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This paper explores the feasibility of  A HYBRID RIGID/INFLATABLE LAB MODULE,based on 

the Cygnus spacecraft by Northrop Grumman Space Systems and Thales AleniaSpace.

This expandable module would host an experimental greenhouse for plants, microalgaeõs 

photo-bioreactors, and the necessary BLSS hardware, adding capability to the ECLSS of 

the station. 

Its scope is to evaluate the capability of carbon sequestration, OXYGEN REGENERATION, 

HUMIDITY CONDENSATION, WASTE PROCESSING, WASTEWATER RECYCLING AND FOOD 

PRODUCTIONof the BLSS in conditions of microgravity. 

Furthermore, it increases the habitable volume and introduces an element of TANGIBLE 

NATURAL BOND WITH THE HOME PLANETfor crewõs psychological support. 

ABSTRACT
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The concept at its basis is the integration of bio-

regenerative lifecyclesto be paired with the life 

support systemsinstalled onboard of DSTVs or orbital 

facilities, like the International Space Station [ISS], the 

Cislunar Gateway station, orfuture Commercial Orbital 

stations. 

CONCEPT
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Themainpurposeofthelabmoduleisto

test in extendedreal conditionsthe

potentialcapabilityofbiologicalsystems

to improveair andwaterregeneration,

waste/wastewaterrecycling, andfood

productiononboarda spacecraftwith

limitedor no opportunityfor resupply

fromexternalresources.

PURPOSE 
WATER PRODUCTION FOOD PRODUCTION OXYGEN REGENERATION

REDUCE

WASTE /WATER RECYCLE CO2 SEQUESTRATIONWATER REGENERATION 

REUSE RECYCLE
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MODULE OVERVIEW
Inourstudy,theoriginalClassI structureofthemodulehasbeenmodifiedintoa

hybridrigid/inflatableClassII module, keepingthesamedimensionsoncein

closedconfigurationatlaunchwithaninternalvolumeof27m3.

FollowingthesameminimalistdesignphilosophyoftheoriginalCygnusproject,

thestudyevidencedthemodularadaptabilityofthisspacecraft.

Thepressurizedmodulewillbeequippedwithaservicemodule[SM]forpower

andpropulsion,similarlytoCygnuscargospacecraft,

Powergenerationisprovidedbytwogalliumarsenidesolararraysextendedto

fourmoduleseach,insteadofthetwoUltraflexarraysinstalledinlatestCygnus

toavoidgeometricinterferencewiththeinflatableshell.

Oncedockedtothestation,theSMwillprovideadditionalpowertogreenhouseõs

systems,andcouldbeusedasathrusterfororbitalmaneuverabilityandbackup

energysourceincaseofanemergency
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CYGNUS RIGID/INFLATABLE BLSS MODULE

ÅLaunch Mass [estimated]: 7700 kg 

ÅInternal Volume:27.16 m3 [closed configuration]

222.64 m3 [deployed configuration] 
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1 RIGID SECTION 
ÅPressurized Volume: 11.78 m3 

ÅLife Support System [BLSS] 

Å Internal Thermal Control Systems & Radiators 

ÅWater Recovery 

ÅWaste & Wastewater Management 

ÅDocking System 

2INFLATABLESECTION
ÅVolume: 15.38 m3 [closed, unpressurized], 

Å195.48 m3 [deployed, pressurized] 

ÅGreenhouse Racks 

ÅGreenhouse Centrifuge

ÅPhoto-bioreactors 

ÅPhotosynthetic Lighting System 

3 SERVICE MODULE 
ÅElectrical Power System [PV Panels] 

ÅCommunications Systems 

ÅRCS and Attitude/Trajectory Control 

ÅPropulsion System 

ÅThermal Control C
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SPACE X FAIRING - [mage by SpaceX] CLOSED CONFIGURATION PLACED IN THE SPACE X FAIRING 

OPEN CONFIGURATION AND INFLATABLE DEPLOYED
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TRANVERSAL SECTION. 
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This configuration offers an optimal 

degree of adaptability: racks can be 

easily removed and changed depending 

on the mission and the specific function 

assigned to the module. 

The configuration proposed shows the 

adoption of four double-face foldable 

racks for aeroponic system and 

microalgaeõs photo-bioreactors, with 

LED lighting panels in between, 

providing the necessary amount of light 

to activate the biosynthesis process.
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