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General Process Flow Diagram
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3H, + CO,— 1/2C,H,OH + 3/2H,0 (Mass Balance)

S ———————— 1 Controller !
] Vo o o e e e i b -
u ]
@ i Recycled i i
' 1 Cell Mass b Waste
1 o Heat @
H, e donor g %1 b Release 3 Suraioe ——+Dry Biomass
= = 9 urplu
58 @ NE p. nj'} cel [5]
gug“ ) Co’© :g § § Culture § Q Mass = Mass g =
N I==I} §oe b oo Waste |~ 3
50| acceptor |'X 82 '°t = E Gas 8
25 SEQ 3 Broth + @—"? =4
CE T2 ethanol gbole_96% ]
© other G 8 o [\__/ethanol n
—E) nutfie" B eg @A_@ g
Recycled c = Lo
é HZO + § % thanol -
: nutrients 5 g3 @
oole 2w waste
waste gas Broth 50 effluent
remainder | T
ton /hr @r }
N
Line number 1 2 3 4 5 6 7 8 9
stream CO2 feed |H2 new] H2 recycie| H2 feed jnutrient feed H20 feed|waste gas| medium |Cell mass
co2 7.73 - 1.13 113 - - 0.01 0.38 -
N2 . 19.64 - - - - - 19.64 - -
H2 - 1.00 0.20 1.20 - - - 5.36E-04 -
Nutrients - - - - 9.45E-04 - - 1.25 -
H20 - - - - - trace - 382.87 4.20
ethanol - - - - - - - 3.83 -
acetic acid - - - - - - - 0.76 -
biomass - - - - - - - 1.80 1.80
T {degrees C) 150.00 | 37.00| 37.00 37.00 37.00 37.00 37.00 37.00 37.00
Line number 10 1 12 13 14 15 16 17 18 19
stream Cellrecycle | Cell-free | Dry | Reflux | Top |Waste Gas | C2HB0O | Bottom | Effluent | Recycle
c02 - 0.38 - - - 0.38 - - - -
N2 - - - - - - - - - -
H2 - 5.36E-04 - - - 5.36E-04 - - - -
Nutrients - 1.25 - - - - - 125 | 9.45E-04 1.25
H20 4.20 37867 | trace | 0.17 | 0.18 - 0.01 37866 | 2.89E-01} 378.37
ethanol - 3.83 - 039 | 4.22 - 3.83 trace - -
acetic acid - 0.76 - - - - - 0.76 | 5.79E-04 0.76
biomass 1.80 - trace - - - - 1.80 - -
T {degrees C) 37.00 37.00 37.00 | 37.00 |37.00| 7820 37.00 37.00 37.00 37.00

FIG. 3




4/11

3H, + CO, —> 1/2C,H,OH + 3/2H,0 (Enthalpy Flow)
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3H, + CO, —» 1/2C H.OH + 3/2H,0 (Energy Balance)
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