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Overview

● What is a (Recycling) Space Farm?
● Principles

● Stages in this farm
● Equipment
● Relationship to Earth ecosystems

● Possible Counts and Results
● Menus and Recipes
● Conclusion/Future Work



  

Introduction: Earth Farm as 
Ecosystem
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What is a (Recycling) Space Farm?
Space Farm: A farm in space that at a minimum recycles the 
outputs of a human habitat into foods, oxygen, and clean 
water

Space Farm

Energy

Habitat
  

Dirty Water with wastes 
(feces, urine, etc.)

CO
2

Food

Oxygen

Clean water

Future space farms may use local or supplied mass to produce 
excess foods for resturants and other settlements

Mass into 
the Space 
farm =
Mass out of 
the Space 
Farm 



  

People
● Assume 100 Average Adults, static to start with

● Will need to adjust mass balance for children, 
pregnant women, and older people. More mass and 
different populations of biomass in the farm will be 
needed for increasing populations. 

● Assumed: sum of the food provided to the habitat must 
have on average per day per person:
● 2,000 kcal
● US RDA levels of protien, fat, carbohydrates, and fiber
● 5 kg of water in food and to drink (most food contains 

lots of water fyi.)
● ~0.6 kg Oxygen 



  

Principles
● The farm is organized into stages, each stage recirculates, and 

keeps optimal conditions for the organisms in the stage.

● Energy is readily available

● Only what is needed in the stage is added, and only what is 
produced excess is released.

● Staggered harvest: Year-round harvest, with plants and 
organisms of varying age offset to allow continuous supply.

● Inital grow-out for first harvest: 1 year for all but algae and yeast. 
Boring menu for the first year!

● Mass Balance: Ideally the farm is built to recycle all mass, to 
minimize resupply.

● In-situ materials and water to construct large farms

● In situ or resupply for some spices, and to supply excess mass to 
produce export crops



  

Stages in the Space Farm
● Algae Bioreactors: Produce Algae, capture carbon 

from CO
2
 (producing O

2
) and utilize Urea in high 

density reactors

● Hydroponic: Growth of vascular plants for food, and to 
consume CO

2
 (producing O

2
) 

● Yeast/Bacteria Bioreactor: High density set of bacteria 
and yeast membrane reactors. Produce CO

2
 and 

water, and use excess oxygen. Can be used in build-
out produce yeast for food. Balances biochemistry in 
farm.

●  Aquatic: Produce foods.  Converts oxygen, algae, and 
waste plant material into food and CO

2
.



  

Equipment



  

More Equipment



  

Algae Bioreactor



  

Yeast Bacteria Bioreactor Stage

Note: Yeast-Bacteria reactor could be tuned to anerobically produce alcohol for consumption :0)
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Aquatic Stage 

Fish orient to light (up) and current (forward), even in low 
gravity.  This raceway would be an ovoid tube in 0 g.
Multiple raceways for juvenilles and breeders add 100% 
to size.



© 2017 Bryce L. Meyer15

Lighting is distributed, not just overhead, via light tubes and light shapes.
Sections can be stacked to minimize footprint.
 Atmosphere is carbon dioxide heavy (>1.5%), tending by humans in masks or robots. Rootbed is 
oxygen infused to facilitate nutrient uptake.

Hydroponic Stage



  

How Many? How Much?
● Assuming 9 species, ~Monte Carlo model, 130K runs

Stage SPECIES Scientific Name live kg height
Hydroponic Rice Oryza sp. (hybrids) 200 3 333 0.03 0.29 10

Hydroponic Tomato 200 3 400 0.04 0.23 150
Hydroponic Soybeans Glycine max (hybrids) 19,300 3 24,125 2.41 24.19 390

Algae Reactor Chlorophyta Chlorophyta sp. 500 3 7 0.00067 0.59 510
Algae Reactor Spirulina Spirulina sp. 500 3 7 0.00067 0.54 290
Algae Reactor Kelp Macrocystis sp. 200 3 13 0.00133 0.23 40

Aquatic Silver Carp 7,100 2 118 0.012 10.34 190
Aquatic Tilapia Oreochromis sp. 2,500 2 42 0.004 27.53 150

Aquatic Shrimp 38,500 2 642 0.064 96.51 800

Yeast-Bacteria Reactor 2,430 3 32 0.00324 2.55

extra equipment 3 771.57 0.0772 1.63

TOTAL  26,491 2.649 165 2530
acres: 6.55

Footprint (m2)
Footprint 
(hectares)

Total 1 year 
initial supply In 
situ or shipped 

(metric tons)

g of food per 
person per 

day (raw wet 
mass)

Solanum lycopersicum 
(hybrids)

Hypophthalmichthys 
molitrix

Litopenaeus sp. Or 
Macrobrachum sp.

Yeast-
Bacteria 
Reactor

Many species on film 
and in tanks

(see AIAA 2016-5586 and further calcs)



  



  

Average Diet per Day 
(wet mass, would cook down before ingesting)
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Food by Mass per person per day
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1.30%1.31%

38.19%

0.94%

3.75% 0.86% 12.35%

7.33%

33.96%

Food % by kcal average

Rice

Tomato

Soybeans

Chlorophyta

Spirulina

Kelp

Silver Carp

Tilapia

Shrimp

Many other solutions are possible with these species. This is just one that 
fit criteria (nutritionally complete, fully recycling +/-500kg/yr).



  

Herbs and Spices?
● Herbs and Spices can also be grown in habitat 

as ornamental plants, because they smell good, 
recycle carbon dioxide, and can use grey water.

● In Habitat grown potted plants, or as hydroponic 
crops:

● Unfortunately some common items are more 
difficult, requiring recipe adaptation:

● Olives

● Cinnamon

● Pepper

● Cocoa

● Sage
● Basil
● Mint
● Oregano

● Saffron
● Ginger
● Tumeric
● Corriander

● Thyme
● Chive
● Rosemary
● Cumin

● Paprika
● Fennel
● Mustard
● HOPS!<<<<

●Nutmeg



  

Other Adaptations
● Given Soybeans, soy oil is the cooking oil
● Salt can be extracted from the nutrient cycles, 

or mined (it will have to be part of initial supply)
● Yeast extracts are available from the Yeast-

Bacteria Reactor.
● Sugar/Sweetener can be concentrated from 

rice.
● Fish sauce can be made from tilapia leftovers 

and yeasts.
● Rice can be fermented to make vinegar. 



  

Today's Space Menu
● Fried Shrimp with kelp salad, spiced with a mix of tumeric, 

thyme, etc.

● pseudo-Curry Shrimp and soy noodles

● Baked Fish with fennel and sage, and tomato/kelp salad 
with yeast flavoring.

● Tofu soup with kelp and algae power

● Other Sides: Spiced Soy-Rice Noodles, Edamame, 
Steamed Rice, Soy-Cheese Analog

● Drinks: Water, tomato juice, saki, beer, rice pseudo-
Mexican horchata (no cinnamon :0( ), algae juice.

● Dessert: Rice Flour Ginger Muffins

Will Improve as I add species!Will Improve as I add species!



  

Conclusions
● Space Farms are more than hydroponics!
● Future farms will likely be used to supply other 

stations, so will be input to output farms, 
species picked for price.

● Zero g farms have other considerations, but this 
farm would work even in microgravity, with 
some adaptations

● This is just beginning work!
● Scale Physical Models
● Increased fidelity in metabolic models
● Far more species in AIAA SPACE 2017 paper.
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Space farm concepts typically balance 
mass at a course level, but omit the 
devices and species that will be needed 
for air, food, and water for colonists.  They 
also should show the nutrition of the 
humans, the menus that emerge, and the 
populations and sizes of vegetable, algae, 
and animal species.  This presentation fills 
in these gaps using a software model and 
various designs, shows possible meals 
that may emerge given complex 
combinations of species, and shows 
population sizes, concept layout, and 
footprint.

11:25 - 11:45 Space Farm Meyer abstract
Saturday 27 May



  

What Does a Person Need?

Human inputs per person %% by mass kg mass

kg/person/day C O H N C O H N
Lipids+Cholesterol 0.0703 83.87% 4.14% 11.99% 0.00% 0.059 0.003 0.008 0.000
Carbohydrates 0.3240 42.11% 51.41% 6.48% 0.00% 0.136 0.167 0.021 0.000

Cellulose (Fiber) 0.0250 44.45% 49.34% 6.22% 0.00% 0.011 0.012 0.002 0.000
Proteins 0.0500 45.28% 30.11% 7.20% 14.88% 0.023 0.015 0.004 0.007

NET Oxygen in** 0.5900 0 100.00% 0 0 0.000 0.590 0.000 0.000

Water in* 5.0000 0.00% 88.81% 11.19% 0.00% 0.000 4.441 0.559 0.000

NET INPUT 6.059 0.229 5.227 0.594 0.007

6.034 0.22 5.22 0.59 0.01

0.034 0.008 0.007 0.011 0.007

Carbon Dioxide 0.811 27.29% 72.71% 0.00% 0.00% 0.221 0.590 0.000 0.000
Water out 5.214 0.00% 88.81% 11.19% 0.00% 0.000 4.631 0.583 0.000

NET OUTPUT 6.059 0.229 5.227 0.594 0.007
* = Includes water in wet biomass from foods, assumes 3 liters drink, and 2 liters in food
** = NET Oxygen in is Oxygen inhaled – minus Oxygen exhaled

Nutrient (Dry Biomass 
in)

USABLE INPUT (i.e. 
Input -cellulose)

Excrete ( Dry Biomass 
out)

NASA guidance3, and US Recommended Daily Allowance for a 2,000 kcal diet4

Inputs per person per day: 5kg Water in food and drink, 0.59 kg Oxygen, and at least .07 kg 
Fats, 0.32 Carbohydrates, 0.025 kg Fiber, 0.05 kg Proteins, and 2,000 kcal.

Outputs per person per day: 0.034 kg Dry biomass (Excreted), 0.81 kg CO
2
, 5.2 kg Water

From 
AIAA-
2016-5586



  

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 
AIAA-2016-5586 with updates, 100 colonists, by day:

Algae Reactors Net In (kg) Net Out (kg)

Gases 2.83 2.15

Dry Biomass 0.39 1.87

Liquids and water in wet biomass 90.42 89.62

Living Biomass (wet, total) kg 1200 cell mass bound to 
membranes

Yeast-Bacterial Reactor Net In (kg) Net Out (kg)

Gases 913 993

Dry Biomass 470 9

Liquids and water in wet biomass 10 391

Living Biomass (wet, total) kg 2786 includes effuent tank cells 
and cells bound to 
membranes



  

Species Examined
SPECIES Scientific Name Dietary Source Metabolic Sources Assumptions

Rice Oryza sp. (hybrids)

Tomato 1,24,25,26

Soybeans Glycine max (hybrids) 13,14,15

Chlorophyta Chlorophyta sp. 28,29,30,31,32

Spirulina Spirulina sp. 22

Kelp Macrocystis sp. 21

Silver Carp 16

Tilapia Oreochromis sp. 17,18

Shrimp 19,20,21

Yeast-Bacteria Reactor 27

 USDA NDD #200887 8,9,10,11,12

 Efficiency is equal or greater than field 
production, entire plant is harvested, 

including roots.  Planting and growth is 
staggerd for continuous production

Solanum 
lycopersicum 

(hybrids)  USDA NDD #115297
Plants are picked for fruit, and trimmed to 

stay the same size continuously 

 USDA NDD #114507

 Efficiency is equal or greater than field 
production, entire plant is harvested, 

including roots.  Planting and growth is 
staggerd for continuous production

Ref 30, Nutrtion facts, 
compared to Ref 29

Doubled biomass is consumed as edible 
biomass by humans or animals

 USDA NDD #116667

Doubled biomass is consumed as edible 
biomass by humans or animals

 USDA NDD #114457
All plant is edible. Growth is continuously 

trimmed to provide edible biomass

Hypophthalmichthys 
molitrix  USDA NDD #150087

Entire mature organism is consumed.  
Breeders and small juvenilles are a very 

small mass relative to crop.  Crop is 
staggered to allow continuous harvest and 

replacement.

 USDA NDD #152617

Entire mature organism is consumed.  
Breeders and small juvenilles are a very 

small mass relative to crop.  Crop is 
staggered to allow continuous harvest and 

replacement.

Litopenaeus sp. Or 
Macrobrachum sp.  USDA NDD #152707

Entire mature organism is consumed.  
Breeders and small juvenilles are a very 

small mass relative to crop.  Crop is 
staggered to allow continuous harvest and 
replacement. Growth is at least as good as 

pond rearing.

Many species on film 
and in tanks  USDA NDD #183757

Excretes produced only from protein aerobic 
or anerobic respiration, edible biomass only 
produced as needed if the system is lacking 

biomass

From AIAA-
2016-5586
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