Materials & Streams Report Marz 20, 2020
for Supplementary 7 bacterial best case beet sugar upscaled

1. OVERALL PROCESS DATA

Annual Operating Time 7,916.44 h

Unit Production Ref. Rate 50,000,000.00 kg MP/yr
Batch Size 76,687.12 kg MP
Recipe Batch Time 104.44 h

Recipe Cycle Time 12.00 h
Number of Batches per Year 652.00

MP = Total Flow of Stream 'Final Product'
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2.1 STARTING MATERIAL REQUIREMENTS (per Section)

Amount Gross
Needed Molar Mass Mass
Section Starting Material Active Product (kg Yield Yield Yi
: ield
Sin/kg (%) (%) (%)
MP)
Fermentation Section (none) (none) 0.00 Unknown Unknown Unknown
Downstream Section (none) (none) 0.00 Unknown Unknown Unknown
Sin = Section Starting Material, Aout = Section Active Product
2.2 BULK MATERIALS (Entire Process)
Material kglyr kg/batch kg/kg MP
Air 1,471,114,750 2,256,310.97 29.42
Amm. Sulfate 178,208 273.33 0.00
Ammonium Chlori 7,069,643 10,843.01 0.14
Ca Hydroxide 14,164,607 21,724.86 0.28
H3PO4 (2%) 13,491,376 20,692.29 0.27
HNO3 (70%) 35,237,580 54,045.37 0.70
NaH2PO4 1,914,493 2,936.34 0.04
NaOH (0.5 M) 21,048,567 32,283.08 0.42
Sucrose 139,260,239 213,589.32 2.79
Water 724,870,336 1,111,764.32 14.50
TOTAL 2,428,349,799 3,724,462.88 48.57
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2.3 BULK MATERIALS (per Section)

SECTIONS IN: Main Branch

Fermentation Section

Material
Air
Amm. Sulfate

Ammonium Chlori

Ca Hydroxide
H3PO4 (2%)
NaH2PO4
NaOH (0.5 M)
Sucrose
Water
TOTAL

Downstream Section

Material

Air

HNO3 (70%)
Water
TOTAL

2.4 BULK MATERIALS (per Material)

Air
Procedure

Fermentation Section (Main Branch)

P-51

Downstream Section (Main Branch)

P-27
TOTAL

Amm. Sulfate
Procedure

Fermentation Section (Main Branch)

P-36
TOTAL

% Total

34.54

65.46
100.00

% Total

100.00
100.00

kalyr
508,098,778
178,208
7,069,643
14,164,607
13,491,376
1,914,493
21,048,567
139,260,239
488,097,636
1,193,323,547

kglyr
963,015,972
35,237,580
236,772,699
1,235,026,252

kglyr
508,098,778
963,015,972
1,471,114,750
kaglyr

178,208
178,208

kg/batch
779,292.60
273.33
10,843.01
21,724.86
20,692.29
2,936.34
32,283.08
213,589.32
748,616.01
1,830,250.84

kg/batch
1,477,018.36
54,045.37
363,148.31
1,894,212.04

kg/batch
779,292.60

1,477,018.36
2,256,310.97

kg/batch

273.33
273.33

kg/kg MP
10.16
0.00
0.14
0.28
0.27
0.04
0.42
2.79
9.76
23.87

kg/kg MP
19.26

0.70

4.74

24.70

kg/kg MP
10.16

19.26
29.42

kg/kg MP

0.00
0.00
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Ammonium Chlori

Procedure

Fermentation Section (Main Branch)
P-38

TOTAL

Ca Hydroxide

Procedure

Fermentation Section (Main Branch)
P-4

P-1

P-15

P-16

TOTAL

H3PO4 (2%)

Procedure

Fermentation Section (Main Branch)
P-4

P-1

P-15

P-16

TOTAL

HNO3 (70%)

Procedure

Downstream Section (Main Branch)
P-3

TOTAL

NaH2PO4

Procedure

Fermentation Section (Main Branch)
P-34

TOTAL

NaOH (0.5 M)

Procedure

Fermentation Section (Main Branch)
P-4

P-1

P-15

P-16

TOTAL

% Total

100.00
100.00

% Total

94.38
0.51
5.09
0.02

100.00

% Total

54.66
10.06
31.85
3.43
100.00

% Total

100.00
100.00

% Total

100.00
100.00

% Total

82.45
6.50
8.83
2.22

100.00

kglyr

7,069,643
7,069,643

kglyr

13,368,456
72,115
721,154
2,881
14,164,607

kglyr

7,373,765
1,357,270
4,297,602
462,739
13,491,376

kglyr

35,237,580
35,237,580

kaglyr

1,914,493
1,914,493

kaglyr

17,354,918
1,369,061
1,857,830

466,759

21,048,567

kg/batch

10,843.01
10,843.01

kg/batch

20,503.77
110.61
1,106.06
4.42
21,724.86

kg/batch

11,309.46
2,081.70
6,591.41

709.72

20,692.29

kg/batch

54,045.37
54,045.37

kg/batch

2,936.34
2,936.34

kg/batch

26,617.97
2,099.79
2,849.43

715.89

32,283.08

kg/kg MP

0.14
0.14

kg/kg MP

0.27
0.00
0.01
0.00
0.28

kg/kg MP

0.15
0.03
0.09
0.01
0.27

kg/kg MP

0.70
0.70

kg/kg MP

0.04
0.04

kg/kg MP

0.35
0.03
0.04
0.01
0.42
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Sucrose

Procedure

Fermentation Section (Main Branch)
P-9

TOTAL

Water

Procedure

Fermentation Section (Main Branch)
P-4

P-34

P-36

P-38

P-9

P-18

P-21

P-23

P-25

P-1

P-15

P-16

Downstream Section (Main Branch)
P-26

P-11

TOTAL

% Total

100.00
100.00

% Total

2.25
7.58
7.82
6.86
19.21
0.01
1.85
0.21
20.43
0.41
0.56
0.14

17.18
15.49
100.00

kglyr

139,260,239
139,260,239

kglyr

16,304,090
54,916,117
56,652,616
49,760,966
139,260,239
55,850
13,444,866
1,497,640
148,108,582
3,001,053
4,072,459
1,023,159

124,521,066
112,251,633
724,870,336

kg/batch

213,589.32
213,589.32

kg/batch

25,006.27
84,227.17
86,890.52
76,320.50
213,589.32
85.66
20,620.96
2,296.99
227,160.40
4,602.84
6,246.10
1,569.26

190,983.23
172,165.08
1,111,764.32

2.5 BULK MATERIALS: SECTION TOTALS (kg/kg MP)

Raw Material Fermentat!on Downstre_am

Section Section
Air 10.16 19.26
Amm. Sulfate 0.00 0.00
Ammonium Chlori 0.14 0.00
Ca Hydroxide 0.28 0.00
H3PO4 (2%) 0.27 0.00
HNO3 (70%) 0.00 0.70
NaH2PO4 0.04 0.00
NaOH (0.5 M) 0.42 0.00
Sucrose 2.79 0.00
Water 9.76 4.74
TOTAL 23.87 24.70

kg/kg MP

2.79
2.79

kg/kg MP

0.33
1.10
1.13
1.00
2.79
0.00
0.27
0.03
2.96
0.06
0.08
0.02

2.49

2.25
14.50
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2.6 BULK MATERIALS: SECTION TOTALS (kg/batch)

Raw Material Fermentation

Section
Air 779,292.60
Amm. Sulfate 273.33
Ammonium Chlori 10,843.01
Ca Hydroxide 21,724.86
H3PO4 (2%) 20,692.29
HNO3 (70%) 0.00
NaH2PO4 2,936.34
NaOH (0.5 M) 32,283.08
Sucrose 213,589.32
Water 748,616.01
TOTAL 1,830,250.84

Downstream
Section
1,477,018.36
0.00

0.00

0.00

0.00
54,045.37
0.00

0.00

0.00
363,148.31
1,894,212.04

2.7 BULK MATERIALS: SECTION TOTALS (kg/yr)

Raw Material Fermentation

Section
Air 508,098,778
Amm. Sulfate 178,208
Ammonium Chlori 7,069,643
Ca Hydroxide 14,164,607
H3PO4 (2%) 13,491,376
HNO3 (70%) 0
NaH2PO4 1,914,493
NaOH (0.5 M) 21,048,567
Sucrose 139,260,239
Water 488,097,636
TOTAL 1,193,323,547

Downstream
Section
963,015,972

0

0

0

0

35,237,580

0

0

0

236,772,699
1,235,026,252
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3. STREAM DETAILS

Stream Name

Source

Destination

Stream Properties
Activity (U/ml)
Temperature (°C)
Pressure (bar)

Density (g/L)

Total Enthalpy (kW-h)
Specific Enthalpy (kcal/kg)
Heat Capacity (kcal/kg-°C)

Component Flowrates (kg/batch)

Ammonium Chlori
Argon

Carb. Dioxide
Nitrogen

Oxygen

Water

TOTAL (kg/batch)
TOTAL (L/batch)

Stream Name

Source

Destination

Stream Properties
Activity (U/ml)
Temperature (°C)
Pressure (bar)

Density (g/L)

Total Enthalpy (kW-h)
Specific Enthalpy (kcal/kg)
Heat Capacity (kcal/kg-°C)

Component Flowrates (kg/batch)

Ammonium Chlori
Water

TOTAL (kg/batch)
TOTAL (L/batch)

Air for Drying
INPUT
P-27

0.00
25.00
1.01

1.18
10,402.53
6.06

0.24

0.00

13,588.57

590.81
1,153,403.64
309,435.35

0.00
1,477,018.36
1,252,560,721.49

Cl-Solution
P-38
P-37

0.00
10.50
1.01
1,044.38
988.36
9.76
0.93

10,843.01
76,320.50
87,163.51
83,459.66

S-116
P-27
P-14

0.00
37.66
1.21

1.35
15,652.18
9.12

0.24

0.00

13,588.57

590.81
1,153,403.64
309,435.35

0.00
1,477,018.36
1,090,483,325.13

S-129
P-37
P-5

0.00
35.00
1.01
1,035.84
3,279.29
32.37
0.92

10,843.01
76,320.50
87,163.51
84,147.27

Water for NHACI
INPUT
P-38

0.00
10.00
1.01
1,000.17
893.65
10.07
1.01

0.00
0.00
0.00
0.00
0.00
76,320.50
76,320.50
76,307.39

NH4CI to SFR-1
P-5
P-16

0.00
35.00
1.01
1,035.84
0.62
32.37
0.92

2.06
14.50
16.56
15.99

NHA4CI
INPUT
P-38

0.00
20.00
1.01
1,519.00
94.71
7.52
0.38

10,843.01
0.00

0.00

0.00

0.00

0.00
10,843.01
7,138.26

NH4CI to SFR-2
P-5
P-64

0.00
35.00
1.01
1,035.84
15.54
32.37
0.92

51.37
361.61
412.98
398.69
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Stream Name

Source

Destination

Stream Properties
Activity (U/ml)
Temperature (°C)
Pressure (bar)

Density (g/L)

Total Enthalpy (kW-h)
Specific Enthalpy (kcal/kg)
Heat Capacity (kcal/kg-°C)
Component Flowrates (kg/batch)
Amm. Sulfate

Ammonium Chlori

Water

TOTAL (kg/batch)

TOTAL (L/batch)

Stream Name

Source

Destination

Stream Properties
Activity (U/ml)
Temperature (°C)
Pressure (bar)

Density (g/L)

Total Enthalpy (KW-h)
Specific Enthalpy (kcal/kg)
Heat Capacity (kcal/kg-°C)
Component Flowrates (kg/batch)
Amm. Sulfate

Water

TOTAL (kg/batch)

TOTAL (L/batch)

NH4CI to SFR-3

P-5
P-65

0.00
35.00
1.01
1,035.84
155.39
32.37
0.92

0.00
513.79
3,616.37
4,130.16
3,987.23

S0O4-Solution
P-36
P-35

0.00
10.01
1.01
1,001.53
1,019.58
10.06
1.00

273.33
86,890.52
87,163.84
87,030.44

NH4CI to FR-1

P-5
P-4

0.00
35.00
1.01
1,035.84
3,107.74
32.37
0.92

0.00
10,275.79
72,328.02
82,603.81
79,745.36

S-138
P-35
P-6

0.00
35.00
1.01
992.43
3,548.54
35.03
1.00

273.33
86,890.52
87,163.84
87,828.89

Water for
NH4S04
INPUT
P-36

0.00
10.00
1.01
1,000.17
1,017.42
10.07
1.01

0.00
0.00
86,890.52
86,890.52
86,875.59

Sulfate to SFR-1
P-6
P-16

0.00
35.00
1.01
992.43
0.67
35.03
1.00

0.05
16.51
16.56
16.69

NH4SO4

INPUT
P-36

0.00
20.00
1.01
1,769.00
2.16
6.80
0.34

273.33
0.00
0.00

273.33

154.51

Sulfate to SFR-2
P-6
P-64

0.00
35.00
1.01
992.43
16.81
35.03
1.00

1.30
411.69
412.98
416.13
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Stream Name

Source

Destination

Stream Properties
Activity (U/ml)
Temperature (°C)
Pressure (bar)

Density (g/L)

Total Enthalpy (kW-h)
Specific Enthalpy (kcal/kg)
Heat Capacity (kcal/kg-°C)
Component Flowrates (kg/batch)
Amm. Sulfate

NaH2PO4

Water

TOTAL (kg/batch)

TOTAL (L/batch)

Stream Name

Source

Destination

Stream Properties
Activity (U/ml)
Temperature (°C)
Pressure (bar)

Density (g/L)

Total Enthalpy (kW-h)
Specific Enthalpy (kcal/kg)
Heat Capacity (kcal/kg-°C)
Component Flowrates (kg/batch)
NaH2PO4

Water

TOTAL (kg/batch)

TOTAL (L/batch)

Sulfate to SFR-3

P-6
P-65

0.00
35.00
1.01
992.43
168.14
35.03
1.00

12.95
0.00
4,117.22
4,130.17
4,161.68

PO4-Solution

P-34
P-33

0.00
10.05
1.01
1,017.63
996.46
9.84
0.98

2,936.34
84,227.17
87,163.51
85,653.65

Sulfate to FR-1

P-6
P-4

0.00
35.00
1.01
992.43
3,362.91
35.03
1.00

259.03
0.00
82,345.10
82,604.13
83,234.39

S-108

P-33
P-2

0.00
35.00
1.01
1,008.53
3,454.01
34.10
0.97

2,936.34
84,227.17
87,163.51
86,426.40

Water for
NaH2PO4
INPUT
P-34

0.00
10.00
1.01
1,000.17
986.23
10.07
1.01

0.00
0.00
84,227.17
84,227.17
84,212.70

Phosphate to
SFR-1

P-2

P-16

0.00
35.00
1.01
1,008.53
0.66
34.10
0.97

0.56
16.00
16.56
16.42

NaH2PO4

INPUT
P-34

0.00
20.00
1.01
2,040.00
10.23
3.00
0.15

0.00
2,936.34
0.00
2,936.34
1,439.38

Phosphate to
SFR-2

P-2

P-64

0.00
35.00
1.01
1,008.53
16.37
34.10
0.97

13.91
399.07
412.98
409.49
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Stream Name

Source

Destination

Stream Properties
Activity (U/ml)
Temperature (°C)
Pressure (bar)

Density (g/L)

Total Enthalpy (kW-h)
Specific Enthalpy (kcal/kg)
Heat Capacity (kcal/kg-°C)
Component Flowrates (kg/batch)
Amm. Sulfate

Ammonium Chlori
NaH2PO4

Water

TOTAL (kg/batch)

TOTAL (L/batch)

Stream Name

Source

Destination

Stream Properties
Activity (U/ml)
Temperature (°C)
Pressure (bar)

Density (g/L)

Total Enthalpy (kW-h)
Specific Enthalpy (kcal/kg)
Heat Capacity (kcal/kg-°C)
Component Flowrates (kg/batch)
Water

TOTAL (kg/batch)

TOTAL (L/batch)

Phosphate to
SFR-3

P-2

P-65

0.00
35.00
1.01
1,008.53
163.66
34.10
0.97

0.00
0.00
139.14
3,991.02
4,130.16
4,095.23

S-123
INPUT
P-25

0.00
25.00
1.01
994.70
6,629.02
25.11
1.00

227,160.40
227,160.40
228,369.77

Phosphate to
FR-1

P-2

P-4

0.00
35.00
1.01
1,008.53
3,273.32
34.10
0.97

0.00

0.00
2,782.73
79,821.08
82,603.81
81,905.26

S-125
P-25
P-24

0.00
35.00
1.01
991.06
9,267.17
35.10
1.00

227,160.40
227,160.40
229,209.69

Salts to SFR-3

P-65
P-15

0.00
35.00
1.01
1,011.95
487.19
33.83
0.96

12.95
513.79
139.14

11,724.61
12,390.48
12,244.15

S-112
INPUT
P-21

0.00
25.00
1.01
994.70
601.76
25.11
1.00

20,620.96
20,620.96
20,730.74

Salts to SFR-2

P-64
P-1

0.00
35.00
1.01
1,011.95
48.72
33.83
0.96

1.30
51.37
13.91

1,172.36
1,238.94
1,224.31

S-118
P-21
P-20

0.00
35.00
1.01
991.06
841.25
35.10
1.00

20,620.96

20,620.96
20,806.99
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Stream Name

Source

Destination

Stream Properties
Activity (U/ml)
Temperature (°C)
Pressure (bar)

Density (g/L)

Total Enthalpy (kW-h)
Specific Enthalpy (kcal/kg)
Heat Capacity (kcal/kg-°C)
Component Flowrates (kg/batch)
Sucrose

Water

TOTAL (kg/batch)

TOTAL (L/batch)

Stream Name

Source

Destination

Stream Properties
Activity (U/ml)
Temperature (°C)
Pressure (bar)

Density (g/L)

Total Enthalpy (kW-h)
Specific Enthalpy (kcal/kg)
Heat Capacity (kcal/kg-°C)
Component Flowrates (kg/batch)
Sucrose

Water

TOTAL (kg/batch)

TOTAL (L/batch)

S-120

INPUT
P-23

0.00
25.00
1.01
994.70
67.03
25.11
1.00

0.00
2,296.99
2,296.99
2,309.22

S-144
P-9

S-122

P-23
pP-22

0.00
35.00
1.01
991.06
93.71
35.10
1.00

0.00
2,296.99
2,296.99
2,317.72

S-106

Water for 50%
Sucrose
INPUT

P-9

0.00
25.00
1.01
994.70
6,232.99
25.11
1.00

0.00
213,589.32
213,589.32
214,726.44

Batch Sucrose

Process Sucrose

INPUT
P-9

0.00
25.00
1.01
1,509.84
1,858.50
7.49
0.30

213,589.32

0.00
213,589.32
141,465.19

Fed-Batch
Sucrose

P-8 Sucrose Storage Sucrose Storage

P-8 Sucrose Storage

0.00
25.00
1.01
1,199.29
8,091.49
16.30
0.65

213,589.32
213,589.32
427,178.65
356,191.63

0.00
35.00
1.01
1,195.13
11,315.42
22.79
0.65

213,589.32
213,589.32
427,178.65
357,431.83

P-7

0.00
35.00
1.01
1,195.13
923.54
22.79
0.65

17,432.73
17,432.73
34,865.47
29,172.87

P-10

0.00
35.00
1.01
1,195.13
10,391.88
22.79
0.65

196,156.59
196,156.59
392,313.18
328,258.96
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Stream Name

Source

Destination

Stream Properties
Activity (U/ml)
Temperature (°C)
Pressure (bar)

Density (g/L)

Total Enthalpy (kW-h)
Specific Enthalpy (kcal/kg)
Heat Capacity (kcal/kg-°C)
Component Flowrates (kg/batch)
Sucrose

Water

TOTAL (kg/batch)

TOTAL (L/batch)

Stream Name

Source

Destination

Stream Properties
Activity (U/ml)
Temperature (°C)
Pressure (bar)

Density (g/L)

Total Enthalpy (kW-h)
Specific Enthalpy (kcal/kg)
Heat Capacity (kcal/kg-°C)
Component Flowrates (kg/batch)
Sucrose

Water

TOTAL (kg/batch)

TOTAL (L/batch)

Fed-batch Sugar Fed-Batch Sugar Fed-Batch Sugar Fed-Batch Sugar

> SFR-1
P-10
P-16

0.00
35.00
1.01
1,195.13
0.78
22.79
0.65

14.71
14.71
29.42
24.62

S-110
P-7
P-12

0.00
35.00
1.01
1,195.13
0.18
22.79
0.65

3.31
3.31
6.62
5.54

> SFR-2
P-10
P-1

0.00
35.00
1.01
1,195.13
9.26
22.79
0.65

174.78
174.78
349.55
292.48

S-124
P-7
P-22

0.00
35.00
1.01
1,195.13
4.38
22.79
0.65

82.60
82.60
165.19
138.22

> SFR-3
P-10
P-15

0.00
35.00
1.01
1,195.13
88.48
22.79
0.65

1,670.08
1,670.08
3,340.15
2,794.80

s-121
P-7
P-20

0.00
35.00
1.01
1,195.13
43.76
22.79
0.65

826.03
826.03
1,652.07
1,382.33

> FR-1
P-10
P-4

0.00
35.00
1.01
1,195.13
10,293.37
22.79
0.65

194,297.03
194,297.03
388,594.05
325,147.06

S-127
pP-7
P-24

0.00
35.00
1.01
1,195.13
875.23
22.79
0.65

16,520.79
16,520.79
33,041.58
27,646.78
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Stream Name

Source

Destination

Stream Properties
Activity (U/ml)
Temperature (°C)
Pressure (bar)

Density (g/L)

Total Enthalpy (kW-h)
Specific Enthalpy (kcal/kg)
Heat Capacity (kcal/kg-°C)
Component Flowrates (kg/batch)
Sucrose

Water

TOTAL (kg/batch)

TOTAL (L/batch)

Stream Name

Source

Destination

Stream Properties
Activity (U/ml)
Temperature (°C)
Pressure (bar)

Density (g/L)

Total Enthalpy (kW-h)
Specific Enthalpy (kcal/kg)
Heat Capacity (kcal/kg-°C)
Component Flowrates (kg/batch)
Argon

Carb. Dioxide

Nitrogen

Oxygen

Sucrose

Water

TOTAL (kg/batch)

TOTAL (L/batch)

Initial Sugar to
FR-1

P-24

P-4

0.00
35.00
1.01
1,013.02
10,142.40
33.54
0.95

16,520.79
243,681.19
260,201.99
256,856.47

S-115

P-18
P-12

0.00
35.00
1.01
991.06
3.49
35.10
1.00

0.00
0.00
0.00
0.00
0.00
85.66
85.66
86.43

Initial Sugar to
SFR-3

P-20

P-15

0.00
35.00
1.01
1,003.77
885.01
34.19
0.97

826.03
21,446.99
22,273.03
22,189.32

Initial Sugar to
SFR-1

P-12

P-16

0.00
35.00
1.01
1,003.36
3.67
34.22
0.97

0.00
0.00
0.00
0.00
3.31
88.97
92.28
91.98

Initial Sugar to
SFR-2

pP-22

P-1

0.00
35.00
1.01
1,002.54
98.08
34.28
0.98

82.60
2,379.59
2,462.19
2,455.94

Air input

INPUT
P-51

0.00
20.00
1.01
1.20
4,394.52
4.85
0.24

7,169.49
311.72
608,549.59
163,261.80
0.00

0.00
779,292.60
649,783,282.42

S-114

INPUT
P-18

0.00
25.00
1.01
994.70
2.50
25.11
1.00

0.00
85.66
85.66
86.12

S-153

P-51
P-50

0.00
40.00
6.01
6.66
8,771.53
9.68
0.24

7,169.49
311.72
608,549.59
163,261.80
0.00

0.00
779,292.60
116,960,281.17
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Stream Name

Source

Destination

Stream Properties
Activity (U/ml)
Temperature (°C)
Pressure (bar)

Density (g/L)

Total Enthalpy (kW-h)
Specific Enthalpy (kcal/kg)
Heat Capacity (kcal/kg-°C)
Component Flowrates (kg/batch)
Argon

Carb. Dioxide

Nitrogen

Oxygen

TOTAL (kg/batch)

TOTAL (L/batch)

S-139
P-50
P-41

0.00
40.00
6.01
6.66
8,771.53
9.68
0.24

7,169.49
311.72
608,549.59
163,261.80
779,292.60
116,960,281.17

S-148
P-41
P-16

0.00
40.00
6.01
6.66
0.85
9.68
0.24

0.70

0.03
59.24
15.89
75.86
11,384.95

S-147
P-41
P-1

0.00
40.00
6.01
6.66
19.78
9.68
0.24

16.16

0.70
1,372.02
368.08
1,756.97
263,694.84

S-146
P-41
P-15

0.00
40.00
6.01
6.66
198.24
9.68
0.24

162.04

7.05
13,753.64
3,689.83
17,612.55
2,643,383.00
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Stream Name

Source

Destination

Stream Properties
Activity (U/ml)
Temperature (°C)
Pressure (bar)

Density (g/L)

Total Enthalpy (kW-h)
Specific Enthalpy (kcal/kg)
Heat Capacity (kcal/kg-°C)
Component Flowrates (kg/batch)
Amm. Sulfate

Argon

Biomass

Ca Hydroxide

Carb. Dioxide

NaH2PO4

Nitrogen

Oxygen

Sucrose

Water

TOTAL (kg/batch)

TOTAL (L/batch)

Stream Name

Source

Destination

Stream Properties
Activity (U/ml)
Temperature (°C)
Pressure (bar)

Density (g/L)

Total Enthalpy (kW-h)
Specific Enthalpy (kcal/kg)
Heat Capacity (kcal/kg-°C)
Component Flowrates (kg/batch)
Argon

Carb. Dioxide

Nitrogen

Oxygen

TOTAL (kg/batch)

TOTAL (L/batch)

S-143

P-41
P-4

0.00
40.00
6.01
6.66
8,552.66
9.68
0.24

0.00
6,990.59
0.00

0.00
303.94
0.00
593,364.70
159,187.99
0.00

0.00
759,847.23
114,041,818.38

Vent SFR-1
P-32
OUTPUT

0.00
35.00
1.01
1.20
1.65
15.98
0.24

0.70
12.60
59.39
15.93
88.62

73,881.17

Base to SFR-1

INPUT
P-16

0.00
25.00
1.01
2,329.54
0.04
7.12
0.28

0.00
0.00
0.00
4.42
0.00
0.00
0.00
0.00
0.00
0.00
4.42
1.90

S-131
P-1
P-29

0.00
35.00
1.01
1.18
32.18
14.05
0.24

16.21

208.58
1,375.83
369.11
1,969.73
1,663,657.48

S-133

P-16
P-32

0.00
35.00
1.01
1.20
1.65
15.98
0.24

0.00
0.70
0.00
0.00
12.60
0.00
59.39
15.93
0.00
0.00
88.62
73,881.17

Vent SFR-2
P-29
OUTPUT

0.00
35.00
1.01
1.18
32.18
14.05
0.24

16.21

208.58
1,375.83
369.11
1,969.73
1,663,657.48

Inoculum to
SFR-2

P-16

P-1

0.00
34.92
1.06
1,009.48
6.51
34.34
0.98

0.00
0.00
8.11
4.42
0.00
0.00
0.00
0.00
0.00
150.70
163.23
161.70

S-119
P-15
P-28

0.00
35.00
1.01
1.18
319.22
13.94
0.24

162.48
2,044.49
13,791.74
3,700.05
19,698.77
16,650,348.48
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Stream Name

Source

Destination

Stream Properties
Activity (U/ml)
Temperature (°C)
Pressure (bar)

Density (g/L)

Total Enthalpy (kW-h)
Specific Enthalpy (kcal/kg)
Heat Capacity (kcal/kg-°C)
Component Flowrates (kg/batch)
Amm. Sulfate

Ammonium Chlori

Argon

Ca Hydroxide

Carb. Dioxide

NaH2PO4

Nitrogen

Oxygen

pHBA Salt

Sucrose

Water

TOTAL (kg/batch)

TOTAL (L/batch)

Vent SFR-3
P-28
OUTPUT

0.00
35.00
1.01
1.18
319.22
13.94
0.24

0.00

0.00
162.48
0.00
2,044.49
0.00
13,791.74
3,700.05
0.00

0.00

0.00
19,698.77
16,650,348.48

Vent FR-1
P-4
P-49

0.00
35.00
1.01

1.20
15,727.23
15.44
0.24

0.00

0.00
6,999.37
0.00
115,789.67
0.00
594,109.38
159,387.78
0.00

0.00

0.00
876,286.19
733,175,714.85

Emissions
P-49
OUTPUT

0.00
35.00
1.01

1.20
15,727.23
15.44
0.24

0.00

0.00
6,999.37
0.00
115,789.67
0.00
594,109.38
159,387.78
0.00

0.00

0.00
876,286.19
733,175,714.85

S-117
P-26
P-30

0.00
35.31
1.01
995.45
24,897.21
35.14
0.99

4.71
186.65
0.00

10.51

0.00

50.53

0.00

0.00
2,016.94
3,827.69
603,465.63
609,562.66
612,348.86

- Page 16 -



Stream Name

Source

Destination

Stream Properties
Activity (U/ml)
Temperature (°C)
Pressure (bar)

Density (g/L)

Total Enthalpy (kW-h)
Specific Enthalpy (kcal/kg)
Heat Capacity (kcal/kg-°C)
Component Flowrates (kg/batch)
Amm. Sulfate

Ammonium Chlori

Ca Hydroxide

NaH2PO4

Nitric Acid

pHBA Salt

Sucrose

Water

TOTAL (kg/batch)

TOTAL (L/batch)

Purge
P-30
OUTPUT

0.00
35.31
1.01
995.45
14,057.26
35.14
0.99

2.66
105.39
5.93

28.53

0.00
1,138.79
2,161.16
340,723.95
344,166.40
345,739.52

S-111
P-30
P-17

0.00
35.31
1.01
995.45
10,839.94
35.14
0.99

2.05

81.27

4.58

22.00

0.00
878.15
1,666.53
262,741.69
265,396.26
266,609.34

Nitric Acid 70%

INPUT
P-3

0.00
25.00
1.01
1,355.32
931.77
14.83
0.59

0.00
0.00
0.00
0.00
37,831.76
0.00
0.00
16,213.61
54,045.37
39,876.47

S-103
P-31
P-3

0.00
35.31
1.01
1,192.31
11,626.54
27.50
0.78

2.12

83.90

4.72

22,71

0.00
90,720.91
1,720.58
271,263.44
363,818.39
305,136.65
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Stream Name

Source

Destination

Stream Properties
Activity (U/ml)
Temperature (°C)
Pressure (bar)

Density (g/L)

Total Enthalpy (kW-h)
Specific Enthalpy (kcal/kg)
Heat Capacity (kcal/kg-°C)
Component Flowrates (kg/batch)
Amm. Sulfate

Ammonium Chlori
Biomass

Ca Hydroxide

Calcium Nitrate
NaH2PO4

Nitric Acid

pHBA (aq)

pHBA (solid)

Sucrose

Water

TOTAL (kg/batch)

TOTAL (L/batch)

S-102

P-3
P-13

0.00
33.67
1.01
1,114.42
12,588.83
25.92
0.77

2.12

83.90

0.00

4.72
47,363.65
22,71
1,455.07
79,735.69
0.00
1,720.58
287,477.05
417,865.49
374,960.96

S-104

P-13
P-11

0.00
5.00
1.01
1,128.18
1,878.83
3.87
0.77

2.12

83.90

0.00

4.72
47,363.65
22.71
1,455.07
1,874.80
77,860.88
1,720.58
287,477.05
417,865.49
370,389.44

Base to SFR-2

INPUT
P-1

0.00
25.00
1.01
2,329.54
0.92
7.12
0.28

0.00
0.00
0.00
110.61
0.00
0.00
0.00
0.00
0.00
0.00
0.00
110.61
47.48

Inoculum to
SFR-3

P-1

P-15

0.00
34.92
1.06
1,008.87
164.19
34.32
0.98

0.00
0.02
123.86
115.03
0.00
0.01
0.00
0.00
0.00
0.17
3,877.43
4,116.50
4,080.33
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Stream Name

Source

Destination

Stream Properties
Activity (U/ml)
Temperature (°C)
Pressure (bar)

Density (g/L)

Total Enthalpy (kW-h)
Specific Enthalpy (kcal/kg)
Heat Capacity (kcal/kg-°C)
Component Flowrates (kg/batch)
Amm. Sulfate

Ammonium Chlori
Biomass

Ca Hydroxide

NaH2PO4

pHBA Salt

Sucrose

Water

TOTAL (kg/batch)

TOTAL (L/batch)

Base to SFR-3Inoculum to FR-1

INPUT
P-15

0.00
25.00
1.01
2,329.54
9.15
7.12
0.28

0.00
0.00
0.00
1,106.06
0.00
0.00
0.00
0.00
1,106.06
474.80

P-15
P-4

0.00
34.92
1.06
1,009.86
1,640.77
34.28
0.98

0.00

0.02
1,247.10
1,221.09
0.00

0.00

0.17
38,719.11
41,187.50
40,785.35

Base to FR-1
INPUT
P-4

0.00
25.00
1.01
2,329.54
169.65
7.12
0.28

0.00

0.00

0.00
20,503.77
0.00

0.00

0.00

0.00
20,503.77
8,801.64

S-105
P-4
P-19

0.00
35.00
1.01
1,073.42
30,934.86
31.58
0.90

5.18
205.60
24,431.85
11.58
55.66
92,104.51
4,216.36
721,749.99
842,780.73
785,136.31
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Stream Name

Source

Destination

Stream Properties
Activity (U/ml)
Temperature (°C)
Pressure (bar)

Density (g/L)

Total Enthalpy (kW-h)
Specific Enthalpy (kcal/kg)
Heat Capacity (kcal/kg-°C)
Component Flowrates (kg/batch)
Amm. Sulfate

Ammonium Chlori
Biomass

Ca Hydroxide

NaH2PO4

pHBA Salt

Sucrose

Water

TOTAL (kg/batch)

TOTAL (L/batch)

S-113
P-19
P-17

0.00
35.00
10.47
1,073.42
30,935.05
31.58

0.90

5.18
205.60
24,431.85
11.58
55.66
92,104.51
4,216.36
721,749.99
842,780.73
785,136.37

RVF Cake
P-17
OUTPUT

0.00
35.12
1.01
1,003.01
5,453.81
35.10
1.00

0.41

16.25
24,187.53
0.92

4.40
175.63
333.30
108,985.67
133,704.11
133,303.03

S-107
P-17
P-26

0.00
35.07
1.01
1,061.01
36,321.18
32.07
0.91

6.82
270.62
244.32

15.24
73.26
92,807.03
5,549.59
875,506.01
974,472.88
918,442.68

S-126
P-26
P-31

0.00
35.31
1.01
1,191.83
11,668.90
27.51
0.78

2.12

83.97
244.32
4.73

22.73
90,790.09
1,721.89
272,040.37
364,910.22
306,177.30
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Stream Name

Source

Destination

Stream Properties
Activity (U/ml)
Temperature (°C)
Pressure (bar)

Density (g/L)

Total Enthalpy (kW-h)
Specific Enthalpy (kcal/kg)
Heat Capacity (kcal/kg-°C)
Component Flowrates (kg/batch)
Amm. Sulfate

Ammonium Chlori
Biomass

Ca Hydroxide

Calcium Nitrate
NaH2PO4

Nitric Acid

pHBA (aq)

pHBA (solid)

pHBA Salt

Sucrose

Water

TOTAL (kg/batch)

TOTAL (L/batch)

DEF Cake

P-31
OUTPUT

0.00
35.31
1.01
1,049.17
42.35
33.37
0.94

0.00
0.06
244.32
0.00
0.00
0.02
0.00
0.00
0.00
69.18
131
776.93
1,091.83
1,040.65

Water for Cake
Wash

INPUT

P-11

0.00
25.00
1.01
994.70
5,024.14
25.11
1.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
172,165.08
172,165.08
173,081.67

Wastewater

P-11
OUTPUT

0.00
11.90
1.01
1,058.55
6,161.60
10.96
0.92

2.12

83.90

0.00

4.72
47,363.63
22.71
1,455.07
1,874.80
1,557.22
0.00
1,720.58
429,718.33
483,803.09
457,043.45

S-101

P-11
P-14

0.00
22.88
1.72
1,217.13
1,344.12
10.89
0.47

0.00

0.00

0.00

0.00

0.01

0.00

0.00

0.00
76,303.66
0.00

0.00
29,923.80
106,227.48
87,277.32
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Stream Name
Source
Destination

Stream Properties

Activity (U/ml)
Temperature (°C)
Pressure (bar)
Density (g/L)

Total Enthalpy (kW-h)

Specific Enthalpy (kcal/kg)

Heat Capacity (kcal/kg-°C)
Component Flowrates (kg/batch)

Amm. Sulfate
Ammonium Chlori
Argon

Ca Hydroxide
Calcium Nitrate
Carb. Dioxide
NaH2PO4

Nitric Acid
Nitrogen

Oxygen

pHBA (aq)

pHBA (solid)
Sucrose

Water

TOTAL (kg/batch)
TOTAL (L/batch)

Humid Air
P-14
OUTPUT

0.00
50.00
1.01

1.08
42,518.12
24.28
0.25

0.00

0.00
13,588.57
0.00

0.00

590.81

0.00

0.00
1,153,403.64
309,435.35
0.00

0.00

0.00
29,540.37
1,506,558.73
1,401,069,508.92

Final Product
P-14
OUTPUT

0.00
50.00
1.01
1,303.70
1,213.13
13.61
0.27

0.00

0.00

0.00

0.00

0.01

0.00

0.00

0.00

0.00

0.00

0.00
76,303.66
0.00
383.44
76,687.12
58,822.54
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4. OVERALL COMPONENT BALANCE (kg/batch)

COMPONENT
Amm. Sulfate

Ammonium Chlori

Argon

Biomass

Ca Hydroxide
Calcium Nitrate
Carb. Dioxide
NaH2PO4

Nitric Acid
Nitrogen
Oxygen

PHBA (aq)
pHBA (solid)
pHBA Salt
Phosphoric Acid
Sodium Hydroxid
Sucrose

Water

TOTAL

INITIAL
0.00
0.00

23.00
0.00
0.00
0.00
1.00
0.00
0.00

1,952.09

523.71
0.00
0.00
0.00
0.00
0.00
0.00
0.00
2,499.80

INPUT
273.33
10,843.01
20,758.06
0.00
21,724.86
0.00

902.52
2,936.34
37,831.76
1,761,953.23
472,697.15
0.00

0.00

0.00

413.85
632.75
213,589.32
1,179,906.71
3,724,462.88

OUTPUT
5.18

205.60
20,767.33
24,431.85
11.58
47,363.65
118,646.16
55.66
1,455.07
1,762,739.98
472,908.22
1,874.80
77,860.88
1,383.60
413.85
632.75
4,216.36
1,190,465.17
3,725,437.68

FINAL
0.00
0.00

13.73
0.00
0.00
0.00

32.96
0.00
0.00

1,165.35

312.64
0.00
0.00
0.00
0.00
0.00
0.00
0.00

1,524.68

IN-OUT
268.14
10,637.41
0.00

- 24,431.85
21,713.28
- 47,363.65
-117,775.60
2,880.68
36,376.69
0.00

0.00

- 1,874.80
- 77,860.88
- 1,383.60
0.00

0.00
209,372.96
- 10,558.46
0.32
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5. EQUIPMENT CONTENTS

SFR-3

Procedure Operation

P-15 START

P-15 TRANSFER-IN-SALTS (Transfer In)

P15 ;I'I?ANSFER-IN-INITIAL-SUGAR (Transfer
n

P-15 TRANSFER-IN-INOCULUM (Transfer In)

P15 FERMENT—Z (Batch Stoich.
Fermentation)

P-15 CHARGE-1 (Charge)

P-15 TRANSFER-OUT-1 (Transfer Out)

P-15 CIP-1 (In-Place-Cleaning)

P-15 SIP-1 (In-Place-Steaming)

(*) Contains material in vapor phase other than Oxygen & Nitrogen

SFR-2

Procedure Operation

P-1 START

P-1 TRANSFER-IN-SALTS (Transfer In)

p.1 ITI?ANSFER-IN-INITIAL-SUGAR (Transfer
n

P-1 AGITATE-1 (Agitation)

P-1 TRANSFER-IN-INOCULUM (Transfer In)

p.1 FERMENT—l (Batch Stoich.
Fermentation)

P-1 CHARGE-1 (Charge)

P-1 TRANSFER-OUT-1 (Transfer Out)

P-1 CIP-1 (In-Place-Cleaning)

P-1 SIP-1 (In-Place-Steaming)

(*) Contains material in vapor phase other than Oxygen & Nitrogen

25.61
26.61

27.61
28.11
40.11

40.11
41.11
43.19
45.19

Time (in h)

14.11
14.61

15.11

15.11
15.61

27.61

27.61
28.11
30.19
31.19

0.00
12,244.11

34,433.40
38,513.74
40,306.20

40,785.35
0.00
0.00
0.00

Volume (in L)
0.00
1,224.31

3,680.24

3,680.30
3,842.00

4,032.41

4,080.33
0.00
0.00
0.00

Time (in h) Volume (in L) Vapor (in kg)

60.12(*)
60.12(*)

60.12(*)
60.12(*)
12.63(%)

12.63(*)
12.63(*)
12.63(*)
12.63(*)

Vapor (in kg)
6.01(%)
6.01(*)
6.01(*)

6.01(*)
6.01(*)

1.26()

1.26(%)
1.26(*)
1.26(*)
1.26(*)
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SFR-1
Procedure
P-16
P-16
P-16
P-16
P-16
P-16
P-16
P-16
P-16
P-16

(*) Contains material in vapor phase other than Oxygen & Nitrogen

BCFBD-101
Procedure
P-11

P-11

P-11

P-11

(*) Contains material in vapor phase other than Oxygen & Nitrogen

V-102
Procedure
P-19

P-19

P-19

(*) Contains material in vapor phase other than Oxygen & Nitrogen

DE-101
Procedure
P-31

P-31

P-31

Operation

START

TRANSFER-IN-PHOSPHATE (Transfer
In)

TRANSFER-IN-SULFATE (Transfer In)
TRANSFER-IN-NHA4CI (Transfer In)
TRANSFER-IN-INITIAL-SUGAR (Transfer
In)

FERMENT (Batch Stoich. Fermentation)
CHARGE-1 (Charge)

TRANSFER-OUT (Transfer Out)

CIP-1 (In-Place-Cleaning)

SIP-1 (In-Place-Steaming)

Operation

START

FILTER-1 (Cloth Filtration)
CAKE-WASH-1 (Cake Wash)
TRANSFER-OUT-1 (Transfer Out)

Operation

START

TRANSFER-IN-1 (Transfer In)
TRANSFER-OUT-1 (Transfer Out)

Operation

START

FILTER-1 (Dead-End Filtration)
TRANSFER-OUT-1 (Transfer Out)

Time (in h)

0.00
0.25

0.50
0.75

1.00

15.11
15.11
15.61
17.69
18.19

Time (in h)

89.44

100.94
101.19
101.44

Time (in h)

76.27
78.27

100.27

Time (in h)

78.44
89.44
90.44

Volume (in L) Vapor (in kg)

0.00 0.24(*)
16.42 0.24(*)
33.11 0.24(%)
49.10 0.24(*)

141.07 0.24(*)
159.78 0.05(*)
161.70 0.05(*)

0.00 0.05(*)

0.00 0.05(*)

0.00 0.05(*)

Volume (in L) Vapor (in kg)

0.00 61.86(*)
21,635.21 61.86(*)
21,819.33 61.86(*)

0.00 61.86(*)

Volume (in L) Vapor (in kg)
0.00 1,028.70(*)
785,136.37 1,028.70(*)
0.00 1,028.70(*)

Volume (in L) Vapor (in kg)

0.00 0.00
520.33 0.00
0.00 0.00
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FR-1
Procedure
P-4

P-4

P-4

P-4

P-4
P-4
P-4
P-4
P-4
P-4
P-4

Operation

START

TRANSFER-IN-SULFATE (Transfer In)
TRANSFER-IN-NHA4CI (Transfer In)
TRANSFER-IN-PHOSPHATE (Transfer
In)

TRANSFER-IN-INITIAL-SUGAR (Transfer
In)

TRANSFER-IN-INOCULUM (Transfer In)
CHARGE-1 (Charge)

FERMENT-1 (Batch Stoich.
Fermentation)

TRANSFER-OUT-1 (Transfer Out)

CIP-1 (In-Place-Cleaning)

SIP-1 (In-Place-Steaming)

(*) Contains material in vapor phase other than Oxygen & Nitrogen

Time (in h) Volume (in L) Vapor (in kg)

39.11
40.11
40.11

40.11

40.11

41.11
76.27

76.27

78.27
80.35
82.35

0.00
83,233.35
162,978.77

244,884.26

501,740.70

542,525.67
551,407.29

785,136.31

0.00
0.00
0.00

1,157.29(*)
1,157.29(*)
1,157.29(*)

1,157.29(*)

1,157.29(*)

1,157.29(*)
1,157.29(*)

234.60(*)

234.60(*)
234.60(*)
234.60(*)
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