidimensional Assessment 
Criteria (LSMAC), are used to augment traditional ESM comparison methods and improve 
the accuracy of the end result. Specifically, LSMAC addresses the following additional 
evaluation criteria: safety, radiation performance, technology readiness level, cost, human 
factors, reliability, and maintainability. The LSMAC framework defines each of these criteria, 
provides system scoring guidelines, and methods with which to compile a weighted aggregate 
score that considers all criteria. It is important to note that ESM is a category within the 
LSMAC framework and is given significant consideration. LSMAC analysis provides a more 
inclusive and robust picture of any one system while retaining the useful comparative power 
that ESM provides.  

Nomenclature 
AES = Advanced Exploration Systems 
CAMRAS = Carbon Dioxide and Moisture Removal Amine Swing-bed 
CDRA = Carbon Dioxide Removal Assembly 
CRCS = Carbon Dioxide Removal and Compression System 
ECLSS = Environmental Control and Life Support System 
ESM = Equivalent System Mass 
HEOMD = Human Exploration and Operations Mission Directorate 
LEO = Low Earth Orbit 
LSMAC = Life Support Multidimensional Assessment Criteria 
NextSTEP = Next Space Technology for Exploration Partnerships 
ORU = Orbital Replacement Unit 
ROM = Rough Order of Magnitude 
TRL = Technology Readiness Level 

I. Introduction 
 The Life Support Multidimensional Assessment Criteria (LSMAC) is a set of categories and processes to evaluate 
and compare life support systems, subsystems, and their components in a useful way. Currently the primary evaluation 
scheme for life support systems is Equivalent System Mass (ESM). ESM (as applied to life support systems) can be 
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used to identify the most preferred option when selecting a solution from a group of system alternatives. ESM 
specifically addresses and quantifies the resources required to deploy a system. Resource categories considered by 
ESM are: mass, volume, power, heat dissipation or cooling required, and crew time. ESM then provides a framework 
for the aggregation (by mass equivalency) of these various categories (kg of mass, m3 of volume, etc.…) to one number 
(ESM) for easy comparison [1]. Analysis of these categories provides a detailed depiction of the resource impacts of 
any one system. When systems are comparatively very different it is easy to select the system with the smallest ESM 
value (lowest cost). However, if systems in a particular group have similar or equal ESM values, selection is difficult 
and more information is necessary. As noted by Levri, et al, [1] “ESM should rarely be the only metric applied in a 
trade study. As a cost metric, ESM may not be capable of capturing reliability, safety, and performance difference 
between trade study options.” Supplementing ESM with the LSMAC provides added resolution intended for system 
selection activities.  

 
The purpose of LSMAC is to consider additional characteristics or dimensions of system alternatives to capture 

critical performance variables not included in more traditional assessment schemes. Specifically, LSMAC addresses 
the following additional evaluation criteria: 

 
• Safety 
• Radiation Performance 
• Technology Readiness Level (TRL) 
• Cost 
• Human Factors 
• Reliability 
• Maintainability  
 

The LSMAC framework defines each of these criteria, provides system scoring guidelines, and methods with 
which to provide a weighted aggregate score that considers all criteria. These new factors, combined with the baseline 
ESM that carries considerable weight, allows LSMAC to be a more comprehensive evaluation system.  Not only will 
the resource cost be analyzed, but the opportunity cost of choosing one system over another is considered as well. For 
example: a selected alternative may be the overall best option; however, it may be slightly larger or harder to operate 
than other alternatives.  The opportunity costs associated with selecting the larger system are the added size and 
difficulty of maintenance activities. The opportunity cost of selecting the smaller system are reduced performance. 
LSMAC provides valuable insight into opportunity costs. The goal of LSMAC analysis is to provide a more inclusive 
and robust picture of systems while retaining the useful apples to apples comparative power that ESM provides.   

II. Life Support Multidimensional Criteria 
The Life Support Multidimensional Criteria were generated during work conducted as part of the NASA Advanced 

Exploration Systems (AES), Human Exploration and Operations Mission Directorate (HEOMD) NextSTEP program. 
The objectives of this work included the comparison of life support system architectures, subsystems, and 
configurations across numerous mission scenarios with various criteria. Equivalent system mass was initially used; 
however, the ESM framework did not provide adequate resolution for system comparison, specifically when 
comparing with systems that had very similar ESM values. For instance, subsystems for a specific life support task 
(oxygen generation, carbon dioxide removal, etc…) may have very similar ESM values, within 5%. Theoretically, 
one system may be currently in development and the other may have been deployed in a relevant environment. The 
TRL of the system in development system is much lower, but it is much less complex and cheaper to operate than the 
deployed system. The pros and cons of a system that is currently operating need to be objectively compared with a 
new system that has developmental risk but possibly greater implementation potential. LSMAC aims to provide the 
framework to make such a determination in a meaningful and repeatable way.  

 
The LSMAC is intended to be adaptable to a variety of scenarios and technologies of various scales. The general 

scoring strategy is similar to most traditional trade studies. Each technology or alternative (system choice to be directly 
compared to other potential system choices) is scored in each LSMAC category on a scale 1-10 (except in the case of 
TRL). That scale is then multiplied by a weighting factor given to that criteria. Weights can be changed based on 
alternative deployment scenario, environment, or mission. For instance, an alternative’s ESM (including operating 
resources) may be given a larger weight for long duration missions than for short missions, or the weight given to 
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radiation performance may be greater for mission environments further from Earth than those in LEO. These criteria 
valuations (score multiplied by weight) are added up to generate an aggregate LSMAC value for each alternative.  

 

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐿𝐿𝐿𝐿𝐿𝐿𝐴𝐴𝐿𝐿 𝐿𝐿𝑆𝑆𝑆𝑆𝐴𝐴𝐴𝐴 = �(𝑊𝑊𝐴𝐴𝑊𝑊𝐴𝐴ℎ𝐴𝐴𝑎𝑎 × 𝐿𝐿𝑆𝑆𝑆𝑆𝐴𝐴𝐴𝐴𝑎𝑎) 
𝑛𝑛

𝑎𝑎=0

 

 
Where ‘a’ is representative of each LSMAC criteria category (ESM, Safety, Radiation Performance, Technology 

Readiness Level (TRL), Cost, Human Factors, Reliability, and Maintainability) for any given alternative. The 
following subsections discuss each of these LSMAC categories in detail. The original list of categories was much 
longer, however these eight criteria were selected after discussion with many stakeholders. Each element was 
evaluated both theoretically and in practice (applied in trade study scenarios), and if it was not effective at describing 
or differentiating alternatives, it was removed from the list or combined with another category.   

A. Equivalent System Mass (ESM) 
 
Equivalent System Mass, as previously discussed, is a trade study tool used to evaluate launch impacts due to 

volume, mass, required power, required cooling and required crew time. To incorporate ESM into the trade evaluation 
process, each alternative’s ESM value is scored in LSMAC on a scale from 1-10. The LSMAC scale inversely 
correlates to ESM values, where the lowest ESM value corresponds to the highest LSMAC score and the highest ESM 
value corresponds to the lowest LSMAC score. Initially this is counterintuitive, however while a low ESM is desired 
at launch, high factors of safety, high radiation shielding, high TRL, etc. are desired. The LSMAC scale can be mapped 
onto various ESM ranges to provide adequate scale resolution for each unique study. When considering appropriate 
weights, ESM should be considered to be one of the most (if not the most) important criteria by which to evaluate 
alternatives. [1]    

B. Safety 
 
The Safety criteria is meant to rate the responses to several questions about the safety of an alternative. How safe 

is the base alternative technology configuration? How severe are potential hazards to crew members? How severe are 
potential hazards to space vehicles? Each alternative and its possible failure modes are considered. The most severe 
failure mode for each alternative was selected and used for the criteria scoring process. Selecting and using the most 
severe failure mode for alternative scoring is conservative; however, this strategy is appropriate in lieu of a full and 
complete failure modes and effects analysis for each technology.  

 
The Safety criteria is scored based on the hazard or impact resultant from the most severe failure mode. The hazard 

is evaluated using the following scoring rubric: 
 

10 Minor (no impact) 
8 Moderate (crew response required, loss of functionality) 
6 Severe (loss of mission) 
4 Critical (non-immediate loss of life) 
2 Catastrophic (immediate loss of life) 

 
A minor hazard is a failure mode that would not actively affect potential crew members or space vehicles. A hazard 

that results in loss of system functionality and requires crew member response is considered moderate. Severe hazards 
would result in possible loss of mission. Critical hazards could result in loss of life; however, the loss of life would 
not be immediate (e.g., oxygen supply system under performance). Catastrophic hazards are failure modes that could 
cause immediate loss of life. Safety is always of the utmost importance for any space mission with crew and should 
therefore be weighted differently for each unique mission set. Weighting is primarily based on two factors: length of 
the mission and ease in which an abort scenario can be executed. As the mission length increases and abort executions 
become longer and more complicated, safety should be considered more important. Safety hazards can always be 
mitigated using systematic or operational controls; however, this metric penalizes those alternatives that utilize 
technologies that would require more control and rewards those that require less.   
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C. Radiation Performance 
 
The Radiation criteria evaluates an alternative’s performance with regard to radiation dosages. The criteria 

considers both an alternative’s ability to shield environments from radiation and its susceptibility to damage from 
radiation. Alternatives that are able to shield environments from radiation score higher, and alternatives whose 
functionality could be impacted by radiation score lower. The Radiation criteria is scored using the following scale: 

 
10 Radiation immune and provides shielding 
8 Radiation immune 
6 Radiation susceptible 
4 Radiation susceptible and requires heavy shielding 
2 Radiation intolerant 

 
The term radiation as used here refers to dosages that penetrate through the hull and to the internal volume of a 

space vehicle. A score of 10 in this LSMAC criteria requires a technology to be immune from radiation dosages and 
provide shielding for other systems from typical radiation dosages. A score of 8 requires an alternative to be immune 
or unaffected by radiation dosages. A score of 6 allows an alternative to be susceptible to radiation dosages, but not 
require shielding to operate normally or close too normally. A score of 4 indicates an alternative is susceptible to 
radiation and requires shielding to operate normally. A score of 2 is reserved for alternatives that are radiation 
intolerant. Radiation intolerance in this case means that the alternative cannot function in a space environment without 
prohibitive amounts of shielding or dosage mitigation. Weighting for the Radiation criteria should vary with the 
deployment environment. As radiation dosing becomes more severe, both shielding and tolerance capabilities of 
alternatives should be valued at a premium.  

D. Technology Readiness Level (TRL) 
 
The Technology Readiness Level (TRL) LSMAC criteria evaluates the readiness of an alternative for space flight 

or conversely the development required for an alternative to reach space flight maturity. The scoring system for this 
criteria, as defined by NASA, has been used to measure a technologies development for many years. Technologies 
are scored from 1 to 9 based on the following development gates [2] : 

 
9 Actual system “flight-proven” through successful mission operations 
8 Actual system completed and “flight-qualified” through test and demonstration (ground or space) 
7 System prototype demonstration in space environment 
6 System/subsystem model or prototype demonstration in relevant environment (ground or space) 
5 Component and/or breadboard validation in relevant environment 
4 Component and/or breadboard validation in laboratory environment 
3 Analytical and experimental critical function and/or characteristic proof of concept 
2 Technology concept and/or application formulated 
1 Basic principles observed and reported 

 
The weighting for this criteria is based on the estimated development resources and development runway 

available with respect to a specific program or situation. For instance, a 10 year program may value current TRLs 
less than a two-year program.  

E. Cost 
 
The Cost criteria evaluates the estimated cost of an alternative for spaceflight. The evaluation process focuses on 

material and manufacturing costs to provide spaceflight hardware of quantity one. Costs associated with development 
are excluded as they are typically variable and hard to determine accurately. Also, the impact of development costs 
on an alternative’s utility is proportional to its development and is already built into its TRL score. The costs are 
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estimated on a rough order of magnitude (ROM) basis. The Cost criteria is scored using a scale from 1 to 10 assigned 
to numeric cost values in reverse order. A score of 10 is reserved for the least expensive, a score of 1 for the most. 
Scales should be tailored to specific scenarios to provide adequate resolution. The following is an example scale in 
US dollars (any currency can be used providing study consistency): 

 
10 $10K 5 <$2.5M 
9 <$50K 4 <$5M 
8 <$100K 3 <$7.5M 
7 <$500K 2 <$10M 
6 <$1M 1 >$10M 

 
Weighting for the cost criteria should be specific to the resource constraints for a given project, program, or mission 

objective.  

F. Human Factors 
 
The Human Factors criteria evaluates the impact of an alternative on potential crew members. Ergonomics, noise 

emissions, scent emissions, potential psychological enhancement and any other characteristics that could affect a crew 
member are considered. It is difficult to estimate or quantify the personal preferences for potential crew members, so 
the evaluation of this criteria focuses on impacts to crew member productivity. Quality of life and morale are included 
as productivity factors. The Human Factors criteria is scored using the following rubric: 

 
10 Evidence available that technology will increase productivity 
7 Estimate that technology will increase morale, quality of life, or productivity 
4 Limited to no benefits from technology 
1 Negative benefits, detrimental to operations or detrimental to physical/mental health 

 
A score of 10 requires quantitative evidence that an alternative increases the productivity of crew members in a 

space mission environment. A score of 7 indicates there is a reasonable belief that an alternative will aid in the morale, 
quality of life, or productivity of crew members. The evidence for this can be anecdotal or qualitative, but it should 
be from a reliable, primary source. A score of 4 is assigned to neutral alternatives, where there are no real impacts on 
crew member morale, quality of life, or productivity. A score of 1 is reserved for alternatives that directly and 
negatively impact the quality of life, morale, or productivity of crew members. For example, systems that were loud 
or produced an unpleasant odor would have negative impacts on crew members. Discretion can be used to increase or 
decrease scores based on estimated effects of the base technology configuration on ergonomics, habitability, and 
quality of life.  This is not a discrete scale, it is continuous and values other than those provided can be use. The 
weighting for the Human Factors criteria is based on the estimated stress on crew members for a given scenario or 
mission. Specifically, longer missions and mission environments further from Earth are considered more stressful.  

G. Reliability 
 
The Reliability criteria evaluates the underlying reliability of an alternative by identifying sources of potential 

vulnerability. These sources of unreliability are identified in the scoring system. Also, the number of individual 
components that comprise an alternative is considered. This portion of the evaluation process assumes that as the 
number of components that make up and alternative increases, so do the aggregate number of failure modes associated 
with those components. The more failure modes an alternative has, the less reliable it is. Inherent redundancy is also 
a defined factor. 

 
The Reliability criteria is scored based on a 10-point system. For each reliable or unreliable factor, points are 

deducted from or added to an initial score of 10. The following is a list of defined deductions/additions: 
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-1 High pressure components (>300 PSI) 
-0.5 Active Components (Heat, Power, Motion, Chemical Reaction), scored per instance 

-1 Intake/Exhaust/Integration vulnerabilities, scored per instance 
+2.5 Inherent Redundancy 

 Number of Components 
-1 50-99 components 
-2 100-249 components 
-3 250-499 components 
-4 500-1000 components 
-5 >1000 components 

 
Discretion can be used to lower the score based on estimated severity of unreliable components or systems. A 

candidate cannot receive a score below 1 or above 10. Also, the scoring associated with the number of components 
can be scaled to provide added resolution.  All scaling and adjustments must be explicitly documented. Weighting is 
constructed based on the ability to replace or repair alternatives during a specified deployment or mission scenario. 
Ability to repair refers to both the resources and time required to return alternatives back to functionality post failure 
mode. This could include resupply resources. For longer mission lengths and missions further away from resupply, 
more repair resources need to be carried along. This puts a premium on reliable alternatives for longer missions further 
away.  

H. Maintainability 
 
The purpose of the Maintainability criteria is to rate alternatives based on the effort required to maintain them. 

Specifically, evaluations are based on what level of effort, resources and time are required to return an alternative to 
operational service following a failure or planned maintenance activity. The Maintainability criteria is scored 
according to the tasks required to return alternative functionality. The criteria is scored using the following rubric: 

 
10 Reboot 
8 ORU Replacement 
6 Component Replacement (No special tools required) 
4 Component Replacement (Special tools required) 
2 Ground Crew Required 

 
A score of 10 is assigned to an alternative which, after failure, requires only a reboot, or similar activity with 

respect to time and resources. A score of 8 is assigned if an alternative is designed using ORU’s that allow for quick 
and easy replacement of maintained components or subsystems. A score of 6 is assigned if a failure would require a 
crew member to use common tools (screw driver, wrench, etc…) to replace a specific component (pump, fan, tubing, 
etc…) in a non-ORU configuration. A score of 4 is assigned if a failure would result in the use of special tools 
(soldering iron, rivet guns, etc…) to restore alternative functionality. A score of 2 is assigned if there is no way for a 
crew member to address the failure in space, and a ground crew is required to restore the alternative’s functionality. 
Discretion can be used to lower the score based on estimated difficult or hazardous activities. Discretionary 
adjustments must be clearly documented and the score must be between 1 and 10, inclusive. 
 

The Maintainability criteria is weighted based on the scarcity or premium put on the crew time and resources 
required for maintenance. For deployments or mission scenarios with more crew hours available, the maintainability 
of an alternative is generally less important.  For deployments with less resources allocated for maintenance (spares, 
cleaning products, etc…) or longer duration/distance, a greater weight should be given to maintenance.  

 



 
 

International Conference on Environmental Systems 
 
 

7 

III. Criteria Application 

A. Subsystem Application 
 
 To provide an example, this section outlines a simple, straightforward application of the LSMAC process to 

compare three carbon dioxide removal alternatives. Each alternative referenced in this section was researched, 
analyzed, and scored using the criteria definitions discussed previous. These scores have been compiled into a 
comparative scoring matrix, as shown in Table 1. The example alternatives are: Carbon Dioxide and Moisture 
Removal Amine Swing-bed (CAMRAS), Carbon Dioxide Removal Assembly (CDRA), and Carbon Dioxide Removal 
and Compression System (CRCS). The comparison of the carbon dioxide control systems is intended to demonstrate 
LSMAC only.  This comparison is not intended as a recommendation or endorsement of any alternative. 

 
Table 1. Example Trade Scoring Matrix for Mars 600-Day Mission [3] [4] [5] [6] [7] 

 
For each technology, the scores for each criteria are multiplied by the corresponding weighting factor 

(mission/scenario specific) and added together to generate an aggregated LSMAC score (furthest right column in 
Table 1), as shown in the following equation. Note again that the initial ESM score has been inverted to appropriately 
reflect that higher numbers have the most beneficial outcome.  

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐿𝐿𝐿𝐿𝐿𝐿𝐴𝐴𝐿𝐿 𝐿𝐿𝑆𝑆𝑆𝑆𝐴𝐴𝐴𝐴 = �(𝑊𝑊𝐴𝐴𝑊𝑊𝐴𝐴ℎ𝐴𝐴𝑎𝑎 × 𝐿𝐿𝑆𝑆𝑆𝑆𝐴𝐴𝐴𝐴𝑎𝑎) 
𝑛𝑛

𝑎𝑎=0

 

Where ‘a’ is representative of each LSMAC criteria category (ESM, Safety, Radiation Performance, Technology 
Readiness Level (TRL), Cost, Human Factors, Reliability, and Maintainability) for any given alternative. An example 
calculation for the CRCS technology from Table 1 is shown below: 
 

(9.75 × 40) + (5 × 2.5) + (8 × 20) + (8 × 7.5) + (7 × 2.5) + (4 × 10) + (9 × 15) + (7 × 2.5) = 𝟖𝟖𝟖𝟖𝟖𝟖.𝟓𝟓𝟎𝟎  
 

Aggregating scores in this way allows for direct comparison of multiple technologies with varying traits and 
characteristics. For example, we can see from the table that CDRA and CRCS are very close in overall score. This is 
due to similar ESM values as compared to the other technologies, and ESM being the criteria with the greatest 
weighting. However, the TRL of CDRA is considerably higher than that of CRCS. So for a mission without 
development runway, CDRA may be the appropriate choice; but if there is time for development, CRCS may be a 
viable option due to potential reliability and maintainability benefits.  If ESM alone was evaluated, a different outcome 
could have been arrived at, which shows the value of the LSMAC system.  A deeper understanding of the options, 
benefits and risks are quantified, and a more useful conclusion can be reached.  

B. Integrated System Application 
 
The LSMAC process can be conducted on systems of varying complexity. For very complex systems (fully-

integrated ECLSS) it may be advantageous to conduct the LSMAC process on components or subsystems individually. 
Subsystems can be compared and selected based on their efficient use with respect to deployment criteria (largest 
aggregate LSMAC score). An optimal integrated system would be a combination of these most efficient subsystems. 
The LSMAC scores of individual components or subsystems can be combined to generate an integrated system level 
LSMAC score. Each criteria has its own aggregation technique based on its nature.  Once integrated system scores 
are compiled, they can be compared like components or subsystems.  
 
 ESM is simply summed across all subsystems to calculate a value for the integrated system ESM.  These integrated 
system ESMs are then compared and rated just like components and subsystems.  See Section A for the specific details. 
The overall ECLSS is only as safe as its least safe technology, subsystem, or component. Using this logic, the 
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aggregate system score (combination of all the alternative scores) is set equal to the lowest individual alternative score 
for safety. This provides a conservative basis for assessing the safety of each system, and conservatism is appropriate 
when discussing safety. There are several criteria where it is appropriate to average the individual subsystem scores 
to calculate an average integrated system score.  These criteria are TRL, cost, and reliability.  The average TRL of all 
the subsystems in an integrated system provides an average rating for the TRL of the full integrated system. For cost, 
other aggregation strategies were considered including summing the costs for the system and evaluating on a 
predetermined range (similar to ESM). However, these costs are ROM costs and summing specific costs together is 
inappropriate with such estimates as it would compound errors in estimation.   
 
 For reliability, straight averaging provides an overall reliability score for an integrated system. Reliability is not 
necessarily a function of size or form, so a straight average is appropriate, and alternatives that comprise each system 
are treated equally using this method.  Also, the relative size of each system (based on number of components, 
complexity) is accounted for during the scoring of reliability.  See Section G for scoring specifics. 
 
 There are several criteria where it is appropriate to use weighted averaging to calculate an aggregate integrated 
system score for each criteria.  This is because the impact of these criteria are proportional to some other characteristic 
of each unique subsystem. These criteria are: radiation performance, human factors, and maintainability. For each of 
these criteria the characteristic used for the weighted average is ESM.  Each individual subsystem score contributes 
to the overall integrated system score proportional to its relative ESM value. The equation used to calculate the 
integrated aggregate system score is: 
 

𝐿𝐿𝑆𝑆𝑆𝑆𝐴𝐴𝐴𝐴𝑆𝑆 𝐿𝐿𝑆𝑆𝑆𝑆𝐴𝐴𝐴𝐴 = ��𝐿𝐿𝑆𝑆𝑆𝑆𝐴𝐴𝐴𝐴𝑎𝑎 ×
𝐸𝐸𝐿𝐿𝐿𝐿𝑎𝑎

𝐸𝐸𝐿𝐿𝐿𝐿𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠
� 

𝑛𝑛

𝑎𝑎=0

 

 
a = individual alternative 

n = number of alternatives 
 
 For radiation performance an ESM based weighted average is used for aggregation because geometry and density 
typically play a major role in the physics of the phenomena. For human factors ESM was used as the weighting criteria 
because general system size scales with the overall effect of the system’s human factor impact on the crew. This 
strategy rests on the following assumption:  generally the relative size of an alternative is proportional to its relative 
effect on crew members. ESM was used as the weighting criteria for maintainability because system size generally 
scales with the overall effort to maintain a system. The more there is of a system, the more there is to maintain. 

IV. Conclusion 
The LSMAC process is intended to augment current ECLSS comparative analytical tools. It provides a wider view 

of ECLSS characteristics for more complete and informed decision making. Beyond ESM, LSMAC contains 
considerations for system safety, radiation performance, technology readiness level, cost, impact on human factors, 
reliability and maintainability. LSMAC offers a structure and process for capturing and analyzing these variables and 
conveying them in a useful way. The application of these additional criteria allows for decision makers to capture 
potential oversights or opportunities of system deployment above and beyond launch costs. These criteria provide 
valuable insights to the construction of ECLSS for longer and farther human exploration into space. 
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