O
‘ *
)
g

V.‘i
.' . %

B 0SS - BIOLOGICAL INTENSIVE OXYGEN AND SUSTENANCE SYSTEM

Thomas Lagarde Graduate student Master thesis 2018



Omega Garden™
Hydroponics Design

iouston OICON ¢

Sasakawa International

Center for Space Architecture
CULLEN COLLEGE of ENGINEERING Cullen College of Engineening

University of Houston /m N\
Roto-Gro” FULLY AUTOMATED GARDEN SYSTEMS

L

N7

-] e

MEL|SSA
-’




- S

Experiment Containe Rotor Based Life Support System
(EC) Interface (RBLSS)

BIOS-3 Closed Ecological Life MELISSA European Modular Advanced Plant Habitat

Support Cultivation System
Institute of Biophysics in Systems - Kennedy NASA-Sierra Nevada European Space Agency NASA-Sierra Nevada
Krasnoyarsk Space Center
1965-1972 1989-1993 1989-ongoing 2006-ongoing 2013-ongoing

PRECEDENTS AND ONGOING EXPERIMENTS



-
:
. : v. )
P T ) .
., i

Rice Arabidopsis

Plants don’t grow well without
gravity forces

Worms behave well and reproduce
normally in microgravity

FACTS

Increased gravitropism promotes
plant growth and health

Inflatables habitats have been
tested and are being used

The rotating garden technology is
well-established
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Example Applications:

WIND TURBINES AVIATION AUTOMATION FORESTRY HARVESTING
MACHINERY

Wireless electricity transmitting is
possible and is being used

, y Ss d _ _ _
[ LIGHT INTENSITY ‘ D e i ifi h

/
(IN LUMENS) \ / \\\1 8 (0.3 m) from source The light ill S . ; full ilized. To illustrat
DECREASES | 1 Lumen / N candte por 12 (008 m?) e light illuminating from a source is not fully utilized. - To illustrate, one
; candle actually puts out a total of 12.5 lumens in all directions, but
_OVER DISTANCE /

only one of those twelve lumens actually falls onto a square foot of paper
held one foot away from the candle. Thus, there is only *1 lumen™ on the
paper, and the other 11.5 lumens are shooting into space (see sketch beow).

LUMENS LUMENS
* NOTICE HOW LUMENS DECREASE WITH DISTANCE =

Having plants around a central
light source is more efficient

PD18 - Packaged for
18” wheel

Brake Disk

Bell & Seal
Housing

Integrated Power &
Control Electronics

' | - Wheel Bearing
70 r ) System
Brake Caliper . l:,' . ) -
Capacitor \ PN 1/
Ring A’
Single-tooth Cast
Stator

Outer Rotor

Motor, power electronics, control

and brake in a single package Conventional
Wheel

Self-contained in-wheel motors
are used in the car industry

UNLESS OTHERWISE NOTED, METERS WILL BE USED FOR DIMENSIONS



Waste Gas

Acoushic

Monitor

Microal
Monitor

(Water &

. Waste
Water

Courtesy of NASA - Molly Anderson

Changes in the loop

ACTUAL ISS ECLSS AND AREAS OF CHANGES



Regenerative Storage
Cycle e
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80% of nutrient
requirements

Temperature

and humidity

control unit Inedible parts
of the plants

\CJ

Microwaved

Compost
Atmopshere
Regeneration
50 % of the plant (C6H.,06 + 60,) Perspiration by the water is
is edible the rest goes to the worms recycled and brought back to Humans = C,H,,0,+6 0, —6CO,+6 H,0

as grinded organic material the plant |

Plants = (6 CO, + 12H,0 - CH_ 06 +6 0O, +6H0)X2=12C0O,+24H0 —>2CH, O, +120,+12H0

g 1276

‘%

Worms =C H. O +602—>6C02+6H2O

6 12 B

NEW CYCLES
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SPACE OPTIMIZATION

Courtesy of MIRAI

8.04 m?

3.65

2.02
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0.67 m?

Courtesy of AeroGarden
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INSTALLATION PLANTING GROWING AND HARVESTING AND | CLEAN UP AND SEEDS TRANSFER
COMPOSTING PREPARATION MAINTENANCE AND TESTING

Roots extraction and
separation of edible

Routine check on plants
growth

Microwave processing of | Transfer of germinated
vermicast seeds in planters

ACTIONS Unpacking Planting of first
Mounting germinated seeds

Dry-run

Routine transfer of biomass

oraghic waste bags and Shredding of first
monitoring of worms non-edible mass

Germination of new seeds | Preservationof wormeggs | Burning of used vermicast

Preservation of seeds

Testing Transfert of first
Fixing organic bags
Calibrating

Washing of compost bags | Replenishment of growing
medium with compost

Test of rotating garden

EQUIPMENT General tools Plant container Sensors Gardening tools Clean-up machine Gardening tools
Power tools Base growing medium Compost bags Shredding machine Microwave machine Gloves

Sensors Germination machine Cold storage Gloves Sensors
Motors Compost bags Furnace Motors

15 hours/ month/ crew 15 hours/ month/ crew 15 hours/ month/ crew

DURATION 1 hour per rotating garden 3 hours/ crew 3 hours/ month/ crew
3 hours for bigger
centrifuge

Greenhouse module

Greenhouse module Greenhouse module

Storage module

Greenhouse module
Waste compartment

Germination machine
Growing areas
Compost machines
Waste amangement area

LOCATION All areas

DURATION

4 days

3 days

4 days

- 25 days for the compost to be ready

- 25 days for the first plant to grow

- A new cycle can begin

- Total required time for one crew - 43h/ month

SCHEDULE FOR FIRST HARVESTING CYCLE



SMALLEST UNIT - PLANTER

Planter structure

Growing medium:
-vermiculite

-perlite

-peat moss

-17% vermicompost
-green sand

-rock phosphate

Wick mesh made of
nylon

0.09

0.08

0.07

0.01

0.03




Removable planters

Removable tray x 14

OLED based multi-
angle light

Slow motor and coil for
wireless power

Primary structure

@0.61 0.03+] 0.08+ 0.05
.3 /
. -0.27 - o 0.01 \ A\ v S I

Quantity (cup)  Weight (g) Calories  Protein (g)  Fat(g)  Carbs(g) Time togrow (days) Height (cm)
61 390

Goal 2200 56

Lentil 1 198 230 18 0.8 40 90 40
Green pea 1 145|  117.45 8 0.6 21 68 140
Tomato (1) 1 123 22.14 1.1 0.2 4.8 60 90
Strawberry 1 144 47 1 0.4 11 90 40
Soybeans 2 372 1660 136 74 112 97 91
Kale 1 67 33 2.9 0.6 6 110 30
Khorasan wheat 2 344 502 22 3.2 104 120 70
Red sweet pepper 1 92 28 0.9 0.3 6 119 60
Total | | 1485]  2639.59] 189.9 80.1]  304.8

OGU - OMEGA GARDEN UNIT



- gravity < 0.25G
9 rotations every
1 minutes (9 RPM)

- gravity > 0.25G
1 rotation every
5 minutes (0.2 RPM)

1 rotation every
45 minutes (0.02 RPM)

2 of those units is
enough for 80% of the
nutrient requirements of
one person = 16.08 m?

BOC - BIG OMEGA CENTRIGUE



Omega Garden Unit

Primary structure
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Spring mechanism

Support structure for
placement and motors
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for wireless power

Mist dispenser

Water tray for x>0.259g

Water tank and
pressure tank
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Close up of main assémbly Commercially available lamp Disassembled BOC

BOC - BIG OMEGA CENTRIGUE



The Basics Advanced Settings

Adult worms (starting number) . 3324 Tweak timeline for more natural growth M
Young worms (starting number) B 0 E’Veeklyfeat)h rate — 3
Cocoons (starting number) ' 0 PR ' :
Display Options: Reproduction Rate Presets:
than:tb(;':'aor: :::::0 s :SOI ‘ ' ' @V&R (1987) OD&E (1997) O"GO day doubling™ notion OCustom
v | | Days for each Adult to lay cocoon ' 29 days
2:23 I\:\(fjour:in n Days for "Wormling” to reach Adult ' 50 days
Show Cocoonsg Days before a fresh cocoon hatches ' 23 days
show Worm Weight: Ooff ®metric (kg) Ostandard (Ibs) Baby worms per cocoon ' 2.7  babies
m—— Adults ——- Wormlings -+ Cocoons  ----- kg
200,000 20
150,000 = X"
£ 100,000 P i i 10 o
g /_,/, s , Y,
= o | =
50 000 /// — el o o
0 0
Days
Courtesy of NASA Courtesy of ESA Courtesy of AVANI
The resulting compost will be enough 3324 eisenia fetida worms will 7,680 kg = 0.2725 m? 6 crew members x 128g (median
to fill the 17% of compost requirement process 7,680 kg of feces in 30 days 1worm =0.27 g value for feces produced each day)
for 1176 planters (one BOC) 1 worm can eat half of its weight per day x 10 days = 7,680 kg |
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COMPOST MACHINE



Exhaust fan with
activated charcoal to
block odors

Human waste
container, removed
when the composting
Is done (x=>30 days)

Vermicast and
grinded left-overs from
meals and harvest

4 mm mesh made of
nylon

Vermicast (primary
habitat for worms)

Pusher to compress
and connect the
different layers

Handle for the pusher

Primary structure for the
compost machine

COMPOST MACHINE



o Vermicast Characteristics

Nitrogen
Phosphorous
Sulphur
Potassium
Sodium
Calcium
Magnesium

0.44

— »0.05

Type A biosolid

No smell (after being processed)
Improves water holding
Improves aeration
Improves PH neutralization

- 0.78 -
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COMPOST MACHINE



14.44

- 8.64 _
- 6.86 g
- 333
2.18
;\ - B 7.45 _
.\\ P\ . g)¢
A P &
\ /% '
e N !W’!
@ < S| © <
o w Y
> mae 2, ” Total weight of the system
, T NEP including =
OA 2) BOC (w planters) 440 kg
NG Compost Machine 92 kg
Fans 10 kg
Grinding Machine 15 kg
Furnace 10 kg
Total 5944 kg

TORUS MODULE WITH BIOSS



TORUS MODULE WITH BIOSS
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B330 MODULE WITH BIOSS
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LUNAR ORBITAL PLATFORM-GATEWAY WITH BIOSS MODULE
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IT’'S NEVER OVER

Follow my future updates on

Researchgate.com
Academia.com
spacedecentral.net
Issuu.com

Type Thomas Lagarde "-"'—"—-"""-

Join me for a presentation at IAC 2018

THANK YOU




Past NASA Testing in Closed Systems

Ames Research Center
Closed Chamber System

Purdue
University
Minitrons

Johnson Space Center | Kennedy Spape Center
Variable Pressure Growth Chamber Biomass Production Chamber

APPENDIX

———— |

]

—

N e

. [ ¥ od v e

# oy el
E " :
gl -‘w.?.-nd “3-;’

=

e
‘.—!t.




