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1. Executive Summary 
The MARS-OZ research and development project involved the design of a series of 

subsystems which are to be incorporated into the design of  a Mars miss ion crew 

habitat s imulation module that  is  to be located in the Arkaroola region of South 

Austral ia.  

This F inal Design Report (FDR) document has been compiled to provide a detai led 

explanation, description and justif ication of  the f inal  design solut ions proposed by 

Martian Designs for the MARS -OZ habitat .  The proposed designs include:  

  A unique internal wall  panel  system 

  A folding bed/desk arrangement  

  A new upper deck cabin layout  

  An incinerator for waste processing  

  An incinerat ing toilet for human waste disposal  

  A photovoltaic system to provide power  

  A backup power system  

System designs have been checked and verif ied against the original cl ient  

requirements and specif icat ions to ensure high quality design solut ions. For 

continuing work, the FDR outl ines design specif ications that should be recognised 

and adhered to by future designers,  manufacturers ,  contractors an d occupants of 

the habitat .   

The design specif icat ions provided are combined with detailed protocols and 

processes that should be fol lowed to ensure safe and eff icient operation of the 

provided design solutions. This guarantees the longevity of the system and 

maximises the derived value of the designs provided and the habitat as a whole.  

A preliminary estimate of expected costs has been provided for the benefit  of the 

cl ient .  It  is  expected that a reasonable and realist ic  port ion of the overall  budget  

wil l  be used on crucia l  habitat aspects such as water and waste management,  a ir  

condit ioning, pr ivacy and some power generation.   

The design solutions provided by Martian Designs were developed with 

consideration toward their f inal  system integration. To this  end,  the integration 

network between these systems and the MARS -OZ habitat is  provided. This  

demonstrates that the provided designs integrate effectively with the other  

systems in the habitat .  

To date, the design team has performed adequately,  as measured  by the meeting 

of del iverable deadl ines and complet ion of the project within the budget 

constraints .  Moreover,  the high qual ity of design provides the customer with a  

complete design concept that can be immediately uti l ised by the cl ient for the 

f inal habitat design.  
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2. Introduction 

2.1.  Project Mission Statement 

Mars Society Austral ia  proposes to conduct a variety of extra -terrestrial  analogue 

research experiments  in the Arkaroola region of South Austral ia.  This  involves 

human habitat s imulation using the prospective habitat,  cal led MARS -OZ, as the 

central  research test  faci l ity.  An init ial  design has been proposed for MARS -OZ 

including structural engineering and the preliminary interior  layout;  however,  the 

current design lacks  the engineering design and d etai l  for  vita l  support services 

including power systems and waste management. The design of interior spaces is  

another aspect requiring further analysis  and design so as  to maximise the 

efficiency of the faci l i ty’s operation.  

The crew habitat module and t he support  services are essent ia l  elements for a 

future Martian outpost.  These systems must faci l itate the wellbeing of  the crew 

and provide an environment that supports the safe and eff icient  performance of 

tasks.  It  is  the goal of this project to address  the ident if ied design defic iencies  

using an integrated systems approach.  In conjunction with the objectives stated 

by the cl ient,  we have developed the fol lowing High-level  Customer Needs 

Statement:  

 Subsystem design must accommodate an 8 -member crew for up to one month.  

 Subsystem design must meet the expressed guidelines for environmental  

factors,  inc luding restrict ions on the upper/ lower l imits for radiat ion, heating, 

v ibrat ion, noise,  and atmospheric composit ion.  

 Design must meet al l  statutory engineeri ng requirements and standards.  

 The proposed subsystem designs must accommodate the mission objectives of 

exploration and research and respect the capabil it ies and l imitations of the 

crew.  

 The habitat must offer the crew amenity and safety  and maximise productivity,  

whilst  retaining cost -effectiveness in its  design.  

 

2.2.  Document Purpose 

The Final Design Report (FDR) is  the tert iary document to be presented to the 

Client ,  Mars Society Austral ia .  Upon presentation of the Final Design report to the 

Mars Society Austral ia ,  the project wil l  subsequent ly be c losed out.  This document 

includes detailed design work developed by Martian Designs. The document 

outl ines the design solutions to the MARS -OZ Habitat  design tasks that were 

awarded to Martian Designs.  These d esign tasks have been previously outl ined in 

detail  in the project scope documentat ion and the solut ions proposed for these 

design tasks,  which wil l  be discussed in this document,  have be thoroughly 

investigated and analysed in the Preliminary Sketch Plan (PSP) and the Final  

Sketch Plan (FSP) documents produced by Martian Designs.  
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Each design solution provides the fol lowing:  

  An overview of the design  

  Reasons for design decisions  

  Design specif icat ions to be met by MARS -OZ 

  Detailed processes to ensure effec tiveness of design  

  Verif ication that the design meets al l  specif icat ions (cl ient based, pre -

determined, Austral ian standards)  

  A preliminary cost estimate  

Martian Designs has considered how these designs are to be directly integrated 

and implemented into the overall  plan for the MARS-OZ habitat.  The FSP 

represents the f inal  opportunity  to obtain feedback on the designs before they are 

submitted to the c l ient.  

2.3.  Current Progress  

Completion of  the FSP marked the realisat ion of  the penult imate project  

milestone for Martian Designs and provided complete designs for  the subsystems 

under consideration subject to f inalisation.  This document,  the FDR, provides the 

f inalised and completed designs for the subsystems of the MARS -OZ habitat  

investigated by the Martian Desi gns project  team.  

The f inal design phase has involved the transformation of pre -conceptual 

solutions to detailed conceptual designs. Designs have been repeatedly revised, 

with increasing levels  of detai l  throughout the process.   

 The FDR is  the f inal mile stone of the MARS-OZ research and development project 

undertaken by Mart ian Designs,  as commissioned by the Mars Society Austral ia.  

The completion and presentat ion of this document to the Mars Society Austral ia  

wil l  mark the beginning of the closeout of  th e project .  F inalisations of the design 

solutions,  which are expounded upon in this report,  were based on feedback 

obtained from the c l ient .  This Final submission includes detailed design and 

analys is of the chosen design opt ions. Addit ionally,  this FDR rep ort  

Documentation is  also  accompanied by a  br ief project c loseout statement.  

 

2.4.  The Project Team and Team Structure 

The Mart ian Designs project team has been developed to  best  serve the diverse 

needs and functional  system requirements  of the project .  The Mart ian Designs’  

project team can be seen below and f urther explanat ion of the team structure,  

personnel roles and communication channels may be found in Appendix IX:  

Martian Designs’  Project Team .  

The Martian Designs’  Project team for the MARS -OZ analogue research station 

subsystem research and development project  was as fol lows:  
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James Everdel l  -  Project Manager  

Jared Dean –  Technical  Manager and Design Team Member 

 

Ell iott  Wise –  Internal Architecture Group Leader  

Sathyan Pooranachandran -  Lead Designer  

(Olivia)  J iazhen Zhu  -  Design Team Member  

 

Alistair  Watson –  Water and Waste Management Group Leader  

Charl ie Boettcher  -  Lead Designer  and Editor  

Michael  Gil l  -  Design Team Member and All iance Administrator  

Rebecca Beasley -  Design Team Member and Head Administrator  

 

Phil l ip Watt  –  Energy Management Group Leader  

(John) Hung Lui  -  Lead Designer  

Emily Carr ie  -  Design Team Member 

Yifei  Wang -  Design Team Member 

 

2.4.1.  Organisational Chart  

Figure 1 shows an organisational hierarchy outl ining the Mart ian Designs team 

structure. It  depicts the distribution of responsibi l ity for  internal team 

organisation (customer l iaison, administrat ion)  and project design work (MARS-OZ 

sub-systems).   
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Figure 1:  Design Team Structure 

 

Project design engineers are al located according to funct ional areas.  There are 

three subsystems; Energy, Waste and Water,  and Internal Architecture. Within 

these groups smal ler sub -groups are formed to focus on dist inct aspects within 

each system.  

2.5.  Project Stakeholders  

The Mars Society of Austral ia (MSA) is  the largest stakeholder in the project,  with 

the second largest  being the project t eam itself .  The benefits for  these 

stakeholders wil l  be intellectual ,  scient if ic  and eventual ly tangible.  If  the project 

is  a success then it  wil l  have an impact on al l  facets of the MARS -OZ Analogue 

Research Station due to the scope of the project.  If  the  MARS-OZ Analogue 

Research Stat ion is  subsequently deemed a success and obtains sufficient  funding;  

then the subsystem solutions explored by this project may become components in  

the f irst  ever manned interplanetary mission and interplanetary habitation. I f  this 

does become the case, then the stakeholders in such an event would extend past  

those direct ly involved with the project itself  to the whole of society,  with far  

reaching scientif ic  discoveries and the extending of the human knowledge base.  

Addit ionally other stakeholders whom have a vested interest in this project are 

the Austral ian National University (ANU), L iam Waldron and Lyle Roberts.  Success 

in this  project  would not result  in any compensat ion or  tangible benef it  to these 

stakeholders,  however,  it  wil l  add to their esteem.  
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3. Scope 
Guided by structured systems engineering processes,  the project was broken into  

the conceptually manageable subsystems outl ined previously (Energy, Waste and 

Water,  and Internal Architecture),  each with individual s ubsystem scopes. These 

were carefully formulated to ensure the highest quali ty of design.  The outl ining of  

the system interface requirements of each of these is  a crucial  system -level task.  

This involves resolving interface discont inuit ies to ensure seamle ss integration of 

the subsystems. This  interface analysis is  conducted upon both the exist ing 

systems developed by MARS-OZ as wel l  as those under current development. 

Below is an outl ine of  the scope of each design team, which wi l l  be presented in 

more detail  later.  

 

3.1.  Internal Architecture  

The internal architectural considerat ions for the MARS -OZ habitat are crucial  to 

the success of the project.  The designs centre on maximising the effectiveness of 

the avai lable internal  space to der ive enhanced crew produc tiv ity,  comfort,  and 

wellbeing. The scope of architectural consideration includes:  

 A reconf igurable and collapsible bedroom structure  

 Storage and room layout  

 Fit  out of s leeping cabins  

 Analysis of human factors relat ing to the usage of the habitat  

 Assist ing in determining power and waste requirements  

Major design influences inc lude acoustic control,  injury prevent ion, contaminat ion 

prevention and the psychological  wellbeing of the occupants of  MARS -OZ.  

 

3.2.  Waste and Water Management 

Waste management fo r this project wil l  focus on the collection and processing of 

multiple waste streams within the MARS -OZ habitat.  The waste streams 

considered include:  

 Common organic materials  (food and plant matter waste)  

 Human waste (sewage)  

 Plastics  

 Non-hazardous contaminants  

 Medical waste  
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Systems wil l  be designed to enact the destruction of waste. The overarching goal 

of this system is to counterbalance waste generat ion whi lst  us ing minimal power 

and being s imple to both use and maintain.  

Grey water is  another waste sou rce requiring a processing system. Energy and 

material  constraints  imply that the reprocessing of water  is  imperative. Water  

recycl ing has considerable benefits towards the long -term sustainabil ity and self -

suff iciency of the MARS-OZ project .  

 

3.3.  Energy Management  

The scope of  energy management in the MARS -OZ habitat has  been refined to 

ensure the quality and effect iveness of the systems in focus.  Areas in which the 

energy management team wil l  focus include:  

 Power audit ing to determine requirements  

 Power generation  

 Power load management  

 Backup power systems  

The energy system wil l  be designed to  maximise eff iciency and effect iveness 

whilst  minimis ing capital  and maintenance costs.  Considerations include external  

and internal temperatures,  re l iabi l ity,  archi tectural and waste management needs,  

and ensuring transportabi l ity of the system.  
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4. Architecture 

4.1.  Introduction 

The Internal Architecture sub -group of  Martian Designs has concentrated on 

designing systems for the sleeping cabins  in the MARS-OZ habitat .  The focus 

throughout the design process  has been on human comfort,  in particular looking 

at ways to eff icient ly use the l imited space available.  As the occupants of the 

habitat wi l l  be working with one another for extended periods of t ime  in confined 

quarters,  providing them personal  space is  v ital  to the success of their research.  

One of the goals of  the MARS-OZ project is  to investigate  the logist ic and 

psychological  issues imposed on occupants  during a simulated Mars mission. The 

sleeping cabins  play  a key role in this experimentation.  Flexibi l ity and 

adaptabil ity of systems within these areas is  a necess ity.  

 

4.1.1.  Scope 

The scope of  the Internal  Architecture sub -group includes the design of  two 

separate subsystems as well  as a plan for  the  usage and overall  layout of the 

sleeping cabin area.  

One subsystem is  a reconfigurable wall  system for separating s leeping cabins from 

one another,  and from the remainder of the habitat .   The main functional  

requirements of this system are that it  shal l  b e capable of varying the number of 

rooms up to a maximum of 8,  be able to be converted between single room and 

double room configuration, and be able to  be converted to  a completely open 

space thus extending the size of the l iv ing area.  

The other subsystem is a combined bed/desk system to f it  in each cabin.  This is  a 

response to MARS-OZ requirements  that  human factors are to be considered when 

designing the sleeping cabins.   The system aims to provide some private l iv ing 

space beyond that of just a bed for  each occupant.  

Finally,  MARS-OZ requires the sleeping cabins to accommodate up to 8 crew 

members. The habitat design published by MARS -OZ in the MS-3 document 

incorporates only 7 sleeping cabins.   Accordingly ,  Mart ian Designs have provided 

an alternat ive upper deck plan that al lows for an addit ional  s leeping cabin.  In 

doing so,  the design team has ensured that  only minimal changes to the ex ist ing 

design are necessary.   Also  provided is  advice on both the usage of these systems 

and personal storage within each sleeping cabin.  

 

4.1.2.  Designs Considered and Final Choices  

Init ial  design concepts for the inter -cabin wall  system included large s ingle panels 

and a concertina-style folding mechanism.  Issues with these designs included 

diff iculty manoeuvring them around  the habitat,  dif f iculty storing them, and 
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mechanisms that were diff icult  to manufacture.  For these reasons ,  among others,  

we chose to proceed with designing a  system consist ing of a number of  removable 

panels.  

For the combined bed/desk system the design team init ia l ly  considered a number 

of off-the-shelf  options,  but these were found to be prohibit ively  expensive and 

incorporated superfluous features.  Addit ionally ,  none of the investigated off -the-

shelf  options were able to conform to  the unique spat ial  constraints imposed by 

the curved wall/ceil ing.  Since the mechanisms themselves were quite simple it  

was decided that a  custom manufactured design process would be more 

appropriate as these could specif ical ly  accommodate these spatial  constraints .   

Thus Martian Designs proceeded with an init ial  design concept for  such a system.  

 

4.2.  Notes on Verification of Designs  

For each system al l  specif ications and constraints as determined in the 

Preliminary Sketch Plan have been consol idated.  For each specif icat ion and  

constraint ,  the design team conceptually checked whether the design has met the 

requirement,  and has given comments as to how this is  done.  Veri f icat ion 

methods for confirming that the f inal product has met the se requirements have 

also been provided.  Because no actual product shal l  be directly produced by 

Martian Designs,  these verif ication methods are intended for  use by whomever 

Mars Society Austral ia  chooses to source the f inal products.   Martian Designs has 

however used the suggested ver if ication met hods wherever possible.   Tables 

outl ining the result  of this verif icat ion process are given in  Table 22:   Combined 

Bed-Desk Specif icat ion Verif ication.  

For the inter -cabin wall  system Mart ian Designs produced a design that wi l l  l ikely 

meet almost al l  of the identif ied system requirements and constraints.   One area 

in which the requirements of Mars Society Austral ia are only partia l ly  met,  is  in 

our chosen mater ials  for the system.  It  was specif ied that  the system be 

manufactured from wood, aluminium, or f ibreglass.   We chose to bui ld parts of  

the system from steel to provide added rig idity and improve levels of safety.  

Another requirement which was only part ia l ly  met was that the system is to have 

no sharp corners.   Our design is  capable of being manufactured such that there 

are no sharp corners,  but this wil l  add signif icant complexity to the manufacturing 

process.   It  was instead decided to simplify  the process,  and attempt to minimise 

the number of sharp corners.   When the system is instal led there are no 

protruding sharp corners.   It  is  only  during assembly,  disassembly,  and 

transportation of the system that these sharp corners may come into contact with 

humans.  F inally,  the level of soundproofing the designed system would provide 

was unable to be determined; however it  is  expected that the system wil l  meet 

these requirements.  
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The combined bed/desk system also meets the vast majority of the ident if ied 

system requirements.   One requirement only partial ly  met was that the system is  

to be easi ly  transportable  into  and out  of the cabin.   The system is quite  large and 

can only be part ial ly  disassembled.  As with the inter -cabin wal l  system we also 

chose to incorporate steel into the design for added strength and safety.  Final ly 

we were unable to produce a system in which no sharp corners were present;  

however the f inal ised design has the numbe r of such corners minimised.  

Finally,  the requirements that were ident if ied relat ing to the overall  configuration 

and f it -out of the sleeping cabin system al l  appear to have been successful ly met 

by our designs.  
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4.3.  Inter-cabin Walls  

4.3.1.  Chosen Design 

After much consideration, it  was decided that a design consist ing of multiple 

inter locking panels was most appropriate  for the inter -cabin walls .   This  design 

has no complex mechanisms and is  s imple to  manufacture. Being modular it  can be 

stored and transported with relative ease, and can also be moved about within the 

confined spaces of the cabin. Most importantly,  it  can meet the MARS-OZ 

requirement for re-configurabil ity with l itt le physical  labour required.  This is  v ital  

to the system’s performance as br inging large system components into the habitat 

would be diff icult .  

Each wall  in the chosen design consists of a number of horizontal panels designed 

to interlock and attach to non-permanent rai ls .  The rai ls  are to be mounted to the 

f loors and roof.  Each panel in the wall  consists of two aluminium sheets mounted 

on long rods that protrude out of each end. These rods extend such that they  may 

be placed on top on hooks attached to each rai l .   Figure 2 shows a complete 

system for one sleeping cabin.  

 

Figure 2:  View of a Single Complete Room (Left: Door Closed, Right: Door Open) 

For the walls  between each bedroom and the corr idor every  panel is  the same 

length. However,  for  the walls  between bedrooms, the panels must fol low the 

curvature of the outside wal l  of  the habitat .  To hol d the panels,  one of the rai ls  is  

placed vertical ly  in the corridor and the other again fol lows the curvature of the 

outside wall  of the habitat .  A more detai led view of the assembled panels  for the 

walls  between bedrooms is  shown in Figure 3.  
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Figure 3:  Wall Between Adjacent Sleeping Cabins 

Soundproofing mater ials are sandwiched between the two aluminium sheets in 

order to provide acoustic insulat ion and maintain pr ivacy. The two aluminium 

sheets in each panel are offset to partia l ly  overlap one -another.  This means they 

can also partia l ly  ov erlap adjacent panels .  The design al lows for the only contact 

between adjacent panels to be made by soundproofing materia l.   Addit ionally,  al l  

aluminium surfaces are to be perforated al lowing sound to be absorbed rather 

than reflected within a cabin. The p erforations shall  not al ign on each s ide of  the 

panel so as to prevent holes from accidentally forming through the wal l .   These 

considerations combine to form a robust method of maintaining pr ivacy.  
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4.3.2.  Components 

The main components  of this system are the wa lls,  the rai ls,  the sl id ing doors and 

the mounting points .  The walls  are composed of panels,  whi le the rai ls  are used to 

hold the panels in place and provide rigidity.  The doors are a lso composed of 

panels and can be opened and closed by sl iding them along  rai ls  mounted to the 

f loor and roof.  The mounting points are designed to f ix  each rai l  to the f loor and 

the roof.  Addit ional mounting points have been incorporated to a l low for different  

room configurations  and for the storage of  walls  by re -assembling them against 

other walls.   These components are comprehensively descr ibed below.  

 Panels 

Each panel is  comprised of two aluminium sheets with Quiet  Barrier® HD, a  high 

density soundproofing materia l,  sandwiched between. Addit ionally ,  two steel 

tubes run the length of each panel,  between the aluminium sheets.  These tubes 

are used for  mounting the panels to the hooks on each rai l  and provide f lexural 

r ig idity to the system.  

Each aluminium sheet is  perforated to prevent sound from echoing within a  

sleeping cabin .  This  al lows noise to pass into the soundproofing rather than 

reflecting off  the aluminium.  The sizes of the panels vary according to their 

location in the wall  and door system.  
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Figure 4: Examples of the Types of Panels Used 

The panels used for construct ing wal ls  between each cabin and the corridor are a l l  

rectangular and of the same size;  however the walls  between each cabin must be 

arc-shaped on one side of the panel to account for the curvature of the outside 

wall  of the habitat.  On top of this,  the length of these panels must also vary with 

the largest at the bottom of the wall  and the smallest at  the top, again to account 

for the curvature of  the outer  habitat wal l .  Final ly,  the doors  are also composed 

of rectangular panels of equal s ize and a frame surrounding each door to maintain 

their shape.  
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Figure 5: Example Showing Two Panels Overlapping 

 Rails  

Three types of rai ls  are required for this  system ; one for the walls  between 

cabins,  one for the walls  between each cabin and the corridor,  and a sl id ing rai l  

for mounting each door.  

The f i rst  type of rai l  i s  used to hold the panels in  place. This is  accomplished by 

having the panels sit  on hooks bui lt  into the rai ls.  There are 14 hooks on a rai l  

that are used to f ix  7 panels.  The rai ls  are mounted to the roof and f loor.   
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To ensure low sound conduct ion between cabins,  soft  soundproofing material  is  

applied between the rai ls  and walls  to reduce sound moving from one cabin to 

another through gaps.  Each hook wil l  a lso be rubberised to prevent any possibi l ity  

of ratt l ing caused by metal -on-metal contact,  and to prevent  sl ippage.  

Steel has been chosen for constructing these rai ls  due to its  strength and abil ity  

to retain its shape. The reason for not us ing aluminium is that the yield strength 

of aluminium is relat ively small  compared with steel .  It  was judged that the hooks 

on an aluminium frame may not be strong enough to  hold the panels over 

prolonged periods of usage.  

 

Figure 6:  Rails with Close-up Views of Hooks 

 Doors 

Each door consists of  a steel frame with hooks onto which panels are mounted. 

One side of the door’s frame can be detached so that the panels of the door can 

be instal led or dismantled to ensure ease of storage and  transportation.  

The door shal l  be supported by two rai ls  located in the f loor and the roof.  Upon 

these, the door wil l  s l ide to enable access to and from each cabin.  There wil l  be a 

total  of 9 sl iding doors;  one for each bedroom and an addit ional s l id ing door for  

the overall  s leeping cabin area.  This addit ional door wil l  improve the sound 

proofing effect of the system.  

This design for the doors,  using the same panels as walls  with a steel frame and 

the sl id ing mechanism, ensures simi lar  ease of storage, transportation and sound 
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proofing.  The remainder of the system  should a lso serve to reduce costs due to 

the same manufacturing processes and materials being necessary  for al l  designs.  

 Mounting Points  

A pair of  mounting points is  required for each s ingle rai l ,  one in the roof and 

another in the f loor.  The exact posit ion of these mounting points depends on the 

design of the reconfigurable bedrooms. The recommended layout consists of three 

cabins on one side of the habitat and f ive on the other and is  shown in Figure 13.  

The locations of mounting points are also shown in Figure 16.  Since there wil l  be 

spare inter-cabin wal ls  when the total  number of rooms is  reduced, there are 

extra mounting points  against ex ist ing walls  so that some panels may be stored by 

construct ing wal ls  against ex ist ing walls .  

 

4.3.3.  Processes 

 Transportation  

The system wil l  require init ia l  transportation to the habitat .  Transport ation wil l  

also be required if  any components are stored off  s ite  or require replac ing.   While  

the panels are suffic iently small  that they could be placed on the bac k of a uti l ity 

vehicle,  the rai ls  may not be.  It  is  possible a small  t ruck wil l  be required for 

transportation of the some of the system’s components.  

 Installation 

The instal lat ion of the system can be divided into three steps. The f irst  is  moving 

the panels,  rai ls,  and doorframes into the cabin.  These wil l  be brought into the 

habitat through the rear emergency exit ,  using the emergency ladder. The reason 

for not bringing them in through the lower deck is  because the stairway from the 

lower deck to the upper deck is  re latively confined.  Based on the length of  the 

rai ls  and doorframes this may cause OH&S issues or possible  damage to equipment 

on the lower level .   

The second step in instal lation is  attaching the rai ls  to the desired pre-exist ing 

mounting points for the cabin conf igurat ion desired. These rai ls  should be bolted 

to their mounting points to provide stabil ity.   

The f inal step is  the instal lation of the panels.  The panels for a wall  are instal led 

starting at the bottom because of the curved outer w all  and inter locking between 

the panels .  Each panel  is  l i fted up and onto their respect ive hooks.   

There are 16 pairs of rai ls  with hooks and 9 pairs of s l id ing rai ls  that need to be 

instal led for the 8-bedroom configuration.   Each wall  requires instal lat i on of 7 

panels.  We antic ipate instal l ing a  pair of  ra i ls  and the corresponding 7  wall  panels 

wil l  take approximately 10 minutes.  This g ives an approximate total  instal lation 

t ime of 250 minutes for the 25 wall  segments.  Addit ional assembly of the doors is  

estimated to be 18 minutes. Hence, the estimated t ime for init ial  instal lat ion of  
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the system in the 8 -cabin configuration wil l  be about 268 minutes,  or 

approximately 4 .5 hours.  

 Reconfiguration  

Reconfiguration takes place when the total  number of bedrooms or the size of 

bedrooms needs to be changed. Reconfiguration of the bedroom layout is  done by 

way of dismantling the exist ing wal ls  and re -instal l ing them in another area in the 

same manner as before.   

The f i rst  step in uninstal l ing a wall  is  to remove th e panels.  This process begins  

with the top-most panel.  It  is  unlocked using a s l iding bolt  and then l ifted up from 

the hooks and detached from the rai l .  This is  repeated for each panel .  After 

removal of the panels,  the rai ls  are uninstal led by re leasing them from the 

mounting points.  

Combining two adjacent rooms into a double room is expected to be the most 

common activity completed by occupants regarding the system . For this  

reconfiguration, it  is  required that the wal l  between two rooms is  uninstal led a nd 

reinstal led against another wall  for storage.  The t ime for  uninstal l ing or instal l ing 

a single  wall  is  estimated to be 10 minutes.  Hence it  is  estimated that combining 

two rooms into a larger room wil l  take approximately 20 minutes.  
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Figure 7:  System Reconfigured for a Double Room (Note the Wall Separating Cabins is Now Twice as 

Thick) 

 Storage 

There are mult iple options for storage of spare panels and rai ls .  The most suitable 

for the habitat is  s imply storing the spare walls  against  exist ing walls  to avoid 

taking up addit ional  storage space in the cargo -bay module. Upon reconfigurat ion 

to a smal ler number of rooms, spare walls  can be instal led using mounting points 

that are c lose to exist ing walls  making the walls  effect ively twice as thick,  but  

effectively not using any addit ional storage space.  An except ion to this is  the 

corridor wall  that  unfortunately cannot employ this method.  Th is wal l  must  be 

stored in the cargo-bay.  

 Maintenance 

Spare panels of a l l  types,  cleaning chemicals ,  and s imple maintenance tools should 

be kept on s ite for maintenance of the cabin wal ls  and doors.  It  is  expected t hat 

maintenance wil l  only take place approximately every two weeks since the 

aluminium sheets,  steel ra i ls  and steel door frames al l  have high strength and 

therefore can be considered to be  re l iable.  The usual maintenance process  
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involves cleaning the surf ace of the walls  and the seam between inter locking 

panels,  and checking that the rai ls  are functioning correctly.  It  is  possible  that  a 

panel may incur damage if  impacted against;  however in the case of this event 

only the affected panels need to be replac ed rather than the whole wall .   This is  

one of the advantages of a multiple panel design.  

 

4.3.4.  Preliminary Cost Estimate  

The components of the Inter -Cabin Wal l  System include rai ls  with hooks,  s l id ing 

rai ls ,  steel frames for  the doors,  aluminium sheets,  and s oundproofing mater ials . 

The estimated quantit ies of mater ials  required for  these do not only include the 

quantity required for  the design,  but a lso  surplus required for  spare parts .  The 

quantit ies of the materials  needed are presented in Table 1 below. 

Possible suppliers have been found for each of the materia ls  given and the 

suppliers’  websites are l isted. Addit ional costs include the manufactur ing co st of 

the panels.   It  is  important to note that the total  cost is  a rough estimate and not  

a quote.  
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Table 1:  Cost Breakdown for the Inter-Cabin Wall System 

Name Units Quantity Total  Quantity  Manufacturer Unit 
price 

Total  
price 

Rai l s  wi th  
hook  

m  St ra ig h t  ra i ls :  
2 .1 *(9 + 2 + 1 5 )  =  5 4 .6  

Cu rve d  ra i ls :  
3 .3 *5 + 2 .5 *3  =  2 4  

Spa re  ra i ls :  
2 .1 *2 + 3 .3 + 2 .5  =  1 0  

 

5 4 .6 + 2 4 + 1 0 =  8 8 .6  

ht tp :/ /ww w. me ta ls upe r ma r ke t s .co m/
MS C- Ho me .a spx  

$1 2  $1 0 6 3 .2 0  

Sli di ng r ai l s  m  Fou r-be d roo m sid e :  
1 .8 *2 *4 = 1 4 .4  

Five -be d roo m sid e :  
1 *2 *5 = 1 0  

Spa re  ra i ls :1 .8 + 1 = 2 .8  

 

 

1 4 .4 + 1 0 + 2 .8  

= 2 7 .2  

ht tp :/ /ww w. me ta ls upe r ma r ke t s .co m/
MS C- Ho me .a spx  

$1 4  $3 8 0 .8 0  

Ma nu fa ct ur e 
cos t  for  
pane l s  

S q.m  P a ne ls  be t we e n 

be d roo ms a nd  

corrid or:  

2 .1 *(6 .7 5 + 6 .4 2 5 )= 2 7 .6

7  

P a ne ls  be t we e n 

be d roo ms:  

3 .4 6 *5 + 1 .9 5 *3 = 2 3 .1 5  

Spa re  pa ne l s :  

1 .3 5 + 2 .1 + 3 .4 6 + 1 .9 5 = 8

.8 6  

 

2 7 .6 6 7 5 + 2 3 .1 5 + 8 .8 6  

= 5 9 .6 8  

ht tp :/ /ww w.a l coa . co m/g l oba l/e n /ho m
e .a sp  

$1 1 .5  $6 8 6 .3 0  

Fr ame o f  door  m  Fra me s of  d oo r:  

1 8 *2 .1 + 2 *2 + 2 *2 + 1 *2 =

4 7 .8  

Spa re  fra me s:  

2 .1 *4 + 0 .4 *2 + 0 .6 7 *2 = 1

 

4 7 .8 + 1 0 .5 4  

= 5 8 .3 4  

ht tp :/ /ww w. ce cod o or .co m/  $1 8  $1 0 5 0 .1 2  

http://www.metalsupermarkets.com/MSC-Home.aspx
http://www.metalsupermarkets.com/MSC-Home.aspx
http://www.metalsupermarkets.com/MSC-Home.aspx
http://www.metalsupermarkets.com/MSC-Home.aspx
http://www.alcoa.com/global/en/home.asp
http://www.alcoa.com/global/en/home.asp
http://www.cecodoor.com/
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0 .5 4  

Alumi ni u m 
shee t  ( 1 mm 
thi c k)  

S q.m  Fron ta ge  of  pa ne l s :  

1 0 1 .6 4  

Sid e  of  pa ne l s :  1 0 .1 6 4  

Spa re  s he e ts:  

8 .8 6 *2 = 1 7 .7 2  

 
1 0 1 .6 4 + 1 0 .1 6 4 + 1 7 .7 2  
= 1 2 9 .5 2 4  

ht tp :/ /ww w.a l coa . co m/g l oba l/e n /ho m
e .a sp  

$1 7 .5  $2 2 6 6 .6 7  

Sou ndi n g 
pr oof  
mater i al  

S q.m  In  a l l  pa ne ls :  1 0 1 .6 4  
 
Spa re :  8 .8 6  

1 0 1 .6 4 + 8 .8 6  
= 1 1 0 .5  

ht tp :/ /ww w. so und pr oof f oa m .co m/q uie
t-ba rrie r . h tm l  

$1 5  $1 6 5 7 .5  

Tot al       $7 10 4 . 59  

 

 

 

http://www.alcoa.com/global/en/home.asp
http://www.alcoa.com/global/en/home.asp
http://www.soundprooffoam.com/quiet-barrier.html
http://www.soundprooffoam.com/quiet-barrier.html
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4.4.  Combined Bed/Desk System  

4.4.1.  Chosen Design 

The chosen combined bed-desk design is  a modified version of the basic CABRIO IN  

model produced by CLEI Furniture as seen in  Figure 8. Modif icat ions include the 

removal of one of the lateral  s ides to reduce weight  and maximize comfort,  the 

original frame structure is  replaced by a simpler design to improve stabil ity and 

manufacturabi l ity,  and the upright  storage of the bed is  modified to be stored at  

an angle to accommodate the curved ceil ing of the habitat .  With these 

modificat ions,  the design is  deemed to meet the main f it -out requirements of the 

sleeping cabins.  The syste m can be manufactured using raw materials by volunteer  

labourers.  

 

Figure 8: CABRIO IN Bed/Desk System 

 

Although buying the commercial ly  avai lable system from CLEI Furniture  reduces 

the complexity of  construct ion  and guarantees good workmanship,  custom 

manufacture of the system should prove more cost effective. The exist ing product 

has been ident if ied as luxury furniture with costly Melamine f inishes providing 

visual appeal.  This f inish can be replaced with a cheaper option such as  c lear 

lacquer that should be relatively inexpensive whilst  st i l l  retaining the aesthet ical ly  

pleasing appearance.   

 



18
h
 November, 2011 – Final Design Report – Martian Designs 

 

P a g e | 29 

4.4.2.  Components 

The combined bed-desk system consists of 3 vital  components.  The mattress is  the 

most important in determining the size of the bed as it  must be custom made in 

order to f it  within the l imited cabin s ize. The bed is  secondary  as the mattress 

determines the size of the bed and the bed can be constructed easi ly  with raw 

materials by volunteers because of the s imple design .  The least consideration is  

given to the desk. The desk requires the least precise  workmanship and ski l l ,  and 

is  subject to fewer technical  specif icat ions.   

 Mattress 

The f inal s ize of the bed is  dependent  on the size of the mattress.  After  

consideration the small  s i ngle size used in the United Kingdom (UK) was selected. 

This mattress is  1800mm in length, 750mm in width, and 180mm in height .  These 

dimensions were the optimal choice for the cabins to maximize the l iv ing space.  

Even though this s ize of mattress is  readi ly available in the UK, importing from the 

UK wil l  attract a  signif icant cost .  Therefore options for manufactur ing this  

mattress locally were researched. As a  result,  a company within Canberra,  cal led 

Makin’ Mattresses Pty Ltd ,  was selected.  Makin’  Mattre sses specia l ise in the 

custom design and fabr ication of  mattresses. The manufacturer  has  s ince 

confirmed that  a mattress can be manufactured according to any customer 

dimensions.  

The custom design has heavy -duty spr ings throughout  the mattress that are to be 

cushioned by layers of 10mm high -density  polyurethane foam. The foam is also 

non-allergenic and can be used by crew members with latex -sensit iv ity.  Extra 

heavy-duty hourglass edge supports shal l  be instal led for maximising s leep surface 

and durabil ity .  The mattress shal l  be covered with 18mm quilted f ire retardant  

fabr ic which meets the Austral ian Standards for f ire safety AS1530.3/1999 & 

AS2755.2/1995. The mattress shal l  a lso be double s ided, so that its  l i fe can be 

extended by rotat ing i t  regular ly.  

 Bed 

The bed base was designed based on the dimensions of  the mattress.  The bed base 

shal l  be 1840mm in length and 790mm in width and 15mm in thickness.  The height 

of the top of the bed base from the f loor shall  be 200mm.  

The overall  structural frame is to be  made of reinforced 20mm square hollow steel 

and painted with epoxy powder for corrosion resistance. Although in many cases,  

aluminium may be a suitable subst itute for steel,  the decreased weight of the 

aluminium detracts from the usabil ity of this  system. Because the system must be 

stable when a person is  s leeping on the outer edge of the bed, it  is  important that  

the system has suffic ient weight to balance the moment created by the person’s 

weight.  The bed base shall  also be made of 20mm square steel,  wit h multiple 

layers of bent  beech wood. Belts  made of nylon f ibres with fasteners are to be 

used to secure the mattress in place when it  is  stowed. The opening mechanism 

wil l  be supported by gas springs (slow dampening type) for smooth release of the 
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mattress.  The legs  of the structure shal l  be f itted with castors each with a  locking 

mechanism to enable  switching between mobile and stable configurations. The 

bed shal l  be supported by two flat  steel bars protruding from the side frames and 

a lengthwise square steel bar.   When the bed is  being used, the bed base rests on 

these supports.  

 Desk 

The desk shal l  be 1840mm in length and 500mm in width.  When in use, t he height  

of the desk from the f loor wil l  be 700mm. The height of  the desk when l i fted for 

stowage shall  be 1100mm. The distance between bed base and desk in its stowed 

configuration shal l  be 900mm (without the mattress).  The desk shall  be made of 

beech wood with clear lacquer f inish.  Steel bars are to  be used to connect the 

desk with the bed.  

 

Figure 9: Existing Product for the Proposed Combined Bed/Desk System 
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Figure 10: Dimensions of the Combined Bed/Desk System 

 

4.4.3.  Processes 

 Installation 

Due to the size of the system, it  cannot be ful ly  pre -assembled outside the module 

and then moved in.  Therefore it  is  necessary to assemble some individual pieces 

once they are moved into the cabin.  

The main components  are the frame, bed slats,  mattress,  a nd desk. To form the 

main frame of the system, pre -assembled sidebars  can be manoeuvred into the 

cabin and then the crossbars can be attached and secured with nut and bolts.  The 

desk shall  be attached with the supporting steel bars as wel l  as moving joints  with 

gas springs  beforehand. A similar process wil l  be appl ied to the bed as  well .  The 

rotating joints with gas spring are attached to the bed base and the bent beech 

wood slats  are attached to the base.  Once al l  these subsystems are pre -assembled 

these are brought into the habitat,  after which the system as a whole can be 

assembled with nuts and bolts with the aid of  a wrench or spanner.  

First ,  the crossbars are attached to the side frames completing the whole main 

frame. Then the bed base is  attached to  the main frame using the pre -assembled 

gas spr ings. The mattress is  then secured to the bed base using the nylon f ibres 
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and fasteners.  Final ly  the bed is  moved to the storage posit ion and the desk can 

be instal led. Once the system has been completed, it  i s  important  to check that a l l  

nuts and bolts are securely fastened before use.  

 Transportation  

The system includes four castor wheels  to permit it  to be easi ly  moved throughout 

the habitat when necessary.  These castors are made of nylon.  They include a 

revolute bearing, a swivel plate for attachment,  and brake.  

 Maintenance 

The system has  a minimal number of  moving parts.  Thus the maintenance needs of  

the system are signif icantly reduced. The moving parts require  lubricat ion on a 

monthly basis.  The frame is c orrosion resistant.  Adequate care should be taken to 

avoid the use of strong ac ids as  cleaning -agents as this  wil l  remove the anti -

corrosive epoxy powder coating. Only mild cleaning agents wil l  be suitable for  

cleaning the frame and desk.  

 

 

Figure 11: Example of Castor Wheels Used in the Bed/Desk System 

As seen in F igure 11, when the brake is  not engaged, the wheels are free to 

rotate,  al lowing the system to be moved freely around the cabin. When the brake 

is  engaged the system’s mobil ity is  restricted and it  becomes stable for use.  

When the system needs to be transported out of the cabin,  the desk should be 

removed. This increases the manoeuvra bil ity of the system. Though the 

constructed system is not heavy, its  physical  bulk wi l l  necess itate the use of  

trucks for  transportation unless it  is  disassembled to parts.   

 

4.4.4.  Specifications  

There wil l  be some requirements that MARS -OZ wil l  have to meet to  ensure safe  

and effective usage of the system.  
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The maximum weight  supported by the bed’s slats is  120 kg.  When any load 

greater  than this  is  appl ied,  the system risks either toppling over or experiencing 

structural fa i lure of the metal frame.  

The maximum weight the desk can support  is  20 kg. It  is  extremely unsafe to apply 

a greater load than this as the desk is  s ituated directly above the bed in which 

someone may be sleeping.  Fai lure to fol low safety l imits may also result  in  

structural fa i lure of either  the table itsel f  or  the bearings.  

The maximum weight supported by each castor wheels is  30kg. Spread over four  

wheels this gives a  maximum load of 120kg. It  is  important to note that this 

maximum weight is  when the castor wheels are in stable locked posit ion. When 

the locks are released, the maximum weight  the bearings of each castor wheel can 

handle is  20kg. Therefore it  is  advised that the castor wheels are to be used to 

move the system when there is  no load on the bed  or desk .  
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4.4.5.  Preliminary Cost Estimate  

Since the bed-desk system wil l  be locally manufactured by volunteers,  a cost analys is has been conducted to estimate the 

approximate cost of 8 units of these systems.  

Table 2: Cost estimate of combined bed-desk system 

Part Units Quantity Total  
Quantity 

Manufacturer  Unit 
Price  

Total 
Price  

Sma l l  s in g le  
ma t tre s s  

   

8  

ht tp :/ /ww w. ma kin ma tt re sse s . co m.a u/  $4 0 0  $3 ,2 0 0  

Be e ch w ood  Sq ua re  
me t re  

2 .5  pe r  

uni t  

 
 
2 0  

ht tp :/ /ww w. wood wor ke r sso ur ce . co m/P R O - be e 4 4 -p -be e c h. h t ml  $1 0 0  $2 ,0 0 0  

Ga s spr ing s   4  pe r  uni t   

3 2  

ht tp :/ /ww w. ne x ta g .c om/ ga s - sprin g/c ompa re - ht m l  $5 0  $1 ,6 0 0  

2 0 mm sq ua re  
ho l lo w s te e l  

Me tre  2 0  me tre s  

pe r  uni t  

1 6 0  ht tp :/ /ww w. pa r ke rs te e l . com/P rod uc t/0 0 1 3 8 5 4 /Brig ht+ Ste e l+ S q u
a re /2 0 m m+ SQU AR E+ 0 8 0 A1 5 + BLU E  

$1 0  $1 ,6 0 0  

Mis ce l la ne o us *     
 

  $1 ,6 0 0  

Tot al       $1 0, 0 0 0  

*Miscellaneous items include castor wheels ,  screws, bolts and leeway for replacement materials .  

 

http://www.makinmattresses.com.au/
http://www.woodworkerssource.com/PRO-bee44-p-beech.html
http://www.nextag.com/gas-spring/compare-html
http://www.parkersteel.com/Product/0013854/Bright+Steel+Square/20mm+SQUARE+080A15+BLUE
http://www.parkersteel.com/Product/0013854/Bright+Steel+Square/20mm+SQUARE+080A15+BLUE
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4.5.  Overall  Sleeping Cabin Layout  

4.5.1.  Overall  Cabin Plan  

The layout of the bedroom system was based on three requirements;  there must 

be eight reconf igurable bedrooms, al l  rooms must be approximately the same size  

and al l  rooms must  be f itted with the specif ied equipment required by MARS -OZ 

(document MS-1) .  To achieve this,  a l l  bedrooms are approximately 3.050m 2 ,  with 

bedrooms 1 through 3 having dimensions of 2.100m by 1.450m and bedrooms 4 

through 8 having dimensions of 2.259m by 1.350m, as can be seen in Figure 13. 

This room siz ing leaves a corridor w ith a width of 0.713m. While this is  quite 

small ,  it  should be noted that  it  is  suff icient for  human movement around the 

habitat  and for carry ing baggage to and from the cabins.  0 .713m wil l  not be 

suff icient for  the transport of  large items to and from the  cabins;  however,  this is  

acceptable as the transport  of large items into  the habitat is  expected to occur  

before the inter-cabin walls  are constructed, or alternatively the walls  can be 

deconstructed to a l low for this .  

 

Figure 12:  View of a Number of Assembled Sleeping Cabins 

Some aspects have been changed from the original design, seen in MARS -OZ 

document MS-3, for the upper deck layout. The store and l inen cupboard were 

moved in front of the l iv ing area, towards the nose of the habitat ,  as may be seen 

in Figure 13. This has made it  possible for a  ful l  transformation from 8 bedrooms 
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to one large room. It  may also be advantageous to have the store room closer to 

the kitchen. In addit ion, the l iv ing area was also made considerably smaller  due to  

the introduction of  an addit ional bedroom (bedroom 8) which was necessary to 

meet the requirements of MARS -OZ. It  is  suggested that these bedrooms should be 

f i l led sequent ial ly  (1 through to 8) as thi s retains the greatest amount of l iv ing 

space unti l  al l  bedrooms are f i l led.  

The inter-cabin and corr idor walls  of the habitat have also been taken into 

account with a thickness of each wall  of 50mm added to the layout in F igure 13. 

The walls  have mounting points in the f loor and roof in the as shown in F igure 16, 

which are discussed section 4.5.4 .  
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Figure 13: The proposed upper deck and bedroom layout for the MARS-OZ habitat. All measurements shown are in millimetres (mm).
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4.5.2.  Cabin Living and Storage Space  

Each bedroom is f itted with a s ingle bed taking up 1. 4536m 2  of space when in use,  

with dimensions of 1.8 4m by 0.79m. This leaves approximately 1. 6m 2  (3.05m 2  less  

1.45m2)  of f loor space in each room. For bedrooms 1 through 3 this  wil l  leave 

0.26m by 0.79m or 0.2054m 2  at  the end of each bed, assuming that al l  wal ls  are in 

place,  and 0.66m by 2.1 or 1.386m 2  to the side of the bed with the door.  For  

bedrooms 4 through 8 this wil l  leave 0. 308m by 0.79m or 0.2433m 2  between the 

foot of each bed and the external wall  and 0. 56m by 2.264m or 1.2678m 2  to the 

side of the bed, assuming that the wal ls  are al l  in place.  

It  is  real ised that crewmembers wil l  need to uti l ise this remaining f loor space in 

the cabins to store their  clothes,  as wel l  as a  small  amount  of  other personal  

belongings,  for example toiletries.  It  is  suggested that crew members' suitcases  be 

stored in one of the fol lowing areas;  the l inen cupboard, either of  the stores,  or in 

the storage space in the cargo -bay. This wil l  help to avoid OH&S issues caused by 

suitcases being stored on the f loor.  It  is  suggested that each cre wmember’s 

clothes and small  belongings be stored in racks which wil l  be hung from the 

ceil ing,  as seen in F igure 14. These racks are soft  and therefore should reduce 

OH&S issues,  whilst  being very l ightweight and providing enough rigidity and 

space to store the crew member’s clothes and other l ight belongings. These racks  

can have up to 8 compartments,  but i t  is  suggested tha t four compartments  would  

probably suffice;  one compartment for undergarments,  one for shirts,  one 

compartment for trousers/skirts  and one for jumpers,  with shoes to be stored on 

the f loor or in remaining compartments if  required.  

For the occupant’s laptops,  books and other  equipment,  it  is  suggested that these 

be stored on the desk part of the bed/desk system during the day and in the space 

underneath the bed during the night.  Stationery (pens and pencils,  etc)  should be 

stored in pencil  cases  when not in use to el iminate clutter,  promote cleanliness  

and reduce OH&S issues.  
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Figure 14: Hanging shoe racks which crew members could store their clothes and small personal belongings 

in (Image from Dansky 2008). 

 

4.5.3.  Overall  Storage  

The general storage on the upper deck wil l  be a  1.110m by 2.264m store room, 

located behind the f l ight deck and adjacent to the gal ley. Another storeroom 

which is  predicted to be approximately 0 .936m by 0.725m but can be modif ied by 

MARS-OZ, is  located next to the  stairs and behind bedroom 3. A 0.850m by 2.264m 

linen cupboard is  s ituated between the f irst  store and the l iv ing room. This gives a 

total  f loor area of approximately 5.12m 2  for general storage space, which wil l  be 

increased by the addit ion of shelves  ins ide of the stores and the l inen cupboard.  

This wil l  however be constrained by the chosen shelf  heights and the curvature of 

the outer walls  of the habitat.   

In addit ion to the storage space outl ined, there is  a lso a  considerable  amount of 

space not yet ut i l ised located between the galley and the stairs which could also 

be used as a third store room. Final ly,  in the case of an emergency, the l iv ing area 

may also be able to provide addit ional general storage space.  

 

4.5.4.  Specifications  

For the inter cabin wall  sys tem to be incorporated into the MARS -OZ habitat 

design, the MARS-OZ habitat wil l  need to be modified to include the f loor 

mounting points for the walls,  which can be seen in Figure 16. In this f igure,  the 

http://4.bp.blogspot.com/_tfGC7tOlrdk/SSoNX6GE6II/AAAAAAAAGWo/WM3UK2_J-eM/s1600-h/hanging-shoe-bag.png
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mounting points for the doors to the cabins and the corr idor wal ls  are highl ighted 

with red squares,  with each mounting point having dimensions of 25mm by 50mm. 

The mounting points for the cabin wal ls  are  highl ighted b y blue squares and also 

have the same dimensions as the red mounting points ,  but are perpendicular in 

posit ion to the red points .  Where the blue mounting points  appear on the l ines of 

the walls ,  this is  the standard posit ion which wil l  be ut i l ised when al l  the 

bedrooms are being used. The other addit ional blue mounting points,  which wil l  

be placed 10mm to the side of the standard mounting points,  wil l  be ut i l ised in 

the case that  bedrooms are expanded,  such that the one wall  wil l  be moved 

against another wall  for storage, as may be seen in Figure 15.  

 

Figure 15: Conversion from two single rooms to a double room 

This method of  storage means that if  the rooms are expanded, the crewmembers 

wil l  not have to move the panels of the walls  downstairs to be stored in the 

garage area. This should reduce OH&S issues associated with moving the panels up 

and down stairs and save t ime. If  two walls  are stored in bedrooms 1,  2 or 3 this 

would reduce the length of the bedroom to 1.98m, which remains suffic ient to 

al low the incorporation of the bed/desk (1.8 4m long) and would provide a residual  

total  room floor area of 2.871m 2 .  I f  two wal ls  are stored in bedrooms 4,  5,  6,  7  or  

8 this wil l  reduce the width of the bedroom to 1.230m which remains suff icient to 

al low the incorporation of the bed/desk (0.7 9m wide) and would provide a 

residual total  room floor area of approximately 2.7 85m 2 .  
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Figure 16: A plan view of the bedrooms and corridor displaying the mounting points for the inter-cabin 

walls. NOTE: All measurements are in millimetres (mm). 

 

4.5.5.  Room Layout  

As specif ied by MARS -OZ document MS-1, each cabin must be f i tted with a main 

l ight,  a reading l ight ,  a LAN port,  a power supply,  appropriate  stowage, a f ire 

detector,  a  f i re extinguisher,  and a porthole,  in  addit ion to  the bed/desk system. 

The proposed layout for bedrooms 1,  2 and 3,  which have dimensions of 1.35m by 

2.1m, can be seen in Figure 17 and the proposed layout for bedrooms 4,  5,  6,  7 

and 8,  which have dimensions of 2.264m by 1.35m, can be seen in Figure 18. All  of 

the appl iances l isted above, as specif ied by MARS -OZ, have been included in the 

bedroom layout plans of both sets of bedrooms and their posit ions in the room 

have been ful ly  dimensioned. The dimensions wil l  not be discussed here as these 

are visible in Figure 17 and Figure 18. The design considerat ions behind the choice 

of these dimensions wil l  however be brief ly outl ined.  

It  was deemed that no f ixture could be instal led any c loser than 600mm from any 

of the reconfigurable walls ,  as  this would interfere with th e wal l  storage 

procedure. An addit ional constraint was put  on the f ixtures that they must not be 

bui lt  into the reconf igurable  walls  and therefore must be instal led in the roof,  

outer wall  or the f loor.  The main l ight of each room was put as close to the c entre 

of the room as possible and c lose to the highest point,  in each room to provide 

the best l ight due to the curvature of the outer walls .   
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The f ire detector was placed near the doors  of the cabins,  as this  way they would 

be able to cover an area that n ot only inc luded the room but also some corridor 

space outs ide the room. The small  f i re extinguishers,  which are 84mm in diameter 

by 351mm in length (Fire EMT 2011),  were placed in spaces that  would be easi ly  

accessible,  but cause minimal  interference to daily routines and would save space.  

The portholes were placed in the centre of the outer wal l  for symmetry and ease 

of access.  The LAN port and dual general power outlet (GPO) were placed next to  

each other and then designated a posit ion next to the bed/d esk system for easy 

access and use.  

The hanging c lothes racks,  which were est imated to be 500mm by 500mm, were 

placed in posit ions were it  was deemed the roof would be high enough to provide 

suff icient space to hang them, while interfer ing as l itt le as po ssible with 

movement in the cabin.  

Finally,  a reading l ight was posit ioned over  the bed/desk.  It  is  assumed that  this 

l ight may have a swivel funct ion similar to reading l ights in commercial  planes or 

that it  wil l  have a ‘gooseneck’ that wil l  a l low it  to be convenient ly reposit ioned.   

Finally,  it  should be noted in Figure 17 and Figure 18 that the bed and the clothes 

rack do not adhere to  the constraint given that no f ixture could be instal led any 

closer than 600mm from any of the reconfigurable walls ,  as this  would interfere 

with the wal l  storage procedure.  This is  deemed satisfac tory as neither the c lothes 

racks nor the bed/desks are f ixed and can both be moved in the event that the 

wall  storage procedure is  ut i l ised.  
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Figure 17: Fully dimensioned bedroom layout for bedrooms 1, 2 and 3. The curved outer wall is located at 

the top of the figure and the door to the cabin is located at the bottom of the figure. All measurements are in 

millimetres (mm). 
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Figure 18: Fully dimensioned bedroom layout for bedrooms 4, 5, 6, 7 and 8. The cabin door is located at the 

top of the figure and the curved outer wall is located at the bottom of the figure. All measurements are in 

millimetres (mm). 
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4.5.6.  Brief  Layout Cost summary  

The cost of the bed/desk system has already been discussed in Section 4.3.4. In 

addit ion to this there wil l  be further  costs  associated with the f ire detector for 

each room, as well  as  a f ire detector and a f ire alarm speaker for the cor ridor,  a  

f ire ext inguisher for each room, and the clothes rack. It  is  also recommended that  

a manual  cal l  point  for the f i re a larm is f itted to the emergency door at the back 

of the habitat.  The l ights wi l l  not be inc luded in this section as the l ighting layout 

design is  not within the scope of this project .  

As described in Section 5.2.2 each f ire  detector,  with base, wi l l  cost $115 and wi l l  

be l inked to the f ire a larm system in a manner shown in F igure 23. The f ire a larm 

speaker for the corridor wil l  cost $20 and the manual cal l  point for the emergency 

door wil l  cost  $30. Addit ionally,  each small  f i re extinguisher  wil l  cost 

approximately $33 (Fire EMT 2011) and each clothes rack wi l l  cost approximately 

$20 each.  

  9 x f ire detectors = $1035 

  1 x f ire a larm speaker = $20  

  1 x manual cal l  point = $30  

  8 x small  f i re extinguishers = $264  

  8 x clothes racks = $160  

This leads to a total  cost of $1509 for the bedroom and corridor f it -out excluding 

the bed/desk system and inter -cabin wal l  system. Note that  this is  only a  

preliminary cost estimate and not a quote.  
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4.6.  Summary 

The Internal Architecture sub-group has produced two system designs for  the 

sleeping cabins,  including plans for implementing these designs  and an overal l  

configuration for the s leeping cabin system as a whole.  

Mars Society  Austral ia has specif ied that  they would l ike the sleeping cabin area 

to be reconfigurable  to accommodate varying crew sizes.   To this end , the team 

has produced a wall  system capable  of being erected and dismantled quick ly,  

reconfigured, stored and transported with ease.  This  design solution is  a system 

of separate interlocking panels,  which instal l  onto r emovable rai ls  mounted 

vertical ly  from the f loor to the ceil ing.  

Mars Society Austral ia have also specif ied that any sleeping cabin design should 

incorporate human factors,  taking into account the need for crew member pr ivacy 

given the confined l iv ing spac es they wil l  inhabit  for  extended periods of  t ime.   To 

meet these requirements it  was decided that at a minimum , each cabin must 

incorporate a bed, a  desk,  and some personal storage.  A combined bed/desk 

system was developed based on exist ing commercial  de signs.  Due to the small  

spaces involved and curved cei l ing a number of modifications to any exist ing 

design would need to have been made for such a product to be adequate.  For  this 

reason it  is  suggested that a custom system be manufactured to more adequ ately 

meet the needs of MARS-OZ.  Plans for such a system are presented in sect ion 4.4  

above.  

In order to accommodate 8 crewmembers some modificat ions to the MARS -OZ 

habitat plan publ ished in MS -3 in 2003 were required.  This involved relocat ing 

the proposed storage areas and demarcating an extra sleeping cabin.  It  is  also 

suggested that foldable hanging compartments (commonly hung from rails  in 

cupboards in househo lds) be provided in each sleeping cabin.  These are useful 

because they fold up to a very small  s ize when not in use, and can be instal led in 

an otherwise unused space.  
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5. Waste Management and Water Recycling Systems  

5.1.  Introduction 

The following section o utl ines the proposed design solut ions for a Waste 

Management System (WMS) and a Water Recycling System (WRS)  for the  MARS-OZ 

habitat.  This document presents a detailed overview of the conceptual designs for  

both the WMS and the WRS.  

The design solution chosen for the WMS consists of two dist inct and physical ly  

isolated subsystems. The f irst  of these is  for the process ing of general wastes by 

incinerat ion. The second of these is  for the processing of wet  sewage waste by 

means of an incinerat ing toilet unit .  The design has uti l ised off -the-shelf  technical  

solutions to accomplish the central  function s required of  these subsystems, 

primarily  destruction by the incinerat ing  units.   

The general waste incinerator is  the  MediBurn-20 Inc inerator  Unit  manufactured 

in the United States by Elastec Inc.  (USA) .  The INCINOLET Electric Incinerating 

Toilet  by Research Products/Blankenship  Inc.  (USA)  has been selected to perform 

sewage incinerat ion.  The functional performance of the units being taken as  

documented,  the system design hence focuses on the necessary system 

integration considerations of these incineration units into the overall  MARS -OZ 

mission system.  

The design solution for the WRS was approached from the perspective of meeting 

two key functional requirements.  T hese were the abi l ity to reprocess wastewater  

and the abi l ity to store water.  Due to the safety aspects surrounding the human 

consumption of water,  off -the-shelf  technical  solutions with proven safety  

standards were mandated. The Vil lager A1 Fi lt ration and  Disinfect ion system 

manufactured by Aqua Sun International Inc.  (USA) was selected to fulf i l  the role  

of processing functionali ty.  A paral lel  design process  indent if ied the required 

storage vessels ,  pumps, and pipes to ful f i l  the role of water distr ibutio n and 

storage. It  is  currently proposed that the storage system should be custom 

manufactured. This achieves a lower cost storage system solution and affords a 

design that  is  better suited to the unique spatial  l imitat ions of the habitat.  

 

5.1.1.  Scope 

The physical  means and operat ional protocols by which waste is  to be processed 

have been developed.  This addresses the  necessary  waste col lection, storage , and 

processing functionali ty.  The use of this system shall  be l imited to those waste 

types ident if ied within t he current  design project scope. The system integration 

funct ions that  enable  the systems to  accomplish these tasks  are within the project 

scope. These systems may not directly relate to waste processing, but are instead 

required for  safe  and effective  unit  operation.  
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Table 3: Delineation between waste types according to project scope. 

Waste Streams Considered  Waste Streams NOT Considered  

Orga nic  matter ( food a nd pla nt  matter)  Metal l ic  was tes  

Human was te (s ewage) & M edical  was te  Haza rdous  res ea rch/s c ienti f ic  was te  

Plast ics  Radiological  

 

The system design for  waste destruction is  generally only l imited to relatively dry  

waste,  but also includes wet waste types such as human and medical waste. Wet 

waste (putrescible types) is  s ignif icantly more diff icult  to handle and process.  

These require addit ional energy to process and can putrefy  if  not promptly  

processed. The design focuses on how these wastes can be safely rendered to 

inert disposable products.  

The strategy used by Martian Designs has been to approach the design scope 

through two subsystems, each handl ing either wet or dry waste. The f i rst  of  these 

subsystems is  the General Waste Management System (GWMS) for  the destruct ion 

of general (dry) refuse. The second of these is  the Human Waste Management 

System (HWMS) for the destruct ion of human waste (sewage) .  High moisture non -

human waste is  not considered. However ,  the particular  general waste  

incinerat ion system considered should be capable of processing  these waste types  

with added energy expenditure.  

 

5.2.  Waste Management System Detailed Design  

5.2.1.  Design Choices  

The pre-conceptual design identif ied three candidate technical  solutions for waste 

management. These were supercrit ical  waste oxidat ion and gasi f icat ion , and 

incinerat ion.  Of  these options,  incinerat ion as  a tr ied and tested technique for  

waste destruct ion was chosen. As incineration generally deals  with mainly dry 

waste ( low moisture),  a hybrid system of incineration was employed. The system 

manages and processes  general waste and human (sewage) waste  separately .  

The hybrid incineration waste system consists of two physical ly  isolated 

subsystems. The general waste disposal system is framed about the Mediburn -20 

Incinerator.  This inc ineration system is to be located in the cargo-bay module. The 

INCINOLET Electric Incinerating Toi let  provides the means of human waste 

disposal .  This is  located in the bathroom within the habitat sect ion , in  place of a 

tradit ional f lush-toilet .  

 

The Mediburn-20 product data sheet was obtained from Elastec Inc.  The system 

was designed to act as a portable incineration unit  for small  remote medical 

faci l it ies .  The incinerator consists of two temperature control led incineration 
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chambers,  f ired by diesel burners to achieve a 1000C burn. This achieves the 

complete disinfection of al l  contaminated materials.  The pr imary chamber can 

accommodate 0.22 cubic  meters of  infectious and pathological  waste. The 

incinerator can process 20kg/h of waste and uses 0. 5 to 0.9 L  of diesel per 

ki logram depending on the moisture content of the waste.   Unit  control  can be 

exerted automatical ly  with preset cycles for  start -up or shutdown. The system has 

been used by the US Mil itary for mobi le waste incinerat ion requirement s,  and has 

been used in the US where it  meets US EPA environmental standards.  

INCINOLET toilets are  the ideal replacement for f lush toi lets .  These have both 

similar  physical  dimensions and mass,  which means no alterations are  required to 

the internal  layout  of the bathroom or the structural  support system incorporating  

the INCINOLET. The INCINOLET also rel ieves the requirement for waste conduit  

services by performing the incineration within the unit  itself .  To perform the 

incinerat ion the INCINOLET requires  3 .6kW of electrical  power, supplied at 240 V 

AC on a 20-amp circuit.  

  

 

Figure 19: Incineration Equipment –  Mediburn-20 Incinerator (left) and INCINOLET Toilet (right). 

 

5.2.2.  General Waste Management Subsystems  

The following subsections identi fy the key subsystems for the general waste 

management system. These introduce the system equipment and the integration 

of such items. Individual equipment items including a description and details  are  

provided in Section 15:  Appendix I I I :  Waste Incineration System Components .  

These consist  of the  waste collection and handl ing subsystem, the in -f loor storage 

subsystem, the venti lat ion and f i re safety subsystems, workplace integrat i on 

subsystem and the inc inerator subsystem s.  

 Collection and Handling Subsystem  

Our concept for waste collect ion meets  the key requirements for  safe  and 

eff icient waste handl ing within the habitat.  Having identi f ied the l ikely waste 

generat ion locations (see Figure 20) within the habitat,  an appropriately coloured 

bin was al located. The hands -free trash receptacle  (20L) system by SULO waste 

management (SensaTouch )  is  envisaged. Source separat ion requirement is 

achieved using the fol lowing bin colour -coding scheme: 
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  Green bins  are a l located for food scraps and plant matter  

  Grey bins are al located for generic refuse for inc ineration (paper,  plast ic)  

  Red bins are al located for the collection of non -incinerable waste  

  Yellow bins are al located for medical and hygienic waste  

The trash receptacle  colour -coding system is correspondingly continued in the 

colour-coding system of bin -l iner.  A tear-resistant HDPE medical -waste bag 

available in var ious colours should be considered. This reduces the risk of  waste 

spil lage within the h abitat .  

Waste is  transferred from the source (the various waste bin locations) to the 

cargo bay using a sealable heavy -duty 50L container.  This container  should f i t  

compactly within storage, and provides buffer ing waste storage capabi l ity .  

Relatively modest waste generation makes a larger wheeled system unwarranted,  

and makes direct handl ing the most viable proposit ion. A system of protective 

clothing is  devised to  provide the necessary mechanical ,  thermal ,  and chemical 

protection.  
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Figure 20: Waste Generation Points within the Habitat 
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 In-Floor Storage Subsystem  

The design envisages that storage shall  be located within the f loor -space of the 

cargo bay. To both ful ly  restrain item s within the space whi lst  maximising the 

useful space, the segment belying the f loor space is  spl i t  into one  large 

compartment and two equally s ized smaller compartments.  The cross-sectional  

dimensions of these compartments are shown below in Figure 21. For current  

purposes the design includes a total  storage space extending 3m. In real ity we 

envisage this would consist  of several compartments being interrupted by the 

required structural  features. The f loor covering shall  fold outward from the 

middle and be on a hydraulic system to aid and secure f loor cover opening.  

Within these compartment spaces aluminium mesh racking is  provided. An 

example of  the racking solut ion is  provided as  an inset  within F igure 21. This  

provides the necessary mechanical  r estraint,  and prevents  stored materials  from 

interacting with or damaging supply services  (water,  power, data ,  etc)  within the 

f loor space. Furthermore the cage doors shal l  be secured from unauthorised 

access using a padlock. Though this rack solution is  commercial ly  available (BOC 

Gas),  the unique spatial  requirements of the compartment spaces require a 

custom-designed product .  Custom-manufacture of  the system should offer 

considerable cost savings in comparison to a  commerc ial ly  acquired system . 

The items occupying the largest volume of storage are the diesel fuel and the 

waste-handling container.  The 50L waste -handling container shall  be returned to 

storage after use. To maximise packing eff iciency this  50L container shal l  be used 

to store any cleaning products,  and tools .   

Continuous simulation requires  a large supply of diesel (power and incineration).  

To meet the diesel requirement for (8 people,  1kg/per person/day, 2 weeks 

simulat ion) waste inc inerat ion requires  112L. Under peak intensity (24 people,  

1kg/per person/day, 1 weeks simulation + 1 week normal intensity  simulation) the 

diesel requirement increases to 224L for waste incinerat ion only.   

Diesel fuel shal l  be stored in Scepter  20L jerry cans. These f it  neatly with in the 

al lotted large compartment. These shal l  be stored six -abreast a long the length of 

the large compartment.  Combined with the 300L diesel fuel requirement of  

Martian Designs Power Systems Design Group, 28 jerry cans are required. The six  

abreast storage configurat ion maximises  the remaining usable space. The 

combined required diesel fuel (Waste and Power Systems) occupies 50% of the 

large compartment storage volume.   
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Figure 21: In-floor Storage Space and Compartments 

 

 Ventilation and Smoke Evacuation Subsystem  

The insert ion of an incinerat ion unit  within the confined space such as the cargo -

bay presents a unique set of design challenges. While the inc ineration unit  is  f lued 

(emissions directed outside) and shall  be provi ded with a  segregated air - inlet ,  the 

incinerator  wil l  introduce a high thermal  load (conductive,  convective,  radiative) 

within the cargo-bay space. This would render the cargo -bay unacceptably 

uncomfortable for a  machine operator.  Moreover,  as a high -temperature 

combustion process,  t he potent ial  for system fai lure or  accidental or inadvertent  

misuse leading to f i re -outbreak or smoke-release must be considered as this poses 

a l i fe -threatening risk.  

Venti lat ion of the cargo -bay can address many of these concerns,  in addit ion to 

meeting the expressed venti lat ion requirements under Austral ian Standards. To 

this end Martian Designs  have developed the fol lowing venti lat ion concept. The  

venti lat ion concept is  i l lustrated in F igure 22. 

To effectively venti late the cargo -bay under al l  condit ions an e lectrical ly  powered 

venti lat ion system was sought . Although passive venti lat ion systems offer a  lower 

energy operation, these are dependent on ambient wind and temperature. The 

Colt  W-Liberator Powered Venti lator,  is  a wall  mounted louvered exterior 

venti lat ion and smoke extractor.  This unit  achieves airf low rates of 2.6 m 3/s;  a 

rate equivalent to more than 100 air  cha nges per hour ,  and meets the 

requirements of Austral ian Standard 1668:1, The Use of Venti lat ion and Air 

Condit ioning in Bui ldings .  

Replacement air  is  introduced through actuated vent holes.  Motorised dampers  

are used to affect and control the opening of th e vents.  This al lows the cargo -bay 
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to resume the usual self -contained character after waste incinerat ion is  

completed. These vents shall  open automatical ly  as the extractor comes on, in the 

event of f ire,  smoke detection or atmospheric contamination.  

The design conceives of a roof mounted ducting system. The effect of this is  to  

direct air f low and any smoke upward and through the ducting, rather than being 

dragged forward through the entire compartment.  

 

Figure 22: Ventilation and Smoke Evacuation Concept 
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 Fire Safety Subsystem  

As the inc ineration setup uses a  high -temperature combustion process,  the 

potentia l  for system fai lure,  accidental or inadvertent misuse of the inc ineration 

equipment leading to  f ire -outbreak or smoke-release must be considered. In this  

case the means to detect and respond to that r isk must be considered. An alarm 

system must be instal led that meets the requirements under Austral ian Standards. 

Furthermore, the system design must a lso consider that any emerge ncy response 

to an incident of f ire ,  smoke or asphyxiation, given the isolation of Arkaroola,  

must be performed by the crewmembers themselves.  

After consultation with Wormald, an alarm system using ‘conventional  

architecture’ was decided upon. The conventi onal system architecture type uses 

‘zoning’ to establish l ines of detectors,  sensors,  switches and outputs.  When any 

sensor is  tr ipped the overall  zone alarm is tr iggered. Conventional systems are 

cheaper and more appropriate for small  buildings,  and for t he MARS-OZ system 

generates an alarm system within budgetary constraint s.  A diagram of the 

conventional system architecture is  presented in Figure 23.  

From the central  Fire  Indicator  Panel  (FIP),  which serv ices the entire MARS -OZ 

infrastructure, the cargo  bay is  currently designated Zone -1. A T-Gen50 (tone 

generator)  is  required to generate automated sirens and audible warnings. A 

string of  detectors  in cluding thermo-chemical detectors (heat & CO gas),  manual  

cal l  points,  s irens,  warning l ight are envisaged. Addit ional  gas detection is  

included to monitor the under -f loor storage space and venti lat ion space.  

 

Figure 23: Fire Alarm System using ‘Conventional Architecture’ 

 

The FIP can itse lf  af fect automated actions such as turning ‘off ’  equipment (the 

incinerator)  whilst  turning ‘on’ equipment as well  (vent i lat ion and smoke 
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evacuation) .  In the event that  the cargo -bay were to f i l l  with smoke, it  is  entire ly 

possible that the incinerator  operator  could be rendered incapacitated. As 

emergency response from the authorit ies  is  impract ical  due to remoteness of 

Arkaroola,  a f ire safety system must also include the equipment and procedure s 

for deal ing with f i re,  heat and asphyxiating environments.  

A single set of ‘turn -out’  gear is  hence specif ied to al low an appropriately trained 

crewmember to perform a rescue in an emergency situat ion.  A self-contained 

breathing apparatus (SCBA) that ha s been designed for shipboard (marine) and 

confined space f ire  f ighting is  included.  The means to extinguish f i re (f i re blankets 

and f ire ext inguishers)  are considered. Due to the aluminium construction of the 

cargo bay and the presence of e lectr ical  equipment,  a dry  chemical foam 

extinguisher (type ABE) is  specif ied.  

 Workplace Integration Subsystem  

The systematic means to integrate the inc inerator into the workplace has been 

considered in the workplace integration subsystem. This subsystem consists of  the 

equipment required to meet the var ious Occupat ional Health and Safety (OH&S)  

aspects ident if ied in pre -conceptual studies.  These include the various workplace 

signage required. Design envisages sourc ing these from BOC Gases as off -the-shelf  

items. Occupational medical equipment required by South Austral ian and Federal  

Law is provided in a wall -mounted f irst  aid,  eye and burn aid kits.  

 Waste Incinerator Integration Subsystem  

Incinerators such as the Mediburn -20 are self -contained inc ineration units with  

few external requirements outside of fuel  (diesel)  and electr ical  power. The only  

other key requirements (specif ied by Elastec Inc.)  for the Mediburn -20 are for a 

level base upon which to operate and surrounding clearance of 2m. In the current 

circumstance, the former requirement is  rel iably provided in the form of a footing 

and restraint system ; however the later  is  spat ial ly  impractical  to meet. In 

addit ion, f lue system integration and a segregated external air  inlet are required.  

To protect the aluminium cargo-structure from any hot surfaces of the incinerator 

requires the use of a high-specif icat ion insulat ion material.  In  the current case we 

propose FIBERMESH-820 and FIBERTEX-820 Rockwool blanket  and board insulation.  

This type of insulat ion is  used fo r  high-temperature process equipment (reactors,  

ovens,  heat  exchangers,  pipes)  and is  tested for cont inuous duty under 820 C heat 

sources.  Al l  cargo-bay surfaces within 2m should be suff iciently protected from 

the incinerator.  Detai led s imulat ion and proto type testing would be required to 

prove that  any insulat ion scheme was safe and effect ive. Airf low provided by the 

venti lat ion should also be considered as to enhance the cool ing  affect.  

 Cleaning Subsystem 

All  stages of the collection, transportation,  proc essing,  and destruction of  waste  

inevitably create soi led surfaces. The possibi l ity for spi l lage must also be 

considered.  A c leaning system is envisaged to provide the means by which these 

wil l  be dealt  with. Regular operational cleaning of equipment such as the 
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incinerator is  a  particular  concern. For general surfaces,  a  mop bucket and wringer  

is  provided in combination  with dis infectant solut ion.  The cleaning solut ion was 

selected for the high -performance, biodegradabi l ity and non-toxic ity.  For  more 

abras ive treatment scouring pads are provided. For the inc inerator we propose an 

aluminium ash storage container,  which contains a  small  shovel/scoop and wire  

brush that  can be used to clean the furnace of residual ash. A small ,  wall -mounted 

vacuum cleaner is  provided within the cargo -bay conveniently located to deal  with 

spilt  ash.  

 

5.2.3.  Dry Waste Incineration Back -up System 

Should the insertion of an incinerator within the cargo -bay prove to be infeasible,  

a backup option exists in the form of the Cyclo Burn portab le incineration unit  

(Figure 24) manufactured by Scholer Industries Pty .  Ltd. (Austral ia).  The Cyclo  

Burn system consists of a standard 55 -gal lon (205L) cyl indr ical  drum (600 mm x 

850mm).  An electrical ly  powered fan unit  (1.6 kW) sits on top of the unit.  This 

uses a 3-pin plug (240 V AC).  50m Extension cords (15 Amp) are required, such 

that the portable unit  can be relocated from the cargo -bay. 200L of waste can be 

added to the Cyclo Burn before inc ineration is  required. Combustion is  driven  

entirely  by the calori f ic  value of the waste. This l imits the waste incinerat ion 

types to mainly dry  waste (minimum of 80%). The manufacturer does not 

guarantee the environmental compliance of the system. A complete system would 

be comparat ively cheaper than the previous f ixed inc ineration setup ($6000).  

 

Figure 24: Cyclo Burn Portable Incineration Unit 
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5.2.4.  Human Waste Incinerator System  

The following subsections ident ify the key subsystems for the human waste 

management system. These introduce the key system equipment and the 

integration of these. Equipment included consists  of  the waste processing 

subsystem, power subsystem, the venti lat ion and f i re safety subsystems, cleaning 

and maintenance subsystem and the workplace integrat ion subsystem.  

 Waste Processing Subsystem  

The system chosen to process human waste is  the INCINOLET Electric Incinerating 

Toilet .  An INCINOLET system reduces hum an waste to a small  quantity of ash 

using electr ical ly  powered combustion. There are several models  of INCINOLET 

toilets manufactured to service a  variety of environments and demand s.  It  was 

deemed that the most appropriate model  is  the Model TR. The TR Mo del is  

designed for heavy or ful l -t ime use for up to 8 people. As there wil l  be two toilet  

systems instal led in the habitat,  this wi l l  be  more than sufficient to manage the 

human waste for the 8 inhabitants.  Although it  may appear suff icient to have a 

single 8-person toilet ,  or equivalent ,  to service the habitat,  it  is  essentia l  that  

should one toilet fa i l ,  the other is  capable of servicing the habitat unti l  it  can be 

repaired or  replaced. The INCINOLET toi let system s are designed so that they can 

be instal led by the non-expert.  

Certain steps must be fol lowed when using an INCINOLET toilet .  I t  is  essent ial  for  

proper funct ion of  the toilet that  bowl l iners be used for each and every use.  A 

bowl l iner dispenser  must be instal led on the wall  beside the toi let.  An adequate 

supply of bowl l iners must be kept in storage to ensure that the habitat does not 

run out of  them rendering the toilet  useless .  The bowl l iner is  to be placed into 

the toilet bowl as shown in F igure 25. After use, the l id must be closed and the 

foot pedal pushed. This wil l  re lease the waste into the lower holding area. Once 

this is  done the start  button on the top of the toilet must be pressed after each 

use.  

The heater wil l  operate for approximately o ne hour and the blower wil l  operate 

for up to an addit ional hour.  The toilet  can be used at any t ime during this cyc le,  

but the same procedure must be fol lowed exactly,  inc luding pressing the start  

button again. The ash  pan below the toi let must be regular ly emptied.  The 

frequency of  this task  depends on the usage of the toilet .  This  wil l  be e laborated 

on in the c leaning and maintenance subsection. S ignage and instructions out l ining 

proper use of the system should be instal led within each toilet room. Furth er 

detail  of this is  in the workplace integration subsystem.  

Should it  be required that the toi let services  a higher number of people for a  

short per iod of t ime, i t  is  necessary to take into account the fol lowing guidel ines:  

1.  The ash pan should be emptied before the visit ing group arr ives.  

2.  All  v is itors must be instructed in proper use of the INCINOLET system.  

3.  The start  button must be pushed after every use and a n occupant  should 

check regularly to ensure that the toi let is  not overfi l led.  
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4.  Depending on the usage, one or two extra cycles may need to be run to  

ensure complete incineration of waste.  

 

Figure 25: Diagram for using the INCINOLET toilet (Source: http://incinolet.com) 

 Power Subsystem 

Each of the INCINOLET toilets must be sup plied by a 240 V AC electrical  system on 

a 20-amp circuit.  A 20-amp circuit  breaker  must be included in this  for electrical  

safety. The power cord for the system is 4  feet in  length and hence a power supply  

outlet  must be within this range from each toilet .  One complete processing cycle 

uses between 1.5 and 2 ki lowatt hours of e lectric ity.  An INCINOLET can, however,  

be used whi le a cyc le is  underway. I f  this is  done, the energy consumption per use 

is  reduced from this .   

 Ventilation and Fire Safety Subsystem s 

The INCINOLET toi let systems are vent i lated using a vent i lat ion pipe provided with 

the purchased system. The vent  l ine runs from a vent hole within the toilet 

through a wal l  or  roof  and is  ducted to  external  louvers .  As both toilets are  on the 

bottom level of the habitat ,  they wil l  have to be venti lated directly through the 

adjacent wal ls.   The vent -l ine should be terminated externally with a dryer f lap or 

a PVC elbow to prevent back draft ing. In  exceptional circumst ances,  such as if  

there is  power fai lures while  the system is in operation, it  is  possible that smoke 

and odour may be released into the room. For this reason it  is  necessary that the 

room be separately venti lated. The room should not be used while there i s  no 

power supply,  as both the toilet system and the venti lat ion wil l  be inoperable. If  

there is  smoke or odour in the room, a venti lat ion fan instal led in the back wal l  

should be used. Such venti lat ion fans can be easi ly  purchased from a variety of 

hardware stores.  
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The INCINOLET toilet systems are equipped with a safety thermostat which shuts  

off  the heater  in the system if  the a ir  temperature inside the toilet reaches 

approximately 60°C. There are two other thermostats (the blower thermostat and 

the l imit  thermostat)  that shut off  components when areas reach temperatures 

that are deemed adequate for processing.  Because of these safety measures  the 

risk of the toilet causing a f ire in the habitat is  minimal ;  however it  is  st i l l  

necessary to plan adequately for the event of a f ire.  An off -the-shelf  smoke and 

f ire detector instal led within the toilet room can be considered a suff icient 

warning system for the inhabitants.  Fire ext inguishers  wil l  be instal led throughout 

the habitat,  including outside the toilet room to extinguish spot f ires.  Should a 

f ire event  occur  which cannot be simply extinguished, the habitat should be ful ly  

evacuated and inhabitants should assemble at a safe meeting point.  This should 

al l  be outl ined in detail  in the MARS -OZ habitat f ire safety and evacuation plan 

that shall  be outl ined in init ial  tra ining pr ior  to entering the habitat and displayed 

in var ious locat ions around the habitat.   

 Cleaning and Maintenance Subsystem  

The INCINOLET toilets must be kept clean to prevent odour and cont amination 

within the environment. The most important cleaning and maintenance task is  to 

regular ly empty the ash pan when the ash is  approximately 1/2 an inch (1.25 cm) 

deep. Excessive ash bui ld -up causes odour,  shortens the l i fe of the heater and 

decreases the eff ic iency of the system. If  the ash is  caked a nd dif f icult  to remove 

from the ash pan, it  may be soaked for a few minutes in warm water.  Although the 

ash does not require further process ing, as the quantity of the ash is  not large, it  

may be disposed of  into the grey general  waste rubbish bins outl ined in Section 

5.2.2. A small  wall-mounted vacuum cleaner may be provided within the habitat to 

deal  with spilt  ash.  Spil lages of human waste must be c leaned up immediately .  A 

mop bucket and wringer is  provided to be used with disinfectant solution for this  

purpose. For eff iciency ,  many cleaning items are  shared between the two waste 

processing systems.  

It  is  necessary that the blower wheel ins ide the INCINOLET be cleaned every six 

months. The unit  must be unplugged and the top removed  for this process to be 

completed.  The ins ide should be c leaned with a  detergent  or spray cleaner (pine 

oil  c leaners  must not  be used) .  The blower wheel  must be removed and cleaned 

according to the instructions provided by the manufacturer.   

Should the INCINOLET system fai l  or malfunction, it  is  necessary that the 

"Troubleshooting" and "Maintenance and Repairs" sheets provide d by the 

manufacturer be easi ly  accessible to the inhabitants along with maintenance and 

repair contact information.  

 Workplace Integration Subsystem  

In order to ensure proper workplace integration for the INCINOLET toilet,  it  is  

crucial  that al l  inhabitants and visitors us ing the system be famil iar with the 

processes required for operation. Instructions and demonstrations should be 
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included in init ial  training for longer-term inhabitants.  Al l  shorter term 

inhabitants and visitors should be instructed and have demonstrated to them the 

required processes. In addit ion to this,  s ignage should be displayed both inside 

and outside the toi let room outl ining th ese required processes.  

 

5.2.5.  Off-the-Shelf  System Components  

A complete itemised l ist  of equipment including descr iptions,  dimensions,  

operational detai ls,  and required quanti t ies  of these items is  supplied in Appendix 

IV.  Major items (Mediburn-20 and INCINOLET Electr ic incinerating toilet)  are  

described previously in Section  5.2.1 .  

 

5.2.6.  Processes for the General Waste Incineration  

 Installation 

Given the weight and bulk of  the incinerator,  instal lation issues are of importance.  

Conceptually ,  instal lat ion seems most reasonable if  the majority of the cargo -bay 

structure is  built  around the inc inerator after it  has been inserted. This assists in  

enabling a  high mass l i ft ing sol ution (crane) to be used. Having completed the 

reinforced structural supports for the cargo -bay f loor the inc inerator could be 

manoeuvred into posit ion and f ixed at the base. In this state ,  the mass of the 

incinerator and f ixed base attachment should provi de considerable restraint,  

though a temporary toppl ing restraint would have to be considered.  

As the structural elements for the cargo -bay wall  supports are constructed, the 

f inal toppl ing restraint could be f itted.  The necessary insulat ion to the structur al  

elements should hence be added to protect  load -bearing elements.  The remaining 

structure can be constructed as would have been intended.  

 Transportation 

The pr imary concern of the transport ation phase with respect to the inc inerator  is  

the affect that both the lateral  placement and high mass has on the centre of 

gravity of the cargo -bay. This wi l l  create considerable stresses that wil l  be 

exacerbated by transport  of the habitat  upon an uneven road whi le the structure 

is  being towed to location. Means to mitigate this effect could include temporary  

load balancing with ballast  materia l.  An addit ional temporary toppl ing restraint 

could be considered or the exist ing system could be enhanced to lower the 

maximum stress placed on restraint bra cket.  Transport  of  the unit  should  be 

conducted on a dry-tank basis,  to minimise weight and  el iminate f ire r isk.  

 Maintenance 

The Mediburn-20 inc ineration unit  is  produced in the United States by Elast ec Inc.  

This creates some diff iculty with respect to the immediacy of supp ort services  

from the manufacturer.  However ,  as  the Mediburn-20 is  a both a  simple and 

common type of inc inerator ,  2-chamber diesel f ired;  there are two immediate 
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possibi l it ies for quick turnaround on maintenance issues. The simple design of the 

unit  makes the unit  easy to self -maintain.  Minor issues should be surmountable  

for a technical ly  prof icient individual .  A second option ex ists in the availabi l ity of 

local (Austral ia-based) support service s.  Expert ise for 2 -chamber diesel  

incinerat ion could be sort from Scholer Industries Pty Ltd ,  who manufactures  

similar product  l ines . For major issues,  part -fai lure for example,  Elastec Inc.  would 

have to be called. The expense and delayed response make this a least preferable 

option.  

 Operations 

Waste incinerat ion o perations by their  nature create a hazardous work 

environment and should only be conducted by technically  proficient individuals.  

Within the conf ined space of the cargo -bay the dangers  of incineration disposal  

are magnified. Protocols in how the system is operated can be used to manage 

this r isk.   

A system can be enacted whereby inc ineration is  scheduled only when the 

individuals responsible for incineration and f ire -response are both on duty. This  

ensures a ready-response is  always poss ible  when inc inerati on is  conducted.  The 

system shal l  a lso l imit  the risk  by refusing non -authorised indiv iduals  entry  into 

the cargo-bay when incinerat ion is  in progress.   

Incinerat ion operations shal l  be delayed for the durat ion of any large group 

occupat ion of the cargo -bay. Dry waste created during this t ime could be stored 

and secured within the inc inerator i tself ,  due to its capacity of  220L).  50L of waste 

overflow storage also  exists for the generated wet-waste. This is  provided in the 

form of a sealable 50L polypropylene container to be stored in the in -f loor storage 

compartment.  

 

5.2.7.  Specifications  

The presented concept for the waste incineration system imposes dist inct  design 

specif icat ions that must be sat isf ied before this concept could be translated to a 

physical  reali ty.  These specif ications are documented in  Section 16:  Appendix IV:   

Waste System Design Verif ication .  

 

5.2.8.  Design Verification  

The performance of the conceptual system design for waste management has been 

verif ied against the specif ications identi f ied in the preliminary sketch plan. This  

process of ver if ication is  documented in Section 16:  Appendix  IV:   Waste System 

Design Veri f icat ion.  
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Preliminary Cost Estimate  

The off-the-shelf  acquisit ion cost of al l  specif ied components for the General 

Waste Management System is approximately $58000. This f igure does however 

include various items that are shared over addit ional  systems (f ire alarm and 

response system, cleaning system , etc) .  Itemised costing of  specif ic  equipment can 

be found in Section 16. Items for which quotes have yet to be obtained are 

designated TBC (to be confirmed).  For current purposes a provisional  budgetary 

estimate an est imate has been made for these items.  

Running costs for waste incineration are realised in the consumable inputs used to 

process waste. These costs are energy inputs ,  electr ical 1 and diesel 2,  and mater ia l  

inputs,  waste bags and cleaning products.  Under intense operat ion , i .e.  with a  24 

crew, waste incinerat ion would be expected to cost no more than $20/day.  

As al l  components of  the Human Waste Management System are off -the-shelf  

products a  preliminary cost estimate can be easi ly  made. Several  of the prices  for  

INCINOLET products are currently in USD, await ing a conf irmation of Austral ian 

cost.  For  the preliminary cost est imate, conversion was not considered necessary,  

however once the cost is  f inalised this wi l l  be updated. The acquisit ion cost is  

approximately $5000. Itemised cost ing of  specif ic  equipment can be found in 

Section 16. This cost includes a longer -term supply of bowl l iners.  These should 

adequately supply the habitat for  approximately one year.  The running costs  of 

the system, including factors l ike solar  power,  should be approximately  $25/day. 

These costs represent  a best estimate;  specif ic  quotes should be sought by the 

cl ient .  

 

  

                                                           
1 C o s t  o f  s o l a r  p o w e r  i s  t a k en  a s  $ 0 . 5 0 / kW h  
2 C o s t  o f  d ie s e l  fu e l  i s  ta ke n  a s  $ 1 . 5 0 / L  
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5.3.  Water Recycling System Detailed Design  

5.3.1.  Design Choices  

 Water Processing Unit  

Due to the cost and size of the Aqua Sun Vil lager A 1, it  was judged to offer 

superior performance to other potable water processors avai lable on the market ,  

as previously assessed in the PSP. The system wil l  be located in the nose of the 

habitat,  in the storage area in the s ide of the f l ight deck area. Add it ional features 

have been specif ied for the Vil lager  A1 processing system. These inc lude a voltage 

transformer and a safety check to cut the system off  if  the UV l ight bulb has 

fai led.  

Spare parts and an instruct ion manual wil l  be kept on -site at al l  t imes to ensure 

simple repairs can be conducted quickly and easi ly  by the crew. Spare parts wil l  be 

located within close proximity to  the device.  

Aqua Sun is  an approved UN suppl ier and therefore meets the WHO (World Health 

Organisat ion) drinking water regulations.  Although these regulat ions are less 

r igorous than the equivalent Austral ian regulations,  the water  produced by the 

Vil lager  A1 should be processed to an appropriate level of quality  to be 

considered potable.   

To manage the accumulat ion of diss olved inorganic species,  an addit ional 

processing sect ion was added to the water processing c ircuit  that perform s 

electrodialysis reversal on the Vil lager A1 water product .  This  is  accomplished 

using the EDIS N manufactured by EIKOS (Kazakhstan).  This unit  removes common 

electrolytes from the water that would not  otherwise be removed by the Vil lager 

A1 in addit ion to heavy metal ions. The combinat ion of the Vil lager A1 and the 

EDIS N provides a water product that is  ‘ in concept ’  immediately potable.  

In the event where stored and/or processed water fai ls  water quality tests ,  the 

device is  f itted with a chlor ine injection system. Addit ional  chlorine can be 

injected into the water in order to disinfect it .  The crew can add the chlorine to 

the water supply as required and as specif ied in the operation manual for the 

device.  

The Vil lager  A1 processes water  at a rate of up to 220L/hour ,  whereas the EDIS N 

processes at 50L/hour . Whi le it  is  expected that the Vi l lager A1 shall  be required 

to run for approximately 1 hour each day, the EDIS N shall  run for 5 hours drawing 

Vil lager A1 processed water from a buffer tank .  

 Water Storage Tanks 

The water storage tanks are located on the top f loor of the main habitat module,  

within the ‘f l ight deck’ section.  Four tanks are used,  one each for fresh water,  

grey water,  and recycled water  and a buffer  tank between the Vil lager A1 and the 

EDIS N.  
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Each tank is  custom designed to f it  within the habitat nose, as shown in Figure 26.   

A walkway of 800mm is left  between the tank and the habitat centreline, a l lowing 

for access of  the f l ight deck.  The tanks are designed to fol low the wall  curvature,  

al lowing for  maximal  use of space;  piping, pumps an d qual ity monitors wil l  be 

placed between the tank and wal l .  

 

Figure 26: Port-side water tank schematic showing fitment within habitat frame. 

The cross sect ion and the length of each tank is  constant.   Volume requirements  

are calculated to al low for a 14 -day mission without ref i l l ,  with the possibi l ity of 

2-day stoppages in water recycl ing.  This requires at  least 864L of fresh water 

storage, 480L of processed water storage and 384L of grey water  storage (consult  

the Preliminary Sketch Plan for detai ls  on the derivat ion of these f igures).  
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Table 4: Tank Specifications 

Tank Volume 
(L) 

Length 
(mm) 

Inlets  Outlets  

Top -up ta n k  1 3 5 0 1 1 4 0 Ha bi ta t  wa te r  inp u t  P ost -pro ce s sing  ta n k  

Pr e -pr o ce ssi ng ta n k  3 0 0  2 6 0  Ha bi ta t  wa te r  sy s te m  Vi l la ge r  A1  

Eme r ge nc y  f l us h  

Buf fer  T an k  2 0 0  1 7 0  Vi l la ge r  A1  EDI S N  

Pos t -pr oce s si n g 
ta n k  

1 0 0 0 4 2 5  EDI S N  Ha bi ta t  wa te r  sy s te m  

Eme r ge nc y  f l us h  

 

Adjusting volumes to enable our chosen water f low processes (see Section 5.3.6)  

we arrive at a top-up tank volume of 1326L.  This  al lows for using 48 L/day for 12 

days,  and leaves 750L for emergency use.  Using the cross sect ion shown in  Figure 

26, this requires a tank 1140mm long.  The post -processing tank has a volume of 

1000L, enabling 4 days of water supply from it ,  while the pre -processing tank has 

a volume of 300L.  These require lengths of 850mm and 260mm respectively .  

The buffer tank between Vil lager A1 and EDIS N has a capacity of 200L, al lowing 

for a 250L/h rate for the f irst  hour of operations.  This tank wil l  need a length of  

170mm; alternat ively,  it  could be provided as a separate sect ion of the pre -

processing tank.  

 

Figure 27: Alternative spacially efficient tank design 

An alternative tank design involves a changing tank cross section to completely f i l l  

the volume between walkway and habitat hul l ,  as shown in Figure 27.  This  has a 

major advantage in removing the dead space between tanks and hul l ,  and provides 

more room for the f l ight deck.  

However,  this design requires a  f inalised habitat  design to gain proper dimensions 

for.   Further,  di ff icult ies in manufacture would increase the cost of these tanks 

compared to the previous design.  The Mars Society would have to weigh these  

pros and cons before choosing which particular design to go with.  
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To realise the f low profi le in Section 5.3.6,  each tank needs inlets and outlets to 

the rest of the system.  These, along with tank parameters,  are summarised in 

Table 4.  

Each tank has an access panel,  enabling direct observation of the inter ior and 

placement of tank level sensors  within.  These panels are located at the very top 

of the tank, above the ‘ful l ’  waterl ine, and contain a sealed interface through 

which to pass a wire from the level sensor to the habitat computer.  

The level of water in each tank is  meas ured using a pressure meter –  the 

Aquameta AN420-5. This device outputs a current signal ,  tel l ing the habitat 

computer system how deep the water is  in  each tank.  

Plumbing throughout  the MARS-OZ habitat and between the tanks has been 

deemed outside the scope of this project,  and our recommendat ion is  to consult  

with a profess ional plumber or hydraul ic engineer for pipe routing, hot water  

systems, and circulation pumps.  

 Water Monitoring System  

 

Water qual ity is  measured through turbit idy,  pH and conductiv ity tests.   These 

represent the total  suspended sol ids (TSS),  acidity or baseness and total  dissolved 

solids  (TDS) of  the water,  and are important parameters of  water qual ity in the 

Austral ian Drinking Water Guidel ines (NHMRC, 2004).  

There are two options for measuring these parameters:  manual ly,  by the crew, 

and autonomously by the habitat computer system.  The manual system has a far  

lower cost,  but requires the crew to measure the water and input data 

themselves,  whi le the autonomous system has a higher pric e and al lows for 

continuous measurement.  

In the manual system, turbidity is  measured using the EC-TN100-IR Turbidimeter ,  

pH by the QM1670 hand-held pH meter and conduct ivity by the EC400 conduct ivity  

tester.   These are al l  stored in the lab, where the qual ity measurements are made 

every 3 days or as needed.  The overal l  price  of this system would be about  $1220.  

The components for an autonomous system are the RWT -T-100-W-5M turbidity 

sensor,  LT-S410-130/042 pH sensor and WQ301 conductivity sensor.   Al l  these 

sensors have 4-20mA outputs,  al lowing control through a designated control unit  

or directly from the habitat  computer.   The cost of the sensors for this  system is  

around $4220, and a separate control computer would cost around $3000.  

Water f low is measured using several f low meters,  strategically  placed to capture 

al l  f lows throughout the habitat.   These are placed according to  Table  5,  a l lowing 

for the measurement of al l  rates of  interest,  requiring 8  separate water meters.   

We recommend consultation with professional plumbers or  hydraulic engineers  for  
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this  component  as well ,  as these measurements are to be taken within the water  

distr ibution system.  

Table 5: Water flow meter locations. 

Water Source  Water Destination 

Top - up ta nk  P ost -pro ce s sing  ta n k  

P re -proce ss ing  ta n k  

P ost -pro ce s sing  ta n k  Kit c he n  

La bora to ry  

La und ry  

Sho we r  

Ho t  wa te r  sy s te m  

Ha bi ta t  wa te r  sy s te m  P re -proce ss ing  ta n k  

 

 Water Refill  System 

The water system is designed to operate using a ful l  refi l l  every 2 weeks.  The 

refi l l  wil l  require transport of water from the MARS -OZ base stat ion to the habitat 

and transfer of the water from a transport vehicle to the storage  tanks.  

Transport is  accomplished through a removable 2400L custom -designed water tank 

mounted on the tray  of a  uti l ity  vehic le.  The design of  this particular  tank has 

been left  to subsequent design work.  The volume must be suff icient to f i l l  both 

the top-up and post -processing tanks to their maximum, as outl ined in section 

5.3.1.  

Water shall  be transferred using a f lexible  hose between the ut i l ity vehicle  tank 

and the habitat nose.  The habitat connector  is  s ituated behind an insulated panel,  

minimising  heat  loss  during the mission. Water is  pumped using an external  pump 

carried by the uti l ity vehicle,  the XF -92 from Davey Water Products;  which shall  be 

powered using 240V AC power from the habitat power supply system.  
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5.3.2.  Components 

 Aqua Sun’s Villager A1  
Aqua Sun International is  an approved United 

Nations Suppl ier and a registered United 

States Department of Defence Central  

Contractor.  

The Vi l lager A1 is  designed for use in remote 

areas to obtain potable water from streams, 

ponds and r ivers.  The system is diverse and is  

able to be adapted to a grey -water recycl ing 

environment. It  is  able to process a l l  required 

input contaminants to produce potable,  good -

tasting water for our habitat.  

The Vil lager A1 is  a compact system which wil l  

f it  into the storage area in the s ide of the 

f l ight deck. The system’s simplist ic design 

makes it  ideal for maintaining the projects low 

budget,  minimal  environmental impact,  and ease of  on -going maintenance and 

repairs.  

 

5.3.3.  EDIS ‘N’:  Electrodialysis Reversal  

Electrodialysis Reversal (EDR) offers a simple means by which to desalt  brackish 

water,  which has been used on a large scale since the 1950’s in the water 

processing industry (Tanaka 2007) and more recently in the domestic environment 

(Pi lat  2001).  The EDR te chnique for electrolyte removal fal ls  short of the more 

comprehensive reverse osmosis (RO) desal inat ion process.  Whereas RO uses a  

pump system and semi-permeable membrane to remove electrolytes and 

particulate matter,  EDR uses a semi -membrane in conjunctio n with an electr ic 

f ield to segregate electrolytes from a continuous f low of water  that are present as 

dissolved species (Na + ,  Mg2 + ,  Ca 2 + ,  Cl - ,  NO 3
-  etc) .  EDR does not remove non -

electrolyte species such as dirt  or microbial  contaminants that would otherwi se be 

removed by RO. The means of removal of these contaminants is  realised by the 

Vil lager A1 processing unit .  

EDR has a number of advantages over RO (Pilat  2001).  These include:  

1.  Lower pre-treatment requirements (only coarse f i ltering required).  

2.  Lower frequency of membrane replacement.  

3.  Lower power requirements (EDR: 1 -2.5kWh/1000L instead of RO: 

25kWh/1000L).  

4.  EDR membranes are drying insensit ive  and ideal  for  hot environments (RO 

membranes are f iner and delicate must be continuous wetted) .  

Figure 28: Aqua Sun's Villager A1 
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5.  EDR membranes are less sensit ive to res idual chlorine (RO membranes 

sensit ive;  chlor ine must be removed)  

The water product that has been processed by the Vil lager A1 (pre -fi ltered,  carbon 

f i ltered, UV irradiated) should achieve a standard immediately  acceptable  for 

subsequent EDR or RO puri f icat ion (free of chlorine).  But for  the electrolyte 

content,  and subject to testing the Vi l lager A1 for  Austral ian Standards 

compliance, the water  product would be immediately drinkable.  

 

EIKOS manufactures EDR units to accommodate a  range of f low requirements and 

salt  levels (5-1000L/h and inlet salt  concentrations up to 45g/L).  The EDIS N model 

provides compact unit  with the capabi l ity to remove 90% of the dissolved sol ids  

( inlet concentration of 3g/L) treating a f low rate of 50 L/h .  

 

 

 
Figure 29: EDIS ‘N’ (50L/h) EIKOS (Left) and Electrodialysis Process (Pilat 2001) 

 

5.3.4.  Water Management System Components  

A complete itemised l ist  of equipment including descr iptions,  dimensions,  

operational details,  and requir ed quant it ies  is  supplied in Appendix VI .  

 

5.3.5.  Processing & Storage System Positioning  

The Vi l lager  A1 unit  wil l  be located on the f l ight  deck’s r ight -hand s ide,  when 

viewed from ins ide. The right -hand s ide was chosen due to its easier accessibi l ity  

away from the staircase on the left -hand side. The spare-parts and manual for the 

Vil lager A1 wil l  be located directly opposite on the left -hand s ide next to the 

switchboard.  

The Vil lager A1 shall  be f ixed to the tank at f loor level to uti l ise the hydrostat ic 

head provided by the stored water (maximum 1.9m of head) .  This minimises the 

risk of cavitation as  the quant ity of stored water in the pre -process tank is  
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reduced and maximises the useful l i fe of  the Vi l lager A1 pump unit.  The f loor 

attachment should be demountable to al low the unit  to be raised to a temporary 

holding bracket at  a height  of 1.5m, for  more convenient access for maintenance. 

The unit  should never  be o perated at this height ,  and should be returned to f loor 

level in al l  other circumstances.  

The EDIS N unit  and the Grundfor NSB 5 -33 pump, shall  be located at ground level 

adjacent to the Vil lager A1 unit  for ready accessibi l ity.  Water shall  be drawn from 

the bottom of the buffer ing tank by f lex ible hose. The specif ied pump shall  

increase the energy grade l ine to a  maximum of 33m of head (3.23 bar) .  This  shall  

be suffic ient  to dr ive water passage through the EDIS N electrodialysis unit.  

Remaining head shall  be used to deliver the potable water product to the post -

processing storage tank. The EDIS N waste is  disposed of using the same water  

f lush-conduit  used for the storage tank system, detailed in Sect ion 5.3.6.  

Depending on the system requirements for  the switchboards,  both switchboards 

could potential ly  be posit ioned on one side, and the system and its spare -parts 

could be located opposite.  

The water tanks are located within the nose of the habitat,  on e ither side of the 

access walkway between the f l ight deck and mess.  Pre - and post-processing tanks 

are placed on the starboard side of the habitat,  next to the k itchen, to al low for 

easy access to water.   The larger top-up tank is  located on the port  side.  

This locat ion leaves room for pumps and other components between the tanks and 

the habitat  wall .   Access to these spaces is  through panels in the mess/kitchen 

wall ,  a l lowing for maintenance to occur.  

The location in  the nose of the habitat al lows for water col lection via tundish from 

air condit ioning units  to be achieved with a minimum diff iculty,  although this 

particular subsystem is outside of our scope.   Although the ful l  water tanks wil l  

hold more than 2000kg of water,  placement in the nose does not signif icantly 

unbalance the habitat ;  Figure 31 shows a centre of mass analys is of the habitat,  

using only the outer hul l  to prov ide mass apart  from the tanks and assuming an 

equal density.   The actual  centre of mass wi l l  be further from the nose, accounting 

for equipment,  internal wal ls,  f itt ings etc .  
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Figure 30: Water system component locations 

 

Figure 31: Habitat centre of mass analysis 

 

 

5.3.6.  Processing & Storage System Operations  

 Installation 

Both the Vil lager A1 and EDIS N are  small  and compact .  Given this,  it  should be a 

relatively simple task  to posit ion the units  within the  habitat  post-construction. 

The system is wal l  mounted  (at f loor level)  and can be moved if  necessary.  

The water  tanks are designed to be a f ixture within the habitat.  Moreover,  the 

tanks are too large to f it  through the habitat external  doors,  so other op t ions 

must be considered for their introduction during construct ion.  
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Placement of the tanks whi le the habitat  is  under construct ion would be the 

logical  solut ion. The long l i fetime of water tanks makes exchange and replacement 

unl ikely.   Structural support s bui lt  into the f loor would ensure that the f i l led tanks 

do not introduce any fai lure points within the habitat .  Design decisions would be 

subject to mechanical  computer simulation.  

An alternative instal lation mode would be to make sections of the habitat  hul l  

removable,  as for the simulated Mars  Ascent Vehicle within the cargo module.   

This  introduces some design complexity to  the habitat fuselage, though with the 

added benefit  of permitt ing replacement should i t  be necessary.  

 Detailed Maintenance 

 Villager A1 

The recommended l i fetimes of the sediment pre -fi lter and carbon block are 

approximately 1 year.  This is  for usage rates 2 -3 t imes that of the estimated use 

for the habitat .  Given the vita l  importance of water,  and the re latively low cost of  

these parts,  we recommend that these two components be replaced annually ,  

even if  they appear to be operat ing well .  The UV l ight’s  estimated l i fetime is  two 

years.  The system contains  a cut -off  mechanism so that when the UV bulb is  out,  

the system wil l  not operate. This wil l  return a warning on the habitat’s Building 

Monitoring System (BMS) so that  the crew is noti f ied to replace the bulb. If  the 

water quality tests suggest that the water is  not of suffic ient quality at any one 

t ime, some of these components should b e replaced unt i l  the problem is rectif ied.  

The results  of the test should be indicative of the part  that is  functioning 

improperly;  for example, bad taste suggests a malfunctioning carbon f i lter.  

Overall ,  the system’s surroundings and casing should be kept  c lean and free from 

clutter.  This should prevent problems associated with the clogging up of 

contaminants such as dirt  and dust .  This procedure should be fol lowed whenever 

the system is accessed by crews.  

 EDIS N 

The recommended l ifetime of the EDIS N membranes is  7 to  10 years,  and 

represents the most fragi le part of  the e lectrodialysis reversal unit.  After 870 kL 

5-10% of membranes require  maintenance (Pi lat  2001).  However as EDR 

membranes are relat ively robust these can be manually cleaned and regene rated 

by immersing the membranes in an ac idic solution (Pi lat  2001).  This can extend 

membrane l i fetime signif icant ly.  

 Storage Tanks 

The tanks themselves should not need urgent maintenance.  Cleaning and tank 

evaluation wil l  take place between missions,  usi ng equipment as advised by water  

storage professionals .  

Instrumentat ion wil l  be constantly monitored by the habitat BMS.  Should an 

instrument fai l ,  the system wil l  alert  the habitat  occupants.   Spare meters wil l  be 
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stored in the same location as the Water  Recycling spare parts (see, Section 5.3.4,  

Figure 30),  with one of each always avai lable.   Maintenance wil l  s imply involve 

access to devices  and replacement,  storing the defective device for 

repair/disposal .  

An exception to this comes in the water f low meters.   These are bui lt  directly into 

the water  system, so replacement shoul d not be undertaken by the regular 

inhabitants of the habitat .   Instead, if  a fa i lure causes water stoppage the water 

should simply be diverted us ing bui lt - in valves to al low for a technic ian to make 

the replacement.  

 Water Disposal  

Should the water  in the post-processing tank fal l  below specif ied quality levels ,  to  

ensure compl iance with federal and state regulatory requirements,  the water in  

both the pre- and post-process ing tanks wil l  be removed from the water system.  

This ensures the health of the crew is never endangered.  The EDIS N permeate 

byproduct shal l  undergo disposal uti l is ing this common conduit  for water disposal.  

The water disposal process is  recommended by the habitat computer,  us ing the 

data obtained through the water  qual ity  sensors.   Howev er,  implementat ion 

requires the approval of both the habitat crew and the base stat ion control team, 

reducing the risk of an inadvertent disposal of water.  

Water shall  be dumped into a separate tai l ings pool,  in the v icinity of the habitat.   

This pool is  kept dry unless needed, and consists of a pit  l ined with plastic 

sheeting to protect the surrounding environment.  Once here, the water can be 

evaluated for release into the environment or transport to a safe disposal area 

using a separate ut i l ity -mounted water tank.  

After removal of contaminated water,  the water circulat ion protocols are altered.  

Input from the top-up tank is  only required to keep post -processing tank levels  

above 350L, al lowing for two dumping events within a 2 -week miss ion.  

 Water Refilling 

The habitat water supply is  refi l led using a uti l ity -mounted water  tank.  This tank 

is  placed on the uti l ity tray at the MARS -OZ base station, f i l led with potable water 

and then transported to the habitat at the beginning of every mission.  

Replacement occurs every two weeks thereafter for any longer duration miss ions.  

Water levels at the beginning of each miss ion are:  

  1350L in the top-up tank  

  1000L in the post -processing tank  

  0L in the intermediate buffer tank  

  0L in the pre-process ing tank  

The ut i l ity -borne tank contains 2400L of water,  enough to transfer al l  required 

water in  one tr ip and account ing for a l l  probable losses in the transfer process.   
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To begin the transfer  process,  the uti l ity -borne tank is  attached to an external 

water connect ion that dire cts the f low to the habitat water tanks. A f lex ible  

industr ial  hose is  used.  

Water is  transferred using an external transfer pump, the XF -92, brought in by the 

uti l ity.   This pump is capable of l i ft ing water 5m to the top of the storage tanks 

with pumping rate of 90 L/min, makes this a  30 -minute operation.  Power is  

provided to the pump from the main habitat power system at 240V AC (50 Hz) .  A 

power outlet is  provided the same location as the water connection with circuit  

breaker safety provided internally.  

The external water connection goes directly  to the top -up tank.  F i l l -up happens in 

three stages.  F irst ,  the top -up tank is  f i l led to its  capacity,  as monitored by the 

habitat BMS. Once the capacity is  reached, pumping stops by control of the 

habitat’s power output.   The BMS then transfers 1000L from the top -up tank to  

the post -processing tank at  its  peak rate. Once this is  done,  the top -up tank is  

f i l led again;  this ensures that neither tank is  overfi l led . The autonomous nature 

al lows the rest of the habi tat to be configured whi le the process is  occurr ing.  

 Water Quality Management 

Water turbidity,  f low rates and tank levels  are al l  measured autonomously by the 

habitat computer system.  This system collects and stores the data for use by Mars 

Society Austra l ia,  and brings any problems in the system to the attention of the 

crew through alert  messages.  

PH measurements are complete d every 3 days and are performed manual ly by the 

crew using the laboratory faci l it ies.   A crewmember uses the QM1670 handheld pH 

meter to evaluate a sample of water taken from the general habitat system.  The 

result  of this test  is  input to the BMS,  al lowing for  storage and comparison of 

data.  

 Overall  Operations  

The overall  operat ion is  comprised of 8  di fferent funct ions. S ix of  these functions 

form the underlying water processing cycle that occur s within the habitat and 

under simulation. Permeate disposal occurs  outside the habitat and represents a  

water loss (up to 20% of usage per day) .  To maintain water  levels ,  ‘top up’ water 

is  provided to the cycle by means of an auxil iary top up tank. This out -of-

simulat ion analogue is  in place of a more eff icient water reprocess ing cycle.  
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Figure 32: Water Reprocessing Overall System Operations 

 

 Water Circulation Processes  

Water circulation is  controlled by the BMS, using the water level readings from 

each tank to provide feedback about the current state of the water system.  The 

system is designed for a daily load of 240 L/day (30L per person per day for 8 

people)  and overall  system losses of 20%.  A system loss of 10-20% is expected for 

the EDR unit.  

Although the EDR unit  uses up a s ignif icant  part of our water loss budget,  this is  

mitigated by several factors.   The water storage was designed to provide extra 

water using an upper estimate for water  consumption, leaving room for these 

losses within the system.  Also,  the low concentrat ions of dissolved solids l ikely to  

be recycled wi l l  result  in a lower amount of water loss from this  unit  than 

predicted.  As such, the water system wil l  be capable of operating with this extra 

loss.   

The overal l  water  circulat ion system is outl ined in Figure 32.  Water throughout 

the habitat is  drawn from the post -processing tank, and grey water from the 

system is fed into the pre -process ing tank.  This tank holds  water unt i l  it  can be 
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fed through the water  processing system, which leads back to the post -processing 

tank.  

The post-processing tank has  a 1000L capacity.   It  is  designed to provide at least 3 

days of water supply in the case of water recycl ing fai lure.  This requires more 

than 750L to be stored at any t ime ready for use;  if  the level drops below this,  

fresh water is  added to the tank from  the top-up tank unt i l  it  stores more than 

900L of water.  

Water is  not stored in the pre -process ing tank for more than 24 hours.   The level  

of water in the tank is  kept below 100L by controll ing input  into the water 

processing system; however,  in the case of a processing breakdown, the tank can 

store 2 days of water before needing to be f lushed.  

Levels in  the top-up tank are not of concern unless they drop below 500L.  In this 

case, a warning is  sent to the habitat occupants and base station about low water  

levels.   Another warning is  sent when this level drops below 250L, requiring 

urgent water refi l l .  

 

 Processing Operations 

Within the current scope of the project,  water processing has two active 

processing units.  The vi l lager A1 shall  draw water directly f rom the pre-processed 

tank at  a rate of 220L/hour. The Vil lager A1 draws 48W of power at 240 V AC. The 

water product of the Vil lager A1 unit  shall  be del ivered to a 200L buffer tank.  

When the level of  the tank reaches 50L  the EDIS -N electrodialysis system is 

activated. This unit  processes water at a rate of 50L/hour. Accordingly the Vil lager  

A1 shall  cycle between ‘on’ and ‘off’  states as the Buffer tank is  f i l led and then 

slowly emptied by the EDIS unit  to its original level .  Processing requires between 

1.2 and 2.5  Wh/L in regards to the dia lysis  energy requirement (Pi lat  2001).  The 

power requirement for the pump unit  is  0.75kW (Grundfos NBS 5 -33).  Suff icient 

head is  assumed to remain after EDIS processing to deliver the water product to 

post-processing storage.  
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Figure 33: Active Processing Operations 

 

5.3.7.  Specifications  

The presented concept for the wate r processing system imposes dist inct  design 

specif icat ions that must be sat isf ied before this concept could be translated to a 

physical  reality.  These specif ications are documented in  Section 18:  Appendix VI:   

Water System Design Verif ication .  

 

5.3.8.  Design Verification  

The performance of the conceptual system design for wate r reprocessing has been 

verif ied against the specif ications identi f ied in the preliminary sketch plan. This  

process of verif icat ion is  docume nted in Section 18:  Appendix VI:   Water System 

Design Veri f icat ion.  

 

5.3.9.  Preliminary System Costing  

 Water Processing Units Preliminary Costing  

Table 6: Villager A1 Costs 

Villager A1 Cost  

Compone n t  Cos t  

Vi l la ge r  A1  U nit  U SD $1 5 0 0 .0 0  

La mp Ou t  P ump Di sco nne ct  U SD $2 5 0 .0 0  

In te rna tiona l  Vo l ta ge  Co nve rte r  U SD $4 0 0 .0 0  

Tot al  USD $ 21 5 0 . 00  

 

Pre-process 
Storage Outlet

Villager A1 
Pump Unit

Sediment Filter
Micron Carbon 

Filter

UV Disinfection 
Lamp

200L Buffer 
Tank

Grunfos NBS 5-
33 Pump

EDIS N

Post-Process 
Storage
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Table 7: EDIS-N Costs 

Villager A1 Cost  

Compone n t  Cos t  

EDI S N E le c trod ia ly si s  R e ve rsa l  U nit  TB C  

Grund f os  N SB 5 -3 3  P u mp  $  4 0 0 .0 0  

Tot al  $ 4 00 . 0 0  

 

 Replacement Kit  

We recommend the init ial  purchasing of a replacement kit  containing spare -parts .  

An addit ional ultraviolet bulb should a lso be ordered, since if  one part breaks,  

there should always be at least one more spare available in addit ion to the 

replacement place.  Parts need to be shipped in from the USA. Sufficient lead -t ime 

is  required to cope with the delay in ordering new parts .  

Table 8: Replacement Parts Kit Cost for the Water Reprocessing System 

Replacement Parts Kit  

Qua nti ty  Par t  Cos t  

8  Se d ime n t  Fi l te r s  U SD $2 0 .0 0  e a .  

4  0 .5  Mic ron Ca rbon Blo ck Fi l te r s  U SD $4 5 .0 0  e a .  

1  U lt ra vio le t  B u lb s  U SD $6 5 .0 0  e a .  

1  Spa re  U l tra v iole t  B u lb  U SD $6 5 .0 0  e a .  

1  5 L bo tt le  of  C h lori ne  (Liq uid  C h lori ne )  AU D $9 .4 9  

Ki t  Di scou n t   -U SD $2 5 .0 0  

Tot al   USD $ 45 5 . 0 0  

 

 Ongoing Costs  

Replacement parts can be purchased individually as required. It  is  expected that 

the carbon block and sedimentat ion pre -f i lter would require replacing once each 

year and the UV bulb every three years.   

Table 9: On-Going Costs of the Water Reprocessing System 

On-Going Costs  

I te m  Number s o f  Ti me s 

Repla ced/ Year  
Cos t  ( Appr o xi ma te ly) / Y ear  

Sedi me n t Fi l ter  1  U SD $2 0 .0 0  

Car bo n B loc k Fi lt er s  1  U SD $4 5 .0 0  

Ultr avi ole t  Bu lb s  0 .3 3  U SD $2 2 .0 0  

Tot al   USD $ 87 . 0 0/ye ar  
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 Shipping 

Table 10: Shipping Costs of the Water Reprocessing System 

Shipping Costs  

I te m  Compa ny  Cos t  

Sy st em & Rep la ceme n t 

Ki t  

Se ve n Se a s  Wor ld W id e  

(Se ve nSe a sWo rld Wid e ,  

2 0 1 1 ) 

U SD $2 1 5 .0 0  

Spar e Ul tr avi o let  B ul b  Se ve n Se a s  Wor ld W id e  U SD $1 0 .0 0  

Tot al   USD $ 22 5 . 0 0  

 

 Installation 

Instal lat ion of the system is s imple. The system comes pre -wired and with al l  

internal plumbing completed. The system simply needs to be connected to the 

power-supply,  and the water -inlet and water -outlet hoses (provided) connected. It  

is  assumed this could be done without s ignif icant cost by volunteer work .  

Table 11: Overall Costs of the Water Reprocessing System 

Initial  Costs  

Aspe ct  Cos t 3 

Vi l la ge r  A1  De vice  $2 1 5 0 .0 0  

Spa re -P a r t s  Ki t  a nd  B ul b  $4 5 5 .0 0  

Ship ping  $2 2 5 .0 0  

Ins ta l la t io n  $0 .0 0  

Tot al  $ 3 23 0 . 00  

On-Going Costs  

Repla ceme nt Par ts  USD $ 87 . 0 0/ Year  ( AUD $8 4/ye ar )  

 

 Water Storage Preliminary Costing  

The main costs for the water storage system are component prices.  Costing 

currently assumes instal lat ion shal l  ut i l ise  volunteer labour.  Shipping pr ices are 

not inc luded, as the location of construct ion is  not known.  

Separate costing is  g iven for both the autonomous and manual measurement 

systems; only one of these costs wi l l  be fol lowed in the f inal design of  the Mars -

OZ habitat .  

These prices are a conservative estimate only,  involving up to 10% overhead from 

given cost to account for price f luctuat ions or design changes.  Replacement parts  

are assumed needed once every 2 years  as  a worst -case scenario.  Al l  prices are 

given in AUD as of 28/10/2011.  

                                                           
3 A s s u m e A U $ 1 : U S $ 1  cu r r en cy  co n v er s i o n  
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 Initial  Costs  

Table 12: Water Storage System Cost of Acquisition 

 

Component Supplier contacted Individual 

cost  

Number 

required 

Total 

cost  

1.  Component Costs  

Cus tom -de si g ned 
Wa ter  Ta n k  

Aja y  Fib re g la s s  
Ind us tr ie s  P ty  L td  

$3  0 0 0  5  $1 5  0 0 0 

Aqu amet a AN 4 2 0 - 5 
Pr es sur e Se nsor  

Ana d e x La b s P ty  L td  $4 0 0  4  $1  6 0 0  

Flow Me ter s  N/A  N/A  8  N/A  

Davey W a ter  
Pr oduc t s X F - 9 2  

Aqua tra d  $3 0 0  1  $3 0 0  

2 0m Blue Lay f la t  
i ndu str i al  ho se  

Aqua tra d  $3 .9 6 /m  

Quo te  
re ce ive d  
3 /1 1 /1 1  

1  $8 0  

Tot al   $ 1 6 9 8 0  

 

Table 13: Autonomous Water Monitoring System Costs 

Component Supplier contacted Individual 

cost  

Number 

required 

Total 

cost  

RWT- T- 1 00 -W - 5 M 
Tur bi di ty  Sen sor  

R oyce  Wa te r  
Te c hno log ie s  

$2  9 6 0  1  $2  9 6 0  

LT -S 4 1 0- 1 3 0/ 04 2 pH 
se nsor  

R oyce  Wa te r  
Te c hno log ie s  

$5 8 0  1  $5 8 0  

WQ 30 1 Co ndu c ti vi ty  
Se nsor  

Globa l  Wa te r  $6 7 9  1  $6 7 9  

RWT7 5 Co n tr ol ler  R oyce  Wa te r  
Te c hno log ie s  

$2  9 8 0  1  $2  9 8 0  

Tot al   $ 7 1 9 9  

 

Table 14: Manual Water Monitoring System Costs 

Component Supplier contacted Individual 

cost  

Number 

required 

Total 

cost  

EC -TN 1 00 - IR 
Tur bi di me ter  

Ins tr u me n t  C hoi ce  $1  0 5 9  1  $1  0 5 9  

QM 1 6 70 Ha ndhe ld 
pH Me ter  

Ja yca r  E le c t ronic s  $6 0  1  $6 0  

EC 4 00 Co ndu c ti vi ty  
Tes ter  

Globa l  Wa te r  $9 8  1  $9 8  

Tot al   $ 1 2 1 7  
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 On-Going Costs  

Table 15: Water Reprocessing Operational Costs 

2. Ongoing Costs  

Buf fer  r e fi l ls  for  
QM 1 6 70  

Ja yca r  E le c t ronic s  $1 0  2 /ye a r  $2 0 /ye a r  

Repla ceme nt A N4 2 0 -
5 Pr e s sur e S en sor  

Ana d e x La b s P ty  L td  $4 0 0  0 .5 /ye a r  $2 0 0 /ye a r  

Repla ceme nt 
Tur bi di ty  Sen sor   

R oyce  Wa te r  
Te c hno log ie s  

TB C  0 .5 /ye a r  TB C  

Tot al   $2 20 /year  
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6. Energy 

6.1.  Introduction 

Energy systems are a vital  part of  the MARS -OZ habitat .  Without  sufficient power 

generat ion the habitat would be unable to  function as a lmost al l  systems within 

the habitat require electricity to operate. This sect ion of the Final Design Report  

outl ines designs for ensuring the habitat is  rel iably supplied with electricity.  This 

system provides  a detailed analysis of the primary power generation  system, 

backup power generat ion system, power storage, and c l imate control.  The primary 

means of power generation and storage is  outl ined in section 6.2.  It  is  

recommended that  a solar farm be used for the MARS-OZ habitat ,  with batter ies  

for storage last ing up to 24 hours.  

Alternatives to this  so lar-power system that  were considered but decided against  

were biofuel  systems and wind power. Biofuel systems were  rejected due to the 

scarcity of locally produced biofuel .   This meant fuel  would need to be imported 

to meet base demands. Wind power was rejected as wind speeds are relatively 

modest in the proposed environment and  an adequately sized wind generator 

would not be easi ly  transportable.  

It  is  recommended in section 6.3 that  a diesel backup generator is  provided  for  

use in emergencies or short  or long -term fai lure of  the pr imary means of power  

generat ion.  

A number of alternat ives to a diesel backup generator were considered inc luding 

propane and natural gas power stores.  Diesel is  cheaper and safer than both these 

options,  and is  also required for  the chosen waste incineration system, and thus is  

thought to be the best  option.  

Cl imate control  systems are considered in section 0. Evaporative cooling was an 

attractive choice given the low humidity of Arkaroola;  however the water usage of  

this opt ion means it  is  not tenable. A Heating, Vent i lat ion and Air Condit ioning 

(HVAC) system was chosen instead.  This  has higher level of  power use than 

evaporative cooling,  but uses no water  and both cooling and heat ing are 

accomplished using the one system.  

From the design process it  has  been realised that it  is  prohibit ively expensive to  

operate the base sole ly from solar power and stored solar power. Therefore  it  is  

suggested that diesel generat ion be used to supplement power from a solar farm. 

Diesel can produce power in a l l  weather condit ions and throughout  the night ,  

considerably reducing the load on the solar farm and the number of batteries 

required. Whi le costs  have not been expl ic it ly  calculated for this s ituat ion, it  is  

estimated that this could reduce the required q uantity of solar panels by  

approximately half .  This  reduces the cost of the system from approximately 

$700,000 to around $350,000.  
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6.1.1.  Scope 

The scope of Martian Designs’  work into energy management in the MARS -OZ 

habitat has  been refined to  ensure the qualit y and effectiveness of the systems 

considered.  Areas in which the energy management team wil l  focus include:  

  Power audit ing to determine requirements  

  Designing a  re l iable and effective method of pr imary power generation  

  Designing an emergency backup power generation  system 

  Power storage 

  Power load management  

  Designing a  cl imate control system  

The overall  power generation  system has been designed to maximise eff iciency 

and effect iveness whi lst  minimis ing capital  and maintenance costs.  Considerations 

include external and internal habitat temperatures,  rel iabil ity,  architectural and 

waste management needs ,  and ensuring the system is easi ly  transportable.  

 

6.2.  Primary Power Generation and Storage  

6.2.1.  Design Choices  

Mars Society Austral ia has expl ici t ly  specif ied the use of  renewable energy 

sources for the MARS-OZ habitat ’s  power system. It  was  a lso specif ied that any 

power source had to  be transportable. Given the solar -weather condit ions in 

Arkaroola,  solar power was chosen as  the most suitable c hoice that satisf ied the 

cl ient ’s requirements.  Solar power is  an inexhaustible power source  and is  

extremely abundant in the Arkaroola region .  A solar power system  can rel iably 

produce between 1 and 1.4 ki lowatts of power during the dayt ime  there.  

There are two options for creat ing electric ity using solar power ;  photovoltaic (PV)  

or concentrated solar thermal power (CSTP).  PV is  a method of directly converting 

sunlight to electric ity ,  whereas CSTP focuses the sun’s energy to generate steam 

and hence produces e lectric ity through the use of turbines. CSTP is  often used for 

large-scale power generation;  however due to the scale  of the necessary 

infrastructure this would not be viable for the MARS -OZ project .  It  was therefore 

deemed that  PV is  the most econom ical and technically  pract ical  solution for  

MARS-OZ.  

PV instal lat ions operate for many years with minimal  maintenance or required 

intervent ion after their init ial  set -up. After  the init ia l  capital  cost of bui lding any 

solar power plant,  operating costs are  extremely low compared with other exist ing 

power generation technologies.  

The PV system would be set up as a ‘farm’ near the habitat .  Panels would be 

mounted on the ground, with moving bases that are programmed to track the sun 

throughout the day to gain maximum power generat ion from the system.  
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The system wil l  also include a  battery array  to power the base at night or for 

other prolonged periods without sunlight .  Given that the habitat wil l  be deployed 

in arid areas it  is  unl ikely that there would regular ly be long periods when the 

system was encumbered by c loud cover.  Batteries need only cover  short periods of 

insuff icient power supply and balance excess supply with storage. Should solar  

power be unavailable for long per iods ,  the emergency backup system w ould need 

to be used.  

PV panels  produce a 12V DC current that  would be converted to 240V AC (50Hz)  

using an alternator system. These alternators are chosen such that al l  appl iances 

power requirements are met.  

 

6.2.2.  Components 

The best  option for implementing the PV system is to buy it  as a  complete system 

including panels,  inverters ,  and batter ies .  This ensures that a l l  individual elements  

are compatible and also simpl if ies maintenance issues since there is  only one 

manufacturer and supplier involved. With thi s is  mind the recommended system is 

based on a 9.5kWh system available from the Rainbow Power Company. To meet 

the power requirements for the habitat ,  a contingent of  16 s imilarly sized systems 

would be required. The system consists of  f ive components ;  PV panels,  carrying 

frames, batteries,  and two types of inverter.  
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 Photo Voltaic Panels  

  

Figure 34: Trina Solar 190W Solar Panels 

  

Figure 35: Solar Frames 

For a 9.5kWh system 24 Trina Solar panels  are required. To meet the calculated 

required habitat usage of 250kWh the system would require 384 panels .  

 Batteries 

  

Figure 36: Raylite 1050Ah Batteries 

64 Raylite batteries are required to meet the requirements of the system.  Each 

battery is  411mm long, 262mm wide and 530mm high, giving a per unit  volume of 

0.057m 2  or a total  volume of at least 3 .65 cubic  metres.  

The easiest configuration of batteries would be to have just one layer high,  in a  

6x8 battery rectangle.  This would give a required ground area of about 12 square 

metres ( inc luding space between batteries for access and wiring) .  
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 Inverters 

 

 

Figure 37: SMA Sunny Island 5000 Watt Inverter/Charger 

 

  

Figure 38: SMA Mini Central 6000 Watt Inverter 

The system for the habitat would require 16 units for  each inverter.  

 

6.2.3.  Specifications  

For use of the solar PV system the fol lowing maintenance activit ies are  required:  

1.  Cleaning of solar panels  with a non-abrasive cleaning agent to  keep the 

surface free from debris and maximise solar  gain.  

2.  Checking wires and connections regularly to ensure they remain dry and 

undamaged.  

3.  Checking solar panel frames for leaks .   Sealant must be applied if  any leak  

is  found.  
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6.2.4.  Preliminary Cost Estimate  

The cost of a 9.5kWh system is estimated to be $43,859. For the given 

requirements 16 of the 9.5kWh systems are needed. Therefore a preliminary cost  

estimate for the system is $702,000.  

While  this cost is  high, it  is  not unreasonable to pay a high cost for a photovoltaic  

system. This system wil l  run with l itt le  maintenance and no requirements for raw 

materials for up to 20 years,  al lowing for costs to be somewhat recovered 

throughout the habitat l i fet ime.  Note that it  is  estimated that  running a diesel  

generator wi l l  cost about $125 per day of operation for fuel,  not including 

shipping costs 4.  

It  is  also l ikely that a  quote to supply such a large syste m would be lower than 

this,  as  the pr ice per unit  would decrease as more were purchased. However,  it  is  

diff icult  to obtain such quotes without intending to purchase a system in the near  

future. The cl ient should seek a more detailed quote for the system b efore 

dismiss ing it  on the basis of cost a lone.  

 

6.3.  Backup Power Generation  

6.3.1.  Design Choices  

Diesel standby generators remain the primary choice for emergency power 

systems worldwide.  Diesel produces more power, costs less to operate ,  and is  less 

volati le  (and hence safer)  than petrol.  The longer l i fe and lower operating costs 

compared to petrol  engines are what makes diesel engines so popular .  Today 

diesel generators produce virtual ly no visible smoke and very few emissions of any 

kind.  

Diesel fuel is  a l ight-grade oil .  Inside any engine there are many moving parts that 

create fr ict ion. Petrol and propane are solvent -based fuels which promote frict ion 

and wear. Diesel ,  being a lubricant ,  reduces fr ict ion and wear.  

In a s ituation where backup power is  bei ng used the habitat would be operat ing 

on a low power budget.  Appendix  A  details  power usage in an emergency situation ,  

which could be maintained for around 24 hours ;  and in a low power situat ion , 

when the habitat is  forced to use backup power for extended  periods of t ime. In 

the latter case the habitat would be stocked with enough fuel to last  a week, after  

which t ime the primary power generator would need to be restored, addit ional  

diesel delivered, or the mission abandoned. As Error! Reference source not found.  

shows we would need a generator capable of producing around 9kW for low power 

situat ions.  

                                                           
4
 Ass um i ng  96L/ da y  d i e se l  us ag e at  130c /L  
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Due to the venti lat ion requirements of a diesel engine the generator would need 

to be kept outs ide. While a generator would certainly be built  with that in mind 

and would have a casing that  could res ist  the elements,  it  is  recommended that  a  

small  shack could be bui lt  around the generator to provide protection from the 

weather. Such a uti l ity room  could be quite  rudimentary,  and could potentia l ly  be 

constructed from scrap roofing i ron and volunteer semi -sk i l led labour at negligible 

cost.  

So as not to affect the mission simulation, it  would be necessary to start  the 

generator in a space suit.  As such a s imple button-push start  would be necessary –  

anything more elaborate may be dif f icult  in a space suit .  

6.3.2.  Components 

 Generator 

 

Figure 39: Kipor KDE13SS3 Generator. Source: http://www.macfarlanegenerators.com.au. 

To meet the requi rements out l ined above Martian Designs recommend the Kipor 

KDE13SS3 10.6KW Three Phase E lectr ic Start  Si lent  Diesel  Generator with  a three 

cyl inder,  inl ine 4-stroke, water cooled engine. This unit  can generate 10.6 kVA 

(with an 11.6 kVA peak power  output)  at  240V. An acoust ical ly  treated enclosure 

minimises operating noise to 51 dB at  a distance of  7m on the f ixed instal lation 

generat ing sets.  The dimensions of the unit  are  1570mm x 780mm x 1050 mm and 

it  weighs 685Kg, and 750Kg when fuel led.  It  has a 12-month/1000h condit ional  

warranty .  

 Transfer Switch  

A standby power backup device connects to the wiring via a  transfer switch,  which 

is  instal led indoors.  In standard domestic s ituat ions the transfer  switch prevents 

‘backfeeding’ into ut i l ity l ines,  which is  dangerous and i l legal .  In this case the 

uti l ity l ines would be the primary power generator,  and the transfer switch wil l  



18
th

 November, 2011 – Final Design Report – Martian Designs 

 

P a g e | 90 

protect both the pr imary and backup generators from damage due to overlap of  

their power supplies.  

 

6.3.3.  Processes 

 Installation 

Normally a  stat ionary generator  is  mounted outdoors on a cement pad. Preferably 

it  is  placed near the fuel source. Many models already come with a mounting pad. 

In any case, a location that is  f lat  and has provisions for water drainage is  

required. To prevent exhaust gases from entering the habitat ,  locate the unit  in a  

well-vent i lated area away from entrances.  

 Starting 

The recommended generator has a simple push -button start.  This process could be 

performed easi ly  by a crewmember in a spacesuit  without breaking the mission 

simulat ion.  When fai lure of the power systems is  detected a single crewmember 

would need to go outside to the generator,  which wil l  be nearby the habitat ,  and 

start  it .   

 

6.3.4.  Specifications  

The diesel generator wil l  require Mars Society Austral ia to me et the fol lowing:  

  It  wil l  need an e lectrical  connection to the base, via the battery bank  

  It  wil l  need to be supplied with diesel fuel,  o i l  and coolant  

  A f lat  location with provisions for drainage must be avai lable to instal l  the 

generator  

  It  is  recommended that a small  uti l ity room is bui lt  around the generator on 

location to offer some protection from the e lements  

 

6.3.5.  Preliminary Cost Estimate  

The estimated cost of  the generator  itse lf  is  $13,399. The cost of  building a  shack 

around the generator would be minimal,  around $100. Coolant and oi l  would also  

be required, costing another $100.   As such the total  cost of the backup power 

system would be around $13,600.  This is  only an est imate;  specif ic  quotes should 

be sought by the cl ient.  
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6.4.  Climate Control  

6.4.1.  Design Choices  

A heat ing, vent i lat ion, and air  condit ioning (HVAC)  system is a  cl imate control 

system that uses refr igerants and heat exchange to either cool or  heat air,  which 

can then be transported to where it  is  needed using ducting.  In the habitat  such a 

system would be built  into the structure. It  requires no inputs  other than 

electric ity,  and would be operated by a thermostat with a manual override.  

 

6.4.2.  Components 

 Centralized HVAC  

Heat Exchange: The heat exchanger is  housed within the main furnace unit.  When 

the system is  turned on, via a manual  or thermostatic control,  electric coils  heat  

air  drawn into the air  exchanger from the bui lding exter ior or through a cold a ir  

return chase, which draws cool air  from the i nterior of the bui lding. As the air  is  

heated, a blower pushes the radiated warm air into the ducting system for 

distr ibution to the bui lding.  

Evaporator Coil :  The evaporator coil  provides cooled air  for the furnace blower to 

distr ibute through the ducts o r airways. The typical  design incorporates metal  

tubes surrounded by thin a luminium fins,  which cool the air  in a way similar to the 

radiator in an automobile.  The evaporator  coil  unit  is  typically  encased within a 

metal box on top of or beside the furnace , and is  connected to  the condensing 

unit  posit ioned outside the building.  

 Refrigerant Lines  

These are copper or aluminium tubing l ines that  carry  l iquefied refrigerant from 

the condensing unit  to the evaporator coil  and then recycle the vaporized 

refrigerant back.  

 Condensing Unit  

This part of the HVAC system is typical ly  located outs ide of the building and 

houses a compressor that condenses refr igerant gas,  cooled by heat exchange with 

the outs ide air,  to a f luid,  and then pumps the f luid through a metal l ine to  the 

evaporator coil  in the furnace unit .  As it  passes through the evaporator coil ,  t iny 

spray nozzles  spray the cooling f luid into a chamber. This  lowers the pressure and 

the f luid evaporates  back to the gas -phase.  

In this  process,  the evaporation a bsorbs heat,  the air  rapidly cools,  and blowers 

force the refrigerated air  through the duct system which distributes it  to the 

bui lding.  The refr igerant,  returned to a  gas,  is  then returned to the condensing 

unit  to repeat the cycle.  
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6.4.3.  Preliminary Cost Estimate  

The init ial  cost of the HVAC system depends on the location size  and interior of 

the habitat.  The minimum cost based on a smallest HVAC commercial  used system 

is $15,000, excluding al l  transportation and instal lation cost s .  It  is ,  however, 

recommended that the cl ient  seek a  ful l  quote from a supplier  should they decide 

to use this system.  
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7. Design Integration 
Design integration has been a major consideration for the design team throughout 

the project.  One of the main project objectives was to design subsy stems that not 

only worked effectively with the other Martian Designs so lutions,  but also with 

the exist ing habitat  design and poss ible future designs as  well .   

Figure 40, found on page 96 of this document,  demonstrates  the network of 

interfaces and processes that ensure the habitats vital  systems integrate together 

to provide a re l iable,  high quality and comfortable environment.  

 

7.1.  Integration Summary 

Figure 40 is  an N-squared diagram that  graphically  represents the integration 

aspects that have emerged during our analysis and design process.  Interfaces that 

are electrical  or communicat ion based are highl ighted in red, hydraulic interfaces 

in green and mass/airf low and protocol based interfaces appear in yellow  

7.1.1.  Power Generation Interfaces  

The N-squared diagram highl ights a number of interfaces between the solar array,  

diesel generator,  voltage converter and batteries that are isolated from the rest 

of the habitat .  This power generation system works to power ever other system 

within the habitat .  

Both the solar and diesel power generation are l inked to the voltage converter 

and batter ies.  Al l  power needs to be converted to a useful voltage and stored in 

the batteries for use at peak t imes. The batteries are also l inked back to the diesel  

generator,  as when the batteries  are low the generator wi l l  provide more 

electric ity to charge the batteries.  

The other signif icant interface related to power is  the connection of the batter ies 

to al l  services and systems within the habitat.  This is  demonstrated b y the row of 

interface connectors that l ink  the batteries  to every other subsequent system on 

the diagram.  

 

7.1.2.  Climate Control and Ventilation  

The cl imate control  and venti lat ion systems are l inked to every  space within the 

habitat in di fferent capacit ies.  Al l  l iv ing spaces are condit ioned while areas such 

as the INCINOLET and waste inc inerator areas are mechanical ly venti lated only.  By  

only venti lat ing these areas and not condit ioning them the load on the HVAC 

system is minimised and power is  saved.  

As part of  the complete a ir -condit ioning and venti lat ion system there are 

feedback loops from all  spaces to the control system. This feedback wil l  be in the 

form of communication between the HVAC system and sensors in the rooms. These 

sensors wi l l  be determined by the f inal habitat  design team, but could include 
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temperature sensors,  CO 2  and CO sensors and even automated self -condit ioning 

technology such as mechanical ly opening windows.  

 

7.1.3.  Fire Protection Services  

Fire protection is  often overlooked during preliminary design phases,  but Martian 

Designs considered occupant safety a high priority .  The N -squared chart shows 

feedback l inks  from all  rooms and internal  equipment to demonstrate the 

communication between fire de tectors and the f ire protection control system.   

The f ire protection control system is l inked back to the HVAC system. This vital  

communication l ink ensures that when a f i re is  detected, the venti lat ion system 

transfers into smoke-mode. Smoke-mode is  a Bui lding Code of Austral ia (BCA)  

requirement in larger bui ldings but can be used effectively in smal ler structures to 

suppress  the spread of f ire .  This  works by  shutting off  air  f low to spaces where 

f lames are located with the intention of ‘suffocating’ the f i re.  This can also aid in 

then clearing smoke out of spaces that do not contain f lame to assist  f i re -f ighters 

and aid clean-up once the f i re is  ext inguished.  

 

7.1.4.  Waste Management Integration  

There are specif ic  areas in the habitat  that are direct ly l inked to  the waste 

management system. The kitchen area produces a considerable  amount of food 

and packaging waste that must  be transferred to the incinerator.  There is  also a  

l ink  from the laboratory area to the inc inerator,  as other waste wil l  be generated 

in the laboratory that needs to be disposed of.  

Another obvious interface is  that between the bathroom toilet and the INCINOLET.  

Technical ly the INCINOLET system wil l  be located within the bathroom space,  but 

the instal lat ion of  the INCINOLET wil l  need to be int egrated with a l l  other 

hydraul ic and electrical  services  in the area.  

 

7.1.5.  Hydraulic Interfaces  

There are a number of important hydraulic based interfaces that need to be 

considered throughout design and construction of the habitat.  The main 

components of the water management system are the water  pumps, the AquaSun  

and EDIS-N water processing system and the water storage  unit .  The processing 

circuit  and the storage tanks are l inked through the pumping system to control 

the f low of water.  

The water storage tanks  feedback into the water pumps, which in turn supply al l 

water consuming areas of the fac i l ity .  There is  also a controls aspect of the water  

storage and AquaSun interface, as when the storage tanks are ful l  there is  no 
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point in running the AquaSun and so w ater can be sent to backup storage or 

disposed of.  

7.2.  N-Squared Diagram 

The following diagram demonstrates the interfaces and processes that have been 

outl ined above. An N-squared diagram represents funct ional or physical  interfaces 

between different system e lements.  Each arrow represents an interface, and the 

coloured dots represent where the l inks between elements l ie.  The l ines on top of 

the diagram represent inputs from one system to the next,  and the l ines on the 

bottom of the diagram indicate feedback lo ops.  
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Figure 40: N-squared chart demonstrating design integration and processes
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8. Cost Summary 
The fol lowing sect ion summarises the cost  analyses of al l  des ign solut ions within 

the current project scope. It  should be noted that this is  not a quote, but instead 

provides a preliminary cost estimate based on the information available to the 

design teams. The costs are summarised in Table 16:  Overal l  Cost  Summary .  

Table 16: Overall Cost Summary 

Initial  Costs  

Ite m  Cos t  

Be d /De sk Sys te m  $1 0 ,  0 0 0  

In te rna l  Wa ll  Sys te m  $7 ,  2 0 0  

Wa te r  S upply  Sy ste m  $3 0 ,  0 0 0  

Wa s te  In cine ra to r  $6 5 ,  0 0 0  

IN CI NO LE T Sy s te m  $5 ,  0 0 0  

Die se l/ So la r  Hyb rid  P ow e r Sys te m  $3 6 5 ,  0 0 0  

HVA C  $1 5 ,  0 0 0  

Tot al  $ 4 97 ,  20 0  

Remai ni ng H a bi t at  B ud get  $ 2 02 ,  80 0  

 

There are a  number of factors that wi l l  greatly affect this  costing estimate. Some 

of these factors include:  

  Conservative energy estimates and lack of rel iable quotes  

  Labour costs  

  Location based costs  

  Occupants abi l ity to fol low equipment protocols  

The energy est imates that have been used to provide an est imate for photo voltaic 

power generat ion were very conservative;  however,  Martian Designs believe that 

paying this much for a completely independent,  remote and long lasting power 

source is  not unreasonable. However,  given the circumstances and budget of the 

MARS-OZ project,  it  is  recommended that a diesel generator be used to provide a 

substant ial  amount of power.  

Labour costs may increase or decrease costs depending on the nature of the 

design solut ion. For example t he cost of the internal walls  currently does not take 

into account addit ional costs for labour and manufacturing. For now the design 

envisages that  fabrication should be possible using voluntary unskil led labour.  

On the other  hand, manufactur ing and instal lation costs  can be s ignif icantly  

increased simply due to the location of the habitat.  The fact that the habitat is  

being manufactured before transportation to site remedies part of this problem, 
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but some items are st i l l  going to need to be tended to on s ite.  The remote 

location wi l l  adversely  affect these costs.  

The complexity  of the f inal  design wi l l  also  have an effect on costs.  If  al l  wal ls,  

f loors and other void spaces are packed ful l  of building services then  the 

manufactur ing of the habitat wil l  become much more complicated, and 

consequently incur addit ional costs .  Martian Designs recommends that the 

simplest  f inal  habitat designs should be uti l ised to  minimise the potentia l  impact 

of this factor on cost .  

The abi l ity of the occupants to fol low the expressed equipment protocols can 

direct ly affect the cost of the habitat .  Where the crewmembers are improperly or 

incompletely trained,  oversights and acc idents can occur.  This can incur damage 

to the systems at con siderable  expense. For example improper instruct ion in how 

to instal l  wal ls  or how to use the INCINOLET toilet,  among other items, can lead to 

damage which would result  in costly repair or replacement.  

Aside from the photovoltaic power system, the system d esigns created by Martian 

Designs provide an economically feas ible project.  These ut i l ise a reasonable and 

realist ic  portion of the MARSOZ Habitat budget.  Mars Society Austral ia nominated 

a $700,000 budget total  for the construction of the habitat ,  and the  port ion of  

this budget taken up by our crucial  designs is  highl ighted in Figure 41. 

It  should be noted that a reasonable  portion of the total  budget is  expected to be  

used on the systems provided by Martian Designs. The sect ion highlighted in green 

is  the portion of the budget that wil l  remain to be spent in other areas. This is  a 

very posit ive result,  seeing as crucial  systems such as water and waste 

management,  air  condit ioning, pr ivacy and power generat ion have been included.  

It  should be noted that a diesel/solar hybrid system has been used for the purpose 

of price est imation and the budget portion graphic Figure 41.  
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Figure 41: Portion of MARSOZ Habitat Budget Utilised by Martian Designs’ Solutions 

Portion of the Total Mars-OZ Budget
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9. Design Philosophy 

9.1.  Our Philosophy: A System’s Approach  

Throughout the project Martian Designs fo l lowed many of the procedures of  the 

NASA Systems Engineering Handbook 5.  This method helped the team approach the 

project in an organised and comprehensive manner. The team found the approach 

a manageable way of  sett ings targets a nd dividing tasks.  Managing the project  

through a group of set deliverables enabled simple tracking of the project ’s  

progress to ensure the group was on -target  at al l  t imes.  

There are part icular sections of the systems approach that we have chosen to 

adopt:  

 Section 2.0 –  Fundamentals of  Systems Engineering:  

This sect ion presents  a general  guide to the general  procedure fol lowed in a  

systems engineering approach. This sect ion helped Martian Designs management 

gauge the depth of the overall  project and help on how to approach the project .  

 Section 3.0 –  Program/Project Life Cycle:  

Martian Designs fol lowed the overal l  project l i fe cyc le program of this section.  

This section helped Martian Designs break the project into sect ions and create a  

set of del iverables with approximate due -dates for each part.  This  section acted as  

a guideline for what should be addressed in each of the del iverables which was 

the basis of each deliverable template.  

 Section 4.2 –  Technical Requirements Definition:  

This sect ion outl ines  the transformation of stakeholder expectations into a 

definit ion of the problem. Martian Designs fol lowed this procedure to convert the 

expectations of MARS -OZ into a complete set of technical  requirements that must 

be validated. This ensured that c l ient exp ectations were met to the desired level .  

 Section 4.3 –  Logical  Decomposition:  

This step fol lows on from the technical  requirements  and involves the creation of 

detailed functional requirements for the system. Martian Designs used this 

section to help ident i fy  the “what” which must be achieved by the system at each 

level to ensure a successful project .  Concepts used from this section inc lude a 

Product Breakdown Structure and N 2  diagrams.  

 Section 4.4 –  Design Solution Definition:  

This sect ion was used by Mart ian Designs to  translate the high level requirements 

and funct ional  requirements of the system into a design solution.  Martian designs 

used this procedure to develop a number of alternate solutions detai led in the 

Preliminary Sketch Plan . The alternate so lutions were then analysed through 

                                                           
5 N A S A  S y s tem s  E n g in ee r in g  H a n d b o o k,  
h t tp : / / ed u ca t io n . k s c . n a s a . g o v / es m d s p a ceg ra n t/ D o cu m en t s / N A S A % 2 0 S P - 2 0 0 7 -
6 1 0 5 % 2 0 R e v % 2 0 1 % 2 0 F i n a l% 2 0 3 1 D e c 2 0 0 7 . p d f  
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comprehensive trade studies which resulted in the choice of a preferred alternate 

solution. This preferred solution was then ful ly  defined into a f inal design 

solution.  

 Section 5.2 –  Product Integration:  

This sect ion focuses on ensuring that the products within the system integrate 

properly.  Martian Designs fol lowed the ‘bottom -up’ approach to ensure that 

products integrated within their sub -systems, and then the sub-system within the 

system as a whole.  Particular emph asis was placed on system interfaces.  

 Section 5.3 –  Product Verification:  

This sect ion was crucial  to this document and to the end of  project.  Product 

Verif ication outl ines  the various types of verif icat ion available and how a 

particular part  of the design  solut ion must  be veri f ied. Mart ian Designs ut i l ised 

this  section as  an out l ine for ver ifying that  our f inal  design solution has met al l  

required criter ia and i f  not,  how and why it  has not met a part icular criteria.  

 Section 5.4 –  Product Validation:  

Product Val idat ion is  closely l inked to Product Verif icat ion, however,  it  involves 

the conf irmation that  the end product  wil l  do what  the customer required within 

the environment of use. This section can be, and was, performed simultaneously 

with product verif icat ion through the process of verifying the system within its 

environment of use.  

 Section 6.4 –  Technical Risk Management:  

Martian Design’s Risk  Assessment Officer,  Emily Carrie,  used this section as a 

guidel ine for conduct ing r isk assessments at various s tages of the project.  In  

particular,  the Figure 6.4 -1 –  Technical  R isk Management Process was used as a  

basis for identify ing and mitigating r isks .  Figure 6.4 –  7,  Risk Matrix,  was used as a  

basis  for determining the level of r isk associated with a particu lar r isk.  

 Section 6.5 –  Configuration Management:  

This section was used to ensure that conf iguration of the system was known and 

recorded and the impacts of any chance of configuration. This section was used to  

ensure that any changes in the future do not have detrimental  impacts on the 

overall  system and that any changes that do occur are successful ly managed.  
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10. Risk Analysis 
A risk analysis has been performed for the f inal design solut ions recommended by Martian Designs. Each r isk identif ie d has 

been given an impact score based on the l ikel ihood of occurr ing and the consequences. Mit igat ion strategies have been 

suggested and implemented in order to decrease the r isk score.  

Table  17 summarises the ident if ied risks  and the mit igation strategies  implemented.  Al l  r isks  have been mitigated to a low  

impact score.  

Table 17: Risk Analysis 

Risk Consequence/Impact  
Risk 
Score 

Mitigation  
New 
Risk 
Score 

General  

Fi r e  
  Da ma ge  to  e xpe r ime n t s  a nd  

fa ci l i ty .  
  In j ury  o r  d e a t h .  

E  

  Fire  re sis ta n t  wi re  ho u si ng ,  che mi ca l  
sto ra ge  a nd  in te ri or  d e si gn .  

  Fire  f ig h tin g  e q uip me nt  ( che mica l  
e xt i ng uis he r ,  b la n ke ts ,  e t c .) .  

  A la r m sy s te m .  

L  

Di s ti l l ed wa ter  suppl y  r uns o ut  
  Ina bi l i ty  to  pe rfo rm 

e xpe ri me n ts .  
M 

  La rge  sto re  of  d is t i l le d  w a te r  or  
a bi l i ty  to  ma nufa c tu re  i t  

L  

Fai lur e of  su b sy stem s t o  be 
i nter o per a ble /comp a ti ble .  

  P ote n tia l  lo ss  of  sys te m 
func tio na l i ty .  

H  
  Good  co mm uni ca t ion  be t we e n te a ms 

e spe cia l l y  wi th re ga rd  to  inte rfa cing  
iss ue s .  

L  

Fai lur e of  su b sy stem s t o  be 
compa ti ble  wi th  e xi s ti n g desi g n .  

  P roje c t  fa i l u re  H  

  Good  co mm uni ca t ion  wi t h c l ie n t  a nd  
th oro ug h k now le d ge  of  e xis t in g  
d ocu me n ta t ion  to  e ns ure  a l l  
compa ti bi l i ty  i s sue s  a re  i d e nti f ie d  
a nd  re so lve d .  

L  

Dus t bui ld -up i n h abi ta t  
  Disco mfo rt  to  oc c upa nt s .  
  P ossi ble  i mpa ct  on  

e xpe ri me n ts .  
M 

  Sup p ly  a d e q ua te  c le a ning  e quip me n t .  
  Ha ve  c le a n e n try  pro ce d u re s  for  

e nte rin g  a nd  e xi t in g  la b .  
L  
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In s ta lla ti o n volu n teer s 
under qua li f i e d  

  P ossi ble  d a ma ge  to  
e quip me n t  a nd  ha bi ta t .  

  Da nge r  to  v ol un te e r s  
H  

  Vol un te e r s  m u st  ha ve  a d e qua te  
tra in ing  a nd  e x pe rie nce  f or  ta sk s  
the y  und e rta ke .  

  Ins u ra nce  s ho u ld  be  ta ke n ou t  for  the  
ca se  of  in sta l la t ion  fa i lu r e .  

L  

Subsystem -  Waste 

In ci ner ator  h a s hot  sur f ace s    Burn s a nd  s co ld ing .  E  

  Wa rnin g s i gns  wa rn of  d a nge r .  
  P hys ica l  ba rr ie rs  to  pre v e nt  con ta ct .  
  Fla m ma b le  ma te ria l s  a re  re move d .  
  Ad d it iona l  in s ula t ion  i s  r e qui re d .  

L  

Acci de n ta l/I n adver ten t smo ke 
r elea se  

  Cre a te  a n  a sp hyxia t in g  
e nviron me n t;  d e a t h .  

  R e nd e r  pe rson s in  ca rgo - ba y  
unc ons cio us ,  in ca pa ci ta t e d .  

E  

  P rovid e  con tin uo us a t mo sphe ric  
moni tor ing  a nd  a la r m sy s te m .  

  Au toma ti c  ve nt i la t io n  to  re vi ta l i se  
a ir .  

L  

In ci ner ator  Sy s tem Br e akdo wn    U nproce sse d  wa ste  bu i ld s  up .  M   Ove rf l ow s to ra ge  i s  provi d e d .  L  

In ci ner ator  op er a te s @ 1 00 0C  

  Al umi ni um ra pid ly  we a ke ns 
a t  3 0 0C;  s t ru ct u ra l  in te gri ty  
cou ld  be  a f fe c te d .  A l u min iu m 
f ire s  a re  in te n se ,  spre a d  
ra pid ly ,  a nd  a re  v i rt ua l l y  un -
e xti ng uis ha ble .  

E  

  Ins u la t ion  i s  provid e d ,  pr ote c t  
fuse la ge .  

  R e stra in t  a nd  foot ing  use s  fu rna ce  
ste e l  t ype s .  

  Inci ne ra tion  co u ld  be  re l oca te d  
ou tsid e  the  ca rg o  ba y  (u s ing  t he  
Cyc lob ur n mod e l) .  

  Fire  re sc ue  a nd  e va c ua t i on  p la n  i s  
prod u ce d  a nd  re he a rse d  re gu la r ly .  

  R e consid e r  a l u mini u m co nst r uc tion .  
  At le a st  con sid e r  usi ng  hi gh - spe c  

hig h- te mp re s is t  a l u mi ni um a l loy  
(Dura l) .  

L  

Oper a tor  ha zar d fr om Wa st e  
  Wa s te  ma y con ta in  s ha rp  

i te ms ( syrin ge s)  o r  bio ha za rd  
wa s te .  

H  

  Wa s te  d ispo se d  of  in  te a r  re sis ta n t  
HDP E me d ica l  wa ste  ba g .  

  Glove s ,  cove ra l l  a nd  e ye  prote ct i on  
provid e d .  

  Lim it  a cce s s  to  ca r go  ba y  to  
a ut ho rise d  pe r son ne l  on l y .   

L  

Ele ctr o cu ti on Ri s k  

  Ele ct r ica l  e q uip me nt  in  me ta l  
cons tr u cte d  ca rgo - ba y  wi th 
we t  wa s te  type s  cre a te s  
ha za rd .  

E  

  Ele ct r ica l  sy s te m p rovid e s  c ir c ui t  
bre a ke rs .  

  Eq uip me nt  confo rm s wi t h AS3 0 0 0 .  
  Fire  e x t in g uis he r s  d ry  c h e mica l  t ype .  

L  
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Wor kp la ce Us ed a s Bedr oom  

  T he  ca rg o  ba y  con s ti tu te s  a  
‘ wor kpla ce ’ .  U sing  t his  a  
te mp ora ry  s le e p ing q ua r t e r  is  
r is k  for  o cc upa n ts ,  a nd  
cont ra ry  to  O H& S gu id e l i ne s .  

E  

  Inci ne ra tor  i s  phy si ca l ly  d isa b le d  
from ope ra ti on .   

  T he  incine ra t or  d oor  i s  p hys ica l ly  
re s tra ine d  fro m ope n ing (pa d loc k) .  

  Wa s te  is  sto re d  in  t he  in c ine ra to r  b u t  
not  pro ce s se d  u nti l  no rm a l  in te nsi ty  
d ut y  is  re s ume d .  

  P hys ica l  d e ma r ca t ion  be t we e n 
d a nge rs  a re  e na cte d  d uri ng  t hi s  
pe riod  

L  

V enti la ti o n Sy s tem Fai l ur e  
  Fire ,  s mo ke :  Ve n ti la t ion  f a i ls  

to  a u to ma tica l ly  s wit c h ‘ on ’ ,  
ope ra to r  inca pa ci ta te d ;  d e a th  

E  
  T urno u t-ge a r  provid e d  to  e f fe ct  

re sc ue  wi t hin  a sphy xia t i ng  
e nviron me n t .  

L  

Ai r -I n ta ke & E xha us t  B l ock age  

  T he  a ir - in ta ke  or  f lue  sys te m 
cou ld  be  b lo cke d  or  o cc l u d e d  
ca u sing  i ns uf f i c ie n t  a ir  o r  
smo ke  ba ckf lo w  

E 

  Inci ne ra tor  s ys te m re q ui re s  e mp loy s 
a  pre ss ure  se ns or  t o  d e te ct  
occ lu sion .  

  Au to  s h utd o wn the  in cine ra to r .  
  R e gu la r  c le a nin g a nd  in s pe ctio n .  

L  

Alar m Sy st em F ai lur e  
  T he  Fi xe d  f i re  a la rm fa i l s  to  

sou nd ;  ope ra tor  
inca pa ci ta te d ;  d e a t h  

E  

  T he  a la r m s ys te m is  c le a ne d  
re gu la r ly  

  Ala r m sy s te m i s  c he c ke d  re gu la r ly  
  P e rsona l  a la rm ( CO moni tor)  i s  

ca rr ie d  a s  a  ba c kup sys te m for  the  

L  

Ri sk to  Per so ns i n H abi ta t  Sec ti o n  
  Smo ke  a nd  f ire  i n  ca rg o  p ose s  

a  r is k  to  pe r son s in  Ha b ,  f i re  
spre a d s;  d e a t h  

E  

  In  e ve n t  of  f i re ,  ‘ mi ss ion  s im u la tion ’  
te r mina te s  a nd  f i re  re spo nse  e na c te d  

  Eve ryb od y e va c ua te s;  e x c e pt  f i re  
re sc ue  pe r sonne l  

L  

Di ese l  F lamm abi li t y  
  Ha za rd  fro m f la m ma b le  

l iq uid ,  f i re ,  s mo ke ,  
a sphy xia t ion  

E  

  Se c ure d  u nd e r - f loor .  P a d loc ke d  ca ge .   
  Moni tore d  w it h C O se n so r  
  2 0 L ta n ks l i mi t  ma xi mu m  spi l la ge .  
  Fire -e xt ing ui she r  co mp ly  wit h f i re  

type  for  d ie se l  

L  

In abi l i ty  to  co pe wi t h  r equi r ed 
was te  qua n ti t y  ( pos si bl y  due to  
cha ngi ng cu s tomer  r e qu i r emen ts)  

  Fa i l u re  of  sy ste m to  be  
e f fe ct ive  fo r  re q uire d  
purpo se s .  

M 
  De sign w it h the  po ss ibi l i ty  of  

e xte nd i ng the  sca le .  
L  

In abi l i ty  to  co pe wi t h  r equi r ed 
was te  type ( po s si b ly  du e to  
cha ngi ng cu s tomer  r e qu i r emen t)  

  Fa i l u re  of  sy ste m to  be  
e f fe ct ive  fo r  re q uire d  
purpo se s .  

M 
  De sign w it h po ssi b le  f le x ibi l i ty  i n  

sys te m i f  re q uire d .  
L  

Smo ke a nd odour  ar e  r e lea sed i n to  
the toi le t  r oom  

  He a l t h r i sk  to  in ha b ita n t s  M   Ve nt i la t ion  fa n  ins ta l le d  in  roo m.  L  
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Sy st em th eor eti ca lly  op er ati o na l  
bu t  ca n not be  pr a c ti c all y  
i mpleme nte d a nd mai nt ai ned .  

  Sys te m d oe s no t  ope ra te  a s  
p la nne d  a nd  le a d s t o  wa s te  
bui ld - up ,  u nple a sa n t  od o ur  
a nd  e xce s sive  ma in te na n ce .  

H  

  Cons id e r  sy s te m s w hic h ha ve  a l re a d y 
be e n imp le me nte d  i n  s i m i la r  
s i t ua tion s a nd  prove n to  wor k 
pra ct ica l l y .  

L  

Both toi le t s  f ai l  si mul t a neou sly  and 
ca nno t b e  r epai r ed i ns t an tly .  

  Wit h no  to i le t s  a va i la b le  
inha b ita n t s  wo u ld  ha ve  t o  
bre a k s i mu la tion  to  go  to  the  
to i le t  o u ts id e .  

M 
  R e gu la r  in spe c tion s of  to i le ts  to  

e nsu re  fa u l ts  a re  id e n ti f i e d  e a rly .  
L  

Run out o f  bowl l i ner s f or  toi le t .    Toi le t  ca nno t  be  use d .  M 
  Ke e p a d e qua te  n um be r in  sto ra ge .  

Whe n sup plie s  d wind le ,  e ns ure  t ha t  
more  a re  o rd e re d .  

L  

Toi le t  ar ea be come s co nt ami n a ted 
wi th  pa tho gen s due to  s pi l la ge or  
lea ka ge.  

  Da nge r  to  inha bi ta n ts ’  he a lt h .  M 
  Cle a n up  sp i l l s  a nd  le a ka ge s  a s  soon 

a s  pos sib le  u sin g  a n tiba c te ria l  
c le a ni ng prod uc t s .  

L  

Toi le t  i s  i mpr oper ly  u s ed.  
  P ossi ble  d a ma ge  to  t o i le t  a nd  

conta mi na ti on  to  ha b ita t .  
M 

  Ens ure  t ha t  a l l  cre w me m be rs  a nd  
v is i tor s  a re  t ra ine d  in  pr ope r  u se .  
S igna ge  ins tr u cti ons a re  d ispla ye d .  

L  

Subsystem -  Water 

Wa ter  qu ali ty  fai ls  to  m eet r e qui r ed 
qua li t y  s ta nd ar ds .  

  Da nge r  to  inha bi ta n ts .  
  Le ga l  impa ct .  
  Impa c t  on  te a m re p u ta ti o n .  

H  
  Wa rn c u sto me r t ha t  sys te m ne e d s to  

be  profe s siona l  te s te d  fo r  qua l i ty  
sta nd a rd s .  

L  

Lea k i n w a ter  r ecy cli ng sy st em  
  Los s  of  po ta b le  wa te r .  
  P ossi ble  wa te r  d a ma ge  i n  the  

a re a  of  t he  sy ste m .  
M 

  Ens ure  ma te ria ls  a re  d e si gne d  for  
l i fe - t i me  of  sy ste m or  a re  re pla ce d  
pe riod ica l ly .  

  Ens ure  j o in ts  a re  st ron gl y  fa ste ne d  
to  re d uce  r i s k  of  le a ka ge .  

L  

Wa ter  su pply  i ns uf fi ci e nt  

  Expe r ime n t  in te r ru pti on .  
  Ha bi ta t  e va c ua t ion .  
  Occ upa n t  d is co mfor t .  
  De a th .  

H  
  Ove re s ti ma tion of  s upp ly .  
  Ava i la b i l i ty  of  re f i l l s  a t  b a se  s ta t i on .  

L  

S tor ed gr ey w at er  fe s te r s  
  I l lne ss .  
  Los s  of  s upp ly  d ue  to  re mova l  

of  wa te r  f ro m sy ste m .  
M 

  U se  a ppropria te  g re y  wa t e r  
tre a tme nt .  

  Ha ve  q ua l i ty  d e te c t ion  sy ste m .  
  Ens ure  t he re  is  a pp ropri a te  wa te r  

c irc u la t ion .  

L  

S tor age con t ai ner  con ta mi na te s 
wat er  

  I l lne ss .  
  Ma jor  wor ks on  ta n ks .  
  Los s  of  s upp ly  d ue  to  r e mova l  

of  wa te r  f ro m sy ste m .  

H  
  Se le c t i on  of  ta n k m a te ria ls  a nd  

l i fe t ime  a na ly sis .  
  Ha ve  q ua l i ty  d e te c t ion  sy ste m .  

L  
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Compone n t Br ea kdow n  
  Wa te r  sys te m s toppa ge .  
  P ossi ble  lo ss  of  wa te r .  

M 

  R e gu la r  ma in te na nc e .  
  Ens ure  a va i la b i l i ty  of  spa re  pa rt s .  
  P rovisi on  for  no n -powe r e d  wa te r  

a cce s s .  

L  

Subsystem -  Architecture  
Con tai nme nt o f  ch emi c a ls  and 
samp le s f ai l s  

  He a l t h r i sk s .  
  Expe r ime n ta l  fa i lu re .  

H  
  Ke e p la b  p re s su rize d  
  Ha ve  se a la b le  s tora ge  

L  

Con tami na ti o n of  la bor ator y and 
samp le s  

  Expe r ime n ta l  fa i lu re .  M 

  Ke e p la b  p re s su ri ze d  
  Ha ve  se a la b le  s tora ge  
  Ma ke  s u re  cor re c t  proce d ure s  a re  

fo l lowe d  

L  

Wa st e bui ld  up  
  Enviro nme nta l  d a ma ge .  
  Ba d  Od our .  

M 
  Ta ke  wa s te  t ha t  ca nno t  b e  d ispose d  

of  by  fa ci l i ty  of fs i te  
L  

Psy cholo gi c al  da mag e t o  habi ta t  
occup an t s  

  Dif f ic ul ty  w or king wit h o ne -
a not he r ,  d e pre s sion  

M 
  Inco rpora te  psy c hol ogi ca l  

consid e ra t ions i nt o  ha b it a t  d e si gn  
L  

S tr uc tur a l  f ai lur e  of  i nt er na l  
f i t t i ng s  

  Da ma ge  to  prope r ty .  
  In j ury  to  oc c upa n ts .  

M   R e d und a ncie s  in  mo un tin g  ha rd wa re  L  

Dama ge to  h abi t at  whi l e  unoc cupi ed 
( wea ther ,  wi ldli fe ,  va nd ali sm,  e t c .)  

  R e pa ir  cos t s .  
  Fa ci l i ty  d own ti me .  

M   St urd y o u ts id e  lo cki ng m e cha ni s ms  L  

Fai lur e of  sou ndpr oo fi n g i n 
bedr oom s  

  Disco mfo rt  to  oc c upa nt s .  M   Sou nd proof i ng  e a s i ly  re p la ce a b le  L  

Bed/de sk sy s tem topple s over  
  In j ury  to  c re w me m be r  
  Da ma ge  to  ha bita t  

H  

  Lowe r ing the  c le a ra nce  o f  the  be d  
a bove  t he  f lo or .  

  Wid e ning t he  s uppor t s  of  the  sys te m 
to  l owe r  t he  ce n tre  of  gr a vi ty .   

  P ossi bl y  bo lt  t he  sy ste m to  t he  f loor .  

L  

Bed/de sk sy s tem joi n t s  fai l  

  Be come s i mpos si ble  to  
conve r t  be twe e n be d  a nd  
d e sk .  

  P ossi ble  i n j ury  to  in ha bi t a nts  

M 

  Ens ure  j o in ts  a re  l ubr ica te d  a nd  
te s te d .  

  Ke e p spa re  jo in ts  on  ha n d  to  re p la ce  
fa ul ty  one s .  

  De sk re s tr ic te d  to  mi ni m um 
e le va t ion  of  7 0 0 m m so  i t  ca nno t  fa l l  
on  a  s le e pi ng oc cu pa nt .  

L  

Wal l  co ll aps e  
  In j ury  to  in ha b ita n t  
  Da ma ge  to  ha bita t .  

M 
  P a ne ls  a re  d e signe d  to  be  

inte r lo cke d .  
  Cho se n ma te ria l s  a re  s t u rd y .  

L  

Toxi c  ga s emi tt ed fr om 
sou ndpr oo fi ng m a ter i a l  over  t i me  

  He a l t h r i sk  to  in ha b ita n t s  H  

  Ma te r ia l  cho se n for  so un d proof ing  i s  
che c ke d  to  me e t  re g u la t i ons for  use  
in  a  conf ine d  e nvi ron me n t .  

   

L  



18
th

 November, 2011 – Final Design Report – Martian Designs 

 

P a g e | 107 

Subsystem -  Power 

Power  F ai lur e  
  Ent ire  sy s te m fa i l ure .  
  D a nge r  to  cre w .  
  Los s  of  re se a rc h d a ta .  

H  
  P rovid e  a  ba c kup ge ne ra t or  for  

e me rge n cy  use  
L  

Ex tr eme wea ther  co ndi t i ons ( e .g .  
ver y  hi gh hea t ,  se ver e s tor m s)  

  Da ma ge  to  ba se .  
  D a nge r  to  cre w .  

H  
  Ens ure  good  c l i ma te  c on t rol  
  Wa te rp roof in g  of  a l l  e x te rna l  

sys te ms .  
L  

Tr an spor t  dam age  
  Da ma ge  to  ba se  con te nt s .  
  D rop in  va l ue  of  e xpe ri m e nts .  

H  

  Ens ure  a l l  e qu ipme n t  i s  p rope r ly  
sto re d  for  tra n spor t  

  U se  rob us t  e q uip me n t  w h e re ve r  
possi b le  

L  

Li gh tni ng S tr i ke  
  Da ma ge  to  e le c t r ica l  

e quip me n t .  
M 

  Lig h tnin g rod s  
  Su rge  pro te c t io n .  

L  

Fai lur e of  Ai r  condi ti o n i ng s ys tem  

  Da ma ge  to  he a t - se nsi t ive  
e quip me n t .  

  He a l t h r i sk s  for  cre w (e .g .  
d e hyd ra tion ,  he a t  s t roke )  

H    P rovid e  ba c k up fa ns  L  

Power  over lo ad  
  P ossi ble  f i re .  
  D a ma ge  to  e q uipme nt  a n d  

e xpe ri me n ts .  
H  

  Ba t te ry  s ys te m to  ma in ta in  powe r to  
cr i t ica l  a re a s  

L  

U nder pr odu cti o n o f  po wer  
  Sys te m ina d e q ua te  fo r  

cu st ome r ne e d s .  
H  

  Ens ure  a l l  p owe r use s  a r e  consid e re d  
(com m uni ca ti on  wi t h c l ie nt  a nd  
ot he r  s ub -te a m s)   

  Che ck a l l  po we r ca lc u la t i ons .   
  Inc l ud e  a  sa fe t y  ne t  in  p r od uc tion  

(provid e  mo re  t ha n i s  re qui re d )   
  A ll ow for  po s sib le  e x te n s ion i f  powe r 

ne e d s inc re a se  s i gni f i ca n tl y .  

L  

In cor r ec t  ou tpu t vol ta g e of  power  
supp ly  

  P owe r u nu sa b le .  
  P ossi ble  d a ma ge  to  

e quip me n t .  
H    Ens ure  corre ct  po we r su pply  d e si gn .  L  

Bui ld - up of  du s t  on so la r  pane ls  
  R e d uce d  e f f ic ie ncy .  
  Ins uf f i c ie n t  powe r s upp l y .  

H  
  Inc l ud e  c le a ning a s  pa r t  of  ba se  

rou tine .  
L  

Ele ctr o cu ti on dur i ng m ai n ten a nce o f  
elec tr i c al  sy st ems  

  In j ury  a nd  po ss ib le  d e a t h .  H  
  Ens ure  comp one n ts  ca n  b e  isola te d  

for  ma in te na n ce .  
L  

Di ese l  fr ee ze s  
  Ca nno t  r un ge ne ra to r .  P o we r 

supp ly  ina d e qua te .  
M 

  Sto re  e no ug h d ie se l  for  e a ch mis sion .  
  Ens ure  cold  we a t he r  d ie s e l  i s  

supp lie d  fo r  win te r  mis si ons .  
L  
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11. Performance Analysis 
Overall  Mart ian Designs have performed well  throughout this project .  The 

performance of the project team is based around the fol lowing factors:  

  Designs meet specif ied requirements  

  Meeting the project  t imeline  

  Meeting the project budget  

  Producing quality,  useable solutions  

The f inal designs that  the project  teams have produced meet almost al l  relevant  

specif ied requirements.  The design veri f icat ion sections within this report outl ine 

how these specif ications have been met.  

Martian Designs are due to meet the f inal  deliverable  deadl ines.  The project has 

remained on track throughout the durat ion of the t imeline, with only minor t ime 

extensions on some diff icult  deadlines.  

Martian Designs have adhered to the project budget.  The al lowed t imes for eac h 

task were underest imated in some places and overestimated in others but as with 

al l  projects ,  adjustments were made to come in on t ime and meet  the budget.  

Perhaps the most important aspect of performance analysis is  ensuring that the 

designs produced wi l l  actually be used when the MARSOZ Habitat is  constructed.  

The design solutions  that Martian Designs have presented are of a very high 

quality,  and the cl ient’s  level of satisfaction and interest would indicate that 

these designs wi l l  l ike ly be ut i l ised w hen the Habitat is  constructed.  

Based on the above factors,  it  can be surmised that the Martian Designs project 

team has performed to a high level throughout the durat ion of the MARSOZ 

Habitat design project .  
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13. Appendix I: Architecture Specifications 
 

Table 18: Specifications relevant to the overall layout of the sleeping cabin area taken from the Mars Society Australia’s documentation. 

Document  Page 
# 

Cl ient 
Spec.  #  

Cl ient Specification  Performance Criterion  Additional  Comments  

  

MS-1  6  1 8 individual bedroom 
compartments 

Cab i n  l ayo ut  to  prov i de  a  tota l  o f  8 individual bedroom 
compartments which are reconfigurable 

 

MS-1  22  2 Reconfigurable bedroom 
compartments 

S i mp l e  r eco nf i g ur at ion  from single room to double room  

MS-4  285  3 Reconfigurable bedroom 
compartments 

Simple reconfiguration from single rooms to one large room  

MS-4  285  4 Rapid Reconfiguration Minimise the amount of time it takes to  reconfigure the 
bedrooms 

 

MS-1  22  5 Main lights 1  p e r  room   

MS-1  22  6 Reading lights 1  p e r  room   

MS-1  22  7 LAN ports 1  p e r  room   

MS-1  22  8  Power supply Power for supply each room  

MS-1  22  9 Stowage Appropriate crew member stowage for each room  

MS-1  23  10  Fire/smoke detectors  1  p e r  room   

MS-1  23  

 

11  Fire extinguishers 1  p e r  room   

MS-2  23  12 Portholes 1  p e r  room   

MS-4  290  13  Noi s e  Meet statutory requirements for noise.  

MS-4  290  14  Tem pe rat u re  Meet statutory requirements for temperature.  

MS-4  290  15  Ven t i la t io n  Meet statutory requirements for ventilation.  
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M S- 1  6  1 6  Prov i d e Sou n d proof in g  Mi ni mal  sou n d tr an sf er e nce a n d ad e qu at e  

sou n d proof in g  b etw ee n c a bi n s .  
 

M S- 1  6  1 7  Prov i d e pr ivacy  Ad e q uat e p r iv acy  b etw ee n  cab i ns .   

M S- 4  2 90  1 8  Ven t i la t io n  Me et  s tat u tory  r eq u ir em e nt s  fo r  v e nt i la t io n.   

M S- 4  2 86  1 9  Psyc ho lo gic a l  ef fec ts  De s i g n to  mi t i ga te  t h e ps y cho lo gic a l  ef fec ts .   

 

Table 19:  Interpretation of MARS-OZ Specifications as Performed by Martian Designs for the Overall Sleeping Cabin System 

Document  Page #  Team 
Spec.  #  

Team Specification  Performance Criterion  Additional  Comments  

  

MD-1  8  1  Recon f i g ura b le  d e s i g n  Be droom w al l  de s ig n w i l l  a l low r econ f i gu ra t io n fo r m 
s i n gl e  rooms,  to  do ub l e  ro oms to  on e o p en  s pac e.  

 

MD-1  8  2  Col l ap s ib le  s tr uc tu r e  De s i g n w i l l  be  a bl e  to  b e bro ke n dow n for  s tora g e.   

MD-1  8  3  Sto ra ge  Co l l ap s ib le  de s i g n w i l l  s to re  ea s i ly  on  a nd  of f  
re se arc h st at ion .  

 

MD-1  8  4  Sou n d I n s ula t io n  Mi ni mal  so u nd  t ra ns fe re n ce a n d a d eq ua t e 
sou n d proof in g  b etw ee n c a bi n s .  

 

MD-1  8  5  In j ur y  P rev e nt io n  The  s ys te m wi l l  m in im is e  r i s k  to  t he  u s er s .   

MD-1  9  6  Tour  Ca pa bi l i ty  The  s ys te m wi l l  m in im is e  r i s k  to  t he  u s er s .   

MD-1  9  7  Psyc ho lo gic a l  u pk e ep  Sy st em w i l l  p rov i d e pr ivac y  a nd  b e reco nf i gu ra bl e.   

MD-1  16  8  su s ta i na b le  a nd /or  
recy c la b le  ma te r ia l s  i f  
pos s ib le   

The  d e s i g n sho ul d  u t i l i s e  s us ta in ab l e  a n d/or  
recy c la b le  ma te r ia l s  a n d p rod uct s  i f  po ss i b l e .  

 

MD-1  16  9  Very  low 
en v i ron me nt a l  im pac t  

Al l  f ace ts  f ro m ma n ufac t u re to  us e to  d i s pos a l  o f  
mat er ia l  s ho ul d  ha ve  mi n i mum  e nv iro nm en ta l  
im pact .  
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MD-1  16  10   ‘ Id iot  p roof ’  de s ig n  The  d e s i g n sho ul d  b e m ad e to  accommo da te  s tu d e n t  
gro up s.  

 

MD-3  S l ide  5  11  Ma xim i se  s pac e 
ef f ect iv en e ss  

The  d e s i g ns  s ho ul d  b e a bl e  to  u t i l i s e  sp ace  
ef f ect iv en e ss ,   

e . g .  co l la p s i b le  fo l da b le,  
s tor a bl e,  etc .  

 

Table 20:  Hierarchy of Functional Requirements of the Overall Sleeping Cabin Area and Constraints on its Design 

Specification  Cl ient 

spec.  #  

Team 

spec.  #  

Required Performance Verification 

method 

Additional  Comments  

4.  Bedroom Layout  

4.1  Re co nf igure       

4.1. 1  Any  nu mber  of  r o o ms u p t o  
8  

1  1  Poss i b l e .  V D I t  i s  e xpec t ed  t hat  t h e de s ig n w i l l  
a l low s et -u p an d pac k- u p by  a  s i ng l e  
pe r son.  

4.1. 2  To a  s ing le  o pe n s pa ce  3  1  Poss i b l e .  V D Se e co mme n t  fo r  sp ec i f ic a t io n 1 .4 . 1 .  

4.1. 3  B etwee n a  s ing le  r o om an d 
a  d ou b le  

2  1  Poss i b l e .  V D Se e co mme n t  fo r  sp ec i f ic a t io n 1 .4 . 1 .  

4.1. 4  Qu ick ly  dur ing  a  m is s ion  4  1  Mi ni mi se  s eco nd s for  1  pe rso n  VT ,  VD Se e co mme n t  fo r  sp ec i f ic a t io n 1 .4 . 1 .  

4.1. 5  B etwee n miss io ns  4  1  Mi ni mi se  s eco nd s for  1  pe rso n  VT ,  VD Se e co mme n t  fo r  sp ec i f ic a t io n 1 .4 . 1 .  

4.2  Pro v id e  Pr iva cy       

4.2. 1  Red u ce  So u nd tra ns mis s io n  16  4  Mi ni mi se  VD & VT   

4.2. 1  Pre ve nt  l ig ht  
ingre ss/egre ss  

17  7  Mi ni mi se  VD & VT   

4.3  M ob i l i ty       

4.3. 1  W it h in  c ab in  N/ A  N/ A  Ma xim i se  ea s e  VT ,  VD  

4.3. 2  I n /o ut  of  c ab in  N/ A  N/ A  Ma xim i se  ea s e  VT ,  VD  

4.4  St orage  Sp ace        
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4.4. 1  Ge nera l  s t orage  spa ce  9  N/ A  Ma xim i se  s pac e ( m
2
)  VP ,  VT ,  VD   

4.4. 2  Ca b in  ( ind iv id ua l  cr ew 
member )  

9  N/ A  Ma xim i se  s pac e ( m
2
)  VP ,  VT ,  VD   

4.5  H uma n Fa ct ors       

4 .5 . 1  Aco ust i cs  16&1 3  4  Mi ni mi se  VT  &VD   

4.5. 2  Fee l ings  of  c o nf ine ment  19  7  Mi ni mi se  V T  As soc iat e d wi t h  r eco nf ig u rat ion,  room  
layo ut ,  e . g .  po rt ho l e s .  

4.5. 3  Pr o v ide  ve nt i la t io n  18  N/ A  Ma xim i se  VT  & VD  AS 1 668. 2 -1 99 1 s p ec i f i e s  s tan da r ds  
for  m ec ha nica l  v e nt i l a t ion  for  
acce pta b le  i n door - a i r  qu a l i ty .   AC /h  =  
a i r  ch an g es  p e r  hou r .  

4.7. 2  Tem perat ure  14  N/ A  Ac hi ev e comfo rt  VT ,  VD  

4.6  R oo m Fi t  ou t  /  Eq u ip ment       

4.61 Main lights 5  N/ A  1 p e r  room  Yes /No   

4.6.2 Reading lights 6  N/ A  1 p e r  room  Yes /No   

4.6.3 LAN ports 7  N/ A  1 p e r  room  Yes /No   

4.6.4 Power supply 8  N/ A  1 dual power outlet per  room Yes /No   

4.6.6 Fire/smoke detectors  10  N/ A  1 p e r  room  Yes /No   

4.6.7 Fire extinguishers 11  N/ A  1 p e r  room  Yes /No   

4.6.8 Portholes 12  N/ A  1 p e r  room  Yes /No   
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14. Appendix II:  Architectural Design Verification  
The following table conceptual ly determines whether the proposed design wil l  meet the requirements of MARS-OZ.  

Table 21:  Inter-Cabin Wall System Specifications and Verifications 

Specification/Constraint  Required 
Performance  

Verification 
Method 

Requirement 
Met 

Actual Performance/Comments  

1.  Inter-cabin wall  system 

1. 1 Pr o vi de Pr i va cy      

1. 1 . 1 Reduc e sou nd 
tr a n smi s si o n  

Mini mi se  und e r  
4 0 d B(A)  

VD &  V T  Ye s  I t  i s  a n tic ipa te d  tha t  the  sys te m’ s  sou nd proof i ng  
sha l l  be  a d e q ua te ,  h owe v e r  te s t in g  a nd  
d e mon st ra t i on  wi l l  be  re qui re d  to  c onf ir m th is .  

1. 1 . 1 Pr eve n t l i gh t  
i ngr e ss /egr e s s  

Mini mi se  ( cd /m 2 )  VD &  V T  Ye s  Wa l l  sy s te m i s  co mp le te l y  opa que .  

1. 2 Tr an spor t      

1. 2 . 1 Wi thi n h abi t at  Ma xi mi se  e a se  VP ,  VT ,  VD  Ye s  Sys te m co mpone n t s  a re  s ma l l  e no ug h to  ma noe uv r e  
wit hin  t he  ha bita t .  

1. 2 . 2 I nt o/ou t of  h abi t a t  Ma xi mi se  e a se  VP ,  VT ,  VD  Ye s  Sys te m co mpone n t s  a re  s ma l l  e no ug h tha t  the y  ca n 
be  move d  th ro ug h ha bita t  e nt ra nce s .  

1. 2 . 3 E x ter n al ly  Ma xi mi se  e a se  VP ,  VT ,  VD  Ye s  Sys te m co mpone n t s  a re  s ma l l  e no ug h tha t  ma ny ca n 
be  tra n spor te d  by  u t i l i ty  ve hic le  in  one  tr ip .  

1. 3 S tor e      

1. 3 . 1 Wi thi n mod ule  Ma xi mi se  e a se  VP ,  VT ,  VD  Ye s  Sys te m ca n be  sto re d  by  cons tr u cti ng  a  wa l l  
im me d ia te ly  a d ja ce nt  to  a n  e xis t in g  wa l l .  

1. 3 . 2 E x ter n al ly  Ma xi mi se  e a se  VP ,  VT ,  VD  Ye s  Sys te m ca n be  d i sa s se m b le d  a nd  s tore d  in  spa re  
spa ce  wi t hin  the  ga ra ge  mod ule ,  or  of f s i te .  

1. 4 Re con fi g ur e      

1. 4 . 1 An y num ber  o f  r oo ms 
up to  8  

P ossi ble ,  ma xi mi se  
e a se ,  mini mi se  
se cond s for  1  pe r son  

VT ,  VD  Ye s  Se e  se c t ion  4 .3 .3  fo r  d e ta i ls .  
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1. 4 . 2 To a  si n gle  ope n s pace  P ossi ble ,  ma xi mi se  
e a se ,  mini mi se  
se cond s for  1  pe r son  

VT ,  VD  Ye s  Al l  wa l l s  ca n  be  d i sa s se m ble d  co mp le te ly .  

1. 4 . 3 Be twee n a  si n gle  r oom 
and a  doub le  

P ossi ble ,  ma xi mi se  
e a se ,  mini mi se  
se cond s for  1  pe r son  

VT ,  VD  Ye s  Any s in gle  in te r -ca b in  wa l l  ca n  be  d isa s se m ble d  a n d  
re move d  le a ving re ma i ni ng wa l l s  in ta c t .  

1. 4 . 4 Qui ck ly  dur i n g a  
mi s si on  

Mini mi se  se co nd s for  
1  pe rson  

VT ,  VD  Ye s  R e conf ig ura tion  t i me  for  s ing le  to  d ou ble  roo m 
conve r sion i s  e s t i ma te d  a t  2 0  min u te s .  

1. 4 . 5 Be twee n mi s si o ns  Mini mi se  se co nd s for  
1  pe rson  

VT ,  VD  Ye s  Be twe e n mi ssio ns i t  i s  s u gge s te d  t ha t  a ny  unne e d e d  
sys te m co mpone n t s  be  pu t  in to  s tora ge ,  p re fe ra b ly  
of fs i te .  

1. 5 Huma n F ac tor s      

1. 5 . 1 Mi ni mi se a cous ti c s  Mini mi se  und e r  4 0  
d B(A)  

VT & VD  Ye s  I t  i s  a n tic ipa te d  tha t  thi s  re qui re me nt  i s  me t  by  t h e  
d e sign  d ue  to  t he  u se  of  pe rfora tion s in  t he  wa l l  
sys te m to  a l low be t te r  a b sorp tion  of  so und .  

1. 5 . 2 Mi ni mi se f eeli ng s of  
con fi n emen t  

Mini mi se  VT  Ye s  Wa l ls  a re  a s  t hin  a s  pos si ble  w hi le  me e tin g  priva c y  
re qu ire me nt s .   T hi s  le a ve s  a s  mu ch spa ce  a s  
possi b le  re ma i ning i n  e a c h s le e ping ca bin .   R oo ms 
ca n be  co mbi ne d  to  g ive  e xt ra  spa ce  i f  le s s  tha n 8  
cre w me mbe r s  a re  in ha bi t ing  t he  fa ci l i ty .  

1. 5 . 3 Pr ovi de ve n ti l ati o n  AS 1 6 6 8 .2 -1 9 9 1  
comp lia n ce  (AC/ h)  

VT &  VD  Ye s  T he re  wi l l  be  e no ug h c le a ra nce  be twe e n ca bin  
d oors  a nd  the  wa l ls  to  pe rmi t  ve n ti la t ion .  

1. 6 Mai n ten an ce      

1. 6 . 1 Fr e que nc y  Mini mi se  M TT F a nd  
MTBR   

VT  Ye s  Sys te m ne e d s no  re gu la r  ma in te na nce .  

1. 6 . 2 E as e  Ma xi mi se  e a se  VT  Ye s  Sys te m re q uire s  no  re gu l a r  ongoin g ma inte na nce .   
S im ple  d e s ign  a l l ows f or  e a sy  re pa ir .   R e pla ce me n t  
pa rt s  a re  s ug ge s te d  to  be  sto re d  in  ca se  of  fa i l ure .  

1. 6 . 3 Cl ea ni ng  Mini mi se  t i me  (s)  VT  Ye s  Only  c le a n ing re qu ire d  is  for  e xpo se d  s urfa ce s  to  be  
wipe d  d own wi t h d is infe cta n t .   Ex pose d  su rfa ce s  
a re  e a sy  to  wipe  a s  the y  a re  prima ri ly  ma d e  fr om 
a lu mi niu m .  

1. 7 Ma ter i al s      
1. 7 . 1 To b e se lec ted fr o m 
mater i al  l i s t  

Ma nufa c tu re d  fro m 
wood  a l u mini u m 

Ye s/No  P a rt ia l  In  a d d it ion  t o  t he se ,  po ly e ste r  ha s  be e n u se d  for  t he  
sou nd proof ing ,  a nd  s te e l  ha s  be e n u se d  to  p rovid e  
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a nd /or  f ib re g la s s  be t te r  s tr u ct ura l  r ig id i ty  to  t he  d e si gn .  
1. 7 . 2 Fi r epr oo f  /  Fi r e  
r etar d an t  

NCC Se c t ion s C1 ,  2 ,  3  
Comp lia n ce  

VS &  V T  Ye s  T he  only  n on - me ta l  c omp one nt  of  the  sy ste m is  t h e  
sou nd proof ing  ma te ria l  t ha t  i s  l i s te d  a s  f i re -
re si sta n t  b y  t he  ma n ufa ct ure r .  

1. 7 . 3 To xi ci ty  Mini mi se  uni t s  of  
De rma l  LD 5 0  

VS  Ye s  No co mpone n t  of  t he  sys t e m is  to xic .  

1. 7 . 4 Al ler ge ni c  Hypoa l le rge ni c   VS  Ye s  T he  only  n on - me ta l l ic  ma te ria l  u se d  is  po lye s te r ,  
th u s  provid e d  t he  sy ste m  is  ke p t  re a s ona b ly  c le a n 
the re  s ho uld  be  no  is s ue s .  

1. 8 Over a ll      

1. 8 . 1 No n - load bear i ng  Non - loa d  be a ri ng  Ye s/No  Ye s  No propo se d  e qu ipme nt  t o  be  use d  fo r  f i t  ou t  in  
room s re q ui re s  mo un ting  to  wa l l s .   Wa l l  sys te m 
sha l l  no t  be  u se d  to  s upp ort  the  roof .   Ca re  ha s  be e n 
ta ke n to  e n su re  a cc id e nt a l  con ta c t  be twe e n 
inha b ita n t s  a nd  wa l l s  d o e s  not  d a ma ge  the  sys te m  
or  pose  a  r i sk  of  d a ma ge  to  in ha bi ta n ts .  

1. 8 . 2 No Shar p Cor ner s  Ze ro  s ha rp  cor ne rs  Ye s/No  P a rt ia l  Sha rp  cor ne rs  ha ve  be e n mini mi se d  in  t he  d e si gn;  
howe ve r  so me  wi l l  s t i l l  r e ma in ,  in  pa r t ic u la r  the  
hoo ks on  t he  ra i ls .   T ho s e  tha t  re ma in  a re  in  
corne r s ,  w he re  i t  i s  un l i k e ly  t ha t  a n  oc cupa n t  w i l l  
ma ke  con ta c t  wi t h t he m.   In  a d d it i on  t he y  a re  
us ua l l y  pa rt ia l ly  c ove re d  by  pa ne l s .  

1. 8 . 3 Low co st  Mini mi se  cos t  ($)  VD &  VS  Ye s  De sign  ca n be  ma nufa ct u re d  wit h mini ma l  s ki l l  a n d  
ma te ria ls .   A  d e ta i le d  co s t  e s t i ma te  ca n  be  fo und  i n  
se c t ion  4 .3 .4 .  

1. 8 . 4 M a xi mum s a fe ty  Ma xi mi se  sa fe ty  VT &  VD  Ye s  Ca re  ha s  be e n ta ke n to  e ns ure  t he  s tr u ct ure  of  t h e  
wa l l  sy s te m i s  so und  a nd  un l ike ly  to  fa i l  bo th und e r  
norma l  usa ge  a nd  in  t he  e ve nt  t ha t  a n  oc cupa nt  fa l l s  
a ga ins t  a  wa l l .  

2. Soundproofing 
Material  

    

2. 1 Sou nd a b sor bi ng      

2. 1 . 1 Hi gh sou nd a b sor pti on 
i nde x  

Ma xi mi se  so und  
re d uc tio n  ind e x (R )  
ove r  5 0 Hz to  5 0 0 0 H z  

VS ,  V T &  V S  P a rt ia l  Sou nd  a bso rp tion  ind e x i s  not  p rovid e d  by  t he  
ma n ufa c t ure r  b u t  se e ms l ike l y  to  be  s ui ta b le .  

2. 1 . 2 Hi gh vi br a ti o n Ma xi mi se  d a mpi ng VS &  VD  P a rt ia l  Vib ra ti on  d a mpi ng e f f ic ie ncy  is  n ot  pr ovid e d  by  th e  
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dampi n g ef fi ci en cy  ra t io  (ζ)  ma n ufa c t ure r  b u t  se e ms l ike l y  to  be  s ui ta b le .  

2. 1 . 3 Wi de sou nd a bs or bi n g 
fr e quen cy r a nge  

Ma xi mi se  so und  
re d uc tio n  ind e x (R )  
ove r  5 0 Hz to  5 0 0 0 H z  

VS ,  V T &  V S  Ye s  Sou nd  re d u c tion  ind e x is  provid e d  on t he  
ma n ufa c t ure r ’ s  we b si te  a nd  a ppe a rs  t o  be  hi g h.  

2. 2 Re li a bi l i ty      

2. 2 . 1 Goo d s tr u ctur al  
st ur di ne s s  

Ma xi mi se  VS  Ye s  Sys te m ha s  fe w co mpone nts  a l l  conne c te d  u sing  
st urd y  me c ha ni s ms .   P re c a ut ion s ha ve  be e n ta ke n to  
pre ve nt  sys te m fa i l u re  in  the  e ve n t  tha t  fore se e a b le  
loa d s a re  a pp lie d  to  i t .  

2. 2 . 2 Imp ac t  r e si s t an ce  Ma xi mi se  VS  Ye s  Sou nd proof i ng  i s  s uppor t e d  by  a lu mi ni um pa ne l s  
a nd  supp or ting  rod s a t  re gu la r  in te r va l s .   T he  
a ct ua l  so und pro of ing  ma t e ria l  i s  un l i ke ly  to  be  
d ire c t ly  i mpa cte d  a ga i ns t .    

2. 2 . 3 Humi di ty  pr oo f   Ma xi mi se  VS  Ye s  Ma te r ia l  i s  no t  a  te xt i le .  

2. 2 . 4 Du st  pr oo f   Ma xi mi se  VS  Ye s  Ma te r ia l  i s  s moo t h a nd  c a n e a si ly  be  wipe d  c le a n .  

2. 2 . 5 Resi s ta n t  to  mi cr o be s  Ma xi mi se  VS  Ye s  Ma te r ia l  i s  no t  a  te xt i le  a nd  ca n e a si ly  be  wipe d  
c le a n .  

 

14.1.1.  Design Verification  

Table 22:  Combined Bed-Desk Specification Verification 

Specification/Constraint  Required 
Performance  

Verification 
Method 

Requirement 
Met 

Actual Performance  

2.  Combined Bed/Desk System  

2. 1 C a bi n Fur ni tur e      

2. 1 . 1 Pr ovi de Sl eepi n g 
Fur ni tur e  

Sta nd a rd  A us tra l ia n  s in g le  
be d  

VD  Ye s  Sys te m inc l ud e s a  U K sin gle  be d .  

2. 1 . 2 Pr ovi de S tudy 
Fur ni tur e  

Ma xi mi ze  for  spa ce  VD &  V T  Ye s  Sys te m inc l ud e s a  d e s k .  

2. 2 Re con fi g ur e      

2. 2 . 1 fr om Bed to  D es k  Ma xi mi se  e a se  VT ,  VI ,  VD  Ye s  Sim ple  me c ha ni sm u se d .  
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2. 2 . 2 Fr om D es k to  Bed  Ma xi mi se  e a se  VT ,  VI ,  VD  Ye s  Sim ple  me c ha ni sm u se d .   De sk c onte nt s  d o  no t  
ne e d  to  be  re move d  ( t ho ug h ca re  sh ou ld  be  
ta ke n whe n re conf ig uri n g) .  

2. 3 Mo bi li ty      

2. 3 . 1 Wi thi n ca bi n  Ma xi mi se  e a se  VT ,  VI ,  VD  Ye s  Sys te m inc l ud e s w he e ls  f or  tra nspo rta t io n  a nd  
is  re la t i ve ly  sma l l  w he n c onf ig ure d  for  use  a s  a  
d e sk .   A l te rna tive ly  the  s yste m co u ld  be  
comp le te ly  d i sa s se mb le d  wit h re la t ive  e a se .  

2. 3 . 2 I nt o/ou t of  ca bi n  Ma xi mi se  e a se  VT ,  VI ,  VD  P a rt ia l  Sys te m ca n be  pa r t ia l ly  d isa s se m b le d .  

2. 4 Mai n ten an ce      

2. 4 . 1 E as e  Ma xi mi se  e a se  VT  Ye s  No re g u la r  ma inte na nce  of  the  sys te m is  
re qu ire d .  

2. 4 . 2 Cl ea ni ng  Mini mi se  t i me  (s)  VT  Ye s  Me ta l  s urfa ce s  a re  po wd e r  coa te d  a nd  ca n be  
wipe d  c le a n wi th d i s infe c ta n t .   Ma t tre ss  a nd  
she e ts  ca n  be  re move d  fo r  c le a n ing .   De s k 
su rfa ce s  ca n  a l so  be  wipe d  c le a n wi t h 
d is infe c ta n t .  

2. 5 S tor e      

2. 5 . 1 E x ter n al ly  Ma xi mi se  e a se  VT ,  VI ,  VD  Ye s  Sys te m fo ld s  u p  to  be  re l a t ive ly  co mpa c t .  

2. 6 Ma ter i al s      
2. 6 . 1 To b e se lec ted fr o m 
mater i al  l i s t  

Ma nufa c tu re d  fro m wood  
a lu mi niu m a nd /o r  
f ibre g la s s  

Ye s/No  P a rt ia l  Sys te m fra me  is  ma d e  fro m s te e l  fo r  inc re a se d  
r ig id i ty ,  d e s k is  ma d e  fro m wood .  

2. 6 . 2 Fi r epr oo f  /  Fi r e  
r etar d an t  

NCC Se c t ion s C1 ,2 ,3  
Comp lia n ce  

VS &  V T  Ye s  Mos t  of  the  sys te m is  no n -f la mma ble  a sid e  
from t he  ma tt re s s .  

2. 6 . 3 To xi ci ty  Mini mi se  uni t s  of  De r ma l  
LD 5 0  

VS   Ye s  No co mpone n t  of  t he  sys t e m is  to xic .  

2. 6 . 4 Al ler ge ni c  Hypoa l le rge ni c   VS  Ye s  T he  only  te xt i le s  u se d  in  the  sys te m a re  t he  
ma t tre s s  a nd  t he  s tra p s t ha t  se c ure  i t .  

2. 7 De si g n      

2. 7 . 1 No Shar p Cor ner s  Ze ro  s ha rp  cor ne rs  Ye s/No  P a rt ia l  Sys te m con ta in s  no  s ha rp  corne r s ,  b ut  ca re  
sho u ld  be  ta ke n no t  to  p l a ce  bod y pa r ts  in  s uc h 
a  wa y t ha t  t he y  ma y ge t  c a ug h t  in  t he  s ys te m’ s  
re conf i gu ra t ion  me c ha nis ms .  

2. 7 . 2 Low co st  Mini mi se  cos t  ($)  VD &  VS  Ye s  I t  i s  s u gge s te d  tha t  the  s yste m be  c u s tom 
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ma n ufa c t ure d  so  t ha t  i t  c onta in s  on ly  e s se n tia l  
compo ne n ts .  

2. 7 . 3 M a xi mum s a fe ty  Ma xi mi se  sa fe ty  VT &  VD  Ye s  T he  sy ste m i s  s tu rd y ,  a nd  conta i ns  fe w movi ng 
pa rt s .  

 

 

14.1.2.  Design Verification  

Table 23: Design Verification for Bedroom Layout 

Specification Required 
Performance  

Verification 
Method 

Requirement 
Met 

Actual Performance  

4.  Bedroom Layout  

4.1  Re co nf igure      

4.1. 1  Any  n um ber  of  r oo m s 
up to  8  

Poss i b l e  V D Yes  Poss i b l e  

4.1. 2  To a  s ing le  o pe n s pa ce  Poss i b l e  V D Yes  Poss i b l e  

4.1. 3  B etwee n a  s ing le  r o om 
an d a  d ou b le  

Poss i b l e  V D Yes  Poss i b l e  

4.1. 4  Qu ick ly  dur ing  a  
mis s io n  

Mi ni mi se  s eco nd s for  1  
pe r son  

VT ,  VD Yes  To  be  t e st ed  

4.1. 5  B etwee n miss io ns  Mi ni mi se  s eco nd s for  1  
pe r son  

VT ,  VD Yes  T o  be  t e st ed  

4.2  Pro v id e  Pr iva cy      

4.2. 1  Red u ce  So u nd 
tran sm iss ion  

Mi ni mi se  VD & VT  Yes  Al l  wa l l s  an d door s  ar e  f i t te d w it h  
sou n d proof in g  a n d a l l  ca b in s  ar e  se a la b le .  

4.2. 1  Pre ve nt  l ig ht  
ingre ss/egre ss  

Mi ni mi se  VD & VT  Yes  Al l  ca b in s  ar e  se a l ab le .  

4.3  M ob i l i ty      

4.3. 1  W it h in  c ab in  Ma xim i se  ea s e  VT ,  VD Yes  De s i g n v er i f ie d to  m ax im is e ea se  
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4.3. 2  I n /o ut  of  c ab in  Ma xim i se  ea s e  VT ,  VD Yes  De s i g n v er i f ie d to  m ax im is e ea se  

4.4  St orage  Sp ace      

4.4. 1  Ge nera l  s t orage  spa ce  Ma xim i se  s pac e ( m
2
)  VP ,  VT ,  VD  Yes  5 .12 m

2
 f loo r  sp ace  (p l us  e mer g enc y  sp ace )  

4.4. 2  Ca b in  ( ind iv id ua l  cr ew 
member )  

Ma xim i se  s pac e ( m
2
)  VP ,  VT ,  VD  Yes  1 .42 m

2
 o f  f loor  s pac e eac h ca b in  a f te r  f i xt ur e s  

su b trac t ed .  

4.5  H uma n Fa ct ors      

4 .5 . 1  Aco ust i cs  Mi ni mi se  VT  &VD  Yes  Al l  wa l l s  an d door s  ar e  f i t te d w it h  
sou n d proof in g  a n d a l l  ca b in s  ar e  se a la b le .  

4.5. 2  Fee l ings  of  
co nf ine men t  

Mi ni mi se  V T  Yes  Spac e ma x imi s e d pe r  ca b i n,  o ne  po rt ho l e  p er  
cab in,  r econ f i g ura b le  ca bi ns .  

4.5. 3  Pr o v ide  ve nt i la t io n  Ma xim i se  VT  & VD  N/ A  Out s i d e o f  sco p e.  For  M AR S -O Z to  d ec i d e.  
Incor po rat ion  o f  v e nt s  in t o  th e c ab i ns .   

4.7. 2  Tem perat ure  Ac hi ev e comfo rt  VT ,  VD N/ A  Out s i d e o f  sco p e.  For  M AR S -O Z to  d ec i d e.  
Incor po rat ion  o f  v e nt s  in t o  th e c ab i ns .  

4.6  R oo m Fi t  ou t  /  
Equ ip men t  

    

4.61 Main lights 1 p e r  room  Yes /No  Yes  1  p e r  room  

4.6.2 Reading lights 1 p e r  room  Yes /No  Yes  1  p e r  room  

4.6.3 LAN ports 1 p e r  room  Yes /No  Yes  1  p e r  room  

4.6.4 Power supply 1 dual power outlet per room Yes /No  Yes  1 dual power outlet per room 

4.6.6 Fire/smoke detectors  1 p e r  room  Yes /No  Yes  1  p e r  room  

4.6.7 Fire extinguishers 1 p e r  room  Yes /No  Yes  1  p e r  room  

4.6.8 Portholes 1 p e r  room  Yes /No  Yes  1  p e r  room  
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15. Appendix III: Waste Incineration System Components  
Table 24: Off-the-shelf Waste Management System Components 

Component  

PSP spec.  #  

Picture Description  Performance Quantity Price 

1.  General Waste Management System  

1. 1 Wa s te  Col lec ti o n a n d 
S tor age Sy s tem  

     

1. 1 . 1  SU L O Se n sa Touch  20 L 
Wa st e  Recep ta cl e  

 

Ha nd s - fre e  ope ning ,  po l ypropy le ne  
tra sh  re ce p ta c le .  De s igne d  fo r  
me d ica l  wa s te  use .  3  col ou r s  
(gre e n ,  g re y ,  &  ye l lo w) .  W:  2 7 0 m m  
D:  3 7 0 mm H:  4 2 0 m m (+ 2 0 mm l id )  

 6  $3 0 .0 0  

1. 1 . 2 M edi c al  A cti o n I n dus tr i e s:  
Wa st e  Bag s  

 

1 1  micron HDP E f i lm me d ica l  wa st e  
ba g  ( te a r  re sis ta n t) .  Ca r ie s  ha za rd  
wa rnin g ma rki ng s .  2 4  L  c a pa ci ty .   

F is che r  S cie n ti f ic  #:  1 4 -8 2 8 -1 8 6  

AST M  1  $1 2 1 .6 3   

1 0 0 0  ba gs  

1. 1 . 2 S cep ter  20 L Di e sel  Stor age 
Can s  

 

HDP E ,  re sis ta n t  t o  e xpa n sion ,  no  
ve nt  ca p ,  c hi ld proof ,  in te rna l  spo ut   

W:  1 6 0 mm D:  3 5 0 mm H:  4 7 0 mm  

R e pco #:  Sce p te r2 0 L  

AS2 9 0 6  2 5  $2 7 .9 9  

1. 1 . 3 Bu nni ng s  5 0 L S to r age 
Con tai ner  

 

He a vy -d u ty  pol ypropy le n e  se a la b le  
conta ine r  w it h ha nd le s .  W:  5 7 0 mm 
D:  4 7 0 mm H:  2 9 0 m m  

 1  $2 4 .9 5  

1. 1 . 3 M a ster Lo ck Pad lo ck  

 

Ma s te r Loc k S te e l  pa d lo ck ,  ke y  
ope ning ,  3  pe r  pa c k  

 1  $4 1 .6 3  

1. 1 . 4 S tor age En clo sur e Fa ci l i ty  
( Sel f -De si g ned Sel f -
Ma nu fa ct ur ed)  

 

Se lf - ma n ufa c t ure d  sto ra ge  fa ci l i ty .  
A l umi ni um  con s tr uc tion ,  loc ka b le .  
BOC Ga s c om me r cia l  pr od uc t  se e n  
a d ja ce nt  u se d  for  co st ing  purpo se s .  

 1  $1 6 0 0  
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Component  

PSP spec.  #  
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1. 2 Ma ter i al  H an dli ng S ys tem       

1. 2 . 1 Pr emi um Red B ut t hi de 
Gau n tle t  Glov e  

 

Ke vla r  re i nfor ce d  we ld e rs  a nd  
found r y  g love .  U se d  in  h i gh he a t  
a ppl ica t io ns .  

BOC Ga s P a rt  #:  7 4 3 3 7 1  

AS 2 1 6 1  2  $2 6 .6 0  

1. 2 . 2 Dou ble  Di pp ed PV C 
Gau n tle t  Glov e  

 

He a vy -d u ty  d ou b le  coa te d  P VC 
glove  fo r  c he mi ca l  pro te c t ion  fa ts  
gre a se ,  a c id s .  ( No t  for  he a te d  
a pplica t io ns)  

BOC Ga s P a rt  #:  7 4 3 3 4 8  

AS 2 1 6 1  2  $9 .6 8  

1. 2 . 3 Pr o ba n Cover al l  

 

De signe d  for  Of f - sho re  Oi l  &  Ga s  
a nd  Bus h la nd  f ire  f i gh ti n g .  U se s  
f la me  re ta rd a nt  fa bric s  ( P roba n)  
for  pro te c t ion  (8 8 % co t t on &  1 2 % 
nylon) .  Hig h -v is i bi l i t y  s t a nd a rd s  

AS 4 8 2 4  

AS 1 9 0 6  

1  $1 3 5  

1. 2 . 4 H ar d -h at  wi th  V i s or  

 

Lig h twe ig h t  ve r sa t i le  he l me t  fo r  
wor king p rofe s siona l .  Ve nti la te d  
she l l ,  comf or ta b le  for  a l l  d a y  use .  

AS 8 6 0 0  1  $8 4  

1. 3 Wa s te  I nci ner a ti o n Uni t       

1. 1 . 1  M edi Bur n - 2 0 I nci ner a tor  
Uni t  

 

Fu l ly  se l f - con ta ine d ,  d ie se l - f i re d  
bur ne r s ,  pr ima ry  a nd  se cond a r y  
cha mbe r s  te mpe ra tu re  cont ro l le d .  
In te rna l  d ie se l  ta n k .   

Inci ne ra tion  ra te :  2 0 k g/h  

Die se l :  0 .5 5 -1 .0  L/k g wa s te  

P owe r:  0 .3 5 kW 2 2 0 V A C (5 0 Hz)  

W:  8 6 0 mm , H:  2 0 8 0 m m  

D:  1 5 7 0 mm , Ma s s:  9 0 7  kg  

IS O 9 0 0 1  

U S EP A  

1  $  4 0 0 0 0 

+ Ha nd l ing   
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1. 1 . 2 Fur na ce Re str ai n t  and 
Footi ng  

 

Se lf -d e sig ne d ,  se l f - ma n uf a ct ure d .  
He a t  re si s ta nt  a l loy  I nco ne l -6 0 0  
(Ni -C r  fu rna ce  ste e l ;  h ig h  stre ng th ,  
low cond uc tiv i ty ,  cor ro si on 
re si sta n t)  

 1  $1 5 0 0  

1. 1 . 3 F IB ERT EX 8 20 Ro c kwool  
In sul a ti on  B la nk et ( Br adfor d)  

 

Ca pa b le  of  e xpo su re  to  8 2 0 C.  U se d  
for  ove ns ,  bo i le rs  re a ct or s ,  p roce ss  
e quip me n t .  Me e t  f i re ,  cor rosio n ,  
me c ha ni c  re q uire d .  Thi ck ne ss:  
2 5 mm  

BS874-1973 

AS 1530.3:1999 

BS2972-1975 

BS 3958.5- 1969 

1 6 m 2  $3 6 .7 5 /m 2  

1. 4 Ele c tr i ca l  Sub sy s te m       

1. 2 . 1 AC E 3 -Ph a se Powe r  
Conver ter  AP 2B  

 

R ota ry - type  3 -p ha se  ge ne ra to r  
R e conf ig ure  to  a l te r  v ol t a ge s ,  q uie t  

W:  2 7 9 mm , L:  3 0 5 m m  

H:  4 0 0 m m , Ma s s:  3 6  k g  

 1  ($1 0 0 0 )  

TB C  

1. 5 V e nti la ti o n Su b sy st em       

1. 5 . 1 Col t  W -Li ber a tor  
Power ed V en ti la tor  ( 6 3 0mm 
fa n- b lade)  

 

Smo ke  co nt ro l  a nd  he a t  e xt ra c tor  
sys te m.  Wa l l  mou nte d  lo uve re d  
a pe rt ure .  A l u mini u m con st ru c te d .  
3 8 0 V 3 -pha se  5 0  Hz ,  0 .7 5 kW , 
7 9 d BA.  Air f low:  2 .6  m 3 /s  

> 1 0 0  AC/h ma x  1  ($1 0 0 0 )  

TB C  

1. 5 . 2 Dur ad uc t  Ov al  Du c t  

 

Ova l  sha pe d  the rma l ly  a c ous ti ca l ly  
ins ula te d  d u c ting   

W:  5 3 3 mm H:  2 0 3 m m  

 5 m  ($3 0 0 )  

TB C  

1. 5 . 2 Dur ad uc t  Reduc er  Fi t ti ng  

 

R e cta n gle - to- Ova l  t ra nsf orm f i t t ing .   

X= 1 8 5 mm Y= 1 8 5 m m  

A= 5 3 3 mm B:  2 0 3 m m  

 1  ($1 5 0 )  

TB C  
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1. 5 . 4 L INA K LA 1 2 Li ne a r  
Act ua tor  

 

Line a r  a c t ua tor  to  con tr o l  ve n t  
ope ning .   

Ma x th ru s t :  7 5 0 N,  R a te :  4 0 mm/ s  

 

 5  ($5 0 )  

TB C  

1. 5 . 5 L INA K CB 1 4 Con tr ol  Box  

 

CB1 4  wi th mic ropr oce s so r  is  
ne e d e d  to  r un up  to  f ive  a ct ua tor s .  
Tra n s la te s  s i gna ls  f r om  c ontr ol  uni t  
into  c on tro l le d  move me n t .  2 3 0 V A C 
5 0 Hz  

 1  ($3 5 0 )  

TB C  

1. 6 Sa fe ty  Mo ni tor i ng a nd Aler t  
Su bs ys tem  

     

1. 3 . 2  S co tt  Pr o to n Z M CO G a s 
Dete ctor  

 

P e rsona l  CO ga s  moni to ri ng  se n sor ,  
to  be  wo rn on be l t .  P rovi d e  ba ck up 
sho u ld  t he  ca rgo  f i xe d  sy ste m 
se nso r  fa i l .  N o  Ca l ib ra tio n  re qu ire d  

Fis he r  Sa fe ty  #:  1 9 - 0 4 9 -9 7 2 9  

 1  $1 7 8 .0 0  

1. 6 . 1  S co tt  Sen ti nel -I I  7 20 0 
( Fi xe d G as Se n sor -  Co n t r ol  Uni t)  

 

Con tro l  u nit  f or  f i xe d  che mica l  
se nso r;  re ce i ve s  two c ha nne l s  of  
che mica l  se nso r  inp ut ,  ca n  a ct ua te  
a la r ms a nd  ve n ti la t ion .  H a s  inb ui l t  
a la r m 8 5  d B.  U P S b y  ba tt e ry .  3 -pin  
powe r p l u g  in .  Wa ll  mo u nte d  u nit .  
2 4 0 V 5 0  Hz AC ,  usi ng  ma x 1 5 0  W  

W:  2 2 0 0 mm H:  2 2 9 m m D:  1 3 7 mm  

U L a nd  CSA 
a pprova l s  

1  ($5 0 0 )  

TB C  

1. 6 . 2 S co tt  Fi xed G as S en sor  

 

Ga s d e te c t io n  se n sor s   2  ($8 0 )  

TB C  

1. 6 . 3 Ty co V i gi la n t  F 3 2 0 0 - 8 
Zon e Fi r e  Indi ca tor  P an el  

 

Con tro l  pa ne l  fo r  8  a la r m  zone s ,  
re ce ive s  d e te c tor  s ig na l .  U P S by  
ba t te ry .  2 4 0 V 5 0 H z ,  1 5 0  W  

W:  5 5 0 mm H:  4 4 0 m m D:  2 3 0 mm  

AS 4 4 2 8  1  $1 1 0 0  

http://www.linak.com/products/Controls.aspx
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1. 6 . 4 Ty co T - Ge n 50 T on e 
Ge ner a tor  

 

Ge ne ra te s  Ale rt  a nd  Eva c ua te  vo ice  
me s sa ge s  in  l ine  wi t h s ta nd a rd s .  W:  
4 8 3  mm H:  4 5  m m D:  5 0 mm ; 5 0 W @ 
2 0 V DC  

AS 2 2 2 0  

IS O 8 2 0 1  

1  $7 0 0  

1. 6 . 5 Ty co 6 1 4CH Hea t a nd CO 
dete ctor  

 

R e spond s q ui c kly  to  f i re s  by  d ua l  
CO a nd  he a t  d e te ct ion .  Fe we r fa l se  
a la r ms .  

 2  $1 0 0  

1. 6 . 6 Ty co 5B U ni ver sa l  Base  

 

R e quire d  fo r  a t ta c hin g T ype  6 1 4  
d e te c tor s  to  wa l l/r oof  

 2  $1 5  

1. 6 . 7 Ty co SU 0 6 00 Ma n ual  C al l  
Poi n t  

 

Ma nua l  Ca l l  P oin t  (M CP )  for  cre w 
re mo te  a la rm tr i gge ring  

AS 1 6 7 0  1  $3 0  

1. 6 . 8 Ty co ‘ On e Sho t‘  EA 0 05 
Spe aker  

 

Ge ne ra te s  9 2  d B @ 1 m .  1 4 0 mm 
d ia me te r  for  1 0 -1 3 m m ce i l in g  

5 W P A spe a ke r  o ve r  1 0 0 Hz -1 5 k Hz  

 

AS 2 2 2 0  

 

1  $2 0  

1. 6 . 9 Ty co EA 0 3 02 S tr o be  

 

R a pid ly  gra b a t te n tion  by  v isua l  
me a ns .  2 4  V DC 8 0 mA  

 1  $5 0  

1. 7 Sa fe ty  Eq ui pmen t Su bs ys tem       



18
th

November, 2011 – Final Design Report – Martian Designs 

 

P a g e | 129 

Component  

PSP spec.  #  

Picture Description  Performance Quantity Price 

1. 7 . 1  He at  Gu ar d 4 3 0 FB  Fi r e  
Bla nk et  

 

Fire  re ta rd a n t ,  e cono mi c a l ,  
l ig h twe i gh t ,  lo ng - l i fe ,  A u st ra l ia n  
sta nd a rd  co mp lia nce  

1 .8  1 .2  m b la n ke t  wit h wa l l  ba g  

BOC Ga s P a rt  #:  FB1 8 1 2 W  

BS 4 7 6  P a rt :  7  U L 
2 1 4  

2  $3 1 .6 9  

1. 7 . 2 F lame Gu ar d  ABE  Dr y 
Chemi c al  Pow der  

 

Dry che mi ca l  po wd e r  e x t i ngu is he r  
for  f la m ma b le  l i qu id s ,  wo od ,  pa pe r  
a nd  l ive  e le ct r ica l  e q uip me n t .  

9  kg  va ria n t  

BOC Ga s P a rt  #:  2 0 6 0 /1 7  

AS 1 8 4 1 .5  2  $1 8 3 .7 5  

1. 7 . 3 He avy Du ty  Ex ti n g ui sher  
Br ac ke t  

 

Fire  e x t in g uis he r  re s tra i nt  d e vice  
9 kg d e vice  va ria n t   

 

BOC Ga s P a rt  #:  7 0 0 7 6  

 2  $5 .8 5  

1. 7 . 4 To ta l  Fi r e  Gr oup F i r e  
Fi gh ti n g Tur n Ou t Ge ar  

 

Lig h twe ig h t  pro te c t ive  c l ot hing  fo r  
f i re  f ig ht ing;  T he r ma l  re s ista nce  by  
Nome x a nd  Me c ha ni ca l  s t re ng th 
from Ke vla r ,  v is  b y  3 M S c otc h l i te  

Fis he r  Sa fe ty  #:  N C9 6 6 7 7 7 1  

Fis he r  Sa fe ty  #:  N C9 6 6 7 7 7 2  

U S Mi lS td  1  $4 8 2 3 .2 6  

1. 7 . 5 Bul lar d Fi r edome FX A - 1 
Helme t ( Red)  

 

Hig h- te mp re s is ta n t  t he r mop la s t ic  
f ibre g la s s ,  f ra c t ure  re si st a nt ,  3 M 
Sco tc h l i te  v is i bi l i t y  S CBA  inte g ra te  

Fis he r  Sa fe ty  #:  1 9 - 8 2 2 -1 7 7  

AS 4 0 6 7 -2 0 0 4  1  $4 3 0 .0 0  
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1. 7 . 6 S co tt  V i si o n 3 F a ce M a sk  

 

Sui t s  t he  co mp le te  Sco t t  Sa fe ty  
ra nge  of  S CBA ,  In cre a se d  v is ion ,  
scra tc h re si sta n t ,  s i l i con fa ce  se a l .  

Ava i la b le  fro m W or ma ld .  

AS 1 7 1 6 -2 0 0 3  1  $4 0 8 .5 0  

1. 7 . 7 Fi r e -De x H 3 7 Hoo d  

 

Nome x a nd  Le n zing f ibre s  for  he a t  
a nd  f la me  p rote ct ion .   

F is he r  Sa fe ty  #:  1 9 - 0 3 7 -1 5 4 A  

NFP A 1 9 7 1   $6 7 .5 5  

1. 7 . 8 S co tt  Si gm a 2 Sel f -
Con tai ned Br e athi ng Ap par a tu s  

 

SBCA fo r  lo we s t  co s t  a nd  hig he s t  
pe rfor ma nce .  De si gne d  fo r  
shi pboa rd  ( ma ri ne )  a nd  c onf ine d  
spa ce  f i re  f i gh ti ng .  Ava i l a ble  fro m 
Wor ma ld  

SOL AS  1  $1 0 0 0  

1. 7 . 9 Ho neywe ll  R ang er  
S tr uc tur a l  Pu ll -O n Bu nk er  Boot s  

 

Me e t s  f i re  f ig h tin g  boo t  s ta nd a rd s ,  
he a t ,  f i re ,  wa te rp roof  a n d  che mica l  
re si sta n t .  S te e l  inse rt  cr u sh 
prote ct i on .  

Fis che r  Sa fe ty  #:   1 9 -0 5 1 -7 3 4  

NFP A  1  $3 9 5 .8 7  

1. 7 . 10 She l by Pr o xi mi ty  Gear  
Glov e  

 

Hig he r  ra t i ng  tha n s tr uc t ura l  ge a r .  
Mu l t i la ye re d  g love  No me x a nd  
Ke vla r .  Cu t  a nd  he a t  re si sta n t  w hi le  
ma in ta inin g  h ig h d e x te ri t y  

Fis he r  Sa fe ty  #:  1 9 - 1 0 0 -3 4 3  

NFP A  1  $2 2 0  

1. 7 . 11 S tr ea mli gh t  Sur v i vor  LED 
Ri ght  A ngl e  Tor ch  

 

Sho ck proof ,  re c ha r ge a b le  NiCa d  
ba t te ry ,  he a v y -d uty .  4  h r s  of  
cont in uou s i l l u mina tio n  

Fis he r  Sa fe ty  #:  1 9 - 1 6 5 -6 1 6  

NFP A 1 9 0 1  NFP A 
2 0 0 3 

1  $2 4 1 .5 2  

1. 8 Wor kp la ce I n tegr ati on       
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1. 8 . 1 Wor kpl ace Wa ll  M ount 5 
Fi r s t  Ai d  Ki t  

 

Fu l ly  s to cke d  wa l l  mo un t e d  f irs t  a id  
ki t  for  hig h -r is k  e nvir on me n t .  

W:  4 6 0 mm H:  7 3 0 m m D:  1 5 5 mm  

BOC Ga s P a rt  #:  8 5 6 6 2 9  

SA Gov t  
Comp lia n t  Ki t  

1  $4 0 1 .0 0  

1. 8 . 2 Emer ge ncy Eye St a ti on  

 

Eme r ge nc y  f i r st  a id  fo r  e ye  in ju rie s  

W:  2 6 0 mm H:  1 7 0 m m D:  8 0 mm  

BOC Ga s P a rt  #:  8 5 6 5 9 2  

OH S Co mp lia n t  1  $5 5 .0 0  

1. 8 . 3 Bur n s S ta ti on Ki t  

 

Eme r ge nc y  f i r st  a id  fo r  b urn s  

W:  2 5 0 mm H:  1 8 5 mmD:  9 0 mm  

BOC Ga s P a rt  #:  8 5 6 5 9 1  

OH S Co mp lia n t  1  $9 9 .0 0  

1. 8 . 4 M an da tor y Si gn s :  

1.  Eye Pr ote c ti on  

2.  Helm et  

3.  Foo twe ar  

4.  Per son al  Pr o te cti v e  C lothi ng  

 
 

Ma nd a to ry  s ign s  m us t  be  p la ce d  
v is ib le  upon e n t ry  in to  the  roo m  
a nd  wit hin  t he  roo m.  

Me ta l  con s tr uc tion  

W:  2 2 5 mm H:  3 0 0 m m  

BOC Ga s P a rt  #:  1 0 3  

BOC Ga s P a rt  #:  1 0 6  

BOC Ga s P a rt  #:  1 1 1  

BOC Ga s P a rt  #:  1 1 2  

BOC Ga s P a rt  #:  1 1 3  

AS 1 3 1 9  5  

 

 

$2 1 .2 9  

1. 8 . 5 Pr ohi bi ti o n Si gn a ge  

 

BOC P a r t  # :  4 0 1  BOC P a r t  #:  4 0 5  A S 1 3 1 9  2  $2 1 .2 9  

1. 8 . 6 Fi r s t  Ai d  Si gn age  

 

P la ce d  a bove  f i r st  a i d  sta t ion  
conta ine r .  Me ta l  con st ru c tion  

W:  1 8 0 mm   H:  2 5 0 m m  

BOC Ga s P a rt  #:  5 0 2   

BOC Ga s P a rt  #:  5 0 6  

AS 1 3 1 9  2  $2 1 .2 9  
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1. 8 . 7 Da nger  Si g na ge  

 

Da nge r  Sign s  on  e n tr y  a nd  wi t hin  
the  ca rg o  ba y .  Ke e p h a nd s c le a r  
s ign  o n  inci ne ra t or .   

BOC Ga s P a rt  #:  2 0 3   

BOC Ga s P a rt  #:  2 0 6  

AS 1 3 1 9  3  $2 1 .2 9  

1. 8 . 8 F loor  Si gn age  

 

Flo or  s ig n  to  be  p la ce d  a bo u t  
incine ra to r  

Viny l ;  Dia me te r:  4 0 0  mm  

BOC Ga s P a rt  #:  FG1 1 1 6  

AS 1 3 1 9  2  $2 1 .2 9  

1. 9 Sy s tem Cl ea ni n g       

1. 9 . 1 Dur a Fr e sh S cour i ng P ad s  

 

Sco uri ng P a d s a nd  wiping  fo r  
c le a ni ng bi ns  a nd  s u rfa ce s  

 1  $2 .8 5  

1. 9 . 2 Fi sher  br a nd Ul tr a soni c  
Clea ni ng Solu ti on ( 3 .8 L )  

 

He a vy d u ty ,  hig h  p e rfor ma nce  
la bo ra to ry  c le a ni ng so lu tion .  Lon g  
la s t in g ,  b iod e gra d a ble .  Non -t oxi c  
a nd  od o ur le s s ,  a mmo ni a - fre e  a nd  
non-f la m ma b le  w it h  no  a cid ,  
ca u st ic .  Bo tt le :  3 .8 L;  Di lu te  1 0 x  

Fis he r  Sa fe ty  #:  1 5 - 3 3 5 -8 0  

 2  $7 4 .1 9  

1. 9 . 3 Du st bu s ter  H andh eld 
V acuum C lea ner  

 

Wa l l- mo un te d  cyc loni c  ha nd he ld  
va cu u m cle a ne r  (9 .6  V ,  1 6  W)  For  
re a d i ly  a cce ss ib le  c l e a ning o f  
wor kpla ce   

 1  $8 9 .0 0  



18
th

November, 2011 – Final Design Report – Martian Designs 

 

P a g e | 133 

Component  

PSP spec.  #  

Picture Description  Performance Quantity Price 

1. 9 . 4 Rub ber m ai d Br u te  Mop 
Buc ket and Wr i n ger  

 

Mop,  bu cke t  (3 3  L)  a nd  w ringe r  

W:  4 2 0 mm D:  3 9 0 mm   H:  4 2 0 mm  

Fis he r  Sa fe ty  #:  1 9 - 0 5 0 -6 4 7  

Fi t s  in  la r ge r  
sto ra ge  
compa rt me n t  

1  $8 8 .7 0  

1. 9 . 5 A sh Col lec ti o n Co n tai ner  
and Sma ll  Shove l/ Sco op  and 
Wi r e Cle ani ng Br u sh  

 

Se l f -d e sig n  a nd  ma n ufa c tu re d  fr o m  
a lu mi niu m s he e t .  Se a la ble .  S ma l l  
sho ve l  f i ts  ne a t ly  wi t hi n .  U ni t  f i t s  
ne a tl y  in to  s ma lle r  st or a ge  se ct ion  
W:  3 5 0 mm H:  2 5 0 m m D:  3 0 0 mm  

 1  $1 0 0  

1. 9 . 6 Mo bi l e  We t F loor  Si g nag e  

 

Sa fe ty  s i gna ge  mu s t  be  p oste d  w he n  
c le a ni ng i s  in  pro gre s s   

6 0 mm hig h we t  f loor  s ign a ge  

BOC Ga s P a rt  #:  LCA2 6 8 1 9  

AS 1 3 1 9  1  $4 0 .2 8  

2. Human Waste Management System  

2. 1 Wa s te  Col lec ti o n S y st em       

2. 1 . 1  TR M odel  INC IN OL ET 
Ele ctr i c  I nci ner a ti ng To i let  

 

Inci ne ra ting  to i le t  s yste m fo r  
proce s sin g  of  h uma n wa ste .  To  b e  
ins ta l le d  in  to i le t  r oo ms in  ha bi ta t .  

 2  $1 8 4 9  U SD  

TB C  

2. 1 . 2 IN CI NO LE T Bowl L i ner s  

 

Spe cia l l y  d e sig ne d  bow l  l ine rs  fo r  
use  in  t he  I NC INO L ET toi le t .  Bo x is  
o f  2 0 0  fo ld e d  l ine r s .  

 2 0  $1 8  U SD  

TB C  
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2. 1 . 3 IN CI NO LE T Bowl L i ner  
Di spe ns er  

 

Wa l l- mo un te d  d ispe n se r  for  bow l  
l ine r s .  

 2  $1 4 .9 5  
U SD  

TB C  

2. 1 . 4 IN CI NO LE T I ns t al l ati o n Ki t  
( 24 0V )  

 

Kit  i nc l ud e s 1 8 "  P VC pipe ,  a n  
e lbo w,  r u bbe r  cou pli ng ,  a nd  2 4 0  
vol t  wa l l  re ce p ta c le  to  m a tc h 2 4 0  
vol t  p l ug  o n  to i le t .  

 2  $1 9 .9 5  

U SD  

TB C  

2. 2 V e nti la ti o n a nd Fi r e  Sa fe ty  
Sy st em  

     

2. 2 . 1 S t and ar d Dr yer  Fl ap  

 

Drye r  f la p  fo r  conne c tion  to  
e xte rna l  e nd  of  P VC ve n ti la t ion  
pipe  to  pre ve n t  ba ck -d ra f ts .  

 2  $7  

2. 2 . 2 S t and ar d PV C El bo w  

 

P VC e lbow f or  con ne c tion  to  
e xte rna l  e nd  of  P VC ve n ti la t ion  
pipe  to  pre ve n t  ba ck -d ra f ts .  

 2  $1  
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2. 2 . 3 S t and ar d V en ti l a ti on F an  

 

Ve nt i la t ion  fa n  for  od o ur  or  s moke  
in  to i le t  roo m .  

 2  $8 3  

2. 2 . 4 S t and ar d Smok e D ete ctor  

 

9 V P ho toe le c tr i c  S mo ke  Ala r m .  

 

 2  $1 7 .9 0  

2. 2 . 5 F lame Gu ar d  ABE  Dr y 
Chemi c al  Pow der  

 

Dry che mi ca l  po wd e r  e x t i ngu is he r  
for  f la m ma b le  l i qu id s ,  wo od ,  pa pe r  
a nd  l ive  e le ct r ica l  e q uip me n t .  

9  kg  va ria n t  

BOC Ga s P a rt  #:  2 0 6 0 /1 7  

A S 1 8 4 1 .5  1  $1 8 3 .7 5  

2. 3 C lea ni ng a nd Mai nt e na nce 
Sy st em  

     

2. 3 . 1 Du st bu s ter  H andh eld 
V acuum C lea ner  

 

Wa l l- mo un te d  cyc loni c  ha nd he ld  
va cu u m cle a ne r  (9 .6  V ,  1 6  W)  For  
re a d i ly  a cce ss ib le  c l e a ning o f  
wor kpla ce  

 1  $8 9 .0 0  

2. 3 . 2 Rub ber m ai d Br u te  Mop 
Buc ket and Wr i n ger  

 

Mop,  bu cke t  (3 3  L)  a nd  w ringe r  

W:  4 2 0 mm D:  3 9 0 mm   H:  4 2 0 mm  

Fis he r  Sa fe ty  #:  1 9 - 0 5 0 -6 4 7  

Fi t s  in  ba t hro om 
sto ra ge  
compa rt me n t  

1  $8 8 .7 0  
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Component  

PSP spec.  #  

Picture Description  Performance Quantity Price 

2. 3 . 3  For mu la 4 0 9 
Clea ner / Degr e aser  

 

 

1  Ga l lon  bo tt le  for  c le a ning of  th e  
to i le t .  

 1  $1 2 .5 0  

2. 4 Wor kp la ce  I n tegr ati on 
Sy st em  

     

2. 4 . 1 Req ui r ed Pr oce s se s Si gn  

 

Sign  i ns tr uc tin g  in ha bi ta nts  o n  
prope r  u se  of  the  to i le t .  

 2  TB C  

2. 4 . 2 We t f loor  w ar ni ng  si gn  

 

R e quire  o n  ba th roo m e nt ra nce  d oor  

W:  1 8 0 mm   H:  2 5 0 m m  

BOC Ga s P a rt  #:  3 1 1  

 2  $2 1 .2 9  
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16. Appendix IV:  Waste System Design Verification 
 

 

Table 25: Design Usage Specification 

Specification Required Performance  Verification  Additional Comments 

Conc ept Pr ovi n g  T he  incine ra t or  con ce p t  i s  s i m ula te d  a nd  te s te d  on fu l l - sca le .  
Fina l  d e sig n  re so lve s  a ny  r is k  of  f i re  f ro m hig h te mpe ra tu re  
incine ra tio n .  

VS VT  Inci ne ra tion  co nce p t  m u s t  be  
sho wn to  be  sa fe .  

Ma ter i a l s  Fi r e  R ati ng  Any ma te ria ls  a nd  sys te ms p la ce d  in  t he  ca r go -b a y  by  MAR S -O Z 
a re  f i re  ra te d  a nd  he a t  re sis ta n t .  

VI  Se nsi t ive  sys te ms ma y be  
shie ld e d  wi t h we ld e rs  gu a rd .  

Tr ai ned In ci ner a ti on 
Oper a tor  

Cre w me mbe r i s  t ra ine d  i n  sa fe  ope ra tion  of  in cin e ra tor .  VT  Te s tin g  e xa mina tion  a nd  
d e mon st ra t i on  of  s ki l l  
re qu ire d .  

Fi r e  Res pon se 
Tr ai ni ng  

Cre w me mbe r i s  t ra ine d  i n  re spon se  to  f i re ,  s moke  a nd  
a sphy xia t in g  e nviro nme n ts .  

VT  Te s tin g  e xa mina tion  a nd  
d e mon st ra t i on  of  s ki l l  re qui re d  

Author i sed A cce s s 
On ly  

MAR S- OZ e na ct s  sy s te m t ha t  p hy sica l ly  re s t r ic ts  a cce s s  t o  
ca rgo - ba y  d urin g  inci ne r a tion  pr oce d ure .  

VI  Ca rgo -ba y  d oo r  is  loc ka b l e  b u t  
re a d i ly  a c ce s sib le  in  
e me rge n cy .  

Loc kou t Fe a tur e  MAR S- OZ e na ct s  sy s te m s tha t  p hys ica l ly  re s tr i c t  a cce s s  t o  t he  
incine ra to r .  

VI  Inci ne ra tor  d oo r  is  re st r a ine d  
from a c ce s s .  Con tr ol  sys t e m is  
loc ke d  o ut .  

Cr ew Tr ai ni n g  MAR S- OZ e na ct s  pro to col s  to  e n s ure  t ha t  t he  ha za rd ou s 
e nviron me n t cre a te d  by  t he  inci ne ra tor  i s  d u ly  re s pe cte d .  

VI   
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Table 26: Design Verification 

Specification Required Performance Design Performance  Verification  Additional Comments 

1.  General Waste Management System  

1. 1 Wa s te  Col lec ti o n 
and S tor ag e Sy s tem  

    

Wa st e Col lec ti o n  Wa s te  Co l le c t ion  i s  provi d e d   Ge ne ra l ,  g re e n a nd  me d i c a l  
wa s te  co l le ct ion  t ype s  a r e  
provid e d ,  s uf f ic ie n t  vo l u me .  

P a sse d   

Wa st e S tor a ge  Wa s te  S tora ge  is  pro vid e d   5 0 L of  a d d it iona l  wa s te  s tora ge  
is  provid e d .  

P a sse d  Emp ha sis  on  i m me d ia te  
proce s sin g  

Di ese l  S tor a ge  Suf f ic ie n t  d ie se l  s to ra ge  to  
su s ta in  co nti nu ou s ope ra tion  

1 0 % e xce s s  provid e d  sol e ly  for  
incine ra tio n .  

P a sse d  Ad d it iona l  d ie se l  i f  ba ck up 
d ie se l  ge ne ra tor  no t  re q u ire d   

Sec ur e S tor age  T he  sy ste m ca n be  lo cke d   Loc ka b le  s tora ge  P a sse d   

1. 2 Ma ter i al  H an dli ng 
Sy st em  

    

Wa st e comp ac tor  A wa s te  co mpa c tor  i s  
re qu ire d  

Wa s te  co mpa c te r  no t  pro vid e d  Fa i le d  Emp ha sis  on  i m me d ia te  
proce s sin g  no t  s tora ge  

Wa st e Se gr eg ati o n  Wa s te  is  sor te d  a cco rd in g to  
type  

Mu l t ip le  wa s te  co l le c t ion  type s  
provid e d .  

P a sse d   

Ma ter i a l s  Ha nd li n g 
Sa fe ty  

Me a ns to  sa fe ly  tra n sfe r  
ma te ria ls  i s  provid e d  

P rote c t ive  c l ot hin g  a ppa r a tu s  
a re  provid e d .  

P a sse d   

1. 3 Wa s te  
In ci ner ati o n U ni t  

    

In ci ner ati o n Di spo sa l  Wa s te  bio log ica l  ma te ria l s  
ca n  be  inc ine ra te d  

Me d ica l  inci ne ra tor  type  P a sse d   
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Specification Required Performance Design Performance  Verification  Additional Comments 

Sy st em M a ss  To ta l  m uc h ma ss  le s s  tha n 4 T  To ta l  sys te m ma ss <  1 T  P a sse d   

Rapi d De str u c ti on  At a  mi nim u m the  sys te m  
a chie ve s  co un te r ba la n ce  

Wa s te  inci ne ra tion  ra te  > >  ra te  
of  ge ne ra t ion  (2 0  kg /h)  

P a sse d  Id e a l ly  5 -1 0 k g/ h wo uld  b e  
more  su i ta ble  

Comple te  De s tr uc ti o n  Inor ga nic  R e mna n t s  On ly  
(Ash)  

Me d ib urn -2 0  in cine ra tio n  
y ie ld s  o nly  i ne r t  prod uc t s  

P a sse d   

Iner t  Ga seou s 
Emi s si o n s  

Me e t s  or  e x ce e d s the  EP A  
guid e l ine s  for  sol id  wa s t e  
incine ra tio n  

Me e t s  U S EP A sta nd a rd s  P a sse d   

Mul ti p le  wa s te  
pr oce ssi ng  

Ca n si m ul ta ne o u sl y  proc e ss  
va rie d  wa s te s  

Me d ib urn -2 0  ca n proce ss  
mu l t ip le  wa ste s  

P a sse d   

In compa ti ble s W a ste  
Eli mi na ted  

Only  co mpa ti ble  wa s te  a r e  
incine ra te d  

Sou rce  se pa ra t ion ,  wa ste  
se gre ga ti on  provid e d  

P a sse d   

Low power  oper a ti on  Mini ma l  e le c tr i c i ty  d e ma nd  0 .3 5  kW;  P rima ri ly  d ie se l  P a sse d   

Mi ni m al  Sp ati al  
Requi r eme nt  

Occ upie s  Mini ma l  Vo l u me  P oor .   Fa i le d   

1. 4 Ele c tr i ca l  
Su bs ys tem  

    

V olt age r e qui r eme nt  P owe r d ra wn @ 2 4 0 V or  1 2  V  Dra wn a t  2 4 0 V  P a sse d   

1. 5 Sa fe ty  Su bs ys tem      

Fi r e/ Smo ke De tec tor s  Comp lia n ce  wi t h R e le va n t  
Sta nd a rd :  AS1 6 0 3  &  AS1 6 7 0  

Inc l ud e d  P a sse d   

Hea t De tec tor s  Comp lia n ce  wi t h R e le va n t  
Sta nd a rd :  AS 1 6 0 3  

Inc l ud e d  P a sse d   

Fi r e  E x ti n gui sh er s  Comp lia n ce  wi t h R e le va n t  
Sta nd a rd :  AS 1 8 5 1  

Inc l ud e d  P a sse d   

Ga s ma s k s a nd gog gle s  Comp lia n ce  wi t h R e le va n t  
Sta nd a rd :  AS 1 7 1 6  

Inc l ud e d  P a sse d   

Spr i n k ler  sy s tem  Comp lia n ce  wi t h R e le va n t  
Sta nd a rd :  AS 2 1 1 8  

Not  P r ovid e d  Fa i le d  Ad d it iona l  f i re  e xt ing ui s he r  
wa s co nsid e re d  more  p ra ct i ca l  
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Specification Required Performance Design Performance  Verification  Additional Comments 

Sy st em I sol a ti on  T he  sy ste m ca n be  iso la t e d  Sto ra ge  i sola te d  be ne a t h f loor  

Se a le d  by  a i r l oc k  

P a sse d   

Zer o i n ter na l  
con tami na ti o n  

De sign sha l l  pre ve n t  in te rna l  
conta mi na ti on  

Ve nt i la t ion  is  pro vid e d  P a sse d   

1. 6 Wor kp la ce 
In tegr a ti on  

    

In sul a ti on  Sha l l  be  by  f i bre  g la s s  Fibe r me sh R o ck woo l  8 2 0  P a sse d  Ma te r ia l s  a re  s imi la r  i n  n a tu re  

S tr uc tur a l  s uppor ts  Sha l l  be  con s tr uc te d  of  
Al umi ni um  

Hig h- spe c  a l l oy  spe ci f ie d  Fa i le d  Supp or t  ne e d s to  be  of  he a t  
re si sta n t  na t ure ;  f urna ce  ste e l   

Fi r e  Resi s ta nc e  R e sis t  t he  co nd u ct ive ,  
conve c tive  a nd  ra d ia nt  lo a d  

Fibe r me sh R o ck woo l  8 2 0  d uty  
und e r  8 2 0 C .  N on -c om bu sti b le  

P a sse d   

Mai n ten an ce  Ea si ly  ma in ta ine d  by  the  cre w  R e quire d  a f te r  e ve ry  u se .  U se d  
only  e ve ry  se co nd  d a y .  

P a sse d   

V enti la ti o n  Comp lia n ce  wi t h R e le va n t  
Sta nd a rd :  AS1 6 6 8  

Ve nt i la t ion  is  pro vid e d ;  c a n  
su rge  to  > 1 0 0  AC/h  

P a sse d   

Remote Co n tr ol  
Fun c ti on ali ty  

Inci ne ra tion  uni t  ca n  be  
ope ra te d  re mo te ly  

FIP  ca n  re m ote ly  s h u td o wn t he  
incine ra to r  

P a sse d   

Sy st em I nvi si bi l i ty  
( Odour )  

In te rna l  a t mo sphe re  od o ur  
le ve l s  in  c omp lia n ce  wi t h  
sta nd a rd :  AS 4 3 2 3  

Ve nt i la t ion  is  pro vid e d  P a sse d   

Sy st em I nvi si bi l i ty  
( Noi se)  

Wit hin  t he  g uid e l ine s  se t  out  
in  t he  P SP  for  no ise :  A S 1 2 6 9  

Duc tin g  provid e s  a co us ti c  
ins ula t io n  

P a sse d   

2. Human Waste Management System  

2. 1 Wa s te  Pr oce s si ng 
Sy st em  

    

Comple te  De s tr uc ti o n  Inor ga nic  R e mna n t s  On ly  
(Ash)  

IN CI NO LE T prod uce s  on l y  ine rt  
a sh .  

P a sse d   

Per for m an ce o f  
Pr oce s si ng  

Toi le t  sy ste m ca n a d e q ua te ly  
proce s s  wa s te  for  t he  e n t ire  
cre w .  

Ea c h of  t he  t wo t oi le t s  ca n  
se rvi ce  up  to  8  pe ople .  

P a sse d   
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Specification Required Performance Design Performance  Verification  Additional Comments 

Bac kup Sy st em  I f  one  t o i le t  s ho u ld  fa i l ,  t he  
ot he r  ca n  a d e q ua te ly  se r vice  
the  cre w .  

Ea c h of  t he  t wo t oi le t s  ca n  
se rvi ce  up  to  8  pe ople .  

P a sse d  For  a  c re w si ze  of  up  to  8  
pe ople .  

2. 2 P ower  S ys tem      

V olt age Re qui r eme nt  P owe r d ra wn @ 2 4 0 V or  1 2  V  Dra wn a t  2 4 0 V  P a sse d   

Power  Requi r e men t  Ad e qua te  powe r ca n be  
supp lie d .  

1 .5 -2  k Wh pe r  u se  P a sse d  P owe r sy s te m ca n s upp ly  thi s .  

2. 3 V e nti la ti o n a nd 
Fi r e  S a fe ty  Sy s tem  

    

V enti la ti o n  Toi le t  a nd  roo m a re  
a d e qua te ly  ve n ti la te d .  

Bot h t he  I NC IN OL E T to i le t  a nd  
room a re  ve nti la te d  to  t h e  
ou tsid e .  

P a sse d .  Fa n wi t hin  the  to i le t  wi t h 
ve nti la t ion  pipe .  E xha u st  fa n  
ins ta l le d  in  ro om .  

Hea t De tec tor  i n 
Toi le t  

T he r mos ta t  s h ut s  of f  
ope ra tio n  s ho uld  
te mpe ra t ure s  be come  too  
hig h in  t he  uni t  

Inc l ud e d  P a sse d .   

Fi r e/ Smo ke De tec tor s  Comp lia n ce  wi t h R e le va n t  
Sta nd a rd :  AS1 6 0 3  &  AS1 6 7 0  

Inc l ud e d  P a sse d   

Fi r e  E x ti n gui sh er s  Comp lia n ce  wi t h R e le va n t  
Sta nd a rd :  AS 1 8 5 1  

Inc l ud e d  P a sse d   

Eva cua ti o n Pl an  Cre w a re  a wa re  of  e va c ua tion  
p la n  a nd  i t  i s  d i spla ye d  
a round  t he  ha b ita t .  

Inc l ud e d  P a sse d  Eva c ua t ion  p la n  provid e d  by  
MAR S- OZ .  

2. 4 C lea ni ng a nd 
Mai n ten an ce Sy ste m  

    

Mai n ten an ce  Ea si ly  ma in ta ine d  by  the  cre w  Ash pa n che cke d  re g ula r l y  a nd  
e mpt ie d  whe n re q uire d .  Ma nua l  
for  ot he r  ma in te na n ce  
provid e d .  

P a sse d  Ba sic  ma in te na n ce  is  s im ple .  

Clea ni ng  Cle a ni ng i s  s i mp le  a nd  
suf f ic ie n t  s o  t ha t  cre w a r e  not  
e xpose d  to  pa t ho ge ns .  

Anti ba c te ria l  s urfa ce  c le a ne r  
use d .  

P a sse d .  Cle a n  a ccord ing to  prov i d e d  
ins tr uc tion s wi t h s urfa ce  
c le a ne r  of  ch oice .  
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Specification Required Performance Design Performance  Verification  Additional Comments 

2. 5 Wor kp la ce 
In tegr a ti on Sy st em  

    

Si g nag e  Ad e qua te  s i gna ge  in s tr uc ting  
prope r  u se  of  the  sys te m is  
provid e d .  

Inc l ud e d  P a sse d .  S igna ge  ma d e  by  MAR S - O Z  

Sy st em I nvi si bi l i ty  
( Odour )  

In te rna l  a t mo sphe re  od o ur  
le ve l s  in  c omp lia n ce  wi t h  
sta nd a rd :  AS 4 3 2 3  

Ve nt i la t ion  is  pro vid e d  P a sse d  De ta i l s  in  ve n ti la t ion  se c t ion .  

Sy st em I nvi si bi l i ty  
( Noi se)  

Wit hin  t he  g uid e l ine s  se t  out  
in  t he  P SP  for  no ise :  A S 1 2 6 9  

Sys te m ope ra te s  w it h lo w 
noise .  

P a sse d  Accord i ng to  ma nufa ct u r e r .  
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17. Appendix V:  Water System Components 

 Water Processing Major Components  

Table 27: Major Processing Components 

Function Description  Component 

Lifetime  

Notes 

Aqua Sun’s Villager A1’s Major Components  

2. 1 5 .0 Mi cr o n Sedi me n t Pr e -Fi lt er  [ NF S Appr o val  Ra ti ng]  1  Ye a r   Non -wa s ha b le .  

2. 1 . 1 I ni ti al  Fi l ter  R e move s gro und  wa te r  se d ime n t  d own to  5  mi cro n s .   

2. 1 . 2 Car bo n b loc k 
pr otec tor  

P re ve nt s  ca r bon b lo ck f i l te r  f ro m pre ma tu re  c log g ing .   

2. 2 0 .5 Mi cr o n C ar bo n B loc k [ NF S Ap pr ova l  Ra ti ng]  1  Ye a r  a pproxi ma tion  P rod u ce s  c le a n  ta s t in g  w a te r .  

2. 2 . 1 Par a si te  
Removal  

R e move s a nd  re d u ce s  g ia rd ia  la mb lia ,  cryp to spor i d iu m cy st s ,  a nd  ot he r  
pa ra si te s .  

 

2. 2 . 2 Mi cr oor g ani sm 
Removal  

R e move s mi croo rga ni s ms  d own to  0 .5  mi cron s .   

2. 2 . 3 Chemi ca l  
r emoval s  

R e move s vo la t i le  orga nic  che mica ls  ( VO Cs) ,  pe s t i c id e s  a nd  he r bic id e s  a nd  
be nze ne .  

 

2. 2 . 4 Impr ov ed 
wat er  

R e move s se d i me nt ,  co lo u r ,  ba d  ta s te  a nd  od o ur s  (e .g .  hyd roge n s ulp hid e ) .   

2. 3 UV  Di si n fe cti o n Lam p [ NF S Appr ov al  Ra ti ng ,  Cer ti f i c ate  o f  A na ly si s]  9 0 0 0  hour s  
a pproxi ma te ly  3  
ye a rs  

No ha r mf u l  s id e  e f fe c t s  u nl i ke  so me  
che mica l  tre a tme n t s .  
Lamp O u tp u t :  1 6 ,0 0 0  mic rowa tt  se cond s 
pe r  ce nt ime tre  sq ua re d  

2 . 3 . 1  Remove s 
ba ct er i a  & vi r use s  

R e move s ba c te ria  a nd  v i r use s  up  to  9 9 .9 9 9 % p uri t y .  Ef fe ct i ve ly  re move s 
mic roor ga ni sm s .  

R e move s e - co l i ,  co l i  for m ,  c ho le ra ,  
le gio nna ire s ’  d ise a se ,  he pa ti t is ,  typ hoid  
fe ve r ,  d y se nte ry ,  infe c t io us ja und i ce ,  
inf l ue nza ,  e n te ri c  fe ve r  a nd  ot he rs .  

2. 4 EDI S ‘ N’  Ele c tr odi a l ysi s  Rever sal  U ni t  7 -1 0  ye a rs  5 0 L/h  
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Function Description  Component 

Lifetime  

Notes 

2. 4 . 1 Pr e -fi l tr a ti on 
tr ea tme n t  

Vi l la ge r  A1  provid e s  t he  re qu ire d  f i l t ra t i on  t re a t me n t  for  ED IS N  Ch lor ine  s ho uld  n ot  be  a d d e d  t i l l  a f te r  
EDI S proce ss ing  o u tp ut  

2. 4 . 2 W ater  Pump 
Gr un dfo s N SB 5 -3 3  

EDR  (EDI S N)  re qui re s  be twe e n 1 -3  ba r  of  in le t  pr e ss ure  for  o pe ra t ion .  
Ele ct r ica l :  0 .7 5 kW 2 4 0  V 5 0  Hz AC s ing le  p ha se  

W:  2 7 5 mm H:  2 0 5 m m D:  1 6 0 mm  

@ Lo w f lo w -ra te  (5 0 L/ h)  provid e s  a  
ma xi m u m 3 1  m h yd ro sta t ic  he a d  (3  ba r)  
Me e t s  EN 6 6 0 3 5  IP  5 5  

2. 4 . 3 Power bo x PUP 
3 0- 1 10  

Va ria b le  vo l ta ge ;  I nve r te r -re c t i f ie r  un it ,  (3 0 -1 1 0 W) (AC/DC) ;  provid e  1 5 0 V 
DC cu rre n t  to  ED IS N uni t  

AS/ NZ S C ISPR11  G rou p 1  C las s  A  

2. 4 . 4 E lec tr odi aly si s  
Rever s al :  ED IS -N  

Ef fec t iv e  re mova l  o f  n i t r at e,  c h lo r i d e,  su l fa t e,  f luo r i de,  ca lc i um  an d  so di um  
cat io n s  a n d he avy  me ta ls ;  re te nt at e  i s  p u r i f i ed  o f  t h es e.  

3 g/L inp u t  to ta l  d is so lve d  sol id s  (TD S)  
re d uce d  to  0 .3  g /L TDS  

2. 4 . 5 Resi d ue ou tle t  T he  e le c tro ly te  r i ch by -p rod u ct  (pe r me a te )  (1 0 -2 0 % of  wa te r)  i s  se g re ga t e d  
a nd  d ispose d  of  a pp ropri a te ly  

Dispose  of  pe rme a te  t o  s l ud ge  pond  

2. 5 P ower   N/A  

2. 5 . 1 I nt er n al  
Power - Sup ply  

1 2 V a ux i l ia ry  powe r - sup ply .    

2. 5 . 2 V ol ta ge 
Tr an s for mer  

Conve r t s  s ta nd a rd  2 4 0 V powe r fro m s ola r -pa ne ls  to  
1 2 V powe r for  t he  d e vice  

  

2. 5 . 3 L amp Ou t 
Ci r cui t  ( Up gr ade)  

Ad d it iona l  s o le n oid  va lve  sha l l  cu t - of f  t he  sy s te m i f  
the  U V l i g ht  i s  no t  on .  

Se e  2 .4 :  P owe r   

2. 6 Fr ame   In  e x ce s s  of  2 0  ye a rs  

2. 6 . 1 Fr ame  P owd e r coa te d ,  a l um ini u m fra me .    

2. 7 Re si du al  Ch lor i ne   N/A  

2. 7 . 1 Chlor i na tor  
Inje c tor  Sy s tem  

In je c t s  c hl orine ,  w he n re qui re d ,  a s  a  re sid ua l  
d is infe c ta n t  in  the  po ta bl e  wa te r  ta n k.  

 Ch lor ine  s ho uld  n ot  be  a d d e d  t i l l  a f te r  
EDI S proce ss ing  o u tp ut  

2. 8 P lum bi n g a nd Wi r i n g   N/A  

2. 8 . 1 Pl umbi ng  1 0 -foot  in le t  fe ma le  ho se  a nd  1 0 -foot  o ut le t  ma le  
hose  p re -p lu mbe d  in to  sy ste m .  

  

2. 8 . 2 Wi r i n g  Sys te m is  pre -wi re d .    

2. 9 Rep la ceme nt Par t s  Ki t   N/A  
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Function Description  Component 

Lifetime  

Notes 

2. 9 . 1 Par t s  Cons is ts  of  a  Fi l te r  a nd  U V re pla ce me nt .    

2. 1 0 Ov er al l   N/A  

2. 1 0 .1 Si ze  1 8 ”  (4 5 .7 c m)  lon g x  1 6 ”  ( 4 0 .6 cm)  wid e  x  7 ”  (1 7 .5 c m)  
d e e p .  

  

2. 1 0 .3 Wei gh t  Approxi ma te l y  1 1 .3 k g .     

2. 1 0 .4 Mou n ti n g  Wa l l  m oun te d .    

2. 1 0 .4 Wa ter  I npu t  Sys te m is  a b le  to  pu l l  wa te r  fro m wa te r  so urce s .    
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Water Storage Major Components  
Table 28: Water Management System Components  

Component Picture Description  Performance 

Water Storage System 

1 W ater  S tor a ge t an k s  

1. 1 1 35 0 L Cu s tom -d esi g ned wa ter  ta n k –  
top - up t an k   

Sto re s  fre s h wa te r  for  t h e  mis sion .   F ibre gla ss  she l l ,  
two in /o ut le ts .  

Wid t h:  8 0 0  m m He ig ht :  1 9 0 0  mm Le n g th:  1 1 4 0  m m  

AS4 0 2 0  

1. 2 1 00 0 L  Cu s tom -d esi g ned wa ter  ta n k –  
pos t-pr o ce s si ng ta n k   

Sto re s  re cyc le d  gre y  wa t e r  a f te r  pr oce s sin g .   
F ib re g la s s  s he l l ,  t hre e  in /ou tle t s .  

Wid t h:  8 0 0  m m He ig ht :  1 9 0 0  mm Le n g th:  8 5 0  m m  

AS4 0 2 0  

1. 3 5 00 L Cu s tom -de si gn ed wa ter  t an k –  pr e -
pr oce ssi ng ta n k   

Sto re s  g re y  wa te r  be fo re  re cyc l in g .   F ib re g la s s  s he l l ,  
th re e  in le t s/o ut le ts .  
Wid t h:  8 0 0  m m He ig ht :  1 9 0 0  mm Le n g th:  4 2 5  m m  

AS4 0 2 0  

1. 4 2 00 L V i l lag er  Buf fer i ng Ta n k     

2 W ater  mo ni tor i ng sy s tem  

2. 1 Wa ter  lev el  me ter  

 

Aqua me ta  AN4 2 0 -5  pre s s ure  se nso r .  

4 -2 0 mA ou tp u t  

 

2. 2 Co ndu c ti vi ty  Me ter  

 

R oyce  Wa te r  Te ch nol ogie s  L T H BC9  Se rie s  
Ele ct rod e le ss  Cond uc tiv i ty  I nd ica tor  

 

2. 3 Tur bi di ty  mo ni tor  

 

R oyce  Wa te r  Te ch nol ogie s  T ur bid i ty  Se n sor  Vi so T urb   
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Component Picture Description  Performance 

2. 4 p H me ter  

 

QM1 6 7 0  ha nd he ld  p H me te r  

Ma s s:  1 7 0 g  

 

2. 5 p H me ter  bu f fer  sol uti on r e fi l l s   Buffe r  so lu tio n  to  f i l l  QM 1 6 7 0  ha nd he ld  p H me te r   

2. 6 Wa ter  f low me ter  

 

Me a s ure s  f lo w ra te s  of  w a te r  th rou g ho ut  ha bi ta t  

R e quire s  d igi ta l  o utp u t ,  ma x .  F lo w ra te  to  be  
d e te r mine d  t hr ou gh d e ta i le d  d e si gn  of  t he  p lu mb i ng 
sys te m.  

 

3 Re fi l l  Oper a ti o ns  

3. 1 2 40 0 L V ehi c le - bor n e Tr ay W ater  Ta nk  
 

Mou nt s  on  ut i l i ty  ve hic le  tra y  for  wa te r  t ra nspo r t .   
Two i n/o ut le ts .  

AS4 0 2 0  

3. 2 Wa ter  pump  

 

Da ve y XF -9 2  

2 4 0 V,  5 0 H z powe r s uppl y   

A l l ow s pu mpin g fro m ute  wa te r  ta n k in to  ha bita t  
ta n k.   P ump ing ra te  of  up  to  9 0  L/ min in to  ta nk .   
P owe re d  t hro u gh ha bi ta t  powe r gr id ,  mo un te d  on ute  

AS4 0 2 0  

3. 3 Hos e   Conne c t s  ha bita t  wa te r  st ora ge  wi t h e x te rna l  s upp ly  AS4 0 2 0  
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18. Appendix VI:  Water System Design Verification 

 Water Storage Specifications  

Table 29: Water Processing Specifications 

Specification Required Performance Verification  Additional Comments 

Water Processing System  

Sy st em V er i fi ca ti on  T he  wa te r  s tora ge  sy ste m is  te s te d ,  ve ri fy i ng  q ua l i ty  of  wa te r  
ou tpu t ,  se n sor  ope ra t ion  a nd  proce s s  a pp l ica b i l i ty .  

VT  T his  ne e d  on ly  sho w t ha t  
ma te ria ls  a re  a ppr opria t e ,  a nd  
tha t  wa te r  qua l i ty  d oe s  n ot  
d e gra d e  se ve re ly  ove r  t i me  

Sy st em Cle a ni ng 
Pr oce s ses  

An a ppropria te  c le a nin g proce s s  for  t he  s tora ge  s yste m mu s t  be  
d e signe d  a nd  i mp le me n te d  

VT   

Pr oce s s Tr ai ni ng  At le a st  o ne  occ upa n t  of  t he  ha bita t  i s  kn ow le d ge a ble  in  a l l  
sys te m proce sse s ,  a l low i ng for  on - si te  a na l ysi s  of  e rror s  in  t he  
sys te m  

VT   

Det ai led Com pone n t 
Sel ec ti on  

Fu rt he r  d e sign  wor k m u s t  be  d one  on c ompo ne nt  s e le c t ion ,  t o  
re s ul t  in  a  f ul l  a nd  usa bl e  d e sign .  

VD,  VSD  Inco mp le te  co mpone n ts  a re  
f low me te rs ,  hose  a nd  u t e -
mo un te d  wa te r  ta n k  

Water Storage System  

Sy st em V er i fi ca ti on  T he  wa te r  s tora ge  sy ste m is  te s te d ,  ve ri fy i ng  q ua l i ty  of  wa te r  
ou tpu t ,  se n sor  ope ra t ion  a nd  proce s s  a pp l ica b i l i ty .  

VT  T his  ne e d  on ly  sho w t ha t  
ma te ria ls  a re  a ppr opria t e ,  a nd  
tha t  wa te r  qua l i ty  d oe s  n ot  
d e gra d e  se ve re ly  ove r  t i me  

Sy st em Cle a ni ng 
Pr oce s ses  

An  a ppropria te  c le a nin g proce s s  for  t he  s tora ge  s yste m mu s t  be  
d e signe d  a nd  i mp le me n te d  

VT   

Pr oce s s Tr ai ni ng  At  le a st  o ne  occ upa n t  of  t he  ha bita t  i s  kn ow le d ge a ble  in  a l l  
sys te m proce sse s ,  a l low i ng for  on - si te  a na l ysi s  of  e rror s  in  t he  
sys te m  

VT   

Det ai led Com pone n t 
Sel ec ti on  

Fu rt he r  d e sign  wor k m u s t  be  d one  on c ompo ne nt  s e le c t ion ,  t o  
re s ul t  in  a  f ul l  a nd  usa bl e  d e sign .  

VD,  VSD  Inco mp le te  co mpone n ts  a re  
f low me te rs ,  hose  a nd  u t e -
mo un te d  wa te r  ta n k  
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Design Verification  

 Water Processing Verification  

Table 30: Water Processing Requirements Verification 

Specification/
Constraint  

Required Performance Verification 
Method 

Requirement 
Met 

Actual Performance  

1 Water System Processing  

1.1 Water Processing  

1 . 1 . 1 W ater  Qua li ty  Re q ui r emen ts  

Ta ste  Me e t s  t he  re le va n t  s ta nd a rd  for  

ta s te  
VSD  Ye s  Ma nufa c tu re r  is  a n  a ppro ve d  U N supp lie r  a nd  

the re fore  me e t s  W HO sta nd a rd s (G uid e l ine s  fo r  
Drink ing Wa te r  Qua l i ty ,  Ta b le  7 .4  C ha p te r  7  p1 3 2 )  

Tur bi di ty  Me e t s  t he  re le va n t  s ta nd a rd  for  

tu rbid i ty  
VSD  Ye s  Ma nufa c tu re r  is  a n  a ppro ve d  U N supp lie r  a nd  

the re fore  me e t s  W HO sta nd a rd s (G uid e l ine s  fo r  
Drink ing Wa te r  Qua l i ty ,  Ta b le  7 .4  C ha p te r  7  p1 3 2 )  

Aes the ti c s  Me e t s  t he  re le va n t  s ta nd a rd  for  

a e st he tic s  
VSD  Ye s  Ma nufa c tu re r  is  a n  a ppro ve d  U N supp lie r  a nd  

the re fore  me e t s  W HO sta nd a rd s (G uid e l ine s  fo r  
Drink ing Wa te r  Qua l i ty ,  Ta b le  7 .4  C ha p te r  7  p1 3 2 )  

Bac ter i a  Me e t s  t he  re le va n t  s ta nd a rd  for  

ba cte ria  con te n t  
VSD  Ye s  Ma nufa c tu re r  is  a n  a ppro ve d  U N supp lie r  a nd  

the re fore  me e t s  W HO sta nd a rd s (G uid e l ine s  fo r  
Drink ing Wa te r  Qua l i ty ,  Ta b le  7 .4  C ha p te r  7  p1 3 2 )  

Sodi um Leve l  Me e t s  t he  re le va n t  s ta nd a rd  for  

sod i um (< 1 8 0 m g/L)  fo r  A S ta ste  

th re s ho ld  

VSD  Ye s  Na tio na l  Wa te r  Qua l i ty  M a na ge me n t  S tra te g y;  
Aus tra l ia n  D rin king Wa te r  Guid e l ine s  6 :  2 0 0 4  
NH MR C .  (Ba se d  on EDI S N a chie ve me n t  of  3 0 0 m g /L 
wit h the  TDS e n ti re ly  a s  Na C l)  

Cal ci um a nd/or  

Ma gne si um  

Ha rd ne ss  of  t he  wa te r  me e ts  

typica l  va l ue  e xpe c te d  of  the  

Aus tra l ia n  s ta nd a rd  (5 -3 8 0 mg/ L)  

VSD  Ye s  Na tio na l  Wa te r  Qua l i ty  M a na ge me n t  S tra te g y;  
Aus tra l ia n  D rin king Wa te r  Guid e l ine s  6 :  2 0 0 4  
NH MR C .  (Ba se d  on EDI S N a chie ve me n t  of  3 0 0 m g /L)  

Heavy Me ta l s  EDR  provid e s  a  me a n s by  whi ch to  

re move  he a vy  me ta ls  
VSD  U nkno wn  P e rforma nce  wo u ld  ha ve  to  be  a s se s se d  in  

com bina tion  wit h g ive n c onta mina tion  le ve l  a nd  
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wit h V i l la ge r  A1  pre - tre a tme nt .  S ys te m pe rfor ma n ce  
re qu ire d  (P b <  0 .0 1  m g/L ,  As  <  0 .0 0 7  mg/ L,  e tc)  

1. 1 . 2 E ner gy Re qui r eme nt s  

Power  So ur ce  P rovid e  e nou g h e ne rgy  r e qui re d  

to  r un d e vice  
VSD  Ye s  1 2 V Au xi l ia ry  P owe r so ur ce .  2 4 0 V i s  so ur ce d  fro m 

the  so la r -pa ne l s  a nd  con ve rte d  to  1 2 V  

Ele ctr i ci t y  Use  Mini mi se  e le c tr i c i ty  use  a nd  use  

d urin g  of f -pe a k t i me s  
VSD  Ye s  1 2 V,  4  a mp e le c tr i c i ty .  De signe d  so  t ha t  i t  o nly  ru ns 

d urin g  of f -pe a k t i me s.  

1. 1 . 3 W ater  Qua n ti ty  Re qui r eme nt s  

Qua nti ty  P rod u ce  e nou gh wa te r  fo r  8  

pe rson c re w (2 4 0 L/d a y)  
VSD  Ye s  2 2 0 L/ho ur .  U se  fo r  1  –  3  ho ur s/d a y d e pe nd ing on 

nu mbe r of  o cc upa n ts  a nd  re qui re d  u se .  

Avai l abi l i t y  Wa te r  s hou ld  be  a va i la b l e  a t  a l l  

t i me s fo r  u se  
VSD  Ye s  Sys te m wi l l  be  u se d  a s  re qui re d  to  pre ve nt  st ora g e  

le ve l  d roppin g be l ow 7 5 0 L (3  d a ys)  s upp ly  of  wa te r  

1.2 System Integration  

1 . 2 . 1 Pr oc es si ng wor kpl ace  

Wa ter  

Pr oce s si ng 

Si g nag e  

Signa ge  for  wa te r  pr oce s sing  

proce d ure s  i s  in  a c cord a nce  wi th 

re le va n t  s ta nd a rd  

VI  Ye s  Signa ge  a s  re q ui re d  for  s ta nd a rd s .   

AS  1 3 1 9  Sa fe ty  S ign s  for  the  Occ upa tion  
Enviro nme nt  
AS 4 1 2 3 .7  Co lo ur s ,  Ma r ki ngs ,  De si gna tion s  

Cr ew Tr ai ni n g 

abou t Wor kp la ce  

Cre w i s  a wa re  of  comp on e nts  of  

sys te m a nd  t he ir  wor kin g s  
VT  Ye s  Cre w w ou ld  be  inf or me d  of  sys te m wor kin gs  a nd  a n  

ope ra tio n  ma n ua l  wo u ld  be  provid e d  on - boa rd .  

Sy st em 

acc es si bi l i ty  

Sys te m is  a c ce s sib le  to  a l low fo r  

ma in te na nce  a nd  re pa ir  
VI  Ye s  Sys te m is  mo un te d  on t h e  wa l l  a s  d e s cri be d .  S ys te m 

is  e a si ly  a c ce s sib le  on  wa l l .  

1. 2 . 2 Devi c e  Si z e  a nd Po si ti o ni n g  

Si ze  a nd 

Posi ti oni ng  

Size d  a nd  po si t ione d  for  sa fe ty  

a nd  spa ce  re st r ic t ion s  
VC  Ye s  Loca te d  in  F l i gh t  De c k .  E a sy  a cce ss  fo r  be tte r  

sa fe ty .  Se e  Se c t ion  5 .3 .4  

R o o m  De vice  is  to  be  po si t ione d  in  the  
f l ig h t  d e c k w hi l s t  no t  in h ibi t ing  
room fo r  t he  rove r  or  o t h e r  
d e vice s  

VC  Ye s  Loca te d  in  F l i gh t  De c k .  S e e  Se ct i on  5 .3 .4  

Wei gh t  We ig ht  i s  a b le  to  be  s upp orte d  by  

wa l l  m oun t s  u se d  for  sys te m  
VC  Ye s  1 3 .6 kg .  Ma nufa ct u re r ’ s  w a l l -mo un t  i s  d e si gne d  to  

mo un t  sy ste m on wa l l .  
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1. 2 . 3 Us a bi l i ty  

Usa ge  Sys te m is  a b le  to  be  u se d  by  a l l  

inha b ita n t s  
VD  Ye s  Al l  cre w me mbe r s  wo u ld  be  tra i ne d  on ho w to  

ope ra te  the  sys te m a nd  a n  ope ra ti on  ma n ua l  wo u l d  
be  provid e d  on - boa rd  

1.3 Repairs  

1 . 3 . 1 E xe cuti o n o f  Mi no r  Repai r s  

Per so nn el  Minor  re pa ir s  s ho uld  be  

pe rfor me d  by  me mbe rs  o f  the  

cre w usi ng  spa re  pa r ts  

VSD ,  VD  Ye s  Spa re -pa r t s  pa c ka ge  wo u ld  be  a va i la b le  on -boa rd .  
Ins tr u ct ions o n  ho w to  p e rfor m ba si c  re pa i rs  w ou ld  
be  pre se n t .  

Ti mi ng  Minor  re pa ir s  s ho uld  be  a ble  to  be  

pe rfor me d  a s  q uic k ly  a s  possi b le  

VNR  Ye s  T he  sy ste m ,  ins tr u ct ions ,  a nd  spa re -pa r t s  pa cka ge  
wou ld  be  e a s i ly  a cce ssi bl e .  Sy ste m ca n be  t ur ne d  of f  
e a si ly  a nd  re pa ir s  pe rfor me d  e a si ly .  

Pr ocedur e  P roce d u re  give n by  ma nu fa ct ure r  

sho u ld  be  fo l l owe d  

VSD  Ye s  Ma nufa c tu re r ’ s  re pa ir  ha nd book wi l l  be  on -s i te  wi th 
d e ta i l s  o f  re le va n t  pro ce d ure s  

Tempor ar y 

Repai r s  

Te m pora ry  R e pa i rs  sh ou l d  be  

pe rfor me d  whe re  pos sib l e  unt i l  

e xpe r t  is  a va i la b le  

VNR  Ye s  Sys te m is  e a s i ly  a cce ssi bl e  a nd  cre w a re  t ra ine d  in  
sys te m fun c tion s .  Spa re - pa rt s  a va i la ble  

1. 3 . 2 M ajor s Repai r s  

Per so nn el  All  ma jo r  re pa ir s  s ho u ld  be  

pe rfor me d  by  a  q ua l i f ie d  e xpe r t  
VSD ,VD  Ye s  Con ta c t  d e ta i ls  f or  a n  e x pe rt  wo u ld  be  pre se n t  on -

boa rd .  De ta i ls  fo r  m u lt ip l e  e xpe rt s  wo u ld  be  
pre se n t  in  ca se  one  is  un a ble  to  a t te nd .  

Noti fi c ati o n  Expe r t  sho u ld  be  no ti f ie d  a s  soon 

a s  pos sib le  a nd  or ga nise d  to  v is i t  
VNR  Ye s  Cre w tra ine d  to  info r m a n e xpe r t  a s  s oon a s  

possi b le  to  o rga ni se  a  v is i t .  

1.4 Maintenance & Lifetime  

1 . 4 . 1 Li fe ti me  

Sy st em li fe ti me  Sys te m l i fe t i me  s ho u ld  e xce e d  

l i fe t ime  of  t he  ha bita t  
VSD  Ye s  Sys te m l i fe t i me  e x ce e d s 2 0  ye a rs  a s  s ma lle r  

compo ne n ts  ca n  be  re p la ce d  a s  ne ce s sa r y .  

End o f  l i fe  Able  to  be  d is pose d  of  sa fe ly  a f te r  

l i fe t ime  
VSD  Ye s  Sys te m con ta in s  s ta nd a rd  compo ne nt s  wi t h no  

d a nge ro us o r  ha r mf u l  ma te ria ls  

Foot pr i n t  Foo tprin t  on  t he  s urro un d ing 

e nviron me n t s ho uld  be  m inima l   
VSD ,V I  Ye s  Sys te m ha s  no  i mpa c ts  o n  su rro und in g e nvir on me nt  
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1. 4 . 2 M ai n te na nc e  

Ex per ti se  Sys te m ca n be  ma in ta ine d  by  a  

non-e xpe rt  me mbe r of  t h e  cre w  
VSD ,  VD  Ye s  Two me mbe r s  of  t he  c re w wi l l  be  tra i ne d  a t  a l l  

t i me s a bo u t  ma in te na nce  of  the  sys te m.  Sy ste m 
ma in te na nce  i s  s imp le  a n d  a t  t he  le ve l  w he re  i t  ca n  
be  com ple te d  by  a  non -e x pe rt .  Ta s ks  in volve d  
incl ud e  c le a nin g f i l te rs ,  r e pla cin g  ca r bon b lo ck a n d  
re pla c ing  U V la mp .  

Sch eduli ng  Sc he d u le d  ma inte na nce  s ho uld  be  

pe rfor me d  a s  re q ui re d  
VI  Ye s  Ma in te na nce  sc he d u le  wi l l  be  d ra wn up a nd  a  

che c k l i st  wi l l  be  p re se n t  a t  t he  d e vice  to  e ns u re  
ma in te na nce  i s  be in g  pe r forme d  a t  re q uire d  t i me s .  

Spar e Par t s  Spa re  pa r ts  fo r  t he  sy s te m a re  

ke pt  i n  s toc k wi t hin  the  ha bi ta t .  
VI  Ye s  Spa re  pa r ts  a re  ke p t  in  t he  F l ig h t  De c k a re a .  Se e  

Se c t ion  5 .3 .4 .  

1.5 Constraints  

Pr oce s s i npu t s  Sys te m m u st  be  a ble  to  h a nd le  

che mica l  a nd  bi olo gica l  

conta mi na nt s  

VSD  Ye s  U nit  i s  d e sig ne d  for  t he s e  inpu ts .  

Low Co s t  Mini mi se  cos t  ($)  VD &  VS  Ye s  Achie ve d  t hro ug h d e si gn .  

Mai n ten an ce  Able  to  be  ma in ta ine d  by  non -

e xpe r t  

VT  Ye s  U nit  c ho se n is  e a si ly  ma i nta ine d .  

Power  P owe re d  by  e le c tr ic i ty  VNR  Ye s  U nit  c ho se n u se s  e le c tr ic i ty .  
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 Water Storage Verification  

Table 31: Water Storage Requirements Verification 

Specification/Constraint  Required Performance  Verification 
Method 

Requirement 
Met 

Actual Performance 

1 Store all water types separately  

1. 1 S tor e fr esh ,  po ta bl e  wat er  More  t ha n 7 0 0  L  of  f re s h wa te r  
ca n  be  s tore d  fo r  t he  ha b ita t  

VC  Ye s  1 3 5 0 L of  f re s h wa te r  a re  sto re d  in  
the  top - up ta n k  

1. 1 . 1 Oper at e  wi th  few r efi l ls  
dur i ng mi ssi o n  

T he  cre w ca n s urv ive  1 4  d a ys  
be twe e n re f i l l s  o f  t he  fre sh 
wa te r  

VC ,  V S  Ye s  T he  wa te r  s tora ge  la st s  1 4  d a ys  
wit h 7 5 0 L le f t  a t  t he  e nd  

1. 1 . 2 Foo lpr oo f  fr e sh w ater  
agai n st  over use  

Fre s h wa te r  i s  no t  u se d  whe re  
re cyc le d  gre y  wa te r  ca n  be  

VI ,  V S  Ye s  Fre s h wa te r  u se  is  co nt ro l le d  b y  t he  
comp u te r  

1. 2 S tor e r ecy cle d gr ey wat er  More  t ha n 4 8 0  L  of  re cyc le d  gre y  
wa te r  ca n  be  s to re d  for  t he  
ha bi ta t  

VC  Ye s  1 0 0 0 L of  wa te r  i s  s to re d  in  t he  
post -pro ce s sing  ta n k  

1. 2 . 1 Low s tor a ge ti m es  for  
gr ey wa ter  

Gre y wa te r  is  st ore d  for  a  
ma xi m u m of  2  d a ys  

VS  P a rt ia l  Gre y  wa te r  is  st ore d  for  1  d a y  a t  
mos t ,  w hi le  pos t -p roce ss e d  wa te r  i s  
sto re d  for  up  to  4  d a y s  

1. 2 . 2 Al low gr ey w a ter  
di spo sa l  

Gre y wa te r  ca n  be  re mov e d  from 
the  sys te m i f  co nta mina t e d  

VI  Ye s  Wa te r  ca n  be  d ra ine d  d i r e ct ly  f ro m 
ha bi ta t  

1. 3 S tor e gr ey w at er  to  be  
r ecyc led  

More  t ha n 3 8 4  L  of  gre y  wa te r  
ca n  be  s tore d  be f ore  r un ning 
th ro ug h t he  re cyc l in g  sy s te m  

VC  Ye s  5 0 0 L of  gre y  wa te r  i s  s to re d  in  t he  
pre -pro ce s sing  ta n k  

2 Lifetime   

2. 1 Lon ger  th a n ha bi t a t  T he  l i fe t i me  of  t he  wa te r  sto ra ge  
sys te m is  lon ge r  t ha n 5  y e a rs  

VSD ,  V C  Ye s  Ta n k l i fe t i me s a re  in  t he  ra nge  of  
1 0 -2 0  ye a rs  

2. 2 Doe s not  i n tr oduce 
con tami na n t s  

T he  s tora ge  ma te ria ls  m u st  me e t  
AS4 0 2 0  to  pre ve n t  
conta mi na ti on  of  wa te r  

VSD  NA  De ta i le d  d e sign  wi l l  e n su re  t he  
sys te m confo r ms to  t hi s  
re qu ire me nt  

2. 3 Mi ni mi se s w ater  los se s  T he  e nti re  sy ste m mu s t  l ose  le ss  
tha n 4 8  L/d a y  

VS ,  VD  NA  More  a c cu ra te  wa te r  sy st e m 
mod e l l i ng  wi l l  be  re q ui re d  to  
d e te r mine  l os se s  
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Specification/Constraint  Required Performance  Verification 
Method 

Requirement 
Met 

Actual Performance 

3 Maintenance 

3. 1 Low fr eq uen cy  T he  M TT F a nd  M TBR  fo r  a l l  
compo ne n ts  mu s t  be  ma x imi se d  

VT ,  VSD  NA  De ta i le d  d e sign  m us t  be  d one  to  
e nsu re  t he se  va l ue s  a re  me t  

3. 2 Low dow n ti me for  u r gen t 
mai n te na nce  

U rge n t  ma in te na n ce  ta ke s  t he  
wa te r  sys te m of f l ine  for  l e ss  
tha n 5  ho ur s  

VSD ,  VD  Ye s  Ins tr u me n ta t ion  i s  lo ca te d  in  
a cce s sib le  p la ce s ,  a nd  ma y not  
ca u se  sy ste m d ow nt ime  

3. 3 Lar ge - s cal e  mai nte n an ce 
not  ur gen t  

Any ma in te na n ce  w hic h r e qui re s  
more  tha n 5  ho ur s  d own t ime  ca n 
be  d e fe rre d  to  be t we e n mis sio ns  

VSD  Ye s  No sy ste m wi t hin  t he  wa t e r  st ora ge  
wil l  re q ui re  mo re  t ha n 5  ho ur s ’  
d ownt ime  wit hin  a  mi ssi on  

4 Storage Constraints  

4. 1 Loc ati o n  T he  s tora ge  sys te m m u st  f i t  
wit hin  t he  ba se  d e sign  

VC  Ye s  T he  ta n ks a nd  o t he r  s ys t e ms a l l  f i t  
wit hin  t he  ha bita t  no se  

4. 2 Sa fe ty  R e cycle d  wa te r  m us t  be  s a fe  to  
use  a s  gre y  wa te r  a f te r  st ora ge  

VT  NA  Sys te m te st ing  i s  re q uire d  to  ve ri fy  
pe rfor ma nce  

4. 3 Ob tr u si ve ne ss  T he  sy ste m s ho u ld  be  
unob t ru sive ,  no t  ma kin g und ue  
ba ck gro und  no ise  

VS ,  V T  NA  Sys te m te st ing  i s  re q uire d  to  ve ri fy  
pe rfor ma nce  
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19. Appendix VII:  Power System Design Verification 
 

Table 32 - Power System Design Verification 

Specification/Constraint  Required 
Performance  

Verification 
Method 

Requirement 
Met 

Actual Performance  

1 Primary Power Generation  

1. 1 Pr o vi de power      

1. 1 . 1 Pr ovi de appr opr i a te  
volt age  

2 4 0 V VS ,  V T  Ye s  P rod u ce s  4 8 V w it h inve rt e rs  t o  r un AC a pp lia nce s .  

1. 1 . 2 Pr odu ce s uf fi ci en t  
power  

2 5 0 kWh /Da y  VS ,  V C  Ye s   

1. 1 . 3 Pr ovi de appr opr i a te  
wat t age  

P owe r a pprop ria te  
for  a l l  a ppl ia nce s  

VS ,  V T  Ye s  Inve r te r s  ma xi mi se  powe r ou tp ut .  

1. 2 Up gr ade      

1. 2 . 1 I ncr e a se c apa ci ty  Ca pa ci ty  ca n  be  
incre a se d  onsi te  

VS  Ye s   

1. 3 Tr an spor t      

1. 3 . 1 To/ fr om dep loyme nt 
si t e  

Ca n be  t ra ns por te d  in  
the  ca rgo  mod u le  

VD  No  Wil l  mos t  l ike ly  re qu ire  s e pa ra te  t ra n spor t .  

1. 4 De ployme n t      

1. 4 . 1 Depl oy a t  si te  Ma xi mi se  e a se  VD  Ye s  Wil l  re q ui re  e le c t r ica l  e x pe rti se  to  d e p loy  sola r  
pa ne ls  

1. 4 . 2 Pa c k up for  r emo v al  Ma xi mi se  e a se  VD  Ye s  Wil l  re q ui re  e le c t r ica l  e x pe rti se  to  d e p loy  sola r  
pa ne ls  

1. 5 Mai n ten an ce      

1. 5 . 1 Cl ea ni ng  Ma xi mi se  e a se  VD  Ye s  1 5 7 0 mm x 7 8 0 mm x 1 0 5 0  mm  

1. 5 . 2 E lec tr i c al  Mai n ten an ce  Ma xi mi se  e a se ,  sa fe ty  VD  Ye s  A  sma l l  s ha c k is  bui l t  a ro und  t he  ge ne ra t or  on  
loca tion  
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2. Backup Power Generation  

2. 1 Pr o vi de power      

2. 1 . 1 Pr ovi de appr opr i a te  
volt age  

2 4 0 V VS  Ye s  I t  ca n  con tin uo u sl y  ge ne r a te  1 0 .6 k W (1 1 .6 kW pe a k )  
a t  2 4 0 V.  

2. 1 . 2 Pr odu ce s uf fi ci en t  
power  

8 .8 k W con tin uo us  VS ,  V C  Ye s  I t  ca n  con tin uo u sl y  ge ne r a te  1 0 .6 k W (1 1 .6 kW pe a k )  
a t  2 4 0 V.  

2. 2 Mai n ten an ce      

2. 2 . 1 Cl ea ni ng  Ma xi mi se  e a se  VD  Ye s  Ma y re q uire  c le a ni ng for  cont in ue d  u se  (e .g .  
re mova l  of  d us t) .  

2. 2 . 2  E ngi ne M ai n te na n ce  Ma xi mi se  e a se ,  sa fe ty  VS  Ye s  Che ck a l l  spa r k p l u gs  o r  g lo w pl ug s  ( for  d ie se l  
sys te ms) ,  a ir  a nd  oi l  f i l te rs .  L ub rica t ion  of  a n y  
inte r na l  c om bu s tion  e n gi ne  is  a  ne ce s si ty .  Ke e p th e  
e ngine  r unni ng for  se ve r a l  mi nu te s  be fore  s h u t  
d own .  

2. 2 . 3 Power  Re gul ator  Ma xi mi se  e a se ,  sa fe ty  VS  Ye s  Ma ke  s u re  t he re  i s  no  o i l  or  ot he r  c on ta mi na nt s  in  
the  ca si ng .  A l so ,  w he n r u nning the  ge ne ra tor  d uri ng  
i ts  re g ula r  r un up  a nd  s h ut  d o wn ,  lo ok fo r  a ny  
spa r king o r  ope n wi re s .   

2. 2 . 4Tr a n s for mer  Ma xi mi se  e a se ,  sa fe ty  VS  Ye s  A  vol ta ge  me te r  i s  a  s i mp le  too l  to  te s t  a  
tra n sfor me r .  C he c k the  v ol ta ge  for  spe ci f ie d  
re a d ing s .  

2. 2 . 5  E x ter n al ly  Ma xi mi se  e a se ,  sa fe ty  VS  Ye s  Comp one n ts  w i l l  ne e d  t o  be  iso la te d  fo r  
re pa ir/ ma in te na nce .  

2. 3 S tor e      

2. 3 . 1 Si ze  Mini mize  VS  Ye s  1 5 7 0 mm x 7 8 0 mm x 1 0 5 0  mm  

2. 3 . 2 Lo ca ti o n  P rote c ta ble  VD  Ye s  A  sma l l  s ha c k is  bui l t  a ro und  t he  ge ne ra t or  on  
loca tion .  

2. 4 Oth er  Fa c tor s      

2. 4 . 1 Noi se  leve l  Mini mize  VS  Ye s  5 1  d B @ 7  m (5 0  Hz)  

2. 4 . 2 Tr a n spor t  Mini mize  we ig ht  VS  Ye s  7 5 0 kg.  

2. 4 . 3 S er vi ce  l i fe  Ma xi mi ze  VS  Ye s  1 2  mont h/1 0 0 0  h c ond i t i ona l  wa rra n ty  
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2. 5  Si mul a ti on      

2. 5 . 1 Ca n be s tar ted wi t hout 
br ea ki n g si m ul ati o n  

Ca n be  s ta r te d  
wit ho u t  bre a kin g 
s im u la tion  

VS ,  VD  Ye s  I t  ca n  s ta r t  i mme d ia te ly  e i t he r  by  a  p us h of  a  
bu t ton or  a u toma ti ca l ly .  

2. 5 . 2 Ac commod at e al l  t he  
load s a t  st ar t  up  

Suf f ic ie n t  s ur ge  
ca pa ci ty  

VS  No  R e quire me n t  wa s no t  inv e sti ga te d .  Ma nufa ct u re rs  
sho u ld  be  co nta cte d  w it h  a  l i s t  o f  re q ui re me n t s  to  
e nsu re  a l l  l oa d s ca n  be  a cco mm od a te d  a t  s ta r tu p .  

2. 5 . 3 S t ar t -up  I t  ca n  s ta r t  
im me d ia te ly  

VS  Ye s  I t  ca n  s ta r t  i mme d ia te ly  e i t he r  by  a  p us h of  a  
bu t ton or  a u toma ti ca l ly .  

2. 5 . 4 Compu ter  App li c a ti on s  P re ve nt  d a ta  lo ss  
d urin g  t he  tra n sfe r  
t i me  

VS ,  VD  Ye s  A  U P S sys te m is  u se d  to  a void  d a ta  lo s s .  

2. 6  Sa fe ty      

2. 6 . 1 M eet r e qui r ed sa f ety  
st a ndar d s  

Mu s t  me e t  Au s tra l ia n  
sa fe ty  sta nd a rd s  

VS  Ye s  Ge ne ra to r  is  so ld  wi th in  Aus tra l ia ,  s o  m us t  me e t  
sta nd a rd s .  

3. Climate Control  

3. 1 Ai r  condi ti o ni ng      

3. 1 . 1 Cool  h a bi t at  to  l i v eab le  
temper at ur e  

Ha bi ta t  is  ke p t  a t  1 5 -
2 5 ˚C  

VS ,  V C  Ye s  Ha bi ta t  i s  ke p t  a t  1 5 -2 5 ˚ C .  

3. 2 Hea ti n g      

3. 2 . 1 W ar m ha bi t a t  to  
l i vea ble  temper a tur e  

Ha bi ta t  is  ke p t  a t  1 5 -
2 5 ˚C  

VS ,  V C  Ye s  Ha bi ta t  i s  ke p t  a t  1 5 -2 5 ˚ C .  

3. 3 Oper a ti o n      

3. 3 . 1 Ther mo s ta t  Au toma ti ca l ly  
ope ra te d  wi t h 
the rm os ta t  

VS  Ye s  Au toma ti ca l ly  ope ra te d  wit h the rmo s ta t .  

3. 3 . 2 M an ua l  Over r i de  T he r mos ta t  con tro l  
ca n  be  ma n ua l ly  
ove rrid d e n  

VS  Ye s  T he r mos ta t  con tro l  ca n  b e  ma nua l ly  ove r rid d e n .  
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20. Appendix VIII: Power System Design Requirements 

Item Quantity 
Power 
Consumption 
(kW) 

Estimated daily 
operation (h)  

Energy 
Consumption  
per Day(kWh)  

Vital  Power 
Usage (kW)  

Low Power 
Usage (kW)  

General    
Hot Wa ter  S ys tem  1  3  3  9  0 .3 7 5  0 .3 7 5  

Wa ter  Pump  1  1  6  6  0 .2 5  0 .2 5  

In ter i or  Li ghti ng  1 6  0 .0 0 6  1 5  1 .4 4  -  0 .0 9 6  

Ex ter i or  Li gh ti n g  2 0  0 .0 0 6  2 4  2 .8 8  -  -  

Emer ge nc y Li gh ti ng  6  0 .0 1  2 4  1 .4 4  0 .1 2  0 .1 2  

V acuum C lea ni ng 
Sy st em  

1  1  1  1  
-  -  

RC Ai r  Condi ti oni ng  1  5 .5  2 4  1 3 2  4  4  

Rover  1  0 .1  1 0  1  -  -  

Wa ter  Recy cli ng  1  N/A  N/A  1  -  0 .0 5 2 0  

Mi s ce lla neou s  1  1  2 0  2 0  -  -  

Laundry   

Dr yer  1  1  pe r  loa d  1  loa d  pe r  d a y  1  -  -  

Wa shi n g M achi ne  1  0 .2  pe r  loa d  1  loa d  pe r  d a y  0 .2  -  -  

In ci ner ati ng Toi le t  1  N/A  N/A  5 0  2 .1  2 .1  

Wardroom/Mess    

TV  1  0 .0 8  6  0 .4 8  -  -  

Radi o/ So und 
Sy st em  

1  0 .0 6  6  0 .3 6  -  -  

V CR  1  0 .0 2  2  0 .0 4  -  -  

Dr i nk s Fr i dge  1  0 .0 3 5  2 4  0 .8 4  -  -  
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Mi cr ow ave  2  1  1  2  -  1  

Ele ctr i c  Stov e  1  4  2  8  -  -  

Ele ctr i c  Ke t tle  1  2  1  2  -  -  

Exh au s t  F an  1  0 .3  1  0 .3  -  -  

Wa st e I nci ner a tor  1  0 .5  2  1  -  0 .5  

Lab   

La b Fr i d ge a nd 
Fr eezer  

1  0 .0 8 3 4  2 4  2  
0 .0 8 3 4  0 .0 8 3 4  

Cen tr i f uge  1  0 .2 5  3  0 .7 5  -  -  

Ele ctr o phor e si s  
Tan k  

1  0 .0 6  3  0 .1 8  -  -  

PCR M achi ne  1  1 .2  3  3 .6  0 .1 5  0 .1 5  

Per so na l  L ap top  8  0 .0 5  1 2  4 .8  0 .1  0 .1  

Fa x ,  Pr i n ter  a nd 
Photo copi er  

1  0 .2  1  0 .2  -  -  

       
Total  253.51kWh  7.1784kW 8.8264kW 
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21. Appendix IX: Martian Designs’ Project Team Structure  

21.1.1.  Personnel  

The project team consists of the fol lowing members:  

Table 33: Martian Designs' Project Team and their disciplines 

Name  Employee ID  Degrees  Discipl ines /  Strengths  

Michael Gil l  U4520969 Engineering  Mechatronics /  Electronics and Communicat ions  

Alistair  Watson  U2563373 Engineering /  Chemistry  Mechanical  /  Chemical  Engineering /  Chemistry  

James Everdel l  U4399186 Engineering  Renewables /  Mechanical   -  Construction  

El l iot Wise  U4528220 Engineering /  Science  Mechatronics /  Computational  Mode ll ing 

Rebecca (Bec) Beasley  U4527711 Engineering /  Science  Telecommunications /  R&D / Math  

Sathyan Pooranachandran  U4474983 Engineering  Mechatronics /  Materials  

Phil  Watt  U4303184 Engineering /  Science  Mechatronics /  Electronics /  Math /  
Computational Model l ing 

(Olivia)  J iazhen Zhu  U4795492 Engineering  Telecommunications /  Electronics  

Jared Dean U4538308 Engineering /  Commerce  Mechanical  /  Mater ials & Manufacturing /  
Management  

(John) Hung Yip Lui  U4361832 Engineering  Mechanical  /  Mechatronics  

Charles Boettcher  U4667770 Engineering  Sustainable /  Mechanics & Materia ls 
/Manufactur ing  
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Emily Carr ie  U4539793 Engineering  Mechatronics  /  Electr ical/  Communicat ions,  
Computational Model l ing   

Yifei  Wang U4830143 Engineering  Communications  
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The project  team has a vast amount of electrical  engineering experience with a  

total  of s ix  electr ical  engineering majors.  Other areas of expertise  include 

mechatronics (6 team members),  communications (4 team members),  materia ls (4 

team members),  mechanical  (4  team members),  manufacturing (3  team members) 

and sustainabi l ity disc ipl ines (2 team members).  The project team is well  rounded 

and has a  vast range of knowledge from almost al l  of  the engineering disc ipl ines.  

The team also has some addit ional experience in the f ie lds of computational  

modell ing,  commerce, chemistry,  research and development and science. The 

fol lowing personnel matrix summarises the design teams’ abi l it ies .  

Table 34: The Martian Designs' Project Team with their disciplines and capabilities listed 
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Project Members

Michael Gill MG MG MG MG

Alistair Watson AW AW

James Everdell JE JE JE JE JE JE JE JE

Elliot Wise EW EW EW EW EW

Rebecca (Bec) Beasley RB RB RB RB

Sathyan Pooranachandran SP SP SP SP

Phil Watt PW PW PW PW PW PW

(Olivia) Jiazhen Zhu JZ JZ JZ

Jared Dean JD JD JD JD JD JD JD

(John) Hung Yip Lui HL HL HL

Emily Carrie EC EC EC EC EC

Charles Boettcher CB CB CB CB CB

Yifei Wang YW

TOTAL 3 4 6 4 6 4 2 2 3 4 3 2 2 2 3 1 2 4

Additional CapabilitiesEngineering Diciplines
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21.1.2.  Personnel Role Descriptions  

 

Figure 42: Martian Designs' Project Team Organizational Chart 

Project Manager:  James Everdell  

The project manager’s  role is  to oversee the successful completion of the project  

by ensuring the whole team works effectively and to schedule. They wil l  play a 

role in developing work packages for the design teams to complete.  

Technical Manager: Jared Dean  

The technical  manager’s role is  to faci l itate communication between the cl ient 

and the project team. They wil l  also work closely with the group leaders to 

compile and f ind solutions to work packages that are required throughout the 

project.  

Group Leaders: Alistair Watson,  Elliott  Wise and Phillip Watt  

The group managers’  wil l  be responsible for completing work packages. They wil l  

delegate tasks to their design team and compile the relevant  sections of the 

design report .  They wil l  also  convey questions to the technical  manager that are 

to be passed on to the cl ient .  

Lead Designers: Charlie Boettcher, Sathyan  Pooranachandran, (John) Hung 

Lui 

The lead designers wi l l  remain with the group leader throughout the project and 

wil l  assist  in managing the work packages.  
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Design Team: (Olivia) Jiazhen Zhu, Emily Carrie, Yifei Wang, Michael Gill  

and Rebecca Beasle y 

The design team wil l  be assigned a specif ic  group to start  with and wil l  ass ist  in  

carrying out  the work package tasks.  Every  few weeks the design team wil l  shift  

groups to provide new perspective and ideas and wi l l  assist  other groups when 

they are struggl ing  with the workload.  

Head Administrator: Rebecca Beasley  

Rebecca wil l  be responsible for  general  administration tasks including meeting 

minutes and ensuring attendance at project meetings.  

Alliance Administrator: Michael Gill  

Michael  has been assigned the role of  looking after  the al l iance group which 

provides a forum for  announcements and discussion and a col lection point for  

project resources.  

Editor: Charlie Boettcher  

Charl ie wi l l  be responsible  for designing a template for our reports and documents 

to adhere to. He, along with others,  wil l  conduct  the f inal  edit  ensuring the f inal 

deliverable is  coherent,  professional and meets the requirements of the project  

scope.  

21.1.3.  Personnel Communication Matrix  

The following project  team matrix is  a diagrammatic repre sentation of how the 

various teams within the project wil l  interact with each other.  Notice that the 

Technical  Manager sits among al l  design teams and wil l  contr ibute and faci l itate  

interaction between them. The Project Manager has responsibil ity of bringi ng the 

whole project together and as such, al l  disc ipl ines sit  within the Project Manger’s  

scope.  
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Figure 43: Martian Designs Project Team Communication Matrix 

21.1.4.  Work Breakdown Structure  

The following product based simple work breakdown structure demonstrates  

what each stage of the project consists of and what level of  design team 

personnel are responsible for  each section.  
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Figure 44: Project Work Breakdown Structure 


