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�

Loop Model : Compartment C1
Name : MELiSSA 001 C1 -> C1recycling waste : 0 (variables in some test)

C2 liquid distribution (to C3): 0 and 0,5 if C4b PH : 6
C3 liquid distribution (to C4b): 1 and 0,4 if C4b Temperature : 55 °C
C3 gas distribution (to C4a) : 0 and 0,5 if C4b Pressure : 1 atm

Protein hydrolysis : 0,8
Gas Management Subsystem Fats hydrolysis : 0,8

Gas flow : 8400 kg/day Sugar hydrolysis : 1
O2 fraction : 0,21 Fiber > sugar hydrolysis : 0,1

CO2 fraction : 0 Fiber-N > NH3 hydrolysis : 0,8
Temperature: 20 °C Fiber-S > H2SO4 hydrolysis : 0,8

Pressure: 1 atm Fiber-P > H3PO4 hydrolysis : 0,8
Flow fraction to C3 : 1 Urea hydrolysis : 1

Flow fraction to C4b : 0 Propionate > Acetate Yield : 0
Butyrate > Acetate Yield : 0

Water Management Subsystem : Valerate > Acetate Yield : 0
Water flow : 1000 kg/day Caproate > Acetate Yield : 0

NH3 : 0 kg/day Acetate > methane Yield : 0
H3PO4 : 1 kg/day H2 > methane yield : 0
H2SO4 : 1 kg/day

Flow fraction to C1 : 0,7 Compartment C2
Gas anoxygenic loop recycling : 0,7

Food Management Subsystem : Light : 100 W/m2
Crew number : 3 man PH : 7

Limit fraction of biomass in food : 1 Temperature : 7 °C
Objective fraction of plants in food : 0 or 0,3 if c4b Pressure : 30 atm

Energy Expenditure Rate (avialable from food) : 3200 kCal/man.day Acetate assimilation Yield : 1
EER fraction from proteins : 0,179 Propionate  assimilation Yield : 1

EER fraction form fats : 0,284 Butyrate  assimilation Yield : 1
EER fraction from carbohydrates : 0,537 Valerate  assimilation Yield : 1

Drinking water : 1,5 kg/man.day Caproate  assimilation Yield : 1

Biomass Management Subsystem Compartment C3
Spirulina produced used in food : Variable PH : 8

Rhodobacter produced used in food : Variable Temperature : 30 °C
Remaining biomass sent to C1 : 0 (variables in some test) Pressure : 1 atm

NH3 assimilation Yield : 1
OM management Subsystem NO2  assimilation Yield : 1

fraction recycled to C1 : 0 (variables in some test)
Compartment C4a (version 2)

Light : 50
PH : 11

Temperature : 30
Pressure : 1

HNO3 assimilation Yield : 1
Control HNO3 output : 0

Control residual Sp, in food preparation : 0

Compartment C4b (useless)
Light : 0

PH : 7
Temperature : 30

Pressure : 1
Crop distribution fixed :

crop(1).culture=0.008; % tomato
crop(2).culture=0.291; % potato
crop(3).culture=0.483; % wheat
crop(4).culture=0.161; % rice
crop(5).culture=0.005; % Lettuce
crop(6).culture=0.016; % soybea,
crop(7).culture=0.016; % onions
crop(8).culture=0.016; % spinach �
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MELiSSA Loop Mass Balance Modeling with Matlab/Simulink

Loop Model : Compartment C1
Name : MELiSSA 001 - C1 -> C1recycling waste :  ----- (divider = 1-value)

C2 liquid distribution (to C3):  ----- PH :  -----
C3 liquid distribution (to C4b):  ----- Temperature :  ----- °C
C3 gas distribution (to C4a) :  ----- Pressure :  ----- atm

Protein hydrolysis :  -----
Gas Management Subsystem Fats hydrolysis :  -----

Gas flow :  ----- kg/day Sugar hydrolysis :  -----
O2 fraction :  ----- Fiber > sugar hydrolysis :  -----

CO2 fraction :  ----- Fiber-N > NH3 hydrolysis :  -----
Temperature:  ----- °C Fiber-S > H2SO4 hydrolysis :  -----

Pressure:  ----- atm Fiber-P > H3PO4 hydrolysis :  -----
Flow fraction to C3 :  ----- Urea hydrolysis :  -----

Flow fraction to C4b :  ----- Propionate > Acetate Yield :  -----
Butyrate > Acetate Yield :  -----

Water Management Subsystem : Valerate > Acetate Yield :  -----
Water flow :  ----- kg/day Caproate > Acetate Yield :  -----

NH3 :  ----- kg/day Acetate > methane Yield :  -----
H3PO4 :  ----- kg/day H2 > methane yield :  -----
H2SO4 :  ----- kg/day

Flow fraction to C1 :  ----- Compartment C2
Gas anoxygenic loop recycling :  -----

Food Management Subsystem : Light :  ----- W/m2
Crew number :  ----- man PH :  -----

Limit fraction of biomass in food :  ----- Temperature :  ----- °C
Objective fraction of plants in food :  ----- Pressure :  ----- atm

Energy Expenditure Rate (avialable from food) :  ----- kCal/man.day Acetate assimilation Yield :  -----
EER fraction from proteins :  ----- Propionate  assimilation Yield :  -----

EER fraction form fats :  ----- Butyrate  assimilation Yield :  -----
EER fraction from carbohydrates :  ----- Valerate  assimilation Yield :  -----

Drinking water :  ----- kg/man.day Caproate  assimilation Yield :  -----

Biomass Management Subsystem Compartment C3
Spirulina produced used in food :  ----- PH :  -----

Rhodobacter produced used in food :  ----- Temperature :  ----- °C
Remaining biomass sent to C1 :  ----- Pressure :  ----- atm

NH3 assimilation Yield :  -----
OM management Subsystem NO2  assimilation Yield :  -----

fraction recycled to C1 :  ----- (variables in some test)
Compartment C4a (version 2)

Light :  -----
PH :  -----

Temperature :  -----
Pressure :  -----

HNO3 assimilation Yield :  -----
Control HNO3 output :  -----

Control residual Sp, in food preparation :  -----

Compartment C4b (useless)
Light :  -----

PH :  -----
Temperature :  -----

Pressure :  -----
Crop distribution fixed :

crop(1).culture=0.008; % tomato
crop(2).culture=0.291; % potato
crop(3).culture=0.483; % wheat
crop(4).culture=0.161; % rice
crop(5).culture=0.005; % Lettuce
crop(6).culture=0.016; % soybea,
crop(7).culture=0.016; % onions
crop(8).culture=0.016; % spinach
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Plant in food
X 

(Rhodobacter) Y(Spirulina)
Supply Mass 
(kg/day.crew)

Relative mass 
(absolute)

Relative mass 
(%)

O2 
recycling

CO2 
recycling

N Apparent 
recycling N recycling

S 
recycling

P 
recycling

Food supply  
(kg/day.crew)

supply/food 
(fraction)

Plant/food 
(fraction)

Plant 
Production 
objective 
reached 
(fraction)

SP/food 
(fraction) Rh/food Remark

Plant:0% Rh:0% Sp:100% 0 0 1 3,153 2,00E-07 0,00006306 0,4509 0,6892 0,8015 0,8015 0,9989 1,011 1,29 0,6366 0 0 0,3634 0
Plant:0% Rh:0% Sp:95% 0 0 0,95 3,096 2,00E-07 0,00006192 0,4735 0,6995 0,7661 0,7661 0,9989 1,011 1,29 0,6366 0 0 0,3634 0
Plant:0% Rh:0% Sp:90% 0 0 0,9 3,032 2,09E-07 6,33688E-05 0,4987 0,711 0,7303 0,7303 0,9989 1,011 1,29 0,6366 0 0 0,3634 0
Plant:0% Rh:0% Sp:85% 0 0 0,85 2,961 2,14E-07 6,33654E-05 0,5268 0,7239 0,6941 0,6941 0,9989 1,011 1,29 0,6366 0 0 0,3634 0
Plant:0% Rh:0% Sp:80% 0 0 0,8 2,881 2,20E-07 6,33791E-05 0,5595 0,7383 0,6573 0,6573 0,9989 1,011 1,29 0,6366 0 0 0,3634 0
Plant:0% Rh:0% Sp:75% 0 0 0,75 2,791 2,27E-07 6,33557E-05 0,5943 0,7547 0,6202 0,6202 0,9989 1,011 1,29 0,6366 0 0 0,3634 0
Plant:0% Rh:0% Sp:70% 0 0 0,7 2,688 2,36E-07 6,34099E-05 0,6353 0,7734 0,5825 0,5825 0,9989 1,011 1,29 0,6366 0 0 0,3634 0
Plant:0% Rh:0% Sp:65% 0 0 0,65 2,568 2,00E-07 0,00005136 0,7279 0,795 0,5444 0,5444 0,9988 1,011 1,29 0,6366 0 0 0,3634 0
Plant:0% Rh:0% Sp:60% 0 0 0,6 2,429 2,60E-07 0,000063154 0,7378 0,8202 0,5057 0,5057 0,9989 1,011 1,29 0,6366 0 0 0,3634 0
Plant:0% Rh:0% Sp:55% 0 0 0,55 2,265 2,80E-07 6,33747E-05 0,8029 0,8499 0,4666 0,4666 0,9989 1,011 1,29 0,6366 0 0 0,3634 0
Plant:0% Rh:0% Sp:50% 0 0 0,5 2,068 3,00E-07 0,00006204 0,8812 0,8857 0,4269 0,4269 0,9989 1,011 1,29 0,6366 0 0 0,3634 0
Plant:0% Rh:0% Sp:45% 0 0 0,45 1,827 3,47E-07 6,33969E-05 0,9768 0,9293 0,3868 0,3868 0,9989 1,011 1,29 0,6366 0 0 0,3634 0
Plant:0% Rh:0% Sp:40% 0 0 0,4 1,839 3,44E-07 6,32616E-05 1,069 0,9839 0,3461 0,3461 0,9989 1,011 1,29 0,6366 0 0 0,3634 0
Plant:0% Rh:0% Sp:35% 0 0 0,35 1,935 0,0008018 0,1551483 1,131 1 0,355 0,3255 1,001 1,011 1,361 0,6716 0 0 0,3284 0 CO2 limitation
Plant:0% Rh:0% Sp:30% 0 0 0,3 2,029 0,00179 0,363191 1,13 1 0,4101 0,3859 1,003 1,012 1,456 0,7186 0 0 0,2814 0 CO2 limitation
Plant:0% Rh:0% Sp:25% 0 0 0,25 2,124 0,00269 0,571356 1,129 1 0,4244 1,005 1,012 1,55 0,7656 0 0 0,2344 0 CO2 limitation
Plant:0% Rh:0% Sp:20% 0 0 0,2 2,219 0,00352 0,781088 1,128 1 0,474 0,2639 1,007 1,013 1,645 0,8125 0 0 0,1875 0 CO2 limitation
Plant:0% Rh:0% Sp:15% 0 0 0,15 2,313 0,00432 0,999216 1,127 1 0,5401 0,2304 1,01 1,013 1,739 0,8594 0 0 0,1406 0 CO2 limitation
Plant:0% Rh:0% Sp:10% 0 0 0,1 2,407 0,005 1,2035 1,126 1 0,6322 0,1838 1,012 1,014 1,833 0,9063 0 0 0,0936 0 CO2 limitation
Plant:0% Rh:0% Sp:5% 0 0 0,05 2,509 0,008448 2,1196032 1,125 1 0,7629 0,1158 1,014 1,014 1,927 0,9532 0 0 0,04683 0 CO2 limitation
Plant:0% Rh:0% Sp:0% 0 0 0 4,153 0,003912 1,6246536 0,3474 0,6429 1 1 1,017 1,014 2,021 1 0 0 0 0
Plant:0% Rh:100% Sp:100% 0 1 1 3,246 0,000268 0,0869928 0,4135 0,3727 0,8875 0,8875 0,9998 1,013 1,292 0,6347 0 0 0,3312 0,03404

Plant:30% Rh:100% Sp:0% 0,3 1 0 1,915 0,007388 1,414802 0,8855 0,9664 1 0,5671 0,991 1,008 1,355 0,6418 0,3254 1 0 0,069
Plant:30% Rh:100% Sp100% 0,3 1 1 1,275 0,00215 0,274125 0,9734 1 0,876 0,4817 0,9796 1,006 0,8548 0,4049 0,3104 0,9539 0,5317 0,069 CO2 limiting (C4b)
Plant:30% Rh:0% Sp:0% 0,3 0 0 1,991 0,0073 1,45343 0,8767 0,9615 1 0,5778 0,9915 1,007 1,415 0,6736 0,3264 1 0 0
Plant:30% Rh:0% Sp:100% 0,3 0 1 1,273 0,0014 0,17822 0,9845 1 0,8302 0,4524 0,9797 1,005 0,8749 0,4169 0,2966 0,9062 0,2865 0 CO2 limiting (C4b)

Plant:30% Rh:0% Sp:100% Recy 
100% 0,3 0 1 1,585 0,000945 0,1497825 0,8856 0,9255 0,6627 0,6071 0,9775 0,9782 0,9563 0,4588 0,24 0,7285 0,3012 0 HNO3 Limiting on C4b
Plant:30% Rh:100% Sp:100% Recy 
100% 0,3 1 1 1,128 0,004 0,4512 0,9442 0,9775 0,795 0,6306 0,9787 0,999 0,8373 0,3927 0,3221 1 0,1865 0,2103
Plant:30% Rh:100% Sp:0% Recy 
100% 0,3 1 0 1,826 0,0068 1,24168 0,7804 0,9044 1 0,9728 0,9856 0,9965 1,136 0,5301 0,302 0,9994 0 0,321 HNO3 Limiting on C4b

Plant:30% Rh:0% Sp:100% Recy 
100% + 50%C1 0,3 0 1 1,999 0,0005 0,09995 0,7878 0,8713 0,6876 0,6491 0,9775 0,9658 1,021 0,4926 0,1943 0,586 0,313 0 HNO3 Limiting on C4b


