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Human Settlement (Habltat)

e« Dietary D|verS|ty IS Key to
- Psychological Health .

e Space Farms are the core.

. element in a self-sustaining

- (mass-wise) Iong term- .
settlement. |
. Resupply is expenswe

* In-situ if available replaces
~inefficiencies. :

" .« Space Farm takes the
outputs of the Human:

‘Habitat and outputs food,

_clean water, and oxygen.

NSS Space Setttlement MILESTONE 9: Technoleqv for Adequate Self- Sufflelencv

(drinking and in food)

' 1.13kgCo, ﬁ

- 0.61 kg Dry Biomass
72,000 kcal per day pp

. 0.82kg0,”’

2.59 kg H,0

2.66 kg H,0 °

- People leaving Earth with the technology and tools needed to settle, survive and
" prosper without needing constant resupply of survival essentials from Earth
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4 -

0.23 kg solids, etc..

* Lebse'/y via
NASA
Handbook



https://space.nss.org/nss-roadmap-to-space-settlement-3rd-edition-2018-part-1/#milestone09

~ Simplified Biochemistry

Growth+
: Water
| L (more Plant,
| more Algae,
—> Q Q fruit, grain)
R _ Inside the -
T } Plant orAIgae @ @ . ' Inside
R . | | @@ L - . Animal/Fungi
. R o /You

__AQUACULTURE
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Earth Farm Mass Flows




excess food ends Up as solid
wastes

’ MaSS |n and MaSS Out ;l R | Duetothe need to overfeed

e Roughly the same for
'~ many fish species...

e Oncethe growth (mass
. accumulated/day/kg
live animal) curve
‘slopes off, time for f_.
harvest

e For fresh food:
* Continuous harvest

1kg of living fish mass
(Multiplé fish) - |

Retainéd in
. means keeping a Ry |
stream of growth- - growth: wet mass:
classes-an breeders 6g/day avg.
3 | (78% water)

I . N . . L.
, Animals accumulate - General rule for raceways 50 kg fish

‘mass by adding dry - Freshwater has NO 8% salts andf per cubic meter of water at harvest
biomass mass + water, - -minerals ~(REF 2) . Some fish can be densér
cubic based on volume ~(ie. 8'grams per 1 kg water) |
(mass) - _ (African catfish up to 5x as dense [REFf

Saltwater has 2.8-3.5% salts and 18])...a research area?

minerals per 1 kg | Energy < 1kW/day/I|ve kg
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Space Farm I\/Iass Flows

In Space, all mass should be conserved and m|n|m|zed

‘ Humans Food+ Oxygen + Water 9 Water + Wastes (w/CeIIquse)+C02
Animals: (Plant Wastes + Algae + other Wastes) +Oxygen > Water + CO2 + Wastes (w/CeIIquse)
Plants and Algae: Energy +CO2+H20 + Nutrients = Cellulose and Foods ( | -

" Human + Other Ammal WENCHE S ET Wastes +Energy + Water + 02 > Nutrlents + COZ + Water

Yeast-

Bacteria
Reactor
Stage

Algae
Could be replaced Reactor
by chemical cycles,
combustion,
biocarbon, etc.
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_Fruit,
grains, -
reens

Fish,
Shrimp

Plant Waste
(parts of
plants people
don't eat)

" Spaée Farm + H'a;bitat = Closed Mass Cycle Ecology.

Clean
"Water

Dirty Water

Clean Water System :
. Dirty Water System

¢ Clean
east- Water
Bacteria Y.

Nutrient X
Reactor § Water >
Stage i ' -
Nutrien

Wat Algae
ater Reactor




V|rtuous F\ow PI”‘Otedioreactorsf,
Hydropomcs +Aquatics -~ "

. Near Mature. Space Farm: Core Mass flow between Photobloreactor- !
s Aquatlc Stage Hydroponlcs . PIantWaste (Trimmings, Leftovers)

Photo- ‘ e . I.Dertially

bioreactor . | Oxygenated
' = - | . Water
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‘, B Aq ua cu Ituﬁre | 101

e Aquaculture IS the creatlon ofan. art|f|C|aI enV|ronment to maX|m|ze the
- growth and productlon of aquatlc organlsms for food. .

- - ¢ Invertebrates .
-~ * Fish.
X Complex PIants Kelp, EIod|a etc.

» Two major types: Monoculture and PoncuIture
" . e 'Monoculture: One Species in each tank :
. Polyculture Multlple Species in Each Tank, |ncIud|ng snails, algae etc.

i Two major Archltectures Raceway and Round Tank
* Zero-g: Tube and Sphere... , ‘ .

- o Unlike pIants for many fish and shrlmp, the entire organlsm IS edlble with
some processmg |

) | . Slmple cycIe F|sh tank water to Hydroponlc roots to algae tank to flsh
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.--What IS the roIe of Aquaculture in Space
j-SettIements and Exploratron? '

. Anlmals add proteln and dletary (menu) dlver5|ty

e Aquatlc Animals balance the CO2- 02-Water and Nutrlent cycles to
" ‘compliment pIants and algae components of a space farm.
o People do not exhale enough CO2 to feed themselves.

- » Waste water can be directly circulated through hydronic beds or algae tanks
to improve photosynthetic production (i.e..aquaponics) -
. Aquatlc animals partlaIIy break down plant wastes

" 'Fish and shrlmp mechamcally digest materlal leaving wastes that are easily dlgested by
bacteria in vats or bioreactors. ,

e With more processing animal or human wastes can be fed to some organisms, especially
if wastes are fermented and oxygenated first. | .

: . W|th aquaculture the ERS cycle becomes more eff|C|ent
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- Aquaculture Technologies

Water out

'N_ot'e:'SOme. species will
require dividersto = -
prevent aggression
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I\/Iachmery for Tanks

. nghts to orlent anrmals
- ® Pumps to reC|rcuIate water

L. Separators to catch WEREE (comblned W|th Reverse OSMOsis fllters) Filters to
- protect pumps - | B -

¢'Gas separators to extract excess COZ in Iarge stages
. Oxygen |nJector columns with air pumps |
- ThermaI contrel (heat rejectlon) coils, fins, pumps

e Fans above tanks to C|rculate air, ‘with dehumldlflers to prevent mold in tank
area. | . | -

e Feeders to automatlcally feed animals
e UV ster|I|zers to prevent contamlnatlon

. e Sensor arrays and control system to opt|m|ze temperature and chemlstry of
- water, and monltor animal health .

@2019By L. Meyer



- -

: Machin e'ry f‘o_’r' Tan ks (C‘oht' i:-n'Ue_d')f

-
-
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Candidate Species (Rough Data)
S e

Species Days to Harvest Days to Breeding Feed

Tilapia 0.300
Silver Carp
§\?\F\ Freshwater Prawns
\‘\\' ‘ —
%“ ) White Shrimp
\~

Pacu

Rainbow Trout
Red Claw Crayfish
Channel Catfish
Common Carp
African Catfish

Grass Carp

Clam(Ruditapes)
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algae, plant wastes,
animal wastes

algae, plant wastes

algae, plant wastes,
animal wastes

algae, plant wastes,
animal wastes

plant wastes, animal
wastes

animal products and

soy feeds

algae, plant wastes,
animal wastes

algae, plant wastes,
animal products, soy

algae, plant wastes,
animal products, soy

algae, plant wastes,
animal products, soy

algae, plant wastes,
animal products, soy

algae, dissolved
wastes

Species Selection favors fast -
growing, schooling species, that
can thrive on algae and-plant
wastes ' :

-



Polycultu re.

. Even a smgle speC|es tank should be seeded W|th
~ algaeand bacterla to balance the blochemlstry of
thetank - J u u
. Roughened S|de walls, gravel bottom
e Snails and |sopods/amph|pods clean tanks |
© ‘e Daphnia cIean water and provide extra food to anlmals -

e Addmg a‘section with Elodia or similar can- pre-
clean water before reC|rcuIat|on and reduce filter
cleanmg -

* Two or-more food crops can mcrease product|V|ty
* Plants and fish . |
e Multiple fish: 2% S|Iver Carp, _Common Carp, Grass Carp-- ‘

. ¢ Fish and Iarge invertebrates e. g. tilapiaand cIams silver
carp and tllapla etc. - -
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~ Energy Consumption

- * Pumps to recirculate water and
- power separators is the Iargest
" ‘energy requirement |
- (~1kW/day/living kg)
S Ass-umeé_i 25kg fish or shrimp per
- cubic.meter water, or half-level at
- harvest.. worst case.

. Heat REJECtIOH nghtlng very
- much less consuming then pumps "
but essentlal "
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- Si Zing 2 nd.Initial Mass

o Imtlal Mass

« Plan for initial crop size based on compIeX|ty of overaII space farm.

_» Worst case estimates: about 80kg of. water 0.17 m3 per settler for a 2kg I|V|-ng fish (harvest of
= 500g every 180 days).

~ ¢ For a.100 person settlement, a mature three species aquaculture portlon (with full baiancmg

- hydroponic, bioreactor stages) (silver carp, tilapia, shrimp) was estimated at {WORST CASE)
~9.44 -cubic meters volume, ~4.58 mt water per settler:

-_ Much smaller. footprlnts however would work.

Volume antprlnt*
Species Stag e T pe n13 he::tares

o w.-
| ——a
‘ _m——ﬂ
totAL. | @ 944) 67506 456795 @ 0.02

— f-
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‘\\

| CONCLUSION @ s

. Aquaculture adds a key stage to a complete space farm
- Provides dietary d|ver5|ty and helps close the mass [e]o]e} even |f not eaten

e Core technologles include raceways and tanks

L Some species are better then others: -
. chk growth and mass accumulation
e Can eat algae, plant wastes, and wastes from other foods
. ToIerant of varying chemical condltlons and temperatures
» Can be crowded tlghtly

‘e Best to marry to the right crops in hydropomcs and espeC|aIIy to
photobloreactors . | - |
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Thank You for Comlng'
~ Andremember: |
Why do we settle space? '

QTr'iI'I‘iO'ns_Of Happy, S‘m'ili'n'g'Babies! -
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http://www.fao.org/fishery/affris/species-profiles/nile-tilapia/growth/en/
http://www.fao.org/docrep/field/007/af011e/AF011E10.HTM
http://www.fao.org/docrep/005/W5268E/W5268E00.htm
http://www.fao.org/docrep/005/W5268E/W5268E09.htm
http://www.fao.org/3/y4100e/y4100e09.htm
https://extension2.missouri.edu/g9471
http://www.biomin.net/en/videos/sustainable-shrimp-farming-high-density-biofloc-dominated-no-water-exchange-systems/
http://www.fao.org/docrep/field/003/ac210e/AC210E08.htm
https://extension.purdue.edu/extmedia/EC/EC-797-W.pdf
http://www.fao.org/fishery/affris/species-profiles/rainbow-trout/growth/en/
https://www.seagrant.umaine.edu/aquaculture/resources-for-shellfish-growers/species/mussel
https://thefishsite.com/articles/cultured-aquatic-species-red-claw-crayfish
https://fisheries.tamu.edu/pond-management/species/channel-catfish/
https://fisheries.tamu.edu/aquaculture/catfish/
http://www.ksuaquaculture.org/Species/Carp,Common.htm
https://onlinelibrary.wiley.com/doi/abs/10.1002/9781119120759.ch2_1
https://ec.europa.eu/fisheries/cfp/aquaculture/species_en
https://www.mdpi.com/2071-1050/10/6/1805/pdf
http://www.fisheriessciences.com/fisheries-aqua/comparative-study-of-growth-performance-and-survival-of-african-catfish-clarias-gariepinus-burchell-1822-fry-in-indoor-and-outdoor.php?aid=8213
http://www.bioline.org.br/pdf?ja09004
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5585874/
http://www.fao.org/fileadmin/user.../fisheries/docs/The_Value_Chain_of_African_Catfish.ppt
http://www.fao.org/3/a-ak505e.pdf
https://vtechworks.lib.vt.edu/handle/10919/36593
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