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Overview

* Work to date has included simulations for mass
balance using data from various sources.
Papers in AIAA conferences, and informal
sources.

e Focus Here:

e Space Farms 101

 Pseudo Ecosystem Dynamics

« Space Farm Stage Elements inlcuding Bioreactors
» Bioreactor Notes and Dynamics

Further Work
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Space Farm 101

* The Closer a Space Farm and Habitat together
emulate an ecosystem, the more efficient it will
be.

Four Stage Types in this farm concept:

« Hydroponic: Grains, Legumes, Vegitables, Fruits

e Aquatic: Fish, Shrimp, Molluscs, other Crustaceans
e Yeast-Bacteria Reactor: Film and Tank Bioreactor

« Algae Reactor: High efficiency algae growth reactor

Driving Question: What combinations of species,
meet the nutritional needs of the habitat, AND
recycle gasses and water for mass balance,
especially Nitrogen balance?
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An Earth Farm Example Pseudo Ecosystem

Sun and
fuels provide KEY
energy Omnivorous <@—Bjomass
SULEL, =< <&— Oxygen
(Habitat) :
harvest [ Herbivores <a— Carbon
Dioxide

Decomposers

(Anaerobic
and Aerobic,

in soil and bottom)

e

(Algaes)

Photosynthetic
(Plants)dpg
-' _.f'd' FLAL :;. -';; a7

Air, pipes, and soil cycle water and
gases between organisms

© 2016 Bryce L. Meyer



Mass Balance in Photosynthetic

Organisms (i.e. Algae and Hydroponics)
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Mass Balance in Aerobic Organisms
(i.e. Yeast-Bacteria Reactor in Aerobic Mode, and Aquatics)
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Mass Balance in Anerobic Metabolism
(i.e. Yeast-Bacteria Reactor in Anerobic Mode)
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Overall System Balance at Steady
State
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Replicating the Ecosystem:
Plants and Animals Stage Types

High Density Raceways or Tanks Aquatic or Terrarium
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Q% from hydroponic components and
Herbivores . from Algae Reactor. Yeast-Bacterial
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some scenarios. Liquid excretes
} (urea, ammonia) go to Algae
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Solids go to the Yeast-Bacteria
reactor. Crop inedibles to Yeast-
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Replicating the Ecosystem:
Bioreactor Stages
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Liquid and
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=
Habitat

Even for 100 people, the O
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the Habitat output is small
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Aquatic Stage Basics

recirculation loop ﬂ

Yup, I'mthe infamous f
‘Jumping Asian Carp’ /
lighting

5 A e W—
tank : = > %

Fro ump* P
e o

Stage

]
raceway current

Fish orient to light (up) and current  50kg fish/m? To |
(forward), even in low gravity. This  [Pena 2005] SE;.“QE““”'“

raceway would be an ovoid tube
with air infusers in O g.

Multiple raceways for juvenilles and
Breeders © 2016 Bryce L. Meyer

13



Hydroponic Stage Basics
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Graft Hydroponics and Vine Hydroponics

Graft Hydroponics:
Fruiting Branches with
minimal photosynthetic
leaves, and a scaffold,
directly attached to a
hydroponic substrate tube

C

Vine Hydroponics:
Vines in Habitat with /\
scaffold and light wall,

hydroponic substrate I =l
; >

tube is part of the gray
water recycling
system.
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Algae Reactor Stage Basics
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balance.

« Clog prevention
«Pulsing Flow will send
algae clumps and oxygen
Into the Aguatic Stage (to
be eaten by shrimp or fish),
along with unused detritus.
*The reactor maximizes the
surface area of algae
exposed to nutrients and
light.
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Sea Weed/Kelp Reactor
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Yeast Bacteria Reactor Stage Basics
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Example Mass Flows, 9 Species

* Using a Monte-Carlo Analysis and a series of near-ideal

assumptions, using 9 species, a series of mass flows from
AlAA-2016-5586 with updates, 100 colonists, by day:

Algae Reactors

Gases

Dry Biomass

Liquids and water in wet biomass
Living Biomass (wet, total) kg

Yeast-Bacterial Reactor

Gases

Dry Biomass

Liquids and water in wet biomass

Living Biomass (wet, total) kg

Net In (kg)

2.83
0.39
90.42
1200

Net In (kg)
913
470

10
2786

Net Out (kg)
2.15
1.87

89.62

cell mass bound to
membranes

Net Out (kg)
993
9

391

includes effuent tank cells
and cells bound to
membranes



Conclusions and Future work

* Continued Mass Flow Analysis

» Construct Algae Protoypes to collect data and
refine design for possible patent.

» Collect and gather data from other hydroponic
efforts to refine sizing and in-situ.
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